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Preface

hy a Handbook on weight control and physical
activity ?

Economic, social and technological
developments in the second half of the
20th century have led to major changes
in the lifestyle of large segments of the
populations of industrialized and industri-
alizing nations. Over the past two
decades, significant gains in average
weight among many human populations
and within particular social groups have
been observed. There are now high
overall rates of overweight and obesity in
the urbanized populations of industrially
developed countries, in the affuent
subgroups of developing nations and
among socially disadvantaged groups in
developed countries (Figure 1) (WHO
Consultation on Obesity, 1998). For
industrialized countries, it has been
suggested that such increases in body
weight have been caused primarily by
reduced levels of physical activity, rather
than by changes in food intake or by
other factors (Jebb & Moore, 1999). The
problem of obesity is now also becoming
apparent in developing countries, due to
changes in the food supply and decreas-
ing physical activity (Zimmet, 2000).

The typical time sequence of emer-
gence of chronic diseases following the
increasing prevalence of obesity is
important in public health planning for

anticipation of future obesity-caused

health problems (Figure 2). The first
adverse effects of obesity ta emerge in
populations in transition are hyperten-

sion, hyperlipidaemia and glucose Intol-
erance, while cardiovascular disease

and the long-term complications of
diabetes, such as renal failure, begin to

emerge several years (or decades) later.
This sequence has already been
observed in many developing countries

(Popkin & Doak, 1998). Incidence of
cancers associated in part with obesity

typically increases over a longer
timescale. Therefore, countries that are
now seeing increasing obesity, and the
sentinel events of diabetes and cardio-
vascular disease risk, but where rates of
the obesity-related cancers are still low,
should nonetheless consider prevention
of future cancers as an important addi-
tional justification for controllng excess
body weight in their populations.

ln populations where weight gains are
related to reductions in ove rail metabolic
energy expenditure due to decreased

physical activity, how does this come
about? is it due ta reduced energy

requirements of occupational and

domestic tasks because of automation

and computerization? is it caused by
reductions in leisure-time exercising and
recreational energy expenditure? Are
the most influential changes those in
transport and commuting, with motor
vehicle use replacing walking or cycling?

Or is the most important influence the

amount of time spent in sedentary

occupations such as watching television
and video, computer and Internet use?
Currently, population prevalence and
trend data are available primarily on
leisure-time physical activity and

are largely unavailable for several of
these other physical activity domains, ail
of which can contribute to energy
balance.

The expanding and strengthening evi-
dence on the relationship between
avoidance of overweight, physical activ-
ity and cancer prevention led to the initi-
ation of this volume 6 of the IARC
Handbooks of Cancer Prevention.
Although the science of overweight, obe-
sity and physical activity is complex and
its relationship to cancer occurrence is a
topic of intense research activity, much
evidence already suggests that clear
gains in public health can be achieved
through adequate action and preventive
strategies.

Current recommendations for the
treatment and control of obesity and
overweight are based on the recognition
that this condition is a multifactorial

chronic disease with strong environ men-
tal and genetic etiologies. Treatment of
such a complex chronic condition
requires multi-modal approaches that
are maintained over years, with mainte-
nance phases that should be continued
over life. The bases of such approaches
are diet, physical activity and behaviour
modification. For some individuals,
medication is added, most commonly for
short periods of three months or less.
Surgical treatment may be required for
treatment of morbid obesity. The details
of current recommendations for the treat-
ment and control of obesity and
overweight are summarized in the
NHLBI Obesity Education Initiative
Expert Panel Report (National Institutes
of Health and National Heart, Lung, and
Blood Institute, 1998) and are not
reviewed in the present volume.
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Chapter 1

Characteristics of weight control and physical activity

Weight control
Weight control is widely defined as
approaches ta maintaining weight
within the 'healthy' (Le., 'normal' or
'acceptable') range of body mass index
of 18.5 to 24.9 kg/m2 throughout adult-

hood (WHO Expert Committee, 1995).
It should also include prevention of

weight gain of more th an 5 kg in ail
people. ln those who are already over-
weight, a reduction of 5-10% of body
weight is recommended as an initial
goal.

Anthropometrie measures
Body mass index
When we speak about the prevalence of
obesity in populations, we mean the frac-
tion of people who have excess storage
of body fat. ln adult men with weight in
the acceptable range, the percentage of
body fat is around 15-20%. ln women,
this percentage is higher (about

25-30%). Because differences in weight
between individuals are only partly due
to variations in body fat, many people
abject to the use of weight or indices

based on height and weight (such as the
body mass index) to discriminate
between overweight and normal-weight
people. Body mass index (BMI) is a
measure of body mass relative ta height,
calculated as weight (kg) divided by

height squared (m2). Examples can of
course be found ta illustrate inappro-
priate use of BMI to compare certain
individuals, such as an identical body
mass index in a young male body builder
and a middle-aged obese woman. ln

general, however, there is a very good
correlation between BMI and the per-

centage of body fat in large populations.
Deurenberg et al. (1991) showed that, in
Dutch adults, the following equation can
be used ta estimate the body fat per-
centage:

Percentage body fat = 1.2 x BMI + 0.23
x (age) - 10.8 x (gender) - 5.4

ln this equation the value for gender
is one for men and zero for women.

About 80% of the variation in body
fat between individuals can be
explained by this formula, with a stan-
dard error of about 4%. It follows from
the equation that for a given height and
weight, the body fat percentage is about
10% higher in women th an in men. Also,
people get fatter when they get older
even when their body weight is stable.
The good correlation between BMI and
fat percentage implies that, at the popu-
lation level, BMI can be used to classify
people in terms of excess body fat. ln
practice, people or populations are usu-
ally not classified on the basis of their
body fat percentage but of their BMI.
Usually, the same cut-points are applied
for men and women and for different
age-groups, because the relationships
between BMI and mortality are similar
(Le., the relative mortality associated

with obesity is similar in men and
women). However, in most age-groups,
the absolute mortality is much lower in
women, implying that the effect of
excess body fat is less in women than
BMI in men. This may be because in
women the excess body fat is usually
distributed as subcutaneous fat and
mainly peripherally (thighs, buttocks,

breasts), while in men there is a relative
excess of body fat stored in the
abdominal cavity and as abdominal

subcutaneous fat. It has been sug-
gested that the optimal body mass

index (Le., the BMI associated with low-
est relative risk) increases with age
(Andres, 1985).

Fat distribution patterns
Fat can be stored in adipose tissue as
subcutaneous fat and as intra-abdomi-
nal fat. The pattern of subcutaneous fat
can differ greatly with age, sex and eth-
nicity. Women tend ta store subcuta-
neous fat in the gluteal and femoral

regions and breasts, whereas men tend
ta store subcutaneous fat more in the
truncal region. Intra-abdominal (or vis-
ceral) fat is formed by fat deposition in
the omentum and mesentery and as
retro-peritoneal fat. The omental and
mesenteric adipose tissues are drained
by the portal vein and are sometimes
labelled as 'portal fat' (Björntorp, 1990).
Apart from their unique location and
venous drainage, the portal tissues have
several other characteristics that make
them liable to involvement in the meta-
bolic disturbances associated with obe-
sity. The fat ce Ils here are more respon-
sive to lipolytic stimuli (such as epineph-
rine and norepinephrine) and less

responsive to the anti-lipolytic effect of
insulin. The result can be overproduc-
tion of free fatty acids which are

released into the portal vein and thus
expose the liver to relatively high con-
centrations of free fatty acids, implicated
in the development of heart disease and
diabetes (Björntorp, 1990).
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Since the pioneering work of Jean

Vague in the 1940s, it has slowly

become accepted that different body
morphology or types of fat distribution
are independently related ta the health
risks associated with obesity (Vague,

1956). Starting with Vague's brachio-

femoral adipo-muscular ratio as an index
of fat distribution (which was based on
ratios of skinfolds and circumferences of
the arms and thighs), more recent
indices were designed specifically to be
good predictors of intra-abdominal fat.
The most popular is the waist ta hip
circumference ratio (WHR). The simplest
measure is the waist circumference,

which may be predictive of intra-abdomi-
nal fat at least as accurately as the WHR

(Pouliot et al., 1994) and levels of
cardiovascular risk factors and disease
as weil as BMI and WHR (Han et al.,
1995). It has been suggested that waist
circumference could be used to replace
classifications based on BMI and the
WHR (Lean et al., 1995; Booth et al.,
2000) and this has been agreed by the
WHO. More complex measures, such as
the sagittal abdominal diameter, the ratio
of waist/thigh circumference, the ratio of
waist/height or the conicity index, have
also been proposed to perform even

better than waist circumference for one
or more of these purposes. However, the
differences between these measures are
small and the use of ratios may

complicate the interpretation of associa-
tions with disease and their conse-

quences for public health. For instance,
the waist/height ratio may be a better
predictor of morbidity bec au se the waist

circumference is positively associated
with disease, and because height, for
reasons unrelated ta body composition

or fat distribution, is inversely associated
with cardiovascular disease risk.

Replacing BMI and WHR by simple
eut-points which are optimal for each
sex, age-group, population and relation-
ship with specifie diseases may, how-
ever, be too simple. Still, as suggested
by Lean et al. (1995), some cut-points

2

may provide guidance in interpreting
values of waist circumference for adults
(Table 1). Other cut-points, based on
classification of subjects on a 'critical
level' of intra-abdominal fat, have been
proposed (Lemieux et al., 1996).

Definition of obesity, overweight and
underweight
eut-points of BMI, that apply to both men
and women and to ail adult age-groups,
have been proposed by a WHO Expert
Committee for the classification of
overweight (WHO Expert Committee,
1995) (Table 2). The BMI eut-points for
degrees of under- and over-weight are
largely arbitrary. The cut-points for
overweight (25, 30, 40 kg/m2) were ini-
tially based on the monotonic increase in
the risk of mortality throughout the range
of 20 ta 40 kg/m2. The eut-point for
under-weight (18.5 kg/m2) was largely
based on health-related problems asso-
ciated with malnutrition in developing

countries.

There are limitations in the interpreta-
tion of BMI in very old subjects as weil as
in certain ethnic groups with unusual

body proportions (e.g., populations

where stunted growth is common or
those with relatively short leg length
compared to sitting height).

Causes of obesity
Obesity is always caused by an excess
of energy intake over energy expendi-

ture, referred to as a positive energy

balance. Factors influencing this are
biological (e.g., age, sex, genes),

environmental and behavioural (including
diet and physical activity). It has been
argued that the prevalence of obesity in
populations is determined mainly by the
physical, economical and socio-cultural
environment (Egger & Swinburn, 1997),
which may act at a macro-Ievel (i.e., on
nations or large populations) or at a

micro-Ievel (a local or household level).
These factors determine what percent-
age of the population is or will become

Men
Women

Level1 a

2: 94 cm (- 37 inches)
2: 80 cm (-32 inches)

Level 2b

2: 102 cm (- 40 inches)
2: 88 cm (- 35 inches)

a Level 1 was initially based on replacing the classification of overweight (SMI ~ 25 kg/m2) in

combination with high WHR (~ 0.95 in men and ~ 0.80 in women)
b Level 2 was based on classification of obesity (SMI ~ 30 kg/m2) in combination with high

WHR (Han et a/., 1995; Lean et al., 1995).

SMI WHO classification

0( 18.5 kg/m2

18.5-24.9 kg/m2

Underweight

25.0-29.9 kg/m2

30.0-39.9 kg/m2

2: 40.0 kg/m2

Grade 1 overweight

Grade 2 overweight

Grade 3 overweight

Popular description

Thin

'Healthy', 'normal' or

'acceptable' weight

Overweight

Obesity
Morbid obesity

Source: WHO Expert Committee, 1995



obese, but do not explain which individu-
ais are likely to become obese; at the
individuallevel, the biological and behav-
ioural factors are the primary determi-

nants of obesity.
Diminished physical activity, changing

dietary patterns, energy-dense diets and
inadequate adjustment of energy intake
relative to diminished energy require-
ments are ail likely to be major determi-
nants of the observed changes in the
prevalence of obesity over time. Prentice
and Jebb (1995) proposed that, at the
population level, limited physical activity
was more important than energy or fat
consumption in explaining the time
trends of obesity in the United Kingdom.
Their analysis was based on aspects of
physical activity (such as number of
hours spent watching television) and
household consumption survey data.
Although such ecological correlations
seem compelling, they may also be mis-
leading. One could, for example, find
very impressive correlations over time
when plotting the density of mobile

Characteristics of weight control and physical activity

phones versus the prevalence of obesity,
without any likely mechanism.

The influence of dietary intake on the
prevalence of obesity in populations and
individuals is a very difficult subject to
study, as it is usually necessary to rely on
self-reporting of die!. ln particular, energy
and fat consumption are known ta be
underreported with increasing degrees
of overweight (Seidell, 1998).

Changes in smoking behaviour may
also contribute ta changes in body
weight at a population level. Data from
the United States show that, although
smoking cessation can explain some of
the increase in the prevalence of over-
weight, it cannot on its own account for
the major portion of the increase (Flegal

et al., 1995). Other studies have sug-
gested that the increase in prevalence of
obesity may be independent of smoking
status (Boyle et al., 1994; Wolk &
Rassner, 1995).

Epidemiological methods based on
self-reporting, used ta assess energy
intake and energy expenditure, are not

(a) A fine balance: 600 kJ (140 kcal) excess
intake is equivalent to:

only subject to bias but also have a high
ratio of within- to between-subject varia-
tion. Even subtle disruptions in energy
balance can explain weight gain over
time in individuals or populations (Figure
3). ln populations, an increase of one
unit in BMI corresponds ta an increase of
about 5% in the prevalence of obesity.
Assuming height remains constant, an
average weight increase of slightly less
th an 3 kg corresponds ta an increase in
one unit of BMI. If this occurs over a ten-
year period, the excess number of calo-
ries ingested need only be of the order of
87 000 kJ (21 000 kcal) over ten years
(i.e. about 21 kJ (5 kcal) per day). ln this
theoretical calculation, we ignore the
effect of the increased energy expendi-
ture that results from a weight increase
(about 190-250 kJ (45-60 kcal) per
day for a 3-kg weight increase). Never-

theless, an energy imbalance of about
210 kJ (50 kcal) per day is easily
achieved. It is clear that such sm ail
persistent changes in energy balance
over several years are not detectable

(b) Energy expenditure of 600 kJ

~,,-.",,;;~,i :,_:?~~ilii .p.... . ,L . - . ;¡~
Skò~11&'f~"" -..;¿ ,:~:. ,'.~~1~ -'? "'" ~

one croissant
one piece of
chocolate cake

= 14 minutes

handful of peanuts

one bottle of beer = 21 minutes

Figure 3 A fine balance: examples of (a) intake and (b) expenditure of 600 kJ (140 kcal)

= 19 minutes

= 35 minutes

3
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by existing methods for measuring

energy expenditure and energy intake in
populations (WHO Expert Committee,
1995).

At the population level, some other
characteristics are associated with the
prevalence of obesity, which in individu-
ais is the result of a long-term positive

energy balance. These include:

. Age: obesity increases at least up to

age 50 to 60 years in men and

women
. Gender: women generally have a

higher prevalence of obesity com-

pared with men, especially above 50
years of age

. Ethnicity: there are large, usually

unexplained, variations between

ethnic groups
. Educational level and income: in

industrialized countries, prevalence
of obesity is higher in those with

lower education and/or income
. Marital status: obesity tends to

increase after marriage
. Parity: BMI may increase with

increasing number of children.
Although this contribution seems ta
be, on average, less than 2 kg per

pregnancy (Williamson et al., 1994),
pregnancy-related weight gain may
be a significant contribution to weight
gain for some women, especially
those not lactating.

. Smoking: smoking lowers body

weight and cessation of smoking

leads to an increase. The associa-

tions between smoking and obesity
may, however, vary considerably
between populations (Molarius et al.,
1997).

. Alcohol consumption: the effect is

unclear in most populations

Obesity also has a strong familial
component. By combining evidence from
twin studies, adoption studies, family
studies and other relevant data, it has
been calculated that the heritability of
overweight is in the range 25-40%

4

(Bouchard, 1994) (Figure 4). Studies in
animal models of genetic obesity have
revealed important pathways of energy
homeostasis, e.g., the role of leptin
(Friedman & Halaas, 1998), and gene
mutations have been identified that
are rare causes of human obesity. For
common human obesity, however,
the evidence for genetic factors is still
fragmentary and incomplete (Chagnon et
al., 2000). It is very likely that obesity is a
multifactorial polygenic trait. Gene-envi-
ronment and gene-ene interactions are
likely ta play an important role.

Timing of obesity
Although it is clear that obesity can

develop at any age, there are several

critical periods when humans seem ta be
more liable to accumulate body fat
(Dietz, 1994).

. Prenatal growth: there is evidence

that low birth weight is associated
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with abdominal fatness in middle-age

(Dietz, 1994)
. Adiposity rebound period: when BMI

is plotted against age, there is first a
sharp reduction of SMI from birth
until about six years of age. There is
then a levelling off followed by an
increase of SMI with age. Dietz

(1994) has proposed that an early
adiposity rebound is predictive of
obesity in adults.

. Adolescence: physical activity in
affluent societies declines rapidly

with age in adolescents, the decline

being especially pronounced
between 15 and 18 years (Casper-
sen et al., 2000).

. Young adulthood: a peri ad of rapid

weight gain is often observed in
young adults aged 25-40 years.
This is usually a period of great

behavioural change. People become
settled, have children, buy a car and
work long hours to build a career.
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Figure 4 Genes versus environ ment: the BMI of adults who were adopted as children is clearly
correlated with that of their biological parents but not that of the adoptive parents (1, thin; IL, medi-

an, III, overweight; iV, obese)

Adapted from Stunkard et al. (1986)



Such changes ail may reduce
physical activity levels.

. Menopause: BMI tends ta level off in
men by the age of 50-60 years but
continues ta increase in women.

Women tend ta continue ta gain
weight after menopause and to accu-
mulate more fat as abdominal fat
compared ta their premenopausal

period.

Measures of weight (critícal assess-
ment of the various measures used)
BMI, WHR and waist circumference
(Figure 5) are the most cam mon mea-
sures used to estimate overweight,

obesity and relative body composition in
epidemiological studies. The only widely
accepted criteria for obesity are based on
BMI. New methods based on electrical
resistance and impedance, magnetic res-
onance imaging and computer-assisted
tomography are also used, but are

expensive and seldom applicable in epi-
demiological studies. This chapter there-
fore concentrates on simple anthropo-

metric methods.
The reproducibility and validity of

weight and height measurements are

high (Willett, 1998). ln general, body
weight is among the most precise biolog-
ical measurements, even under imper-
fect conditions. However, in many
epidemiological studies, weight and
height are based on self-reports and it is
known that people tend ta underreport
their weight and overreport their height
slightly (Figure 6). As a consequence,
BMI based on self-reported data will be
biased downward. The degree of under-
reporting is proportional ta the degree of
overweight, age, and socioeconomic sta-
tus (Niedhammer et al., 2000). Epidemio-
logical measures of association, such as
relative risks, however, are not apprecia-
bly affected by this degree of measure-
ment error. ln contrast, comparisons

of obesity prevalence between popula-
tions will be invalid if some data are
based on actually measured weight and
height while others are based on

self-reported values. For instance, a
study in Australia showed that 62% of
men and 47% of women were c1assified
as overweight or obese based on mea-
sured height and weight compared with
39% and 32%, respectively, based on
self-reported height and weight (Flood et
al., 2000). Even recalled weight from
many years earlier is highly valid,
although the error is greater than for self-
reported current weight. Correlations

between measured weight at 18-30
years of age and recalled weight
20-30 years later usually are about
0.80 (Rhoads & Kagan, 1983; Stevens et
al., 1990; Must et al., 1993; Troy et al.,
1995).

The validity of BMI as a measure of
obesity is generally high. ln studies

where the reference method has been
underwater weighing, the correlation
between BMI and densitometry-esti-
mated body fat has generally been

0.60-0.70 in adults (see Willett, 1998).
Although BMI is primarily thought of as
an estimate of percentage body fat, it is
more correctly a measure of absolute fat
mass adjusted for height. Thus, consid-
erably higher correlations (0.82-0.91)
between BMI and absolute fat mass
adjusted for height have been found
(Spiegelman et al., 1992).

Even though BMI is an excellent mea-
sure of adiposity in young and middle-
aged adults, it is less useful in older
adults. Many elderly people lose lean
body mass, so that for the same BMI, the
percentage of fat mass increases

(Gallagher et al., 1996). Thus other

measures of adiposity may be more
appropriate for the elderly (Willett, 1998).
For example, changes in abdominal cir-
cumference reflect adipose rather than
muscle tissue and may thus be a better
indicator of ove rail adiposity than weight
alone or BMI.

There are also differences between

populations in body build. For example,
the relationship between percentage

body fat and BMI is different between
Singaporeans and Caucasians and also

Characteristi?s of weig~~~.?ntro~~~Jiysical ac~~il

Figure 5 Waist circumference measurement.
Ta measure waist circumference, locate the
upper hip bone and the top of the right iliac
crest. Place a measuring tape in a horizontal
plane around the abdomen at the level of the
iliac crest. Before reading the tape measure,
ensure that the tape is snug, but does not com-

press the skin, and is parellel to the floor. The
measurement is made at the end of a normal
expiration.

Figure 6 Studies have demonstrated that

obese people have a tendency to underreport

their weight
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between the Chinese, Malaysians and

Indians in Singapore (Deurenberg- Yap

et al., 2000). For the same amount of
body fat as for Caucasians who have
BMI 30 kg/m2 or over, the cut-points for
obesity would have to be about 27 for
Chinese and Malays and 26 for Indians.
ln contrast, Polynesians living in New
Zealand (Maoris and Samoans) have a
significantly higher ratio of lean body
mass ta fat mass compared with

Europeans (Swinburn et al., 1999).
Thus, at higher BMI levels, Polynesians

are significantly leaner than Europeans,
suggesting the need for ethnic-specific
BMI definitions of overweight and
obesity.

With the increasing evidence on the
health risks associated with a predomi-
nance of abdominal (visceral) fat, numer-
ous anthropometric indicators of abdom-
inal obesity have been proposed

(Molarius & Seidell, 1998). Of these
indicators, waist circumference and
WHR are widely used in epidemiological
studies as weil as in screening persans
at risk of chronic diseases.

The WHR is difficult ta measure in a
strictly standardized way and also
difficult to interpret biologically. The waist
circumference predominantly measures
visceral organs and abdominal (bath
subcutaneous and intra-abdominal) fat.
The hip circumference may reflect
various aspects of body composition,

such as muscle mass, fat mass and

skeletal frame. When these Iwo circum-
ferences are combined in a ratio, it is
difficult ta interpret differences between
or within individuals (Molarius & Seidell,
1998). ln addition, a reduction in weight
usually results in a reduction in

both waist and hip circumference, so will
not necessarily result in a change in
WHR.

Waist circumference is strongly corre-
lated with visceral fat areas and can
easily be measured and interpreted. This
makes it a suitable candidate for an
indicator of abdominal obesity. It is also
weil correlated with ove rail fatness.
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Waist circumference is strongly
correlated with BMI and adding waist
measurements to age and BMI does not
much improve the explanation of the
variance in visceral fat, especially in
women (Seide ii et al., 1988). Waist

circumference is also strongly correlated
with abdominal subcutaneous fat, total
abdominal fat and total body fat (Lean et
al., 1996).

Cut-points have been suggested for
both waist circumference and WHR
(Molarius & Seidell, 1998), based on
results obtained in Caucasian popula-
tions. A detailed analysis of 19

populations in the WHO MONICA study
showed that the optimal screening cut-
points for waist circumference may be
population-specifie (Molarius et al.,
1999). At waist action level 2 (waist cir-
cumference 102 cm or more in men and
88 cm or more in women, respectively;
BMI 30 kg/m2 or more), sensitivity varied
from 22% ta 64% in men and from 26%
ta 67% in women, whereas specificity
was :095% in ail populations. Sensitivity
was in general lowest in populations in
which overweight was relatively uncom-
mon and highest in populations with a
relatively high prevalence of overweight.

Even though criteria for waist circum-
ference and WHR to be used in the
public health settng are difficult to deter-
mine, these measurements should be
applied in epidemiological studies, as the
use of different measures of adiposity

may give further insight into the etiology
of disease.

Physical activity
Definition of physical actívity
Physical activity is defined as bodily

movement that is produced by the con-
traction of skeletal muscle and that sub-
stantially increases energy expenditure

(US Department of Health and Human
Services, 1996) (Figure 7). It has three
main components:
. Occupational work

. Household, garden and other
domestic activities

. Leisure-time physical activity
(including exercise and sport)

By the terms physical inactivity or
sedentary behaviour, we mean "a state
in which body movement is minimal and
energy expenditure approximates the
resting metabolic rate".

Measurement of physical activity
Ta determine the relationship between
physical activity and cancer, it is neces-
sary to obtain valid and reproducible

measurements of exposure and out-
come variables. This can be difficult,
since physical activity is a very complex
behaviour that can be measured in many
ways. Further, methods for measuring
human energy expenditure are either
precise but very restrictive - and
thus limited ta use over a short period of
time - or are less restrictive and usable
over longer periods but of lower

precision.
Available methods to estimate physi-

cal activity and total energy expenditure
include:
. Calorimetry (direct and indirect)

. Physiological markers (e.g., using

doubly labelled water)
. Mechanical and electronic monitors

(e.g., of heart rate, pedometers)
. Behavioural observation
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Figure 7 Components of daily energy expenditure

Adapted from: US DHHS, 1996



. Job classification

. Surveys (indirect calorimetric diaries,
recall questionnaires, quantitative

histories, and lifetime individual

histories)

The operational definition of physical
activity will vary not only according ta the
measurement method used, but also
according to the type of research being
done.

The biological and physiological
approaches ta assessment of physical
activity, i.e., calorimetry, physiological

and mechanical monitors, are not applic-
able in large population studies, but

provide objective data for validating pop-
ulation surveys. The method using dou-
bly labelled water has potential to bridge
the gap. This involves measuring integral
production of carbon dioxide for up ta
three weeks by the difference in elimina-
tion rates of the stable isotopes deu-

terium and oxygen-18 from doubly

labelled water after ingestion of a quantity
of water enriched with both isotopes. At
present, however, such labelled water is
expensive and not widely available.

The most convenient and commonly
used measures of physical activity in
cancer epidemiology have been job
classification and surveys. Question-
naires and interviews used in such

surveys are usually unrestricted but
Imprecise. Because of the low costs
involved, they remain the most
frequently used methods for assessment
of physical activity, especially in epidemi-
ological studies. The validity and
test-retest reproducibility of question-

naires and/or interviews concerning

physical activity have not been exten-
sively studied. ln general, strenuous

physical activity appears ta be recalled
with greater accuracy th an light or
moderate-intensity activity, whether the
recall is for recent periods or earlier peri-
ods of time (Slattery & Jacobs, 1995). It
is useful to include bath weekdays and
weekend days and to include seasonal
variation in the assessmenL.

A number of factors need to be taken
into account in choosing methods for
assessing physical activity:
. Accuracy (reliability and validity)
. Time frame

. Nature and details of the physical
activity. Physical activity is commonly
considered to have three dimen-

sions: duration, frequency and inten-
sity (or "strenuousness").

. The performance of an activity or
group of activities such as in a job
activity questionnaire.

. Mode of data collection (personal
interview, telephone interview, self-
administered questionnaire or mail

survey)
. Summary estimate of physical activity

for an individual (or a group), i.e., a
summary estimate or score that can
be used for ranking individuals
according to level of physical activity)

Intensity of physical activity
Many terms have been used to
characterize the intensity of physical

activity such as light, moderate, hard
or very hard. These terms can be
related ta the absolute amount of

energy expenditure or oxygen con-

sumption associated with specific
types of physical activity. An example
is the amount of oxygen consumed in
walking at 5 km/h, which may be
expressed in multiples of resting oxy-
gen consumption. One metabolic
equivalent (MET) is set at 3.5 mL of
oxygen consumed per kilogram body
mass per minute - an amount associ-
ated with sitting in a rested state.
Walking at 5 km/h requires about 3
METs or 630 mL of oxygen consumed
per minute by a 60-kg persan. it should
be noted that the amount of oxygen

consumed by a young or old 60-kg
person while walking at 5 km/h will
have the same absolute level, but this
constitutes a greater relative demand
for the older person because maximal
oxygen consumption declines with
age.

Characteristics of weight control and physical activity

Another way of characterizing inten-
sity of activity is to describe the effect of
participating in a specific type of activity
relative ta an individual's maximal

oxygen consumption. This approach has
been valuable in prescribing safe levels
of exercise for cardiac patients and for
otherwise healthy adults in whom

exercise may produce untoward conse-
quences (American College of sports
Medicine, 1990). Because oxygen con-
sumption and heart rate during physical
exercise are highly correlated, the per-
centage of maximal heart rate has often
been used to reflect the relative effect on
maximal oxygen consumption (American

College of Sports Medicine, 1990).

Finally, on a subjective level, a persan
may rate the intensity of an activity
him/herself. For example, a person may
be asked ta report the frequency and

duration of participation in vigorous

activity that results in increased breath-
ing or heart rate. As noted above, this
would c10sely parallel the relative
demands on a person.

Summary scores in physical
activity measures
Physical activity can be described in a
variety of ways, as evidenced by the
many different summary scores used in
various countries for large representative
surveys or as part of epidemiological

studies, notably in relation to monitoring
cardiovascular disease risk. One way of
characterizing physical activity is estima-
tion of energy expenditure, expressed

either as total energy expenditure (kilo-
joules, kJ) per day or week, or relative ta
an individual's body mass (kJ/kg/day). ln
addition, specific patterns of frequency
and duration of physical activity can be
established ta c1arify the particular
categories and specific amounts of
behaviours being reported. Some

combinations of parameters have been
used to reflect energy expenditure (e.g.,
regular moderate physical activity such
as walking five times per week for 30
minutes). Another pattern reflects the

7
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Figure 8 Examples of leisure-time physical activity (cross-country skiers and canoeists)

~..
activity needed ta improve or maintain
aerobic capacity (e.g., vigorous activity
performed three times per week and
lasting for 20 minutes) - the traditional
exercise prescription for cardiovascular

disease prevention (Caspersen et al.,
1994). Other summary scores have been
created by combining data on the

frequency, duration and intensity of ail or
even specific types of physical activity.
Such scores have often been inferred ta
reflect energy expenditure.

Critical assessment of the
various measures used
Measures of cardiorespiratory fitness
have been considered as a surrogate of
physical activity and have been
employed in some prospective studies of
cancer mortality (Oliveria et al., 1996).
However, because genetic aspects
dictate both cardiorespiratory fitness

level and its response to physical activity,
and because fitness measures are
influenced by age, gender and other
health habits, cardiorespiratory fitness

level is inadequate as a measure of
physical activity (Ainsworth et al., 1994).
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These measures have rarely been used
in epidemiological studies of cancer, and
are not considered further.

Job classification
Because employed adults spend many
hours at work and have the opportunity
for considerable expenditure of energy,

occupation al titles and related
approaches have been used to define
levels of physical activity in cancer stud-
ies. ln a study of breast cancer, Calle et
al. (1998a) asked about the current and
longest-held job over a woman's lifetime
and identified and compared separate
risks for 13 occupational groups, using
housewife as a reference group. Another
study used occupational titles to
compare cancer risks for four occupa-
tional groupings as part of three indus-

tries, using farmworkers/agriculture as
the referent group (Hsing et al., 1998a).
Some studies have gone beyond using
titles alone to further delineate tasks, by
using resources such as the US
Department of Labor's Oictíonary of
Occupational Tit/es (1993), which uses
the intensity and duration of lifting,

pushing and pulling, the body's position
during exertion, as weil as the estimated
rate of energy expenditure for work

tasks, to create sedentary, light, medium
and heavy groupings (Coogan et al.,
1997; Coogan & Aschengrau, 1999).
Others have used similar approaches to
create three (Fredriksson et al., 1989) or
five occupational activity groupings

(Moradi et al., 1998; Bergström et al.,
1999), while Dosemeci et al. (1993)
created two separate indices, one for
job-related energy expenditure (~ 8,
8-12, :;12 kJ/min) and one for sitting
time (~ 2, 2-6, :; 6 h/day), to compare
cancer risks in their population. While
occupational tii es and related classifica-
tions can be valuable, they are unreliable
if misclassification is known to exist, or in
populations where work-related energy
expenditure is less prevalent. ln such
instances, other types of physical activity
must be assessed and in some cases
combined with occupational measures to
yield measures of exposure.

Questionnaires
Recall questionnaires for occupation,

leisure, household or other activity
generally require less respondent effort
and are less likely to affect the respon-
dents physical activity. Because recall
questionnaires have time frames of one
week (Sallis et al., 1985) to one year
(Taylor et al., 1978) or even a lifetime
(Friedenreich et al., 1998), the respon-
dent may have to expend considerable
effort in remembering details of past
participation in physical activity. Recall
questionnaires can be either self- or
interviewer-administered, the latter

entailing more interviewer training,
quality control and study costs. Recall
questionnaires may ask for precise
details on physical activity or may solicit
general reports of usual participation in
physical activity over a given time frame;
they can generally be characterized as
global, single-item and comprehensive
questionnaires.
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Figure 9 Rice planting in the Philippines

Global questionnaires require compari-

son of one's physical activity with that of
other people in general. The global self-
report is very easy ta use and has at
least some evidence of validity (Sternfeld
et al., 2000). Seve rai cancer studies

have used global questionnaires

(Andersson et al., 1995; Kotake et al.,
1995; Neugut et al., 1996; Marcus et al.,
1999; Verloop et al., 2000). However, it
has been questioned what precise
physical activity profiles form the basis of
comparison when groups differing in
age, gender, or racial/ethnie status report
the same self-assessment rating
(Sternfeld et al., 2000).

Single-item questionnaires allow rapid

assessment of general patterns of phys-
ical activity. For example, among Iowa
women aged 55-69 years, physical
activity was measured as the weekly
frequency of moderate-intensity and

vigorous activity and responses to the
two questions were used ta group

women into low-, moderate- and high-
activity categories (Mink et al., 1996;

Moore et al., 2000a), though the repeata-
bility and validity of these two items have
yet ta be reported. ln prospective studies
of physicians in the United States, inves-
tigators assessed the frequency of vigor-
ous physical activity likely to promote
sweating (Lee et al., 1997a; Liu et al.,
2000). Correlations between answers ta
the sweat question and oxygen uptake

were reported to be 0.54 for males, 0.26
for females and 0.46 for the total group
(Siconolfi et al., 1985).

The Godin questionnaire assesses
the frequency per week of exercise last-
ing at least 15 minutes or more for three
categories of effort: strenuous (heart

beating rapidly), moderate (not exhaust-
ing) and mild (minimal effort) (Godin &
Shephard, 1985). For each category,
examples of activities that produce the
level of effort are proposed, while an
additional question asks "how often do
you engage in any regular activity long
enough to work up a sweat?".
Coefficients for 2-4-week repeatability
have ranged from 0.24-0.48 for light
effort ta 0.84-0.94 for strenuous effort

and 0.69-0.80 for the sweat question

(Godin & Shephard, 1985; Jacobs et al.,
1993). Correlations of 0.54-0.61 with

other physical activity surveys (Miller et
al., 1994), with indices of maximal

cardiorespiratory fitness (0.52-0.57) and
with body fat (-0.43) (Jacobs et al.,
1993) constitute indices of validity for this
approach. Friedenreich and Rohan
(1995) modified the Godin questionnaire
to assess total time per week at each
level of effort and multiplied each by
5-, 7.5-, and 10 kcal/min ta create a sum-
mary score in kcal/week. Thune et al.
(1997) and Gram et al. (1999) used one
question for work and one for leisure,
each graded from 1 ta 4, as part of the
Second and Third Tromsö Studies
(Thune et al., 1998). These two
questions demonstrated some aspects
of validity (Wilhelmsen et al., 1976;

Holme et al., 1981; Løchen &
Rasmussen, 1992). Many other single-
item questionnaires have been used in
cancer studies (Garfinkel & Stellman,

1988; Gerhardsson de Verdier et al.,
1990a; Hirose et al., 1995; Fraser &
Shavlik, 1997; Hartman et al., 1998;

John et al., 1999; Terry et al., 1999;

Stessman et al., 2000), but neither their
repeatability nor validity have been
reported.

Comprehensive questionnaires. ln
studies of college alumni, Lee et al.
(1999a) used a recall questionnaire ta
assess the distance and pace of walking,
flights of stairs c1imbed, and frequency
and duration of sports or recreational

activities typically performed during the
past year, in order to create a kilocalorie
summary score. For this questionnaire,
the short-term repeatability (four weeks)
for the total score was 0.76 (Washburn
et al., 1991), while Rauh et al. (1992)
found two-week repeatability to be
greater for flights climbed (0.68) and
sports participation (0.67) than for blocks
walked (0.23), again revealing
better recall of participation in more
intense activity. Long-term repeatability

9
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Figure 10 Workers in a park in Hanoi, Vietnam

(9-12 months) was between 0.50 and
0.73, with coefficients ranging between
0.39 and 0.42 for flights climbed,
between 0.30 and 0.54 for blocks walked
and 0.63 for sports (LaPorte et al., 1983;
Jacobs et al., 1993). As indices of valid-
ity, the College Alumni questionnaire has
shawn favourable correlations (;; 0.50)
with other instruments (Albanes et al.,
1990) and reasonable correlations with a
four-week activity history (0.31), indices
of cardiorespiratory capacity (0.52) and
body fat (-0.30) and motion sensor

counts (0.30) (Jacobs et al., 1993).
As part of the Framingham Study,

Dorgan et al. (1994) used an interviewer-
administered recall questionnaire to
assess hours spent per day in sleep,
work and extracurricular activities in a
typical day, and then multiplied the time
estimates by weighting factors of 1.1,
1 .5, 3.4 and 5.0, corresponding ta

increasing levels of oxygen uptake.

Modest repeatability coefficients of
0.30-0.59 between reports two ta three
years apart have been found for this
instrument (Garcia-Palmieri et al., 1982),
while validity has been assessed by
correlations with other physical activity
questionnaires (0.48-0.72) and with total
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energy intake (0.43) (Albanes et al.,
1990).

Le Marchand et al. (1997) used the
Stanford seven-day physical activity
recall questionnaire (Sallis et al., 1985)
to assess usual work and leisure
averaged over a three-year period. The
Stanford recall questionnaire asks sub-
jects ta report time spent in sleep,

moderate, hard and very hard activities
for each of the past five weekdays and
two weekend days, differentiating
between work and leisure. Repeatability
coefficients for the total report have
ranged from 0.34 (Jacobs et al., 1993) to
0.86 (Gross et al., 1990), while subtotals
for very hard activity and sleep have
correlations as high as 0.86 and 0.76,
respectively (Rauh et al., 1992). However,
moderate-intensity activity had correla-
tions of 0.08-0.12 (Sallis et al., 1985;
Jacobs et al., 1993) ta 0.52 (Rauh et al.,
1992). Validity coefficients for weekend
and weekday physical activity logs were
as high as 0.70 and 0.75 for moderate-
intensity activity and 0.66 and 0.39 for
hard and very hard activity, respectively

(Taylor et al., 1984). Validity correlations
were low (having an absolute value of
0.36 or less) between the survey score

and a four-week activity history, indices of
cardiorespiratory capacity and body fat,
and motion sensor counts (Jacobs et al.,
1993).

Sandler et al. (1995) used a
telephone-administered version of the

Baecke questionnaire (Baecke et al.,
1982). This particular physical activity
recall questionnaire consists of sections
for work activity, sports activity and
non-sports leisure activity. Each section
has questions scored on a five-point
Likert scale ranging from "never" ta
"always" or "very often", except that for
reports of the two most frequently played
sports, the number of months per
year and hours per week of participation
are solicited. The repeatability, in terms
of correlation coefficients, has been
between 0.70 and 0.90 for the three
sections, regardless of the study popu-
lation of men and women, and whether
for short (1-5 months) (Baecke et al.,
1982; Jacobs et al., 1993) or longer time
periods (11 months) (Pois et al., 1995).
Validity for the Baecke questionnaire
has been demonstrated by favourable
correlations with data from other physical
activity questionnaires (0.56-0.78)

(Albanes et al., 1990; Miller et al., 1994)
and physical activity diaries (0.33-0.66)

(Pois et al., 1995; Richardson et al.,
1995). Richardson et al. (1995) reported
correlations of 0.46 and 0.57 comparing
the survey results with cardiorespiratory
fitness, and of -0.51 and -0.30
with indices of body fat for women and
men, respectively.

The CARDIA (Coronary Arery Risk
Development in Young Adult Study)
questionnaire (Jacobs et al., 1989)

consists of a set of 13 activity categories

(eight for strenuous and five for
non-strenuous activities). For each set,
the respondent provided the total
number of months of participation, with
further probing for the number of months
in which activities were performed for at
least one hour, and additionally for
activities performed for at least two
hours, during any of the preceding
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12 months. Slattery and Jacobs (1995)
found, for a subsample of 81 CARDIA
participants, that recalled activity two to
three years earlier was highly associated
with activity reported during the
examination of the corresponding time.
Spearman correlations were 0.84 for vig-
orous, 0.64 for moderate, and 0.81 for
total activity. Distantly recalled activity
was less weil associated with contem-
porary activity reports, with correlations
being 0.57, 0.45 and 0.59, respectively,
suggesting that activity was not com-
pletely stable over time. As an index of
validity, Slattery and Jacobs (1995)
found that distantly recalled activity was
significantly correlated with resting pulse
rate as measured during the examination
at the corresponding time (-0.21). The
CARDIA questionnaire has been used in
several cancer studies (Slattery et al.,
1997a, 1999).

Comprehensive questionnaires have
been used in large prospective studies of
health professionals. Men participating in
the Health Professionals Follow-up

Study recalled the average time per
week spent over the past year in six
vigorous Uogging, running, bicycling,
swimming, tennis/squash/racket-ball,
calisthenics/rowing) and two non-
vi garous activities (walking/hiking, flights
of stairs c1imbed) (Giovannucci et al.,
1995, 1998). Time spent in each activity
was multiplied by a specific intensity
code (Ainsworth et al., 1993) to derive an
estimate of energy expenditure in

physical activity (MET-hours/week).

Two-year repeatability coefficients were
0.52 for vigorous, 0.42 for non-vigorous
and 0.39 for lack of activity, while, as an
index of validity, correlations with data
from four one-week seasonal diaries
were 0.58, 0.28 and 0.41, respectively

(Chasan-Taber et al., 1996). The close
correspondence between the averages
and distributions for the four diaries and
the recall suggested that respondents

had effectively incorporated seasonal
information over the preceding year

ta create the average weekly estimate as

part of their recall. ln the Nurses' Health
Study (in even years, beginning in 1986)
and the Nurses' Health Study il
(in 1989), women completed a physical
activity questionnaire similar to that
used by men in the Health Professionals
Follow-up Study (Giovannucci et al.,
1996; Martinez et al., 1997; Rockhill et
al., 1998, 1999). The two-year repeata-
bility of the Nurses' Health Study IL ques-
tionnaire was 0.59 for activity and 0.52
for inactivity, while validity coefficients,

as assessed with the four one-week

seasonal diaries, were 0.56 and 0.41,
respectively (Wolf et al., 1994).

The European Prospective Investi-
gation into Cancer and Nutrition (EPIC)
included physical activity recall among
other lifestyle assessments in its core
questionnaire (Riboli & Kaaks, 1997).
Subjects were asked to describe their
participation in various types of activity:
work (sedentary, standing, manual,

heavy manual); walking, cycling,
gardening, do-it-yourself activity,
exercise, and housework (hours/week);
stairs climbed (flights/day). Five-month
and 11-month repeatability coefficients
for energy expenditure were 0.86 and
0.75 for men and 0.63 and 0.68 for
women, respectively (Pois et al., 1997).
The correlation between energy

expenditure estimated from the ques-

tionnaire with that from four three-day
seasonal diaries was 0.43 for men and
0.51 for women.

Histories
Quantitative history The retrospective
quantitative history is the most thorough
physical activity enquiry because it
requires detailed recall of physical

activity for time frames of up to one year
or longer. The immense detail associ-
ated with the quantitative history implies

a very large memory burden for the
respondent and has high costs for
administration, interviewer training,
quality control and data-processing

(Caspersen, 1989). Quantitative history
questionnaires that cover at least one

year can assess seasonal physical
activity. For example, McTiernan et al.
(1996) asked respondents to report
months, average frequency, and duration
of participation for individual activities,
identified from Iisted activity groupings,
over the preceding two years, modelling

their questionnaire on the Minnesota

Leisure-Time Physical Activity Ques-
tionnaire (MLTPAQ) (Taylor et al., 1978).
The time reported for each activity in the
MLTPAQ was multiplied by an activity
metabolic index (AMI, work metabolic

rate divided by basal metabolic rate) to
create a summary score approximating
energy expenditure per week. The

summary score has been further
reported according to total, light (AMI 0(
4), moderate (AMI 4-6), and heavy (AMI
)- 6) activity following a convention that
applies almost solely ta men aged 35-57
years participating in that study. The
short-term repeatability (about four

weeks) for total, light, moderate and
heavy activity was 0.92, 0.73, 0.80 and
0.95, respectively, while values for long-

term (one year) repeatability were 0.69,
0.60, 0.32, and 071, respectively

(Richardson et al., 1994). As a reflection
of validity, the MLTPAQ has compared
favourably with other physical activity
questionnaires, showing correlations of
greater th an 0.47 (Albanes et al., 1990).
ln addition, the MLTPAQ has shown rea-
sonable correlations with a physical

activity record (0.47), an index of
aerobic capacity (0.47) and body fat
measurements (-0.24) (Richardson et
al., 1994).

Lífetime history To overcome part of the
problem of memory burden, one lifetime
physical activity questionnaire

(Friedenreich et al., 1998) used cognitive
interviewing techniques for women aged
34-65 years, noting a high test-retest
repeatability (Pearson correlation ~ 0.72)
for a 6-8-week repeat questionnaire for
occupational, household, exercise/sports
and total activities for women.

Repeatability was generally highest for
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Data from Ching et al. (1996)

occupational activity, for high-intensity
activities, and for each type of activity
reported for time periods earlier than for
the year preceding the interview. On the
other hand, repeatability of lifetime
physical activity recall may vary by
gender. A comparison of recalled
physical activity with data from essen-
tially the same questionnaire adminis-
tered 30-35 years earlier found intra-
c1ass correlations of 0.43 for light and
0.45 for moderate weekday (occupa-

tional) activity for bath men and women,
and 0.38 for hard free-day (Ieisure)
activity for women only (men had a cor-
relation of 0.26) (Falkner et al., 1999). ln
addition, while under-estimation occurred
for both men and women who reported
time spent in past weekday activities;
only men over-estimated hard free-day
activity. Otherwise, estimated time did
not vary by gender when examined by
intensity level of activity. Cognitive inter-
viewing techniques hold promise for life-
time quantitative questionnaires in terms
of bath the quantity and precision of

responses, compared with traditional
standardized interviews, but they entail
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additional costs for interviewer training,
time spent in conducting interviews and
difficulties in coding the responses.
While they may be an excellent way to
assess activity in a specific population,
their specificity may limit the possibility of
comparing different populations or use in
other settings (Fisher et al., 2000).

Concluding comments
Physical activity takes many forms,
which explains, in part, why it is difficult
to measure and why it has been
measured in so many ways as part of
experimental, intervention and epidemi-
ology research. While some measures
such as calorimetry and use of daubly
labelled water are precise, they tend to
restrict the physical activity behaviour
being measured. On the other hand, job
classification and recall measures
(global, general, comprehensive and
quantitative histories) are less precise
but do not restrict physical activity mea-
surement and are most often used for
epidemiology and survey research.

One area of particular interest is
sedentary behaviour as a distinct entity.

Sedentary behaviour needs ta be seen
as different from simple non-participation
in physical activity. There is evidence
that time spent in sedentary behaviaur
(particularly television viewing) is signifi-
cantly associated with being overweight,
even among people who are quite
physically active in their leisure time

(Figure 11) (Salmon et al., 2000), but
data on the health impact of such behav-
iour, its prevalence in populations and
trends over time are sparse (Jebb &

Moore, 1999; Pratt et al., 1999; Owen et
al., 2000).

Many questionnaires that have been
used in cancer epidemiology have been
tested for reliability and validity. ln
general, strenuous physical activity
appears to be recalled with greater
accuracy than either light or moderate-
intensity activity, while recent activities
are recalled more accurately th an thase
performed at earlier times. However, so
many different samples of persans
varying in age, gender and other impor-
tant sociodemographic characteristics
have been studied, so many different
validation measures have been applied,
and so many different correlatianal
statistics have been used ta assess
their quality that it is not possible to
determine what type of questionnaire is
best or even qualitatively belter th an
another.

A programme of new research to
establish a broader set of reliable and
valid measures is gaining momentum
(Macera & Pratt, 2000). The use of
objective tools such as accelerometers
(motion sensors), heart rate monitors

and direct observation of physical

activities is also being explored (Salls &
Saelens, 2000). These assessment

procedures may help to validate the self-
report measures that are used because
of the practical and financial constraints
inherent in carrying out large-scale

population surveys.



Chapter 2

Occurrence, trends and analysis

Weight profiles
Prevalence of obesity in developing
and developed countries
This overview on the prevalence of obesity
is based on adult population surveys in
which both weight and height have been
measured. The WHO classification of
obesity as BMI 30 kg/m2 or over (see

Chapter 1) is systematically used ta allow
comparison of different studies. Although
extensive data exist on self-reported
weight and height, since this information
is often requested in questionnaires,

they are known ta be unreliable,
especially in the obese, and thus wou Id

give an underestimate of the prevalence
of obesity. Most of the data presented
are from the last 10-15 years, since

the prevalence of obesity has been

changing rapidly ail over the world and
old data without time-trend information

are not very useful. The surveys are
arranged according ta the six WHO
Regions, with the exception of the MON-
ICA Project.

The MONICA Project (Monitoring
trends and determinants in cardiovas-
cular disease) covered 54 study popula-
tions in 26 countries, mainly in Europe.
Risk factor surveys were carried out
through two or three independent cross-
sectional surveys, each five years apart,
ranging from the early 1980s to the

1990s. These surveys included random
samples of at least 200 persons of each
gender and for 10-year age groups for
the age range 35-64 years, and option-
ally 25-34 years. Cam mon standardized
methods were applied for data collection
and analyses, making these data an
invaluable source for comparison

between populations.

ln this section, the data for each
country had to have been drawn from
some sort of representative national
sample. Table 3 summarizes the
prevalence of obesity (BMI 30 kg/m2 or

more) in ail MONICA centres where 10-
year trend data were available
(http://www.ktl.i/publications/monica). ln
men, the prevalence of obesity was low-
est in China (3-4%) and highest (at least
20%) in Finland, Glasgow (United
Kingdom), rural Germany, Strasbourg
(France), Kaunas (Lithuania), Warsaw
(Poland), the Czech Republic and
Stanford (United States). There was an
ove rail increase in the prevalence of
obesity in men in most populations. The
biggest increases in ten years (by at
least 10 percentage points) took place in
Glasgow and in Stanford. The only cen-
tres where the prevalence of obesity

decreased were Ticino (Switzerland) and
Moscow (Russian Federation). The
overall prevalence of obesity in men in
most European populations was
15-25%. ln women, the prevalence of
obesity was lowest (10% or lower) in
Gothenburg (Sweden), Toulouse (France),
Fribourg (Switzerland) and Beijing
(China). A high prevalence of obesity (at
least 20%) was found in 14 centres out
of 29, the highest prevalences being in

eastern Europe. There was an overall
tendency of increasing prevalence of
obesity over ten years also in women,
the biggest increases being in Glasgow
and in Stanford, while the prevalence of
obesity in women decreased in the
Russian Federation and Lithuania. The
prevalence of obesity varies in women
more th an in men, from 10 to 35% within
European populations.

Other survey data from European

populations are summarized in Table 4.
The Health Surveys for England show an
extraordinary increase in the prevalence
of obesity (Seidell, 2001) (Figure 12). ln
the late 1980s, 7% of men and 12% of
women were obese, while the respective
numbers in 1997 were 17% and 19%.

The age ranges in the other studies vary
and, thus, the prevalence data are not

necessarily comparable. The low preva-
lence in the Netherlands (Seidell et al.,
1995) and Belgium (Moens et al., 1999)
are influenced by the inclusion of young
people, the prevalence being about 10%.
There is an increasing trend in the
Netherlands. The EURAUM Project,
covering six European countries
(Beer-Barst et al., 2000), shows big
differences within countries such as Italy,
where the prevalence of obesity is 37%
in women in the Latina area and only 19%
in Naples. However, the age ranges differ,
which explains at least part of the

difference.
ln the United States, the prevalence

of obesity is increasing rapidly (Table 5).

The secular trends are based on national
representative surveys: NHES 1
(1960-62), NHANES 1 (1971-74),
NHANES Il (1976-78) and NHANES ill
(1988-94). There are also racial differ-
ences in the prevalence of obesity

(Flegal et al., 1998). ln the early 1990s,
20% of non-Hispanie white men, 21 % of
non-Hispanic black men and 23% of
Mexican-American men were obese.
The respective numbers for women were
22%, 37% and 34%. Of particular public
health concern is the high prevalence

(over 40%) of class Il obesity (BMI 40
kg/m2 or more) among non-Hispanic
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Area Country Centre Men Women

1980s 1990s 1980s 1990s

Northern Europe Denmark Glostrup 11 13 10 12
Finland Kuopio Province 18 24 19 26
Finland North Karelia 17 23 24 24
Finland Turku-Loimaa 19 22 17 19
Iceland Iceland 11 16 11 18
Sweden Gothenburg 7 13 9 10
Sweden Northern Sweden 11 14 14 14

Western Europe United Kingdom Glasgow 11 23 16 23
United Kingdom Belfast 11 14 14 16
Germany Bremen 14 16 18 19
Germany Augsburg 18 17 15 21
Germany Augsburg, rural 20 24 22 23
Belgium Ghent 11 13 15 16
France Lile 14 17 19 22
France Toulouse 9 13 11 10
France Strasbourg 22 22 23 19
Switzerland Ticino 20 13 15 16
Switzerland Vaud-Fribourg 13 17 13 10

Eastern Europe Russian Federation Novosibirsk 14 17 44 35
Russian Federation Moscow 13 8 33 22
Lithuania Kaunas 22 20 45 32
Poland Warsaw 18 22 26 29
Poland Tarnobrzeg V. 13 15 32 36
Czech Republic Czech Republic 21 23 32 30

Southern Europe Spain Catalonia 9 16 24 25
Italy Area Brianza 11 14 15 18
Italy Friuli 16 17 19 19

North America United States Stanford 10 20 14 23

Asia China Beijing 3 4 10 8

Source: www.ktl.i/publications/monica

black women in the middle-aged nationally representative nutrition 1996). However, since these data were
groups. surveys showing that increases in adult not reported using the eut-off value of

ln Canada, the prevalence of obesity obesity have been occurring in both men BMI 30 kg/m2, the numbers are not com-
is lower th an in the United States, being and women. The most recent data show parable with those from other countries. ln
about 15% in 1991 (Reeder et al., 1992). that about 7% of men and 13% of the Dutch Caribbean Island of Curaçao,
An increasing trend, however, may have women are obese (Monteiro et al., 2000). 36% of women older th an 18 years are
occurred from the late 1970s to the early The prevalence is high in the Caribbean, obese (Grol et al., 1997).
1990s, especially in men (Table 5). especially in women in Barbados, Cuba, Obesity is still uncommon (1-3%) in

Data from Brazil are also based on Jamaica and St Lucia (Forrester et al., Japan and China, but slightly more
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Occurrence, trends and analysis

Population Period Age (yrs) Men Women Reference

United Kindom, national surveys 1987/89 16+ 7 12 Seidell, 2001
1993 13 16
1994 14 17
1995 15 17
1996 16 18
1997 17 19

Belgium (Flanders and Brussels) 1994 18-64 11 9 Moens et al., 1999

The Netherlands, national surveys 1987-91 20-59 7 9 Seide ii et al., 1995
1993 8 10
1994 10 11

Sweden 1963 )0 50 6 Rosengren et al., 2000
1994 )0 50 11

Euralim study
The Netherlands 1990-92 20-59 12 14 Beer-Borst et al., 2000
France 1995-96 35-65 8 7
Italy (Naples) 1993-96 30-69 19
Italy (Latina) 1993-96 20-84 20 37
Switzerland (Geneva) 1993-96 29-83 11 9
UK (Belfast) 1991-92 25-65 15 16
Spain (Catalonia) 1992 25-75 11 22

20

15 1987/89..
111993

cf-
CI il 1994(.
c:

1995CI

ii
111996

;:f
. 1997c.

;:-
ëñ
CI
.0 50

Figure 12 Time trends in the prevalence (%) of obesity in the United Kingdom (UK) and the Netherlands (NL)

15



IARC Handbooks of Cancer Prevention, Volume 6: Weight Control and Physical Activity

Population Period Age (yrs) Men Women Reference
United States

NHES 1 1960-62 20-74 10 15 Flegal et al., 1998
NHANES 1 1971-74 12 16
NHANES Il 1976-78 12 17
NHANES III 1988-94 20 25
- non-hispanic white 1976-78 20-74 12 15

1988-94 20 22
- non-hispanic black 1976-78 20-74 15 30

1988-94 21 37
- Mexican-American 1976-78 20-74 15 25

1988-94 23 34

Canada 1978 20-70 6.8 9.6 WHO Consultation on Obesity, 1998
1981 20-70 8.5 9.3
1988 20-70 9.0 9.2

National survey 1986-92 18-74 13 14 Reeder et al., 1992
1991 18-74 15 15

Brazil, national surveys 1975 25-64 2.4 7.0 Monteiro et al., 2000
1989 4.7 12.0
1997 6.9 12.5

Curaçao 1993-94 ~18 19 36 Grol et al., 1997

frequent in Thailand and Malaysia

(4-8%) (Table 6). The MONICA Project
showed an increase in prevalence of
obesity among urban people in
Beijing over ten years (www.ktl.i/publica-
tions/monica). Nationwide nutrition sur-
veys have shown the same phenome-

non, but since the data-sets are not age-
standardized and rarely use the WHO
classification, the numbers are again
non-comparable (WHO Consultation on
Obesity, 1998). Similar trends can be
seen in India, where obesity is increasing
among urban middle-class people
(Dhurandhar & Kulkarni, 1992).

The prevalence of obesity is about
10-15% in Australia and New Zealand.
Among different ethnie groups in
Australia, the prevalence is lowest

(1-2%) in the Chinese (Hsu-Hage &
Wahlqvist, 1993) and highest (25% in
men and 38% in women) in the
Aboriginals in the south-east (Guest

16

et aL., 1993). The differences in
prevalence between Aboriginal groups
living in different areas apparently

reflect different degrees of westerniza-
tion.

The prevalence of obesity is very
high in Polynesian populations. About

50-60% of men and up to 77% of
women are obese (Hodge et al., 1995).
However, Polynesians have a higher
ratio of lean mass ta fat mass th an
Europeans (see Chapter 1) and sa the
prevalence of obesity is somewhat lower
than that estimated using the BMI crite-
ria developed for Caucasians (Swinburn
et al., 1999). There is an urban-rural dif-
ference, with a higher prevalence of

obesity in urban areas, as weil as a pro-
nounced increasing trend. The influence
of urbanization is clearly seen among
the Papua New Guineans: the preva-
lence of obesity is only about 5% among
those stil living in the highlands but 36%

in men and 54% in women living in
urban areas.

Obesity is a severe problem in the
Eastern Mediterranean Region (Table 7).
Although most of the data are based on
sm ail studies except for the national sur-
veys in Saudi Arabia (AI-Nuaim et al.,
1996), they show that the prevalence of
obesity increases rapidly in women as
they enter the childbearing age. Over
40% of adult women are obese. ln
contrast, obesity is not common in Iran,
the prevalence being only 2.5% in men
and 8% in women (Pishdad, 1996).

Obesity is still uncommon in most
African countries (Table 8). However, in
countries in transition such as
Mauritius, the prevalence is increasing
rapidly with increasing urbanization

(Hodge et al., 1996). Among the differ-
ent ethnic groups, the Creole have the
highest prevalence (8% in men and
21 % in women) and the Chinese the



Occurrence, trends and analysis

Population Period Age (yrs) Men Women Reference
Japan, national surveys 1976 20+ 0.7 2.8 WHO Consultation on Obesity, 1998

1982 0.9 2.6
1987 1.3 2.8
1993 1.8 2.6

Japan, national surveys 1990-94 35-64 1.9 2.9 Asia-Pacific Perspective, 2000

China, Beijing 35-64 3 4 www.kt!.fi/publications/monica
10 8

China, national survey 1992 20-45 Asia-Pacific Perspective, 2000
Urban 1.0 1.7
Rural 0.5 0.7

Thailand, national survey 1991 20+ 4.0 5.6 Asia-Pacific Perspective, 2000

Malaysia 18-60 4.7 7.9 Ismail et al., 1995
Urban 5.6 8.8
Rural 1.8 2.6
Indian 17.1
Chinese 4.3

New Zealand, national survey 1989 18-64 10 12 Bali et al., 1993

Australia
National surveys 1980 25-64 9.3 8.0 Bennett & Magnus, 1994

1983 9.1 10.5
1989 11.5 13.2

Australians 1990 20-64 9 11 Hsu-Hage & Wahlqvist, 1993
Melbourne Chinese 1989 25-69 0.8 2.3

Newcastle 1986 35-65 15 16 Molarius et al., 1997
Perth 1986 35-65 9 11

South-east 25-64 Guest et al., 1993
Aboriginals 25 38
Europids 17 18

Non-aboriginal 1980 6 9 Jones & White, 1994
Central aboriginal 1985 22 51
West Kimberley aborig. 1986 17
Yologu 1991 2 4

Philippines 20+ 1.7 3.4 Asia-Pacific Perspective, 2000

Nauru 1987 25-69 65 70 Hodge et al., 1995
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Population Period Age (yrs) Men Women Reference

Samoa, urban 1978 25-69 39 59 Hodge et al., 1995
1991 58 77

Samoa, rural 1978 25-69 18 37
1991 42 59

Papua New Guinea 1991 25-69 Hodge et al., 1995
Urban coastal 36 54
Rural coastal 24 19
Highlands 5 5

Rodrigues, creoles 1992 25-69 10 31 Hodge & Zimmet, 1994

India, Bombay, middle class 1991 15-30 0.3 2.5 Dhurandhar & Kulkarni, 1992
31-50 6.5 9.6
50+ 8.1 9.8

lowest (only 2% in men and 6% in
women) (Hodge & Zimmet, 1994).

Age, sex, social c1ass and education
A recent analysis of data from the MON-
ICA Project shows that socioeconomic

inequalities in health consequences
associated with obesity may be widening
in many countries (Molarius et al., 2000).
Among women, there was a statistically
significant inverse association between
educational level and BMI in almost ail
26 populations. The difference between
the highest and the lowest educational

tertiles ranged from -3.1 ta 0.4 kg/m2 in
the initial survey and from -3.3 ta 0.6
kg/m2 in the final survey. ln men, the dif-
ference in BMI between the educational
tertiles ranged from -1.2 to 2.2 kg/m2
and from -1.5 to 1.2 kg/m2 in the two sur-
veys, respectively. ln about two thirds of
the populations, the differences in BMI

between the educational groups
increased over the 10-year period. There
was no geographical pattern in women.
ln men, the association between educa-
tionallevel and BMI was positive in some
eastern and central European popula-

tions and in Beijing, China. BMI was
positively associated with education in
populations with a low prevalence of
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obesity and negatively in affuent popula-
tions with high prevalence of obesity.

A strong educational gradient has
been found in almost ail western popula-
tions besides the MONICA centres. The
prevalence of obesity is higher among
those with low education compared with
the highly educated groups, especially
among women. ln many countries (e.g.,
Denmark, Sweden), the prevalence is
not increasing only in women with high
education, whereas among men it is
increasing in ail educational groups

(Peltonen et al., 1998; Stam-Moraga et
al., 1998; Moens et al., 1999; Heitmann,
2000; Lahti-Koski et al., 2000). The

same phenomenon is seen in Brazil,
where a very recent trend is a decrease
in the prevalence of obesity in urban

women (Monteiro et al., 2000). Highly
educated women are more resistant to
graduai weight gain with ageing th an are

other population groups.
Although surveys with self-reported

height and weight are not generally

included in this review, a recent survey
among 15 239 individuals aged 15 years
and over in the European Union is worth
quoting since it has information on deter-
minants of obesity (Martinez et al.,
1999a). The results concerning over-

weight (BMI 25-29.9 kg/m2) are also
quoted because self-reporting of weight
and height leads to underestimation of

BMI. Subject selection was quota-con-
trolled to make the sample nationally
representative following a multi-stage

stratified c1uster sampling. Self-reporting
and inclusion of persons from age 15
years explain the lower prevalence rates,
which were highest in the United

Kingdom (12%) and lowest in France,
Italy, Sweden and Switzerland (about
7%). Individuals of higher social c1ass
and younger age in ail groups had a
lower risk for obesity. People with a
higher level of education also had lower
risk, and the interaction between educa-
tional levels and obesity was weaker for
men than women.

Among males, the highest prevalence
of overweight was found in those aged
45-54 years who had primary school
education and those aged 65+ years
who had tertiary education. For ail
educational levels, obesity was more
prevalent among the older age groups,
particularly among those with a low level
of education. A strong inverse association
between levels of obesity and education
was apparent, with 55-64-year-old pri-
mary-educated women having four times
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Population Period Age (yrs) Men Women Reference

Israel (Jerusalem) 1970 50-84 12 29 Gofin et al., 1996
1986 50-84 16 33
1986 50-64 18 36

Cyprus 1989-90 35-64 19 24 Berrios et al., 1997

Saudi Arabia 1990 18-25a 4.5 Rasheed et al., 1994
18-35b 20
15-35b 11

National survey 1990-93 17+ AI-Nuaim et al., 1996
Total 16 24
Urban 18 28
Rural 12 18

1992 Adultsb 47 Ghannem et al., 1993

Kuwait Adultsb 42 Rasheed et a~, 1994
1994 18+b 32 44 AI-Isa, 1995

Bahrain 1991-92 20-65 10 30 AI-Mannai et al., 1996

Iran 1989 20-59c 5 5 Ayatollahi & Carpenter, 1993
1993-94 20-74 2.5 8 Pishdad, 1996

Morocco 1984/85 5.2 WHO Expert Committee, 1995
Tunisia, suburban 1991 20+ 12 26 Ghannem et al., 1993
Tunisia 1990 8.6 WHO Expert Committee, 1995

a Female medical students
b Adults attending primary health care or private dinics
C Parents of schoolchildren

Population Period Age (yrs) Men Women Reference

Congo 1986/87 3.4 WHO Expert Committee, 1995

Ghana 1987/88 0.9

Mali 1991 0.8

Tanzania 1986-89 35-64 0.6 3.6 Berrios et al., 1997

Mauritius 1987 25-74 3.4 5.3 Hodge et al., 1996
1992 5 15

Asian Indian 1992 25-69 5 16 Hodge & Zimmet, 1994
Creole 8 21
Chinese 2 6

Rodrigues, creoles 1992 25-69 10 31 Hodge & Zimmet, 1994
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the level of obesity of those in the same
age group with tertiary education.

Risk of obesity rose steeply with

increasing age, especially for the lowest
social class, up ta 45-64 years and
declined among those over 65 years for
ail social classes. The highest risk of
obesity was observed in 45-64-year-

olds of low social class.
Survey data from Jerusalem show

that in women the prevalence of obesity
was lowest in the more educated and
lower in those barn in Europe or America
than among those born in Israel (Gofin et
al., 1996).

Martorell et al. (2000a) have summa-
rized the prevalence of overweight and
obesity in women from population
surveys carried out in 32 developing

countries in the 1990s (Table 9, Figures
13 and 14). Ali the surveys were

cross-sectional surveys of nationally
representative sam pies (sam pie sizes

from 773 to 10747 women). Most were
demographic health surveys in
which women of child-bearing age
(15-49 years) were interviewed and
measured using standard survey

instruments. These data are available
through the Internet (http://www.

macroint. com.dhs/). South Asian

women were the leanest, with about
97.7% having a BMlless th an 25 kg/m2

and only 0.1 % a BMI of 30 or over. The
percentages of obese women were 2.5%
in sub-Saharan Africa, 9.6% in Latin
America and the Caribbean, 15.4% in
the Central Eastern Europe/-
Commonwealth of Independent States
(CEE/CIS) region and 17.2% in the
Middle East and North Africa. ln very
poor countries, mostly in sub-Saharan
Africa, obesity is concentrated among
urban and highly educated women. ln
more developed countries, such as
those in Latin America and the CEE/CIS
region, levels of obesity are more equally
distributed across subgroups in each
country.

For comparison, the authors also
analysed the prevalence of obesity in

20

different educational groups from the
United States NHANES III survey
(Martorell et al., 2000a). Women were
divided into four groups depending on
the number of years of education

completed: middle school or less (0-9 y),
high school (10-12 y), university
(13-16 y) and graduate work (:;16 y).
The prevalence of obesity in these groups
was 20.1%, 24.1%, 18.9% and 9.2%,

respectively.
Overweight and underweight people

may co-exist in countries in transition,
with underweight children living in
families with overweight adults (Doak et
al., 2000). Data from three large national
surveys from Brazil, China and the
Russian Federation show that the
prevalence of such households was

8% in China and Russia and 11 % in
Brazil. Even more important from the
public health perspective is the finding
that these 'underweighUoverweight

households accounted for a high propor-
tion of ail households that had at least
one underweight member (China, 23%;
Brazil, 45%; Russian Federation, 58%).
The prevalence of such under-
weighUoverweight households was

highest in urban areas in ail three
countries. The underweight child
co-existing with an overweight non-
elderly adult was the predominant pair
combination in ail three countries.

It is ta be expected that increasing
migration between countries and

from rural to urban environments ail
around the world, and the consequent
increasing urbanization, will create

wider differences in the prevalence of

obesity within populations as the

mixture of cultural and educational

factors come into play. The findings on
the high prevalence of obesity in certain
social groups raise questions about

the possible structural causes -
the roles of social, economic, cultural
or environ mental factors. How such
factors may be acting ta curtail physical
activity and/or influence food habits
remains unclear.

Obesity during childhood and
adolescence
It is not possible to give an overview of
the global prevalence of obesity in chil-
dren or adolescents because there is no
common agreement on the classification
of obesity in different periods of growth.
BMI eut-points for different ages have
recently been proposed (Cole et al.,
2000). Obesity is mostly acquired during
adulthood and its role in the etiology of
cancer usually concerns middle-aged

and older adults. However, childhood

obesity seems to be increasing in ail
countries that have data on time trends
and it usually persists into adulthood
(Rudolf et al., 2001).

Cross-sectional studies in Europe
indicate that overweight and obesity are
a growing problem (Livingstone, 2000).
The prevalence varies in a complex
manner with time, age, sex and
geographical region. The prevalence of
obesity in young children is lower than
among adolescents. Gender differences
in prevalence are inconsistent. The

highest rates of obesity are observed in
eastern and southern European
countries, particularly in Greece,

Hungary, Italy and Spain. ln contrast,
northern European countries tend to
have lower rates that are broadly similar
across countries.

ln the United States between 1963
and 1994, prevalence of obesity in
6-17-year olds (defined as a BMI at or
above the NHANES Il 95th percentile)
has increased from approximately 4% ta
11%. A further 14% are currently at risk
of becoming overweight (BMI between

the 85th and 95th percentiles) and these
rates are continuing to increase

(Livingstone, 2000) (Figure 15). The
prevalence of overweight and obesity
has increased among young inner-city
schoolchildren, for example this was
reported in Montreal from the early to
late 1990s (O'Loughlin et al., 2000).
Primary school children in Australia have
also become more obese between 1985
and 1997 (Lazarus et al., 2000). Similar
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Country (period) % Overweight % Obese
Total Urban Rural High education Low education

Sub-Saharan Africa
Benin (1996) 6.9 2.1 3.5 1.4 8.7 1.7
Burkina Faso (1992/93) 5.9 1.0 3.5 0.6 7.1 0.8
Central Atrican Republic (1994/95) 5.5 1.1 2.0 0.5 3.1 0.8
Comoros (1996) 15.9 4.4 9.6 2.7 7.0 4.0
Cote d'Ivoire (1994) 11.0 3.0 6.2 1.3 5.4 2.7
Ghana (1993) 9.3 3.4 8.1 1.5 12.2 2.9
Kenya (1993) 11.4 2.4 5.4 2.0 3.6 2.1
Malawi (1992) 8.1 1.1 8.3 0.8
Mali (1996) 7.2 1.2 3.5 0.4 6.5 1.0
Namibia (1992) 13.8 7.1 13.4 3.4 9.6 5.7
Niger (1992) 6.2 1.2 6.4 0.3 9.6 1.
Senegal (1992/93) 12.0 3.7 7.2 1.9 9.7 3.4
Tanzania (1992/92) 9.3 1.9 4.1 1.2 9.6 1.6
Tanzania (1996) 10.8 2.6 6.0 1.7 8.4 2.3
Uganda (1995) 7.3 1.2 4.2 0.7 2.6 1.0
Zambia (1992) 11.8 2.4 4.5 0.4 3.9 1.9
Zambia (1996/97) 10.5 2.3 4.3 0.8 3.4 1.9
Zimbabwe (1994) 17.4 5.7 12.5 3.4 7.3 4.8

Middle East and North Africa
Egypt (1992) 33.9 23.5 35.8 14.8 29.6 21.7
Egypt (1995/96) 31.7 20.1 30.0 26.1 13.0 17.0
Morocco (1992) 22.3 10.5 18.3 5.5 16.4 9.8

South Asia

Bangladesh (1995/96) 2.2 0.6 2.7 0.4 1.9 0.3
Nepal (1996) 1.5 0.1 1.0 0.1 0.0 0.1

Latin America and Caribbean
Bolivia (1994) 26.2 7.6 9.8 5.1 8.0 7.4
Brazil (1989) 25.0 9.2 9.4 8.0 13.4 8.7
Brazil (1996) 25.0 9.7 9.9 8.9 8.8 11.0
Colombia (1995) 31.4 9.2 9.2 9.1 8.7 9.9
Dominican Republic (1991) 18.6 7.3 8.8 4.7 7.8 6.9
Dominican Republic (1996) 26.0 12.1 13.4 9.6 10.0 13.8
Guatemala (1995) 26.2 8.0 12.9 5.2 13.1 7.1
Haiti (1994/95) 8.9 2.6 4.8 1.4 9.5 1.5
Honduras (1996) 23.8 7.8 13.0 4.8 6.6 8.1
Mexico (1987) 23.1 10.4 10.0 10.4 5.4 15.8
Peru (1992) 31.1 8.8 11.2 4.6 9.5 8.1
Peru (1996) 35.5 9.4 12.1 4.6 10.4 8.2

Central Eastern Europe/Commonwealth of Independent States (CEE/Cls)
Kazakstan (1995) 21.8 16.7 17.5 15.6
Turkey (1993) 31.7 18.6 19.5 17.1 10.5 20.5
Uzbekistan (1996) 16.3 5.4 7.4 4.2

Source: adapted trom Martorell et al., 2000a
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Figure 13 Obesity in women (15-9 yrs) in Sub-Saharan Africa

Adapted from Marlorell et al., 2000a
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Figure 14 Obesity in women (15-9 yrs) in Latin America/Caribbean

Adapted from Marlorell et al., 2000a
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Occurrence, trends and analysis

14

12 . NHES 1963-70~
ïii 10 Il NHANES 1 1971-74CI.c
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CJi: 4CI

~
E 2a.

0
6-11 yr olds 12-17 yr olds

Figure 15 Prevalence (%) of obesity in 6-11-year-old and 12-17-year-old children in surveys in the United States fram the 1960s to the late 1980s

trends have been reported from
Denmark (Sørensen et al., 1997;
Thomsen et al., 1999), the Netherlands
(Fredriks et al., 2000) and Portugal (de
Castro et al., 1998).

ln a large analysis on overweight and
obesity in preschool children in develop-
ing countries, 71 national nutrition
surveys since 1986 from 50 countries
were used (Martorell et al., 2000b). For
this analysis, overweight and obesity

were defined as values :; 1 or :;2 stan-
dard deviations above the WHO/NCHS
mean weight-for-height. The prevalence
of overweight and obesity was lowest in
Asia and sub-Saharan Africa. Overweight
was more cam mon in urban areas, in
children with mothers with high

education, and in girls. ln a number of
countries in Latin America and the
Caribbean, the Middle East and North

Africa, and the CEE/CIS region, levels
were as high as in the United States. A
recent study of Bahraini school children

found that the mean BMI for girls aged
13 years and above exceeded that of
their American counterparts (Musaiger &
Gregory, 2000).

Since fatness can change at a
constant BMI, it is possible that children

may be getting fatter at the expense of
lean tissue, which may be decreasing as
a result of diminishing physical activity.

Physical activity
Because physical activity is important in
the prevention of a va ri et y of diseases
and conditions (US Department of

Health and Human Services, 1996), it
has been included as part of health
behaviour monitoring in many countries.

Many countries monitor only leisure-
time physical activity because national
policies assume that individuals find
this type of activity most amenable to
intervention, and because occupational
physical activity is now uncommon in
westernized countries, which are the
source of most comparative national
data (Caspersen, 1994). However,

individuals who perform large amounts
of occupational activity would be mis-
c1assified as inactive if they performed
little or no leisure-time activity. Even
though countries may not employ a
common survey assessment methodo-
logy, there is value in comparing

existing data while carefully examining
factors that may be responsible for
differences in the estimates. Little

information from developing countries
is available.

National surveys
Seven countries have included ques-
tions on physical activity as part of
national surveys during the 1990s. (1)
Australia conducted a National Physical
Activity Survey in 1997 and 1999
(Armstrong et al., 2000); (2) Canada
conducted a National Population Health
Survey in 1994-95 and 1996-97 (Health
Canada, 1999); (3) England conducted a
National Health Survey in 1994-95 and
1998-99 (Prior, 1999); (4) Finland con-
ducted a National Health Monitoring

Survey annually from 1978 through 1999
(Helakorpi et al., 1999); (5) Ireland con-
ducted the Happy Heart National Survey
in 1992 (Irish Heart Foundation, 1994);
(6) New Zealand conducted the Life in
New Zealand Survey in 1989-90

(Hopkins et al., 1991; Russell & Wilson,
1991); and (7) the United States

conducted the National Health Interview
Survey (NHIS) in 1985, 1990 and 1991

(US Department of Health and Human
Services, 1996). ln addition, one multi-
national comparison of physical activity
was conducted in 1997 among the 15
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Figure 16 Finlandia Ski Race, with thousands of participants

member states of the European Union
(EU) (European Commission, 1999;
Kearney et al., 1999; Margetts et al.,
1999; Vaz de Almeida et aL., 1999). To be
considered in this section, the data for
each country had ta have been drawn
from sa me sort of representative national
sam pie and had ta offer sufficient details
of the physical activity survey and mode
of administration to allow to understand-
ing of the summary scores that were

presented.
The methods used for these surveys

are summarized in Table 10 and show
the following cam mon features: the sur-
veys in most countries except Ireland
had governmental sponsors; each
country used some form of random sam-
pling strategy to derive a population

sampling frame; and the most common
mode of survey administration was a
household interview, except for a tele-
phone interview (Australia) and postal
surveys (Finland and New Zealand).
Many countries conducted surveys in
several different seasons of the year,
although Canada, England, New
Zealand and the United States collected
data for 12-month periods. Although

30

countries had different sample sizes that
paralleled the sizes of their populations,

they tended to have different lower age
bounds for their sam pies but generally

no upper age bound, except for Australia

(age 75), Finland (age 64) and Ireland
(age 69). Ove rail survey response rates
varied from 49-58% for Australia ta 88%
for the United States.

The summary of the characteristics 01
physical activity surveys in Table 11

shows that the recall period varied from
a usual work day to the prior year (bath
for Finland); the total survey items

ranged from four single-item queries with
closed-ended responses (Finland) to
batteries of listed activities with ques-
tions on average frequency, duration and
intensity of activity participation (United

States). Each country assessed leisure-
time physical activity, while four countries

(England, Finland, Ireland and New
Zealand) and the EU assessed work

activity, and two countries (Finland and
New Zealand) assessed transport ta and
from work. The wording of the activity
questions varied in many ways from
survey to survey. Although countries had
collected physical activity data via

self-reported questionnaires having less
than ideal reliability and validity (see also
Chapter 1), more accu rate, meaningful
and cost-effective physical activity mea-
sures are not available for representa-

tive, population-based samples.
Physical activity summary scores

ranged from selecting one or combining
several c1osed-ended response options

(Finland), to scoring specifie patterns of
frequency and duration of leisure-time
physical activity (England and the United
States) or estimating daily expenditure of
energy (per kg body weight) (Canada).

At the highest levels of activity (see
Table 12), summary scores usually
reflected energy expenditure (regular
activity at least five times per week and
lasting 2:0 minutes duration) or the like-
lihood of enhancing and maintaining

aerobic capacity (vigorous activity
performed at least three times per week
and lasting ~O minutes duration) - the
traditional exercise prescription

(Caspersen et al., 1994). Most countries
could be compared according to the
lowest levels of physical activity, which
ranged from physical inactivity in leisure
time ta ~6.3 kJ (1.5 kcal)/kg/day of

total estimated energy expenditure

(Canada). Summary scores for work
activity focused on prolonged times
spent sitting on the job (EU and Finland)
to participation in jobs requiring a lot of
walking, lifting or physically demanding
tasks (Finland). Generally, higher preva-
lence of the lowest levels of activity,
regardless of whether this reflected
leisure, work or transportation activities,
were most likely to be considered as risk
factors for disease or as detrimental ta
health.

Total prevalence of physical activity
ln the surveys, the country-specilic

prevalence of the lowest activity levels in
leisure time varied greatly (Table 12). The
lowest prevalence was associated with
restrictive activity definitions that were
hard to meet, such as performing leisure-
time activity for only a few times a year or



being unable to exercise (10.7% for
Finland), or performing absolutely no

physical activity du ring the previous

week (14.6% for Australia) or during
leisure-time (24.3% for the United

States). The prevalence was highest for
Canada (56.7%), where the definition
(-c6.3 kJ (1.5 kcal)/kg/day) could be

easily satisfied by either doing no activity
or even small amounts of physical
activities. Ali other country-specific

prevalence estimates were intermediate
between those from these countries with
extremes in definitions.

The country-specific prevalence for
the highest activity levels in leisure time
also varied widely (Table 12), being

lowest for large amounts of vigorous

activity such as running for ~ hours per
week (12.7% for Ireland). The preva-
lence of regular participation in vigorous
physical activity during the prior Iwo
weeks was 16.4% in the United States.
ln contrast, the highest prevalence

was 59.0% (EU countries) for those
reporting :;3.5 hours/week in 18 leisure

Occurrence, trends and analysis

activities and 62.8% (Finland) for those
participating in as little as two episodes
per week of physical activity producing
light sweating or breathlessness lasting
~30 minutes (Figure 17). The prevalence
for other countries varied between

20.6% (Canada) and 45.2% (Australia).
Estimates of persans who reported that
they did not participate in any
recreational activities were compiled for
the 15 individual member countries of
the EU (Figure 18). The lowest
prevalence (8.1 %, average for men and
women) was in Finland and the highest
(59.8%) in Portugal, a nearly three-
fold difference. The average for ail EU
countries was 30.9%, with countries of
more northerly latitude having lower
prevalence and Mediterranean countries
and those of more southerly latitude
having higher prevalence than the
average.

Four countries assessed work-related
physical activity (Table 12); the lowest
prevalence (19.0%) for the lowest work
levels was noted for EU countries report-

Figure 17 Examples of recreational activities (practised in Finland)

ing at least six hours of sitting at work.
The highest prevalence was for Finland

(50.9%) for work that involves mainly

sitting. The prevalence of the highest
levels of work-related physical activity
that had definitions most indicative of
more physically demanding jobs was
31.6% for active or very active work in
Ireland, and 45.0% for lifting and/or car-

rying heavy loads in England.

Only Finland assessed activity as so-
ciated with travel ta or from work

(Table 12), with 46.0% of employed
adults reporting the use of car or bus for
transport and 39.0% walking or cycling
for at least 15 minutes per day.

Prevalence af physícal actívíty
accardíng ta sacíademagraphíc
characterístícs
Within a data-set, differences in
cross-sectional prevalence belween

sexes (Table 12), age groups (Figure 19)
or levels of socioeconomic status (Table
13) are described by the absolute size of
the difference in percentage points (in

31
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Figure 18 Prevalence of reporting no recreational physical activity participation for 15 member countries of the European Union, sorted from low to high

European Commission, 1999

parentheses) as: small (.:5.0%),
moderate (5.0-9.9%), large (10.0-14.9%),
and very large (2:15.0%) (Caspersen et

al., 2000). The differences between

sexes for the lowest levels of leisure-time
physical activity were sm ail for Australia

(0.1%) and Finland (2.7%), but large for
New Zealand (12.0%), with ail other
countries having moderate differences of
5.5-6.0%. For the highest activity levels,
the same countries showed similar small
and moderate differences between the
sexes to those noted for the lowest activity
levels, except that the largest sex

difference (12.0%) was noted for
England, where the definition of highest
activity included participation in moder-
ate and vigorous physical activity.
Because 'vigorous' was defined in
absolute terms in England, e.g., 631 kJ
(7.5 kcal)/min, it may have been harder
for women to reach this intensity than for

34

men, who have a higher average
maximal cardiorespiratory capacity at
any given age (Caspersen, 1994).

Although not tabulated, the sex
difference for regular, vigorous physical
activity participation was small (3.2%) in
the United States, where the definition of
''vigorous'' was standardized according
ta age and sex. Otherwise, sex

differences were mainly of moderate
magnitude (e.g., 5.9-8.0%).

Sex differences for individual EU
countries were quite variable. Women
usually had lower prevalence of physical
activity than men, the differences being
small for Austria (-2.5), Denmark (-2.5)
and Ireland (-1.0), moderate for

Germany (-5.6), Italy (-6.9), Spain
(-7.2) and Sweden (-7.2), large for
France (-12.6) and Greece (-12.8), and
very large for Portugal (-20.5). Men had
lower prevalence than women for

Belgium (9.4), Finland (1.5), and the
United Kingdom (5.0). There was essen-
tially no sex difference for Luxembourg
(-0.1) and the Netherlands (0.9).

For Finland, sex differences were

small (3.7%) for prolonged time spent sit-
ting on the job, while differences were

moderate (8.0%) for lifting and/or carry-
ing heavy loads in England, but very

large (30.3%) for active and/or very

active work in Ireland (Table 12). For

Finland, sex differences were very large
(2:15%) for transport to or from work, with
men being more likely to use a car or
bus, and women more Iikely to walk or
cycle for 2:15 minutes per day.

Most countries showed increases in
the lowest levels of physical activity as
cross-section al age increased (Figure

19(a)). Canada had a curvilnear
increase essentially reaching an

asymptotic plateau for the oldest ages,
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Data from Vaz de Almeida et al. (1999)

while Australia, Finland and the United
States had plateaus across broad

age spans following an initial increase at
the youngest ages, or which was

followed by an increase in prevalence in
the oldest age group. The increases in
prevalence were nearly identical for
England and New Zealand between the
ages of 20 and 60 years. The decreases
in prevalence with increasing age for the
highest levels of physical activity (Figure

19(b)) often corresponded to the

increases in the lowest activity
levels (Figure 19( a)). Australia and the
United States had plateaus that
corresponded to increases noted for the
lowest activity levels, although Finland's
plateau for the lowest activity level
became a notable U-shaped curve. The
other countries showed varying forms of
decreasing prevalence with increasing
age.

Each country provided data on preva-
lence of physical activity levels according
to levels of socioeconomic status (Table
13) that suggest not only existing health
disparities but also areas needing
intervention. ln terms of level of

education, the differences in prevalence
for the lowest leisure-time physical activ-
ity levels were moderate for Australia
(8.6% comparing 0(12 and ~12 years of
education) and for New Zealand (9.0%
comparing primary school with university
or technical school education), and very
large for the United States (22.9%

comparing 0(12 years with college
education or higher). The differences for
the highest levels of physical activity
were large for Australia (13.7%) and for
the United States (10.4%), and very

large for New Zealand (23.0%), but
almost non-existent for Finland (1.0%
comparing 0(10 years and ~13 years of
education). Three countries used
different constructs ta assess socio-
economic status. For the lowest and
highest activity levels, respectively,

Canada reported a large (10.7%) and a
moderate (5.9%) difference comparing
the lowest and highest quartiles of
income adequacy; England reported a
small (4.0%) and a moderate (9.5%)

difference when comparing social c1ass 1
with c1ass V; and Ireland reported
moderate differences (5.4% and 6.8%
when comparing persons engaged in
unskilled, semiskilled, and ski lied manual
professions with those engaged in
professional and non-manual profes-
sions). Hence, there was a tendency,

though not uniform, towards larger
differences for the highest leisure-time

activity levels compared with the lowest
levels, regardless of the construct used
to assess socioeconomic status. The

converse was seen for socioeconomic

contrasts for work activity, where
differences were larger for the lowest
activity levels compared with the highest
activity levels for countries of the EU
(15.0% and 6.0%, respectively when
comparing primary and tertiary

35
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Figure 20 Trends in (a) lowest and (b) highest levels of physical activity by country

education al levels) and for Ireland

(19.4% and 13.2%, respectively). For
transport to and from work, there was a
moderate difference (8.0%) in Finland.
From these data, it is clear that socio-
economic status usually has a moderate
ta very large association with prevalence
of physical activity.

Trends in physical activity
prevalence
Physical activity trends are described by
the absolute size of the average annual
rate of change in prevalence (in paren-
theses) as: small (~0.5%/yr), moderate

(0.5-2.9%/yr), large (3.0-4.9%/yr) and

very large (~.O%/yr) (Caspersen et al.,
2000). Trends in the lowest levels of
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physical activity are inconsistent (Figure
20(a)), with a moderate decrease for
Canada (-0.5%/yr from 1995 to 1996), a
moderate increase for England

(+1.4%/yr) from 1994 ta 1998), and a
small decrease for the United States

(-0.2%/yr) from 1985 to 1990). A
decrease for the United States from

1990 to 1991 reflected a survey change
(Pereira et al., 1997; US Department of
Health and Human Services, 1996), sa
that further trend determination is not

possible.
Trends in the highest levels of physi-

cal activity (Figure 20(b)) were also
inconsistent, showing small decreases
for Canada (-0.2%/yr) from 1995 to
1996), for England (+O.4%/yr from 1994

to 1998) and for the United States

(+0.2%/yr) from 1985 to 1990). Although
not shown in Figure 20, there was a
small decrease in regular, vigorous
physical activity in the United States
(-0.1 %/yr) over the same time period.
Conversely, there was a quite large
decrease for Australia (-2.9%/yr) from
1997 to 1999) which would be truly
alarming for this country if continued

over an extended period.

Children and adolescents
Childhood is generally the most physi-
cally active time during life, although in
westernized countries, bath cross-
sectional and longitudinal studies have
shown levels of physical activity ta
decline dramatically during adolescence
and early adulthood (Anderssen et al.,
1996; van Mechelen et al., 2000; Telama
& Young, 2000). However, there have
been few surveys of nationally represen-
tative samples of children and adoles-
cents which can be compared

(Caspersen et al., 2000). This may arise
in part from the difficulty in reliably and
validly measuring physical activity in
children and adolescents ranging in age
from 4 ta 17 years (Kohl et al., 2000),
while physical activity assessment for
children aged 3-5 years is even more
problematic.

Concluding comments
Data from these national surveys reveal
that many countries have high preva-
lence of the lowest physical activity
levels in their adult populations, suggest-
ing that many adults are at risk for
chronic diseases. This is reinforced by
the often low prevalence of the highest
physical activity levels - levels that

would be likely ta confer health benefits.
However, existing surveys have not
normally been designed ta determine

physical activity levels to address

population-based cancer risks.
The differences in physical activity

prevalence by sex and age, and for
contrasting levels of socioeconomic
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Figure 21 Win ter sporting recreational physical activity

indices, reveal that disparities prevail for
physical activity participation between
population groups in these countries.
Such differences suggest foci for in
tervention efforts. The few available
trend data are, however, inconsistent

from country ta country and mostly relate
to short time frames (with the exception of
Finland), highlighting the need for longer-
term, immutable surveillance systems
that use questionnaires having high

reliability and validity (Caspersen et aL.,
1994).

ln conclusion, national population

prevalence data, primarily on participa-
tion in leisure-time physical activity, exist
for only a small number of industrialized
nations. Earlier comparisons of popula-
tion surveys from various countries con-
cluded that the extent of participation by
adults in leisure-time physical activities

of the moderate and vigorous type is not
at a satisfactory level (Stephens &

Caspersen, 1994).
. Over half the adult populations of

industrialized countries are insuffi-
ciently active in their leisure time ta
yield health benefits.

. One quarter to one third of adults
may be classified as totally inactive in
their leisure time.

. Less than 15% of adults participate
in regular, vigorous activity.

. There is a clear social-class gradient

for leisure time physical activity in
most industrialized populations;
those who are socially and economi-
cally disadvantaged are less active.

More recent data on trends in leisure-
time physical activity participation show
these patterns ta have been relatively

stable over the past Iwo decades. There
are several examples of significant
regional (Bauman et al., 1999; US
Department of Health and Human

Services, 1996), seasonal (Uitenbroek,

1993) and latitudinal (Centers for
Disease Control, 1997) variations
in participation in leisure-time physical

activity. However, leisure-time activity is
just one component of ove rail
energy expenditure - other aspects of

physical activity need ta be better under-
stood.

For the vast majority of countries

worldwide, population data on physical

activity participation are unavailable.

This is the case for most of the world's

developing nations. ln these countries,
economic transition involves large
numbers of people moving from
traditionally active rurallifestyles to cities
and other urban environments. ln
such settings, they are Iikely ta be much
less physically active. It is plausible

that such changes in physical activity
are occurring and affecting an
increasing proportion of the world's

population, but to what extent they are
taking place cannot be quantified,
in the absence of population
surveillance systems. Even in man y
developed countries, relevant data are
unavailable, and where available, often
address only leisure-time physical
activity.
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Chapter 3

Preventing weight gain and promoting physical activi

Preventing weight gain and changing the
physical activity habits of individuals and
populations present a formidable set of
challenges. Patterns of food intake and
physical activity in individuals and popu-
lations are subject to a plethora of influ-
ences at severallevels (see Chapter 1).
What people eat and how active or inac-
tive they are can be influenced by

genetic and biological factors; by psy-
chological states, traits and learned habit
patterns; by family, community and other
proximal social influences; by organiza-
tional structures at work and other formai
and informai social systems; by barriers
and opportunities in people's physical

environments; by economic factors that
influence access ta private and public
resources; and by the broad political,
economic and social processes that ulti-
mately shape the patterns of behavioural
choice in who le populations. It is there-
fore not surprising that even the best
planned and most carefully implemented
efforts to prevent weight gain and pro-
mate physical activity have shawn only
modest results.

As the body of scientific evidence in
this Handbook makes c1ear, preventing
weight gain and promoting physical

activity should be central to the cancer-
preventive agendas of ail countries.
Thus, we have a strong imperative for
preventive action, but still only limited
knowledge of the likely effectiveness of
different types of intervention. Most inter-
ventions for weight gain prevention or for
promotion of physical activity have
shown only modest changes that usually
were not weil maintained over time after
the intensive intervention phase. The
way forward for cancer-prevention

initiatives based on weight gain preven-

lion and physical activity promotion must
be guided by both realism and by the
best use of the available scientific
information.

Diet and prevention of weight
gain
This Handbook has a primary focus on
prevention of weight gain and promotion
of physical activity. However, energy bal-
ance can also be maintained by limiting
energy intake. Optimal ways to prevent
weight gain by dietary modification are
largely unknown. Epidemiological stud-
ies tend to suffer from increasing under-
reporting of food intake with increasing

body weight (Seidell, 1998). Intervention
studies usually have tao limited duration
and too few participants to allow proper
evaluation of the long-term effects on

body weight in populations. There are
also many dimensions of food intake
other than just energy intake that may
play a role (Table 14). These include

macronutrient composition, energy den-
sity, food palatability and pleasure of eat-
ing, portion sizes and meal patterns

(e.g., nibbling versus gorging) (Table 15).

Physical, economic and sociocultural
factors also influence dietary intakes at
the levels of populations, households and
individuals (Egger & Swinburn, 1997).

Influences of diet on weight gain

al ways interact with that of physical
activity. For example, regular physical
activity influences fat and substrate
balance. This effect is considerable

wh en an activity is maintained over a
long period; physically trained individuals
metabolize more fat at equivalent levels
of energy expenditure than untrained

individuals (Hurley et al., 1986). Stubbs
et al. (1995) showed that volunteers who
were moderately active were able ta

Macronutrient Energy content

kJ/g kcal/g

Carbahydrate
Fat
Pratein
Alcahal

16
37
17
29

4
9
4
7

Protein Carbohydrate Fat

Ability ta end eating High Moderate Law
Ability ta suppress hunger High High Law

Starage capacity Law Law High
Pathway to transfer excess Yes Yes Na
ta alternative campartment

Ability ta stimulate awn Excellent Excellent Paar
axidatian
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consume ad libitum diets with 40%
energy from fat, whereas the same indi-
viduals when sedentary gained weight
on the same diet. It is therefore thought
that people who sustain moderate or

high levels of physical activity are less
likely ta gain weight when they eat diets
with a high fat content (35-40% of

energy). Because fat is a major contribu-
tor to overall energy intake, lower fat

intake (e.g., 20-25% of energy) may be
needed to minimize energy imbalance

and weight gain in sedentary individuals.
Physical activity not only influences food
metabolism. It also interacts with food
choice and may also affect energy bal-
ance through its effects on food intake
and preferences. Information on this is
rather limited.

Prevention of weight gain
through physical activity
Because both weight gain and weight
loss are functions of energy balance,

prevention of weight gain could theoreti-
cali y be achieved by changes in either
dietary energy intake or physical activity

(energy expenditure). Weight reduction

resulting from increased physical activity
without restricted energy intake is only
modest (Garrow & Summerbell, 1995;
National Institutes of Health and National
Heart, Lung, and Blood Institute, 1998
(Figure 22). ln contrast, many recent
reviews have underscored the impor-

tance of physical activity in prevention of
weight gain (Saris, 1998; Ravussin &
Gautier, 1999; Wing, 1999; Jeffery et al.,
2000). However, because of the narra-
tive and non-systematic nature of most
available reviews, a systematic review

was undertaken to evaluate ail research
reports with data on physical activity and
weight gain, published between 1980
and early 2000 (Fogelholm & Kukkonen-
Harjula, 2000). The following section is
based on that review. It is important ta
note that the review was restricted ta
Caucasian (white) adults, because com-
prehensive data were available only for
this group.
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The following criteria were applied in
selecting prospective, observational

studies for inclusion in the review:

. data on physical activity and change

of weight (or BMI) were provided;
. duration of follow-up was at least two

years;
. no intervention was performed;

. studies on weight change during

special circumstances, e.g., after
smoking cessation or during preg-
nancy, were excluded.

Seventeen prospective observational
studies (Rissanen et al., 1991; Klesges
et al., 1992; Owens et al., 1992;

Williamson et al., 1993; Taylor et al.,
1994; Bild et al., 1996; Haapanen et al.,
1997a; Heitmann et al., 1997; Kahn et
al., 1997; Parker et al., 1997; Barefoot et
al., 1998; Coakley et al., 1998; Thune et
al., 1998; French et al., 1999a; Guo et
al., 1999; Crawford et al., 1999;

Fogelholm et al., 2000a) fulfilled these
criteria (Table 16). The mean duration of
follow-up was approximately seven

years, with a range from 2 to 21 years.
Ali studies used a retrospective ques-

tionnaire to assess the habituai (usually
over the past year) level of physical

activity. Three studies (Rissanen et al.,
1991; Parker et al., 1997; Thune et al.,
1998) used a rough, subjective classifi-
cation into 2-4 activity classes. Most

studies assessed physical activity of
both moderate intensity and more

intense activities. Two studies focused
on vigorous exercise activities (Barefoot
et al., 1998; Coakley et al., 1998). Three
studies also assessed occupational (or
non-recreational) activity (Klesges et al.,
1992; Williamson et al., 1993; Guo et al.,
1999). Finally, Coakley et al. (1998) and
Crawford et al. (1999) asked specifically
about television and video use.

The outcomes of the studies may be
groupec( according ta wh en physical
activity data were collected, that is,
whether baseline, follow-up or change
(from baseline to follow-up) in physical

activity was compared against change in
weight. The studies using baseline phys-
ical activity data yielded inconsistent

results. ln three (Klesges et al., 1992;

Owens et al., 1992; Haapanen et al.,
1997a), an inverse relationship between
baseline physical activity and weight
change was seen, Le., a large amount of
physical activity was associated with
smaller weight change. However,
Haapanen et al. (1997a) reported this
inverse relationship for men, but not for
women. High baseline activity at work
was associated with less weight gain in
the study by Klesges et al. (1992). ln
contrast, two studies reported that a
large amount of vigorous physical activity
at baseline was associated with greater
weight gain (Klesges et al., 1992; Bild et
al., 1996). Finally, three studies did not
find a significant association between

baseline total physical activity
(Williamson et al., 1993; Parker et al.,
1997) or television and video watching
(Crawford et al., 1999) and the magni-
tude of weight change.

Figure 22 Difference in weight: The body
weight of a person doing physical activity also
affects the amount of energy used. A person
weighing 220 kg will expend more energy
walking for 30 minutes than a gO-kg persan

(Sumo wrestler Akebono and his son Hiroshi)
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The results using data on physical

activity at follow-up were more
consistent. Four studies found that a
large amount of physical activity or exer-
cise (Rissanen et al., 1991; Williamson
et al., 1993; Haapanen et al., 1997a;
Barefoot et al., 1998) at follow-up was
associated with less weight gain. Only

Heitmann et al. (1997) did not find such
an association.

Many studies used data on physical
activity from both baseline and follow-up.
An increase in physical activity was
associated with less weight gain in seven
studies (Owens et al., 1992; Williamson et
al., 1993; Taylor et al., 1994; Haapanen et
al., 1997a; Coakley et al., 1998; Thune et
al., 1998; Guo et al., 1999; Fogelholm et
al., 2000a). Two studies did not find any
association between changes in physical
activity (Bild et al., 1996) or in television
and video watching (Crawford et al.,
1999) and weight change. ln one study

(Fogelholm et al., 2000a), increased but
not decreased physical activity was asso-
ciated with weight change. French et aL.

(1999a) did not find an association
between the cumulative duration of
increased physical activity (annual record-
ing) and weight change.

Bath studies with data on only vigorous
exercise (Barefoot et al., 1998; Coakley
et al., 1998) found an inverse association
between exercise and weight change.

However, the different types and intensi-
ties of physical activity cannat be com-
pared from these data. The two studies
using data on television watching yielded
contradictory results (Coakley et al.,
1998; Crawford et al., 1999).

The findings that a larger amount of
physical activity, assessed at the end of
follow-up, was associated with less
weight gain may be interpreted in three
different ways: first, physical activity may
really prevent weight gain; second, less
weight gain may lead to better exercise
adherence; third, participation in physical
activity may be a proxy for a generally
healthier lifestyle or psychological profile

(e.g., better self-regulation).

The studies cited above did not

generally include data that would allow
calculation of the level of energy

expenditure associated with prevention

of weight gain. Data from studies
examining prevention of weight relapse
after prior weight reduction suggest that
an increase in weekly energy expendi-

ture of approximately 6300 to 8400
kJ/week (1500-2000 kcal/week, corre-
sponding to about 1 h of brisk walking
daily) is associated with improved weight
maintenance (Fogelholm & Kukkonen-

Harjula, 2000). This would correspond ta
an increase in daily energy expenditure
of approximately 10%. However, the

increase in energy expenditure needed
for primary prevention of weight gain

may be slightly lower.

Community interventions for
prevention of weight gain
Only a few controlled community inter-
ventions have had physical activity as a
central behavioural component and BMI
as an outcome (Fortmann et al., 1990;
Murray et al., 1990; Brownson et al.,
1996; Tudor-Smith et al., 1998). These
interventions were designed to decrease
mortality and morbidity of cardiovascular
heart diseases, but ail had increased

physical activity and decreased preva-
lence of obesity as means to achieve this
main objective. Three projects
(Heartbeat Wales (Tudor-Smith et al.,
1998), the Minnesota Heart Health

Program (Murray et al., 1990; Kelder et
al., 1993; Luepker et al., 1994; Jeffery et
al., 1995) and the Stanford Five City
Project (Fortmann et al., 1990; Taylor et
al., 1991; Young et al., 1996)) included
bath intervention and control communi-
ties, whereas the Bootheel Heart Health
Project (Brownson et al., 1996) had the
state as a comparison area. The duration
in the interventions was 4-7 years. The
subjects were obtained by random

cross-section al sampling at the begin-

ning and the end of the follow-up

(Brownson et al., 1996; Tudor-Smith et
al., 1998) or through a combination of

cohort and independent cross-sectional
surveys (Fortmann et al., 1990; Murray
et al., 1990).

These projects based their interven-
tion on widespread education al
approaches, that is, face-to-face coun-
selling by health professionals and

peers, and use of mass media (televi-
sion, radio, newspapers, print materials).
Moreover, the use of social support
(organized groups, such as walking
clubs), physical activity contests, opinion
leaders and models, and risk-factor
screening were common ta these inter-
ventions. Changes in the physical environ-
ment (e.g., building of walking and fitness
paths) were reported in one project only

(Brownson et al., 1996), whereas policy
changes, with speciallabelling of foods in
grocery stores and restaurants, were
described in two interventions (Kelder et
al., 1993; Tudor-Smith et al., 1998).

Out of the four projects, two

(Brownson et al., 1996; Tudor-Smith et
al., 1998) did not detect any significant
effect of intervention on physical activity,
although there was a tendency for
increased physical activity in the inter-
vention areas of the Bootheel Heart

Health Project (Brownson et al., 1996).
The residents of the intervention commu-
nities of the Minnesota Heart Health

Study were somewhat more physically
active (self-reported) at the end of the
follow-up (Kelder et al., 1993), an

increase apparently due ta an increase
in activities of low intensity. ln the
Stanford Five-City Project, the interven-
tion had a positive effect on physical
activity in the independent, cross-sec-
tional samples, but not in the cohort sur-
vey (Fortmann et al., 1990; Young et al.,
1996). The observed increase was

seemingly due to increased amounts of
daily usual activities, rather than to vigor-
ous exercise (Young et al., 1996).

Although the results on physical activ-
ity were somewhat positive in most
projects, the effects on body weight
change were disappointing. Three
projects did not find any effect of
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intervention on BMI (Jeffery et al., 1995;
Brownson et al., 1996; Tudor-Smith et
al., 1998). ln the Stanford Five-City

Project, BMI increased less in the treat-
ment than the control communities, but
this effect was observed only by using
cross-sectional, independent surveys

(Taylor et al., 1991).
Despite the fact that a majority of

cross-sectional and observation al
studies have shown that high physical
activity is associated with smaller weight
gain, the success of community studies
in preventing weight gain was not

very good. The failure to show clear
intervention effects could be due to
methodological problems. Multifaceted
interventions are difficult to evaluate in
general and methods of assessing phys-
ical activity in large groups are quite
crude and imprecise (Wareham &
Rennie, 1998). Moreover, favourable

secular trends in dietary choices as weil
as in smoking cessation may not only
dilute intervention effects but also

confound the effect of physical activity in
prevention of weight gain.

Another obvious reason for the
above discrepancy is that physical

activity and energy expenditure in the
intervention communities did not
increase enough ta counterbalance

secular changes in food intake and daily
activity (Fogelholm et al., 1996a). ln the
most successful intervention (The
Stanford Five-City project; Taylor et al.,
1991) the difference in estimated daily
energy expenditure between the inter-
vention and control communities was
250 kJ/day (60 kcal/day), a weekly dif-
ference of 1750 kJ (420 kcal). This is
much less than has been associated
with prevention of weight regain

(Fogelholm & Kukkonen-Harjula, 2000).
Moreover, it is probable that the three
other cam munit y interventions were

even less successful in increasing total
energy expenditure. There are several
potential explanations for the difficulty in
increasing physical activity in interven-
tion communities:

46

. The focus has been too much on

tradition al physical activity, rather
than usual daily activities (lifestyle
activity). The same problem is also
seen in controlled obesity treatment
trials. It is likely that large population
segments may more readily accept
increased lifestyle activity than more
structured exercise training.

. There was too little priority for physi-
cal activity in the interventions. Ali

interventions cited above had a
decrease in cardiovascular disease
mortality and morbidity as primary
objective. This meant that the
approaches were very broad and

physical activity was just one focus of
the intervention plan.

. The interventions were too general

and hence important subgroups
were lost. For instance, Jeffery et al.

(1995) noted that the intervention
effects were more clearly seen in
residents with elevated serum

cholesterol concentration or a history
of obesity-related disease. Other

potential subgroup targets for physi-
cal activity interventions could be
people of lower social status,
minority groups and older adults.

. A high-profile health promotion

programme extended even to the
control area (Luepker et al., 1994;

Tudor-Smith et al., 1998). The inter-
vention and control communities

were not isolated, both areas being

targets of health promotion through

mass media and from physicians
and other health professionals. If the
educational environment is already
saturated with health promotion

mate rial, any additional efforts may
have only marginal effects (Jeffery et
al., 1995).

. Ali interventions had a strong

emphasis on education, their basic
assumption being that increasing
the level of knowledge about obesity-
related risks; dietary choices

and exercise behaviour would enable
people to improve weight

maintenance (Jeffery et aL., 1995).
Only the Bootheel Heart Health

Project reported deliberate efforts to
change the physicaJ environ ment by

construction of walking and fitness
paths (Tudor-Smith et al., 1998).

Prevention of weight regain
after prior weight reduction
The challenge in weight reduction is not
really to Jose enough weight, but rather
to maintain the reduced weight. Most

studies show very poor weight mainte-

nance, regardless of the technique used
to reduce body weight (Glenny et al.,
1997). The role of physical activity in
prevention of weight regain was studied
in the review by Fogelholm and
Kukkonen-Harjula (2000) of both obser-
vational studies and randomized clinical
interventions. The main results are
summarized below.

A total of 19 non-randomized weight-
reduction interventions with an observa-
tional follow-up were reviewed. The
duration of the follow-up was typically
between one and three years. Most of
the studies used a retrospective
questionnaire or an interview ta assess
physical activity. Only Schoeller et al.
(1997) measured total activity level by
the doubly labelled water technique,

focusing on vigorous exercise, rather
th an total physical activity.

The results from the above studies
were quite consistent: a total of 12 stud-
ies found that a large amount of physical
activity at the follow-up measurement
was associated with less weight regain
after weight reduction. Four studies used
the change in physical activity from
baseline (immediately after weight

reduction) ta the end of the follow-up:
they ail reported that increased physical
activity was associated with a sm aller
weight regain. Using only baseline (after
weight reduction) data on physical activ-
ity, however, gave less consistent

results: Schoeller et al. (1997) found that
more physical activity was associated
with better weight maintenance,
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Figure 23 Bike to Work Day: promotion of physical activity at the Nationallnstitute of
Environmental Health Sciences (NIEHS) in the United States

although McGuire et al. (1999) did not
find such an association. Jeffery et al.
(1984) reported that physical activity
immediately after weight reduction, but
not one year later, was associated with
less weight regain at two years' follow-up.

Eight randomized interventions with
exercise and control groups and a
prospective follow-up of at least one

year's duration (Perri et al., 1986; Sikand
et al., 1988; King et al., 1989; Pavlou et
al., 1989; van Dale et al., 1990; Skender
et al., 1996; Wadden et al., 1998; Wing
et al., 1998) were reviewed (Table 17).
The duration of weight reduction varied
between eight weeks and 12 months.

Three studies used a very low-energy

diet (Sikand et al., 1988; Pavlou et al.,
1989; van Dale et al., 1990) during the
weight-reduction phase, while the other
studies used a more conventional diet
with restricted energy intake. Only Perri
et al. (1986) reported use of behaviour
therapy. Ali studies used aerobic

exercise (walking or ergometer cycling)
with a target duration of approximately

1.5 ta 3 h/week. ln addition, Wadden et
al. (1998) had one group with strength
training.

Only one study (Pavlou et al., 1989)
found clearly that exercise training dur-
ing weight reduction led to less weight

gain during the follow-up th an in non-

exercising groups. Sikand et al. (1988)
reported a similar but non-significant dif-
ference. King et al. (1989) found that
weight regain was smallest in exercising
subjects randomized to supportive tele-
phone contacts during the follow-up.
However, those exercising subjects who
were randomized to no extended support
showed a tendency ta regain even more
weight than the diet-only subjects. van
Dale et al. (1990) reported better weight
maintenance in one physical exercise
group (N = 5), but the finding was appar-
ently caused by one outlier. ln contrast ta
the above results, four studies did not
find exercise training to improve mainte-
nance of reduced body weight (Perri et
al., 1986; Sikand et al., 1988; Wadden et
al., 1998; Wing et al., 1998).

Very few studies (Perri et al., 1988;
Leermakers et al., 1999; Fogelholm et
al., 2000b) have used a design with ran-
domization to exercise and control
groups after weight reduction (Table 18).
Perri et al. (1988) used several weight-
maintenance techniques, including aero-
bic exercise in two groups (men and
women). Ali groups participating in the
six-month weight-maintenance interven-
tion had less weight gain compared with
the controls, who were not contacted
after the weight reduction. Nevertheless,
the exercise groups did not succeed any

better or worse than the other weight-

maintenance groups. Leermakers et al.

(1999) randomized 67 subjects (men
and women) into exercise-focused and
weight-focused groups after a six-month
weight-reduction period. The exercising
subjects met bi-weekly in supervised

exercise session and were also trained
in relapse prevention strategies to avoid
or cope with lapses in exercise. The

weight-ocused group learned problem-
solving for weight-related difficulties,
without emphasis on physical activity.
During the unsupervised follow-up (six
months), the exercise-group gained

more weight th an the weight-focused

group. Finally, in the study of Fogelholm
et al. (2000b), weight-reduced, but still
overweight or obese, premenopausal

women were randomized into control,
moderate walking (target activity energy
expenditure 4.2 MJ/week (1000
kcal/week)) and heavy walking (8.4
MJ/week (2000 kcal/week)). Ali groups
received diet counselling. Compared
with the end of weight reduction, weight

regain at the two-year follow-up was 3.5

(95% confidence interval 0.2-6.8) kg
less in the moderate walking group th an
in control subjects. The heavy walking
group did not differ from the contrais.

Inadequate amounts of physical activ-
ity may help to explain why it has been
so difficult ta find an effect of physical
activity on weight maintenance in c1inical
trials. The weekly amount of prescribed
exercise in the randomized trials varied
from 80 min to 300 min, which corre-
sponds ta an increase in weekly energy
expenditure by 2300 to 8800 kJ (560 ta
2100 kcal). However, adherence to the
exercise prescription is much less than
100%, and in particular long-terrn adher-
ence may be poor.

According to four studies (Hartman et
al., 1993; Ewbank et al., 1995; Schoeller
et al., 1997; Jakicic et al., 1999), the esti-
mated difference in energy expenditure
from physical activity between the high-
est and the lowest exercise group was
more th an 5500 kJ/week (1300
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Preventing weight gain and promoting physical activity

Reference Subjects

Perri et al., 1988 26 M, 97 W

Leermakers
et al., 1999

13 M,54 W

Fogelholm et al.,
2000

85W

Weight reduction Maintenance intervention Follow-up Results
(method, amount)

12 mo. 91
measured (74%)

Ali 4 conditions with
maintenance support
yielded better long-
term wt loss th an BT
alone. EX did not
significantly affect
the results

BT. 12.4 kg in 20
wks

6 mo. Extended therapist
contact (C) vs C and social
influence (S) vs C and 4 x
20 min aerobic EX weekly
vs C, S and EX vs no
maintenance support

6 mo. 48
completed (72%)

EX subjects gained
more (4.4 kg) th an the

wt-focused subjects
(0.8 kg) during mo 6
to 12.

Diet + BT, 8.8 kg
in 6 mo.

6 mo. EX vs wt-focused.
EX = 150 min/wk, biweekly
sessions, contingencies,

relapse prevention training.
57 (85%) completed

24 mo. 74

measured (87%)
The mean wt regain
alter WR was 8.3 kg.
Compared with the
end of WR, wt regain
at the end of follow-up
was 3.5 (95% Ci 0.2-

6.8) kg less in EX-1
vs CON.

VLED, 13.1 kg
in 3 mo.

9 mo. Randomized into
walking (2 groups, EX-1

= target energy expenditure
4.2 MJ/wk, EX-2 = 84
MJ/wk) and CON. Ali
received diet instruction.

Abbreviations: BT, behavioural therapy; Ci, confidence intervals; CON, control subjects (no treatment); EE, energy expenditure;
EX, exercise; M, men; mo, monlh(s); VLED, very-Iow-energy diet; W, women; WR, weight reduclion intervention; wt, weight

kcal/week), but less than 8400 kJ/week

(2000 kcal/week). The difference in
yearly weight regain (high versus low

exercise groups) in the above studies
was 5 ta 8 kg. Hence, it seemed that an
increase in energy expenditure of physi-
cal activity of approximately 6300 to
8400 kJ/week (1500-2000 kcal/week,
corresponding ta 1 h of brisk walking

daily) was associated with improved

weight maintenance. This is more than
most randomized trials aimed at, and
certainly more th an the exercisers actu-

ally achieved. Keeping up increased reg-
ular exercise is believed to be particu-
larly problematic among obese subjects,
who may have both physiological and
psychological barriers to physical activity

(Fogelholm & Kukkonen-Harjula, 2000).
Ali randomized trials used traditional

structured training prescription with

walking, jogging or ergometer cycling as

the modes of exercise. Only King et al.
(1989) encouraged subjects also to
increase daily lifestyle activity. Since the
introduction of health-related exercise

(Pate et al., 1995), interest in Iifestyle
activity (with several short bouts of exer-
cise daily) has increased, but few groups
have studied the effects of lifestyle activity

(Andersen et al., 1999; Dunn et al.,
1999) or of multiple short-bout exercise
(Jakicic et al., 1999) on weight change in
overweight persons. None of these stud-
ies found any statistically significant dif-
ference between the effects of different
kinds of activity on weight.

Some groups have studied different
strategies to improve adherence to exer-
cise programmes. Three papers have

reported 'that adherence to a home-
based exercise programme is at least as
good as a supervised group programme
among overweight persans (King et al.,

1991; Perri et al., 1997; Jakicic et al.,
1999). Exercise prescribed in multiple
short bouts rather th an as one continu-
ous daily bout may or may not improve
exercise adherence (Jakicic et al., 1995,
1999). Although one might suppose that
adherence would be easier for a lifestyle
activity than for a more fixed exercise
regimen, two studies (Andersen et al.,
1999; Robinson, 1999) found adherence
to be equal for both approaches.

How to increase physical
activity
The first US Surgeon General's Report
on Physical Activity and Health (United
States Department of Health and Human
Services, 1996) has established the
importance of the overall physical activity
and health agenda. It is not known to
what extent it will be feasible to integrate
systematic and cost-effective exercise
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Figure 24 Organized walking day for NIEHS staff members and family

counselling into routine primary care and
other health services. It is also not yet
clear what effects might be achieved by
mass-reach, ubiquitous public health
strategies that offer 'passive' protection

ta populations by creating (or recreating)
environments in which physical activity is
a natural and enjoyable part of people's
lives.

Trials of interventions to increase

physical activity typically lead to modest
initial changes in behaviour and any
changes tend not to be maintained after
the intensive initial intervention phase.

Controlled intervention trials in health-
care settngs that yielded the strongest

and best-maintained effects on
behaviour have revealed several
important elements, including multiple
and continuing contacts with participants
and multiple behavioural intervention
components (Simons-Morton et al.,
1998). For such individual or small-group
interventions, the most effective
programme elements appear ta be the
use of structured behaviour-change

techniques; educational, health-risk
appraisal and verbal persuasion

methods have been found ta be far
less effective (Dishman & Buckworth,
1996).

Workplace, community and mass-
media intervention studies have typically
found modest or no actual effects on
behaviour and, where it has been

assessed, poor maintenance of behav-

50

ioural changes (Dishman et al., 1998;
Marcus et al., 1998).

The conduct of physical activity
intervention trials on which to base
large-scale, comprehensive strategies
has inherent scientific difficulties. Meta-
analyses and qualitative reviews of
published studies have identified
several areas of methodological limita-
tion. These include lack of standard-
ized outcome measures, lack of rigor-
ous experimental controls and compro-
mises in the implementation of inter-
ventions (Dishman et al., 1998).

Studies that meet rigorous methodolog-
ical criteria and that demonstrate

strong and sustained effects on physi-
cal activity behaviour are few. However,
behavioural scientists, epidemiologists,
exercise and sport scientists and
others are developing improved, stan-
dardized and objectively validated
measures of physical activity behav-
iours and are applying these in popula-
tion studies (Sallis & Saelens, 2000).
New studies of physical activity deter-
minants, including environ mental influ-
ences, are being developed (Baker et
al., 2000; Owen et al., 2000). Particular
issues for higher-risk or traditionally
neglected groups are being identified
and addressed systematically (Taylor et
al., 1998; Ainsworth, 2000; Ainsworth et
al., 2000). Trials of innovative

approaches to increasing energy
expenditure through incidental and

lifestyle activities are under develop-
ment (Dunn et al., 1998).

The major need is to develop evi-
dence-based mass-reach interventions,
along with environmental and policy
changes that can be demonstrated to

have a positive impact on rates of partici-
pation in physical activity (Jebb & Moore,
1999; Sallis et al., 1998). For example,
there are now opportunities to conduct
trials of mass-reach behavioural-change
services that use combinations of tradi-
tional broadcast media with the new
capacities provided by the Internet and
other information technology innova-

tions. Such strategies can potentially
provide automated, individually tailored
physical activity assessments and
structured, interactive advice to large
numbers of people at very low cost
(Marcus et al., 1998).

It may be helpful for interventions ta
focus on sedentary behaviour as an

entity in its own right (Jebb & Moore,
1999; Owen et al., 2000). Prolonged
periods of sedentary behaviour at work
may in future be regarded as an occupa-
tional health risk.

Trials of interventions to influence

physical activity have focused on indi-
viduals. The challenge is to influence
whole populations effectively. The
extensive social changes and strategies
needed to promote physical activity will
require strong interactions between

science, advocacy and public health
policy. Environmental and policy
initiatives require research on new ways
to assess putative macro-Ievel
influences on physical activity. Such
environ mental and policy interventions
include, for example, the provision of
walking and cycling paths, restrictions
on automobile access to city centres
and provision of showers and changing
facilities at workplaces. Systematic
trials are needed to demonstrate the
extent ta which such changes can
influence people's choice to be more
active (Sallis et al., 1998).



Lessons to be learned from
other successful public health

campaigns
Campaigns that have been successful in
dealing with public health problems

include those to discourage smoking and
drink-driving or to promote immunization
and the wearing of seatbelts. Analyses of
these campaigns have helped to identify
features that can be applied in public
health interventions to control obesity

(Egger & Swinburn, 1997). For example,
it appears that programmes which

involve government, the community, the
food industry and the media, and which
are of long duration, lead to positive and
sustainable change (WHO Consultation
on Obesity, 1998).

Public health programmes to prevent
weight gain are unlikely ta achieve the
same spectacular rates of success as
those associated with the control of
infectious disease. Unlike the case of
pathogens, it is not feasible to rem ove
totally the causes of obesity. Nor is it a
simple process ta isolate and manage
exposure to major disease-promoting

factors in the way that the control of
smoking and hypertension has con-
tributed to the reduction in rates of
chronic heart disease. Overweight, the

consequence of energy imbalance, is
more tightly controlled physiologically

Prevenling weighl gain and promoling physical aclivily

than other risk factors are and is subject
ta man y environmental influences that
shape food choices and physical activity
behaviours (Figure 25). Nevertheless,

with concentrated efforts, particularly
along the lines recommended in Chapter
10, successes in weight gain prevention
and in physical activity promotion can be
achieved.

There are good reasons to believe
that weil conducted preventive initiatives
with adequate resources will succeed.
For example, large numbers of people in
many populations do maintain habits of
regular physical activity and maintain a
healthy body weighl. While this is more
Iikely in higher socioeconomic groups, it
should nevertheless be seen as realistic
and achievable. Regular physical
activity and maintaining a healthy body
weight will be more possible if people
have supportive environments. Where

governments and community bodies
provide facilities and settngs for physi-
cal activity, or where there are weil
organized programmes with adequate
resources, people are better able ta
maintain regular activity. For societies to
provide such support and services,
significant commitments of funding and
weil developed policies and organiza-

tional systems are required. Given the
extent of cancer-related risk and other

health risks associated with overweight
and inactivity including heart disease
and diabetes, such serious commit-

ments should be made.

Figure 25 Keep on movìng! A person loses

25% of his or her lean body mass and 75% of
his or her fat when losing weight through

reduction of energy intake alone. Weight loss
that is achieved with a cambination of dietary
restriction and physical activity is more
effective !

For maintenance of desirable body weight a
maintenance level of energy intake alone with
physical activity is recammended ta preserve
lean body mass and muscle tone.
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Chapter 4

~~etaboUc consequences of overweight, tHider\i\eight
and physical activitylinactivity

Humans
Both body weight and physical activity
can have marked effects on several
physiological systems that may subse-
quently affect cancer risk. These include
in particular effects on hormonal milieu
and immune function. ln this section,
results from cross-sectional and human
intervention studies on the relationships

of weight, weight loss and physical activ-
ity with hormonal and immunological

variables are reviewed. Both acute

effects of physical activity sessions and
long-term effects of training are covered.

Results on the association of
selected hormones and binding globulins
with obesity and weight reduction, and
with physical activity are summarized in
Tables 19 and 20, respectively.

Insulin resistance
An essential action of insulin in the body
is control of the uptake, synthesis and
use of glucose. The action of insulin is
reflected in the glycaemic curve, which is
a plot of plasma glucose level against
time after an oral glucose dose (the oral
glucose tolerance test, OGTT, as used
routinely for diabetes diagnosis). The
area under the glycaemic curve provides
a measure of the rate of disposai of glu-
cose; insulin levels can be similarly plot-
tedduring the test and the area under

the insulinaemic curve is also an indica-
tion of insulin sensitivity. Obesity and
lack of physical activity are major deter-
minants of insulin resistance.

Insulin resistance is a state of

reduced responsiveness of muscle, Iiver
and adipose tissue ta insulin. One major
effect of insu lin resistance is a ri se in

blood glucose levels, due to lower glu-
cose uptake from blood by skeletal mus-
cle and Iiver, as weil as to reduced

insulin-related inhibition of hepatic

gluconeogenesis (DeFronzo, 1988;

Mandarino, 1999; Radziuk & Pye, 1999).
This chronic increase in blood glucose

concentration is also reflected in higher
levels of glycosylated haemoglobin

(Larsen, 1989). At the extreme, insulin
resistance may cause glucose intoler-
ance and lead to the development of

(type Il) diabetes mellitus (Unger &
Foster, 1998). ln insulin-resistant states,
fasting and non-fasting plasma insulin
levels increase so as to maintain

blood glucose levels within acceptable
limits.

Elevated fasting and postprandial

insulin concentrations, increased glyco-
sylated haemoglobin and decreased glu-
cose tolerance are indisputably associ-
ated with obesity (Haffner et al., 1994a;
Strain et al., 1994; Ivandic et al., 1998;
Boeing et al., 2000). The relationship
between BMI and fasting insulin level is
continuous and linear: for example, in
the study of Strain et al. (1994), fasting
insulin concentration increased by 1
U/mL per unit increase in BMI. There is
also go ad evidence that an increase in
intra-abdominal (visceral) fat is espe-

cially related to the development of
insulin resistance (Krotkiewski et al.,
1983; Seidell et al., 1990a; Leenen et al.,
1994; Rasmussen et al., 1994; Cigolini et
al., 1995; Björntorp, 1997; Anderssen et
al., 1998; Ivandic et al., 1998; Haffner,

2000).
One central mechanism linking partic-

ularly visceral fat accumulation to insulin

sensitivity is an increase in plasma con-
centrations of free fatty acids (Figure 26).

(Seide ii et al., 1990a; Haffner, 2000).

Intra-abdominal fat is mobilized more

easily than most fat deposits elsewhere
in the body, because it is more sensitive
to lipolytic stimuli (e.g., through

ß3-adrenergic receptors), leading to a

constantly increased release of free
(non-esterified) fatty acids into the circu-
lation. Elevation of free fatty acid levels
causes liver and skeletal muscle to shift
towards greater oxidation of fatty acids
for energy production, and a relative inhi-
bition of enzymes in the glycolytic
cascade (Krebs cycle) (Randle, 1998).
As a consequence, the capacity of these
tissues ta absorb and metabolize

glucose and ta store glucose in the form
of glycogen decreases (Ebeling &

Koivisto, 1994) and cells accumulate
more triglycerides instead of glycogen as
a local energy reserve. ln addition to the
altered activities of glucose and fatty
acid-metabolizing enzymes, insulin-
resistant cells generally have lower
membrane levels of insulin receptors
(Flier, 1983).

Insulin resistance and fasting plasma
insulin concentrations reach peak levels
during the pubertal growth spurt (Amiel

et al., 1986; Bloch et al., 1987; Smith et
al., 1988; Cap rio et al., 1989). This may
be due to the rise in pituitary secretion of
growth hormone, which has strong lipoly-
tic effects and increases plasma concen-
trations of free fatty acids (Bratusch-

Marrain et al., 1982; Rizza et al., 1982;
Hindmarsh et al., 1988; Martha & Reiter,
1991). During puberty and adolescence,
as at adult age, insulin resistance is
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Insulin
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IGF binding protein-1

IGF binding protein-3

Human growth hormone
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Total testosterone

Free testosterone
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Dehydroepiandrosterone (sulfate) 1. or NE t or NEProlactin NE NE
t, increased levels; 1., decreased levels; NE, no observed effect; 7, very uncertain; M, males; F, females.

Hormone or binding globulin Acute effects Chronic effects

Insulin

Insulin-like growth factor-I (IGF-I)

IGF binding protein-1

IGF binding protein-3
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Sex-hormone binding globulin

Testosterone
Estradiol
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t or NE

t
t or NE

t
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t (a Iso for free testosterone)
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1.

t or NE

7

t or NE

Î 7

7
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Acute effects: assessment made during or immediately after physical activity; chronic effects: assessment made cross-sectionally
(physically active vs inactive subjects) or longitudinally (effects of increased activity levels).
t, increased levels; 1., decreased levels; NE, no observed effect; 7, very uncertain; M, males; F, females.

generally aggravated by obesity (Travers
etal., 1995; Attia et al., 1998).

Weight reduction, and particularly loss
of visceral fat mass, leads to improved
insulin sensitivity and ta decreased
serum insulin concentration, especially in
subjects with impaired glucose tolerance

(Leenen et al., 1994; Strain et al., 1994;
Colman et al., 1995; Rasmussen et al.,
1995; Dengel et al., 1996; Torjesen et al.,

1997; Turcato et al., 1997; Fogelholm et
al., 2000b; Ross et al., 2000a). Weight
regain, often observed after weight

reduction, is followed by an impairment
in insulin action (Fogelholm et al.,
2000b). A few studies have shown a
decrease in insulin levels along with
weight loss during or shortly after the
intervention period, but a rebound of
insulin concentrations afterwards, even
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though weight was maintained at a
reduced level (Fogelholm et al., 2000b).

Independently of the effect of excess
body fat, lack of physical activity level
may also contribute to the development
of insulin resistance. Relationships

between physical activity and indices of
insulin sensitivity have been extensively
investigated and reviewed (e.g.
Schwartz, 1990; Bonen, 1995; Ivy, 1997;
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Figure 26 Effects of obesity on insu lin sensitivity
Modified from Kaaks (1996)

Godsland et al., 1998; Thune et al.,
1998; Grimm, 1999; Kelley &
Goodpaster, 1999; van Baak &
Borghouts, 2000; Raastad et al., 2000).
Cross-sectional studies have shown that
regular physical activity and aerobic fit-
ness are associated with better insu lin

sensitivity. ln non-insulin-dependent

diabetes mellitus (NIDDM) patients,
physical fitness is inversely related to

modest but favourable changes in glyco-
sylated haemoglobin and glucose toler-
ance (Albright et al., 2000).

Ta some extent, the effects of regular
physical activity on insulin sensitivity
may be mediated by reductions in body
fat deposits. Regular aerobic exercise

has been shown in a few studies ta

cause a preferential reduction in intra-
abdominal fat in both men and women
(Després et al., 1991; Schwartz et al.,
1991; Buemann & Tremblay, 1996), but
these data are not conclusive. However,
apart from any such effect, physical
activity has been shown to decrease
insulin resistance and plasma insulin
levels by more rapid mechanisms that
may be relatively independent of
changes in body weight and composition

(Borghouts & Keizer, 2000; van Baak &
Borghouts, 2000). Cross-sectional stud-
ies have shown inverse associations
between physical activity levels and
indices of insulin sensitivity independent
of body size (Lindgarde & Saltin, 1981;
Wang et al., 1989; Regensteiner et al.,

1991; Feskens et al., 1994; Borghouts &
Keizer, 2000). Possible mechanisms

unrelated ta changes in overall adiposity
include reduction of intramuscular stores
of triglycerides (Pan et al., 1997a),

increased muscular phosphatidylinositol-
3 kinase activity (Houmard et al., 1999)
and an increased capacity of skeletal
muscle to metabolize or store glucose
(Perseghin et al., 1996; Hargreaves,
1998; Goodyear & Kahn, 1998). ln
addition, there are increases in insu lin
receptor density (Ivy, 1997) and in the
number of glucose transporters (e.g.,
GLUT-4) in muscle cell membranes, and
improved intrinsic activity of the glucose
transporters (Bonen, 1995; Perseghin et
al., 1996; Grimm, 1999; van Baak &
Borghouts, 2000).

Human intervention studies show
both acute and long-term effects of phys-
ical activity on insulin sensitivity and
plasma insulin concentrations. Because
impaired glucose tolerance is more

prevalent in the aged, it is not surprising
that many interventions on the effects of
exercise training and insulin action have
been conducted with elderly subjects
(Grimm, 1999; Kelley & Goodpaster,
1999). Even a single session of sus-
tained submaximal physical activity
improves insulin sensitivity and reduces
plasma insulin levels for up ta 48 hours
(Perseghin et al., 1996; Kraemer et al.,
1999; van Baak & Borghouts, 2000).
However, although insulin action is
improved acutely following an exercise
session, long-term improvements in glu-
cose tolerance due to moderate physical
activity accrue only slowly (Bonen,

1995).
Randomized controlled trials have

shown that a programme of aerobic
exercise (three times weekly), with a
duration of 6-10 months and without a
concomitant decrease in body weight,
improves insulin action, as shown by
decreased area under the glycaemic

curve during an oral glucose tolerance

test. Many, but not ail (Poehlman et al.,
1994), studies also show decreased

55



IARC Handbooks of Cancer Prevention, Volume 6: Weight Control and Physical Activity

fasting serum insulin concentrations.
Most non-randomized trials with obese,
insulin-resistant subjects used aerobic
exercise as the training mode (Kelley &
Goodpaster, 1999), with results similar to
those from randomized trials. Eriksson et
al. (1997) showed that resistance
training also may improve glucose

tolerance.
Because of the wide diversity of types

of exercise, training volume and subject
characteristics, it is not possible to draw
firm conclusions on, for instance, a pos-
sible dose-dependence of the response.
The effect of exercise intensity is also
uncertain, but the present view is that
even exercise of moderate intensity is
beneficial in terms of insulin sensitivity
(van Baak & Borghouts, 2000).

It should be noted that the effects of
exercise per se on insulin action, without
a concomitant weight change, are more
modest than the changes seen after
weight reduction (Torjesen et al., 1997;
Ross et al., 2000a). However, the effects
of exercise and diet together on insulin
action may be more effective th an the
effects of diet alone (Dengel et al., 1996),
even though the added exercise pro-
gramme usually do es not increase the

loss of body weight. ln a study by Ross
et al. (2000a), the improvement in glu-
cose disposai after a 7.5-kg weight

reduction was slightly, but not signifi-
cantly, better when weight reduction was
achieved solely by exercise, compared
with a traditional low-energy die!. These
results indicate that weight loss and
exercise affect insulin metabolism

through different mechanisms (van Baak
& Borghouts, 2000).

IGF-I and IGF-binding proteins
Insulin and insulin-like growth factor
(IGF)-I are central ta the regulation of

an abolie (growth) processes as a func-
tion of available energy and essential
nutrients (e.g., amino acids) from body
reserves and diet (Straus, 1994; Thissen
et al., 1994; Estivariz & Ziegler, 1997; Yu
& Berkel, 1999; Kaaks & Lukanova,
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2001). Moreover, insulin and IGF-I also
act as key regulators of the synthesis

and biological availability of sex steroids
by stimulating steroidogenesis (Kaaks,

1996; Poretsky et al., 1999; Kaaks et al.,
2000a), while inhibiting the hepatic
synthesis of sex-hormone-binding globu-
lin (SHBG) (Plymate et al., 1988; Singh
et al., 1990; Pugeat et al., 1991; Crave et
al., 1995a). Alterations in levels of insulin
or in IGF-1 bioactivity thus provide an
important physiological link between

energy balance, physical activity and
levels of bioavailable androgens and
estrogens (Pugeat et al., 1991; Erfurth et
al., 1996; Pfeilschifter et al., 1996).

IGF-I and at least six different IGF-
binding proteins (IGFBPs) are synthe-
sized in most, perhaps ail, organ sys-
tems; however, most (:: 80%) of the
IGF-I and IGFBPs in the circulation is
synthesized in the liver. IGF-I bioactivity
is the overall result of the endocrine,

paracrine and autocrine effects of IGF-I
and IGFBPs on cellular receptors. It is
generally believed that IGF-I bioactivity
increases when absolute plasma and
tissue concentrations of IGF-I rise.
However, IGF-I bioactivity is strongly
modulated by IGFBPs, which control the
effux of IGF-I from the circulation
towards target tissues and, within
tissues, regulate binding of IGF-I to its
tissue receptors (Jones & Clemmons,
1995; Wetterau et al., 1999).

ln the circulation, more than 90% of
IGF-I is bound to IGFBP-3, plus another
glycoprotein called acid-Iabile subunit
(ALS). Another sm ail fraction is bound to
IGFBP-5, which also forms a ternary
complex with ALS, or to the IGFBPs -1,
-2, -4 and -6. Because of the very high
affinities of IGFBP-3 and IGFBP-5 for
IGF-I, and their large complexes with
ALS, IGF-I bound to IGFBP-3 or IGFBP-
5 cannot diffuse through the endothelial
barrier. The IGFBPs -1, -2, -4 and -6 are
smaller (hence can diffuse from the cir-
culation into the extravascular space),
and have lower affinity for IGF-1.
Therefore, it is believed that a reduction

in IGFBP-3, with a transfer of IGF-I
towards the latter IGFBPs, increases

IGF-I bioavailability. Furthermore, reduc-
tions in circulating IGFBP-1 or IGFBP-2
have been found to be associated with
an increase in the small fraction of
plasma IGF-I unbound to any binding
protein (referred to as 'free IGF-I'), and
hence are also believed ta increase
IGF-I availability.

At the tissue level, the IGFBPs have
been proposed mostly to inhibit binding
of IGF-I to its receptor. Nevertheless,

studies in vitro have shawn that some
IGFBPs may also enhance IGF-I binding
to its receptors, depending on the

relative concentrations of IGF-I and
IGFBPs. These modulating effects of the
IGFBPs may be altered by phosphoryla-
tion of IGFBPs or by enzymatic proteoly-
sis (Jones & Clemmons, 1995). IGFBP-3
has been shawn to exert pro-apoptotic
and antimitogenic effects through a
specific IGFBP-3 binding site on the
membranes of mammary, prostatic,
endometrial or colonic cells (Ferry et al.,
1999; Baxter, 2000).

Circulating levels of growth hormone
(GH), IGF-I, and IGFBP-3 reach peak
levels during the pubertal growth spurt,
but then gradually decrease with age.

Conversely, levels of IGFBP-1 and
IGFBP-2 are lower during puberty th an
at later ages.

Levels of IGF-I and of IGFBPs -1, -2
and -3 vary strongly with changes in

energy intake and body energy (fat)
stores. Nutritional regulation of levels of
IGF-I and IGFBPs -1, -2 and -3 is effec-
tuated largely along two relatively inde-
pendent physiological axes - one for GH
and one for insulin (Straus, 1994;
Thissen et al., 1994; Kaaks & Lukanova,
2001). GH provides the principal stirnu-
lus for synthesis of IGF-I and of IGFBP-
3 (Figure 27). This stimulatory effect by
GH, however, is modulated by insulin,
which stimulates the synthesis of GH
receptors (Baxter & Turtle, 1978; Leung
et al., 1997, 2000) and favours cellular
amino acid uptake for protein synthesis.
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Furthermore, insulin directly inhibits the
synthesis of IGFBP-1 (Suikkari et al:,
1988; Conover & Lee, 1990; Jones &

Clemmons, 1995) and is also inversely
related to circulating IGFBP-2 levels

(Wabitsch et al., 1996; Argente et al.,
1997a; Nam et al., 1997).

Through these mechanisms, condi-
tions of low pancreatic insulin produc-

tion, such as chronic fasting (Clemmons
et al., 1981; Caufriez et al., 1 984),

energy-protein malnutrition (Clemmons
& Underwood, 1991; Thissen et al.,
1994), anorexia nervosa (Tanaka et al.,
1985; Counts et al., 1992; Hochberg et
al., 1992; Golden et al., 1994), but also
insulin-dependent diabetes mellitus
(IDDM) (Bereket et al., 1995, 1999)
cause resistance of Iiver and other tis-
sues to the GH stimulus, and hence a
dramatic drop in absolute levels of IGF-I
and IGFBP-3. ln addition, levels of
IGFBP-1 and IGFBP-2 rise. As an over-
ail result, the bioavailability of IGF-I ta tis-

Pituitary growth hormone secretion

+.
+

11

IGF-I iî

¡

Bioactive IGF-I Î

sue receptors decreases, and this is also
reflected by a reduction of plasma free
IGF-I (Thissen et al., 1994; Kaaks &
Lukanova, 2001).

ln contrast, under conditions of

elevated endogenous insulin production,
such as obesity, NIDDM and other insulin-
resistant states, tissues are optimally

responsive ta the GH stimulus, so that
smaller amounts of GH are needed ta
stimulate IGF-I synthesis. Furthermore,

conditions related to chronic hyperinsuli-

naemia reduce levels of IGFBP-1

(Clemmons & Underwood, 1991; Thissen
et al., 1994; Frystyk et al., 1995; Wabitsch
et aL., 1996; Argente et al., 1997b; Nam et
al., 1997) and IGFBP-2 (Wabitsch et al.,
1996; Argente et aL., 1997b; Nam et al.,
1997). As a consequence, plasma free
IGF-Ilevels increase (Frystyk et al., 1995;
Nam et al., 1997; Nyomba et al., 1997;
Attia et aL., 1998).

Paradoxically, however, obesity does
not increase absolute plasma IGF-I lev-

els, but generally does not change or
leads to a mi Id reduction in IGF-I con-

centrations compared with those in the
normally nourished but non-insulin-resis-
tant state (Co pel and et al., 1990;

Conover et al., 1992; Rasmussen et al.,
1995; Morales et al., 1996; Goodman-
Gruen & Barrett-Connor, 1997; Attia et
al., 1998; Saitoh et al., 1998). Three

studies have shown that low IGF-Ilevels
are more strongly related to visceral than
to subcutaneous or total fat mass (Mårin
et al., 1993; Rasmussen et al., 1994;
De Pergola et al., 1998). However,

more data are needed ta confirm the
relationships between fat distribution and
IGF-1.

The mild decrease in absolute IGF-I
concentrations in obese and hyperinsuli-
naemic subjects can be explained by an
increased negative feedback of plasma
free IGF-I on pituitary GH secretion

(Tannenbaum et al., 1983; Chapman et
al., 1998). Basal GH levels, as weil as

GH receptors Î .-

Amino acid uptake and .- Insulin
protein synthesis Î

Il
l

IGFBP-1 IGFBP-2
Îsynthesis l synthesis l IGFBP-3

Figure 27 Regulation of the bioactivity of insulin-like growth factor (IGF)-I by growth hormone (GH) and insulin.

+, stimulating effect; -, inhibitory effect; Î, increased; l, decreased

Kaaks et al. (2000b)
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GH secretion stimulated by various
physiological stimuli, have been shawn
ta be lower in obese subjects

(Iranmanesh et al., 1991; Veldhuis et al.,
1995; Rasmussen et al., 1995; Morales
et al., 1996; Bona et al., 1999; Micic et
al., 1999). This decrease appears ta be
due to reductions both in growth

hormone burst frequency (Veldhuis et
al., 1991; Morales et al., 1996) and in
burst mass (Veldhuis et al., 1995). ln
addition, GH levels may also be
decreased by an increased rate of clear-
ance (Iranmanesh et al., 1991; Veldhuis
et al., 1991; Langendonk et al., 1999).

Data on the relationship between

IGFBP-3 and obesity are conflicting, so
that no firm conclusions can be drawn.
Overall, there appears to be no strong
association of obesity with IGFBP-3

levels (Rasmussen et al., 1994; Morales
et al., 1996; Falorni et al., 1997; Attia et
al., 1998; Saitoh et al., 1998).

Weight reduction leads to increased
serum GH levels and ta restored
responses to physiological stimuli
(Gama et al., 1990; Tanaka et al., 1990;
Rasmussen et al., 1995). Moreover,
growth hormone-binding protein (GHBP)
levels decrease after weight loss. ln one
study (Rasmussen et al., 1996), changes
in waist circumference and abdominal

sagittal diameter during weight loss were
the major determinants of the fall in
GHBP. Short-term hypo-energy feeding
did not affect GHBP (Rasmussen et al.,
1996), suggesting that the changes

observed were due ta changes in fat
mass rather than, for example, insulin
availability.

Data on the effects of weight reduc-
tion on IGF-I are conflicting. Some

studies have showed an expected

increase in total IGF-I during weight

reduction (Poulos et al., 1994;

Rasmussen et al., 1994, 1995), but
others saw no response (Gama et al.,
1990; Falorni et al., 1997) or even a
decrease (Smith et al., 1995; De Pergola
et al., 1998). The conflcting findings may
be caused partly by varying IGF-I
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responses to large variations in energy
and protein intake (Smith et al., 1995; De
Pergola et al., 1998; Ross, 2000). ln
addition, results may vary according to
whether one measures an acute effect
during the weight reduction phase or
afterwards, and may depend on the sub-
jects degree of obesity at start. Weight
reduction has been shown to increase
plasma concentrations of IGFBP-1

(Kiddy et al., 1989; Musey et al., 1993;
Hellénius et al., 1995) and IGFBP-2
(Clemmons et al., 1991; Thissen et al.,
1994; Wabitsch et al., 1996).

Cross-sectional studies comparing

baseline (resting) levels of IGF-I

between trained and untrained indivi-
duals are few, and do not allow any firm
conclusions. They have covered bath
aged and young adult subjects, but the
results do not indicate any age-by-physi-
cal-activity interactions. After proper
adjustment for age and body composi-
tion, these studies did not show any
difference between IGF-I levels of
trained and untrained participants
(Goodman-Gruen & Barrett-Connor,
1997; Walker et al., 1999). However,

Poehlman and Copeland (1990) reported
higher IGF-I concentrations in physically
active th an in inactive subjects.

Numerous small human intervention
studies (Bang et al., 1990; Cappon et al.,
1994; Koistinen et al., 1996; Schwarz et
al., 1996; Hornum et al., 1997; Nguyen
et al., 1998; Bermon et al., 1999;

Chadan et al., 1999; Wallace et al.,
1999; Elias et al., 2000), with some
exceptions (Kraemer et al., 1992, 1995;
Hopkins et al., 1994; Schmidt et al.,
1995; Di Luigi et al., 1997; Bonnefoy et
al., 1999), have shown an acute but tran-
sient increase in levels of IGF-I immedi-
ately during and after a bout of exercise.
The IGF-I response may be related to
the intensity and duration of exercise:
Nguyen et al. (1998) reported increased
IGF-I after short-term (20 min) ergometer
exercise, a decrease after prolonged

(3 h) endurance exercise and no change
after interval training. The increase in

IGF-I may be explained by an acute rise
in pituitary GH secretion (Cappon et al.,
1994; Kraemer et al., 1995; Schmidt et
al., 1995; Di Luigi et al., 1997; Hornum et
al., 1997; Wideman et al., 1999).
Nevertheless, one study in peripubertal
children and adolescents, who have the
highest plasma IGF-Ilevels compared to
other age groups, showed a significant
reduction in IGF-I after a short bout of
exercise (Scheett et al., 1999) or after an
increase in physical activity levels for
three days. The serum concentration of
the main binding protein of IGF-I, namely
IGFBP-3, seems to increase during exer-
cise, if a simultaneous rise in IGF-I is
observed (Schwarz et al., 1996; Nguyen
et al., 1998).

More prolonged episodes of intense
exercise for several hours, such as
running a marathon, have also been

found to decrease circulating IGF-I as
weil as IGFBP-3 levels (Koistinen et al.,
1996). This suggests that decreases in
absolute IGF-I levels may be achieved
only by more prolonged exercise, and
possibly this is sa only when exercise
leads to a (transie nt) negative energy
balance.

A very consistent acute effect of more
prolonged bouts of physical exercise is a
large (up ta tenfold or even higher)

increase in IGFBP-1 (Hopkins et al.,
1994; Koistinen et al., 1996; Schwarz et
al., 1996; Nguyen et al., 1998; Wallace et
al., 1999; Scheett et al., 1999). The

IGFBP-1 response may be smaller,
however, if exercise intensity is not high
enough (Schwarz et al., 1996). The
increase in IGFBP-1 appears to be
independent of variations in insu lin but,
instead, is most likely due to an exercise-
induced rise in cortisol levels. Cortisol
increases the synthesis and plasma

levels of IGFBP-1 (Unterman, 1993; Lee
et al., 1997b; Katz et al., 1998), an effect
opposite to that of insulin.

Longer-term increases in physical
exercise (regular training) over periods
of weeks to several months have also
led to increases in IGF-Ilevels in elderly
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subjects (Poehlman et al., 1994;

Bonnefoy et al., 1999), as weil as in
younger men and women (Roelen et al.,
1997; Koziris et al., 1999), although sev-
eral other studies in elderly men showed
no clear effect on IGF-I (Nicklas et al.,
1995; Vitiello et al., 1997). ln a weight-
reduction study, inclusion of exercise

prevented a diet-induced decrease in
IGF-I concentration (Hellénius et al.,
1995). The effects of resistance training
on IGF-I seem to be negligible (Kraemer
et al., 1999).

Data on the effects of regular training
on IGFBP-3 levels are limited: bath
increased (Koziris et al., 1999) and main-
tained (Poehlman et al., 1994) IGFBP-3
concentrations have been reported.

Taken together, although physical
activity leads ta an acute increase in
absolute IGF-I levels, its effect on long-
term average IGF-I concentrations is
less clear. Furthermore, the effects of
physical activity on IGFBP-3 concentra-
tions and on IGF-I levels relative ta
IGFBP-3 are unclear.

Total and bioavailable sex steroids
Sex steroid hormones are essential for
the growth, differentiation and function of
many tissues in both men and women.
This section covers the main human
androgens (M-androstenedione, testos-
terone, dehydroepiandrosterone (DHEA)
and its sulfate (DHEAS)), estrogens

(estrone, estradiol) and SHBG. ln
women, androgens are produced by the
ovary (testosterone, androstenedione)

as weil as by adrenal glands (DHEA,

DHEAS, androstenedione) (Stanczyk,
1997); in men the androgens are also
produced both by the testes and adrenal
glands. Estrogens (estrone, estradiol)
are produced by the ovary in pre-
menopausal women. After menopause,
ovarian production of estrogens and of
progesterone falls to very low levels,
whereas that of androgens decreases
more gradually with age. ln post-
menopausal women, the principal estro-
gen is estrone, produced by peripheral

aromatization of androstenedione, mainly
within adipose tissue. Adipose tissue is
also an important source of estrogens in
men.

Bath ove rail and central adiposity

have been associated with differences in
total and bioavailable plasma sex steroid
levels, in pre- and postmenopausal

women as weil as men. These relation-
ships are mediated by a number of

mechanisms (Figure 28). First, obesity
leads to a state of relative insulin resis-
tance, chronic hyperinsulinaemia and an
increase in IGF-I bioactivity, due to
insulin-mediated decreases in IGFBP-1
and IGFBP-2. Insulin and increased
bioactive IGF-I, in turn, inhibit the hepatic
synthesis of SHBG (Plymate et al., 1988;
Pasquali et al., 1990; Singh et al., 1990;
Pugeat et al., 1991; Crave et al., 1995a;
Nestier, 2000), a globulin that specifically
binds sex hormones in the circulation. It
is generally agreed that the unbound

fraction determines the actual biological
activity of androgens and estrogens
(Enriori et al., 1986). Second, insulin and

IGF-I enhance the synthesis of sex
steroids (androgens and estrogens) by
the gonads and adrenal glands (Kaaks,
1996; Poretsky et al., 1999; Kaaks et al.,
2000a). Third, in the adipose tissue com-
partment, androgens (,M-androstene-
dione, testosterone) are converted into
estrogens (estrone, estradiol) by the
enzyme aromatase (Siiteri, 1987; Azziz,
1989). Fourth, an increase in bioavail-
able androgens, unbound to SHBG, may
lead to increased estrogen synthesis in
adipose tissue. Fifth, for a given level of
SHBG, an increase in plasma testos-
terone concentration tends ta rai se the

level of bioavailable estradiol, because
SHBG has a greater affinity for testos-
terone than for estradiol. One general
consequence of these mechanisms, in
both women and men, and irrespective
of menopausal status, is a decrease in
plasma SHBG level, which generally cor-
relates inversely with plasma fasting
insulin and IGF-1. However, the final con-
sequences of these actions for levels of
total and bioavailable sex steroids are
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not identical in men and women, and in
women may also depend on the pres-
ence of genetic background factors that
predispose to development of ovarian

hyperandrogenism.

Sex hormone-binding globulin
The amount and distribution of body fat
has very clear associations with blood

SHBG concentration. ln children and
adolescents, obesity may be associated
with low SHBG levels (Wabitsch et al.,
1995), although not ail studies have

found a significant relationship (de
Ridder et al., 1990). For girls, the inverse
correlation is stronger with abdominal

th an gluteal obesity (Wabitsch et al.,
1995). Similar inverse correlations
between BMI and SHBG are observed in
both adult women (Kirschner et al., 1990;
Leenen et al., 1994; Bernasconi et al.,
1996; Pasquali et al., 1997a; Turcato et
al., 1997) and men (Field et al., 1994;
Haffner et al., 1994a, 1997; Hautanen,
2000). Many (Kirschner et al., 1990;
Pasquali et al., 1990; Kaye et al., 1991;
Leenen et al., 1994; Ivandic et al., 1998),
but not ail (Pasquali et al., 1991; Haffner
et al., 1993a, 1994a; Mårin et al., 1993;
Hautanen, 2000), studies suggest that
low SHBG levels are more tightly related
ta abdominal fatness than ta general

obesity. Use of different ways to mea-
sure fat distribution (e.g., waist-to-hip

circumference ratio (WHR), computed
tomography, magnetic resonance
imaging, etc.) may have contributed to
the inconsistencies.

The SHBG responses to weight
reduction by any technique (diet, diet
and exercise, drugs, surgical operation)
are very straightforward: the concentra-
tion increases in adolescent girls
(Wabitsch et al., 1995) and in adult
women (O'Dea et al., 1979; Kopelman et
al., 1981; Kiddy et al., 1989; Hamilton-
Fair/ey et al., 1993; Leenen et al., 1994;
Strain et al., 1994; Crave et al., 1995b;
Turcato et al., 1997) and men (Harlass et
al., 1984; Strain et al., 1988, 1994; Guzik
et al., 1994; Leenen et al., 1994;
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Vermeulen, 1996; Jakubowicz & Nestier,
1997; Tymchuk et al., 1998). The reverse
is also true: SHBG decreases in

anorexia nervosa patients during refeed-
ing and weight gain (Barbe et al., 1993).
Strain et al. (1994) estimated that SHBG
levels increased by 0.43 nmol/L per unit
decrease in BMI. They a/so noted that
the slope of the change in SHBG versus
change in BMI was steeper than the
slope of the cross-sectional inverse

relationship between BMI and SHBG.
These findings may indicate that part of
the increased SHBG is an acute
response to the weight reduction

technique (e.g., diet). An alternative

explanation could be that during the

dynamic phase of weight loss, SHBG is
temporarily increased further than one
would expect on the basis of the cross-
sectional relationship, perhaps because
of a stronger reduction in insulin levels
during the intervention period than in the
subsequent weight-maintenance phase.

The relationships between physical
activity and SHBG are important in order
ta interpret the effects of physical activity
on sex hormones. SHBG levels increase
acutely, but only transiently, during phys-
ical exercise (Gray et al., 1993; Zmuda
et al., 1996; Kraemer et al., 1998). The
long-term effects of physical activity are
less clear, however. Cross-sectional

studies have found either similar
(Bagatell & Bremner, 1990) or higher
(Tikkanen et al., 1998) SHBG levels in
trained th an in untrained subjects.

Human intervention studies have also
shown conflicting results, with unchanged

(Houmard et al., 1994; Fahrner &
Hackney, 1998; Häkkinen et al., 2000),
increased (Kumagai et al., 1994) or
decreased (Walker et al., 1999) SHBG
levels after prolonged training periods.

Androgens and estrogens
Regarding total and bioavailable plasma
sex steroids, the effects of obesity and
physical activity vary between men and
women. ln women, these effects depend
also on menopausal status and on the

presence or absence of functional ovar-
ian hyperandrogenism or polycystic
ovary syndrome (PCOS), a relatively fre-
quent syndrome characterized by ele-
vated plasma androgen levels,
oligomenorrhoea and frequent anovula-
tory cycles, that affects 4-8% of pre-
menopausal women (Figure 29).

Most studies of normo-androgenic

premenopausal women have not shown
any clear association between plasma
insu lin and absolute androgen concen-
trations (Evans et al., 1983; Pasquali et
al., 1987; Amemiya et al., 1990; Seidell
et al., 1990b; Weaver et al., 1990; Austin
et al., 1991). Nevertheless, because of
the decrease in plasma SHBG, obesity
does increase levels of bioavailable

androgens, unbound to SHBG, also in
these women (de Ridder et al., 1990;
Kirschner et al., 1990; Leenen et al.,
1994; Bernasconi et al., 1996; Ivandic et
al., 1998; Penttilä et al., 1999). ln

contrast, in normo-androgenic premeno-
pausai women, obesity and chronic
hyperinsulinaemia appear to have no or
only little effect on levels of estradiol,
measured either as absolute concentra-
tions or as bioavailable levels unbound
to SHBG. This might be exp/ained by
the relatively low estrogen production by
adipose tissue, compared ta the ovarian
production. Another possible explanation
is that in premenopausal women,

total estrogen leve/s are maintained at
relatively constant levels through feed-
back of estradiol on pituitary secretion of
follicle-stimulating hormone (FSH).
Kirschner et al. (1990) and Leenen et al.

(1994) found that free estradiollevels in
premenopausal women with abdominal

(android) obesity were higher than in
subjects with lower-body (gluteal)
obesity. Moreover, abdominal obesity
may be associated with higher estrone
concentration (Pasquali et al., 1990) in
premenopausal women. Underweight,
anorectic and eating-disordered pre-
menopausal women have reduced con-
centrations of estradiol (Soygür et al.,
1996).
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Figure 29 Raie of hyperinsulinaemia in the development of functional ovarian hyperandrogenism (polycystic ovary syndrome, peaS).
Modifed from Kaaks (1996)

ln premenopausal women with
PCOS, obesity and chronic hyperinsuli-
naemia lead to markedly increased ovar-
ian production and plasma levels of M-
androstenedione and testosterone
(Burghen et al., 1980; Chang et al., 1983;
Pasquali et al., 1983; Shoupe et al.,
1983; Evans et al., 1988; Wajchenberg
et al., 1988; Lanzone et al., 1990; Halte
et al., 1994; Pasquali et al., 1994; Ehrmann
et al., 1995). A very high proportion of
women with PCOS are obese, and
insulin resistance appears ta play a cen-
trai role in the development of the syn-
drome (Ehrmann et al., 1995). ln women
with PCOS, the degree of obesity (BMI)
correlates with the frequency of anovula-
tory cycles, as indicated by frequency of
oligomenorrhoea/amenorrhoea, and in

these women is thus also a clear nega-
tive determinant of ovarian progesterone
production (Kiddy et al., 1992; Robinson
et al., 1993). Women with pcas gener-
ally have normal ta mildly elevated

plasma estrogen levels, which may
derive in part from increased aromatiza-
tion of androgens (mostly to estrone) in
adipose tissue. Since SHBG levels are
reduced, women with PCOS also have
increased levels of bioavailable androgens
and estrogens, unbound to SHBG (Lobo
et al., 1981; Waldstreicher et al., 1988;
Ehrmann et al., 1995; Rosenfield, 1999).

After menopause, ovarian production
of estrogens stops and conversion of the
androgen precursor androstenedione ta
estrone in adipose tissue becomes the
primary source of estrogens in women

(Siiteri, 1987; Azziz, 1989). ln postmeno-
pausai women, BMI has been frequentiy
associated with increased levels of total
and bioavailable estrogens (Austin et al.,
1991; Kaye et al., 1991; Katsouyanni et
al., 1991), but not with total or free

testosterone (Cauley et al., 1989; Kaye et
al., 1991; Newcomb et al., 1995; Turcato
et al., 1997). The increase in serum
estrone and estradiol is linearly related to
the degree of obesity (Kaye et al., 1991).

ln men, in contrast ta post-
menopausal women and premenopausal
women with PCOS, obesily and chronic
hyperinsulinaemia generally correlate
inversely with plasma total testosterone
levels (Seidell et al., 1990a; Pasquali et
al., 1991, 1995; Haffner et al., 1993b,
1994b; Vermeulen et al., 1993, 1996;
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Giagulli et al., 1994; Tibblin et al., 1996),
and do not lead ta any noticeable

increase but generally rather a decrease
in bioavailable testosterone unbound to
SHBG (Strain et al., 1982; Seidell et al.,
1990a; Zumoff et al., 1990; Pasquali et
al., 1991; Haffner et al., 1993b, 1994b,
1997; Vermeulen et al., 1993; Andersson
et al., 1994; Giagulli et al., 1994; Field et
al., 1994; Tchernof et al., 1995;

Vermeulen, 1996). The generally
accepted explanation for this is that free
testosterone causes long-Ioop negative
feedback inhibition of pituitary secretion
of luteinizing hormone (LH). Thus,
decreases in SHBG are accompanied by
a decrease in pituitary LH secretion and
hence by a decrease in testicular andro-
gen production, while bioavailable
testosterone remains approximately con-
stant. ln severely obese men, however,
not only are total testosterone levels
decreased, but also bioavailable testos-
terone levels are lower, due ta additional
mechanisms that are less weil under-
stood (Veldhuis et al., 1992).
t.4-Androstenedione levels show a
negative correlation with BMI in men
(Field et al., 1994; Tchernof et al., 1995).
Many studies have found a positive rela-
tionship between obesity and serum
estrogens in males (Brind et al., 1990;
Tchernof et al., 1995; Soygür et al.,
1996; Hsieh et al., 1998), although some
studies show no obesity-related associa-
tion (Haffner et al., 1993b, 1994b),

whereas such an association has not
been reported for women (Kirschner et
al., 1990; Austin et al., 1991; De Pergola
et al., 1994; Bernasconi et al., 1996).

A few intervention studies have been
conducted to examine the effects of
weight loss on serum testosterone lev-
els. ln hyperandrogenic women, weight
reduction leads to decreased total and
free testosterone concentrations

(Pasquali et al., 1989; Guzick et al.,
1994; Leenen et al., 1994; Strain et al.,
1994; Crave et al., 1995b). A similar
response has been found in adolescent
girls (Wabitsch et al., 1995), among
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whom the reduction of free testosterone
was more significant in those with initially
more abdominal-type obesity. There are
very few recent studies on effects of
weight reduction on testosterone in men.
Earlier data showed that serum total and
free testosterone concentrations

increased after weight reduction (Stanik
et al., 1981; Strain et al., 1988). The
increase may be proportional to the mag-
nitude of weight loss (Strain et al., 1988).
ln contrast, Leenen et al. (1994) did not
find any change in total or free testos-
terone concentration in obese men and
women, despite a 13.5-kg weight loss. A
more detailed description of the effects
of weight loss on endogenous hormones
in human intervention studies is pre-
sented later in this chapter.

Serum estradiol concentration has
been reported to decrease in obese men

(Leenen et al., 1994) and in obese ado-
lescent girls (Wabitsch et al., 1995) dur-
ing successful weight reduction, while no
change in levels in postmenopausal

women was reported by Turcato et al.
(1997). The effect of weight reduction on
hormonal status and the regularity of
menstrual cycles are dependent on the
baseline hormonal profile and on the
magnitude of weight loss. Although large
weight los ses (:;20% of body weight) and
reduced estradiol concentration may
induce amenorrhoea, weight reduction in
massively obese women, with menstrual
disturbances caused by hyperandro-

genicity, will normalize the menstrual
cycle (Pasquali et al., 1989). ln this
study, the change in fasting estradiol
concentration in plasma was inversely
related to change in WHR.

Plasma androgen levels of women
with PCOS can be reduced to approxi-
mately normal levels by weight loss
(Kopelman et al., 1981; Bates &
Whitworth,1982; Kiddy et al., 1989;

Pasquali et al., 1997b) or by insulin-
lowering drugs (Ehrmann, 1999; Pugeat
& Ducluzeau, 1999).

Girls participating in vigorous sports
such as ballet dancing and running

frequently experience primary and
secondary amenorrhoea, delayed
menarche and more irregular cycles,
compared with non-athlete girls (Frisch
et al., 1980, 1981; Fogelholm et al.,
1996b; Fogelholm & Hiilloskorpi, 1999).
The late menarcheal age may be caused
by intense physical activity and/or dietary
restriction, but selection bias (girls with
early menarche drop out) cannot be
ruled out. Moreover, the low BMI of
athletic girls may also contribute to men-
strual irregularities (Maclure et al., 1991;
Petridou et al., 1996). Late menarche is
associated with a prolonged period of

anovulatory cycles after menarche and
lower estradiol concentrations (Apter,
1996), which is reflected by menstrual
irregularities even after puberty
(Fogelholm et al., 1996b). A cross-
sectional study of 174 girls aged 14-17
years found that those who expended
2500 kJ (600 kcal) or more energy per
week (described by the authors as
comparable ta two or more hours per

week in activities such as aerobic
exercise classes, swimming, jogging or
tennis) were two to three times more
Iikely than less active girls to have
anovulatory menstrual cycles (Bernstein
et al., 1987).

High physical activity measured by
self-reporting and by movement rnoni-
tors has been found ta be associated

with decreased serum concentrations of
estradiol, estrone and androgens in post-
menopausal women (Cauley et al.,
1989). This significant association per-
sisted after adjustment for BMI.

Cross-sectional evaluations of base-
line testosterone levels have given

somewhat conflicting results. Several
studies have reported that high physical
activity is associated with lower total and
free fasting serum testosterone concen-
trations in men (Arce et al., 1993; De
Souza et al., 1994; Tikkanen et al.,
1998), but others found no difference in
total or free testosterone concentration

between male athletes and controls
(Bagatell & Bremner, 1990; Tegelman et
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al., 1990) or between non-athletes with
different levels of recreational exercise
(Handa et al., 1997). Moreover, serum

testosterone levels at rest may be higher
in aged male runners compared with con-
trois of similar age (Hurel et al., 1999).

Exercise-induced increases in estra-
diol and metabolites have been found in
adult women (de Crée et al., 1997a) and
men (Gray et al., 1993). ln contrast,
Montagnani et al. (1992) found decreased
estradiol levels, together with increased
metabolic clearance rate, after a 2-h
treadmill run in premenopausal women.
It should be noted, however, that any
hormonal response following an exercise
session is difficult ta interpret, because
of wide between-study variation in, for
instance, subjects' age, body composi-
tion and training status, mode, intensity
and duration of exercise, dietary status
and phase of menstrual cycle.

The increase in testosterone levels
during an acute exercise session in men
is weil documented (Jürimäe et al., 1990;
Zmuda et al., 1996; Fahrner & Hackney,
1998; Häkkinen et aL., 2000). The response
in women is less clear (Häkkinen et al.,
2000). However, the increase is very
short-Iasting and baseline levels are
reached within 1-2 hours (Zmuda et al.,
1996). If the exercise session has been
strenuous, serum testosterone concen-

tration in men may even drop below pre-
exercise levels (Kraemer et al., 1998).

A high-intensity exercise intervention

in 28 untrained college women with nor-
mal ovulation and luteal adequacy

resulted in reversible abnormal luteal
function intwo thirds and loss of LH
surge in over half of the subjects (Bullen et
al., 1985). The most marked disturbances
were observed during the periods of most
intense training and among those women
who had been randomized ta a weight
loss (vs weight maintenance) group.

Indirect evidence also supports the
view that among athletes estrogen
metabolism is affected more by training
intensity th an by volume: the prevalence

of menstrual disorders is higher in

endurance than in aesthetic (gymnastics,
ballet, etc.) athletes, des pite clearly more
weekly training hours in the latter group
(Fogelholm & Hiilloskorpi, 1999).
Interventions in previously untrained sub-
jects have mostly shown unchanged

testosterone levels after increased physi-
cal activity in men (Oleshansky et al.,
1990; Houmard et al., 1994) and post-
menopausal women (Häkkinen et al.,
2000).

Dehydroepiandrosterone and its
sulfate
Data on other sex hormones are scarce.
DHEA and DHEAS concentrations in
obese women are lower than those of
normal-weight controls (De Pergola et
aL., 1994) or similar (Azziz et aL., 1994;
Bernasconi et al., 1996; Denti et al.,
1997; Ivandic et al., 1998). Subnormal
concentrations of DHEA (Field et al.,
1994) and DHEAS (Field et al., 1994;
Tchernof et al., 1995; Hsieh et al., 1998)
have also been observed in men, but not
consistently (Denti et al., 1997). ln

women, a high DHEAS/free testosterone
ratio is a positive predictor of lower fast-
ing and postprandial insulin concentra-
tions (Ivandic et al., 1998).

DHEAS levels have been reported ta
be inversely related to WHR in some
studies (Haffner et al., 1993b, 1994b; De
Pergola et al., 1994) but not in others
(Ivandic et al., 1998; Kirschner et al.,
1990; Denti et al., 1997). Moreover, the
free testosterone/DHEAS ratio is more
c10sely (positively) related to visceral adi-

pose tissue than to BMI (De Pergola et
al., 1994).

Leenen et al. (1994) found increased
DHEAS levels after weight reduction, but
Pasquali et al. (1989) reported that they
were unchanged.

De Sa uza et al. (1994) did not find
any difference between athletes' and
controls' DHEAS concentrations, and
baseline DHEAS levels do not seem to
be affected by long-term exercise train-
ing (Houmard et al., 1994; Häkkinen et
al., 2000).

Other hormones
Obesity seems to have very litte effect
on prolactin metabolism. Cross-sectional
comparisons have not revealed any dif-
ference in serum prolactin concentration
between obese and normal-weight sub-
jects (Coiro et al., 1990; Scaglione et al.,
1991). ln agreement with these cross-
sectional findings, serum prolactin con-
centration was also found to remain
unchanged after weight reduction
(Hainer et al., 1992).

Physical exercise acutely increases

serum prolactin concentration in both
males and females (Jürimäe et al., 1990;
Oleshansky et al., 1990; Gray et al.,
1993). The increase may be more than
200% above resting levels. However,
Arce et al. (1993) and De Souza et al.
(1994) reported no difference in baseline
prolactin level between weil trained male
athletes and untrained controls.

Immune function
The immune system has been hypothe-
sized ta modulate the likelihood of
tumour formation by inhibiting cell growth
and countering the action of tumour
growth promoters (Shephard & Shek,

1998). The most often studied immuno-
logical outcomes are numeration of
immune cells and tests of their functional
capacity (Stallone, 1994). Neutrophil,

monocyte and total lymphocyte counts,
as weil as phenotypic analyses of

lymphocyte and immunoglobulin
populations, are common measures.
Phenotypic analysis of lymphocytes may
give more information than the
total count. However, the interpretation
of the results is complicated by the

increased number of variables.
Lymphocyte activation by mitogens in
vitro provides specifie information about
cellular functions. Some studies have
used less specifie functional tests, such
as measurement of delayed-type hyper-
sensitivity.

Several studies have shown impaired
immune function in obese children
(Chandra & Kutty, 1980) and adults
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(Weber et al., 1986; Tanaka et al., 1993),
but results have been inconsistent.
Moriguchi et al. (1995) reported impaired
immune function (natural killer (NK) cell
cytotoxic activity, mitogenic stimulation of
lymphocytes) in obese elderly subjects
(60-9 years), whereas immune function

in younger obese subjects tended to be
better than in normal-weight controls.

Nieman et al. (1996) also found

indications of improved immunity in
obese subjects.

The acute effects of weight reduction
on immune function are more straight-
forward: most indices show impaired

immune status. Several papers report
decreased leukocyte, neutrophil,
monocyte, NK cell counts and/or
immunoglobulin concentration after
weight reduction (mean 7-32 kg) by very
low-energy diet or other protein-modified
fasts (Merritt et al., 1980; Field et al.,
1991; Nieman et al., 1996) or after a low-
energy diet (Kelley et al., 1994).

Decreased delayed-type hypersensitivity

(Stail one et al., 1994), mitogen-induced
lymphocyte proliferation (Field et al.,
1991; Tanaka et al., 1993; Nieman et al.,
1996) and bacterial killing and chemo-
taxis of granulocytes (McMurray et al.,
1990) are other findings of impaired

immune function during weight reduc-
tion. It is not possible to tell whether the
observed changes are caused by inade-
quate intake of nutrients or by negative

energy balance and weight reduction per
se.

Two studies examined the effects of
additional exercise training during weight
reduction by dietary techniques. Nieman
et al. (1998) reported that moderate

aerobic exercise training did not affect
immune function during weight
reduction, but the number of days with
symptoms of upper respiratory tract
infections was lower in exercising than
in diet-only subjects. ln another study
(Scanga et al., 1998), exercise training
prevented a weight-reduction-induced

decrease in NK cell cytotoxicity. However,
leukocyte and lymphocyte counts
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decreased during weight reduction,
with or without added exercise training.

Decreased immune cell counts have
also been observed in anorexia nervosa

(Marcos et al., 1997a) and bulimia
nervosa (Marcos et al., 1997b) patients.
Among bulimic patients, those with low
weight had the most deteriorated status.
A decrease in NK cell count was the
most consistent finding in both studies.
Partial weight regain in anorexia nervosa
patients was followed by a partial
recovery in the immunological indices,
except for NK cell count, which remained
low (Marcos et al., 1997a).

Several potential mechanisms could
explain, at least partly, the observed
associations between obesity and
immune function (Ku mari & Chandra,

1993; Stallone, 1994). An excess dietary
intake of certain lipids may impair

immune status. Both inadequate and
very high intakes of several micro-

nutrients (e.g., vitamins A and E,
carotenoids, iron, zinc and selenium)

may have negative effects on immune
status. Ketosis, an almost inevitable
consequence of a very low-energy diet,
may also inhibit immune cell function
by inhibiting glucose uptake and
utilization.

A session of physical activity has
marked acute effects on the immune

system. Several types of immune cell
have been observed ta increase acutely
in response to exercise, including
neutrophils, monocytes, eosinophils and
total lymphocytes (Eliakim et al., 1997;
Gabriel & Kindermann, 1997; Robson et
al., 1999; Moldoveanu et al., 2000), but
the levels may remain unchanged after
eccentric exercise (Miles et al., 1999).

After a strenuous exercise session, the
increased levels of indicators of immune
function may stil be observable after
24 h (Eliakim et al., 1997; Gabriel &
Kindermann, 1997).

The number of NK cells increases
sharply during high-intensity activity, but
decreases during very prolonged moder-
ate-intensity activity (Tvede et al., 1993;

Eliakim et aL., 1997; Gabriel &

Kindermann, 1997). After exercise, NK
cell number decreases more rapidly
subpopulation (Eliakim et al., 1997;

Gabriel & Kindermann, 1997). A sug-
gested reason for post-exercise

suppression of NK cell activity is
inhibition by prostaglandins released
by monocytes (Tvede et al., 1993). NK
cell count does not seem ta be affected
by eccentric exercise (Miles et al., 1999).

Pedersen et al. (2000) recently

reviewed the effects of an acute bout of
exercise on cytokine production. The

plasma levels of various cytokines

(TNF-a, IL-1ß, IL-6) increase during
intense exercise. The increase of IL-6 is
proportionally much greater than that of
other cytokines. ln a systematic review

on mucosal immunity in élite athletes,
Gleeson (2000) identified 25 studies on
the effects of an acute exercise bout on
salivary concentration of immunoglobulin

(lg)A. Sixteen studies showed
decreased levels and only two reported
increased IgA after exercise. IgA

concentration in saliva returns to basal

levels within 1 h after physical activity.
Very few functional tests have been

used to study immune response ta

physical activity. However, Bruunsgaard
et al. (1997) studied cell-mediated immu-
nit y evaluated by skin tests in 22 males
after intense, long-duration exercise

(triathlon). The results indicated impaired
immunity in the first few days after the
exercise.

Studies on immune function during
long-term training have yielded some-
what inconsistent results. . Many have
found depressed immune function
following intense physical training, using
NK cell cou nt, neutrophil oxidative

capacity, T-cell responses in vitro or
saliva IgA concentration as a marker
(Pyne et al., 1995; Kramer et al., 1997;
Gleeson, 2000). Nine out of 12 studies
identified in the review by Gleeson
(2000) reported decreased salivary IgA
concentration in athletes after long-term
training, indicating cumulative mucosal
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immune suppression over training peri-
ods. ln contrast, moderate exercise train-
ing does not seem ta have any negative
effect on IgA level (Mackinnon, 2000).

ln contrast to the above studies,
others have suggested that physical
activity may be related to improved

immune function. Kumae et al. (1999)
found increased lymphocyte and

eosinophil counts, but decreased neu-
trophil generation of reactive oxidative

species in runners. Moderate exercise

training has been shawn to lead to
increased immunoglobulin levels
(Nehlsen-Cannarella et al., 1991), ele-
vated NK activity or cell count (Watson et
al., 1986; Nieman et al., 1990; Rhind et
al., 1994, 1996; Hoffman-Goetz et al.,
1998), changes in lymphocyte subsets

(LaPerriere et al., 1994; Host et al.,
1995), IL-2 production and IL-2 receptor
expression (Rhind et al., 1994, 1996)

and immunoglobulin levels (Nehlsen-
Cannarella et al., 1991).

Nieman et al. (1993) conducted a ran-
domized controlled trial (walking vs calis-
thenics) among 32 sedentary, elderly
Caucasian women (67-85 years).
Although the exercise training pro-
gramme (5 x 30-40 min/wk for 12
weeks) resulted in no significant
improvement in either NK cell or

T-Iymphocyte function, the incidence of
upper respiratory tract infections was
significantly lower in the walking group
(21 %) th an in the calisthenics group

(50%), and was lowest in a comparison
group of highly trained elderly people
(8%). These results are consistent with
those from a trial in younger obese

women (mean age 35 years) in which
exercise subjects (45 min of walking,

5 d/wk) experienced half the number of
days with symptoms of upper respiratory
tract infection during a 15-week period
compared with a sedentary control group

(5.1 vs 10.8, P -( 0.05) (Nieman et al.,
1990). Nieman et al. (1995) also
reported higher NK cell cytotoxic activity
in marathon runners compared with
sedentary controls. ln contrast,

extremely heavy exertion (such as a 90
km run) has been shown to increase the
incidence of upper respiratory tract in
fections (Peters, 1997).

ln a recent review, Mackinnon (2000)
presented a summary of resting values
of immune function variables in athletes,
compared with those of non-athletes or
with clinical norms. Many indices
(Ieukocyte, granulocyte and lymphocyte
number, serum specifie antibody) were
similar in athletes and controls. NK cell
number and cytotoxic activity, and
lymphocyte activation and proliferation,
were normal or higher in athletes. ln
contrast, neutrophil function and

immunoglobulin concentration in serum
and mucosa were clearly suboptimal in
athletes. Hence, compared with studies
on moderate training (Nieman et al.,
1990; Nehlsen-Cannarella et al., 1991),
athletic training seems ta have more
deleterious effects on immune function.

ln summary, immune responses ta an
acute exercise bout include increased

immune cell counts and cytokine produc-
tion, but decreased saliva IgA concentra-
tion, immediately after intense activity.
After strenuous exertion, the immune cell
counts decrease rapidly and may reach
levels that are clearly below pre-exercise
values 1-3 h after cessation. This has
been referred to as an "open window of
decreased host protection" (Nieman,
1997). Most immune variables reach
normal or slightly elevated levels 24 h
after exercise. Responses are less clear
after moderate-intensity and short-dura-
tion activity. Cross-sectional compar-
isons between trained and untrained

subjects have yielded inconclusive

results (Nieman, 1997; Jonsdottir, 2000).
However, many authors ho Id the view

that moderate physical activity has a
positive effect on the immune system
(Peters, 1997; Shephard & Shek, 1998;
Jonsdottir, 2000). The inconsistencies in
study results described above may be
due ta the use of different immune

measures, differences in exercise regi-
men, small sample sizes with insufficient

statistical power to detect changes, char-
acteristics of the participants, or effects

of unmeasured confounding factors,
such as nutritional factors, smoking or
alcohol intake and stress levels. It is
unclear ta what extent the results in
young adults or athletes pertain to exer-
cise in the elderly.

Intervention trials
Weight reduction
Table 21 summarizes many weight
reduction studies that have been carried
out with diferent intervention strategies

in obese patients, pre- and post-

menopausal women, men, children and
adolescents.

The overall picture is that, with weight
loss, insulin resistance decreases, and
basal and postprandial glucose and

insulin levels are similarly reduced.

Reduced fasting glucose and insulin
levels have been consistently observed,
whether weight was lost with a low-
energy diet (usually 4200-6300 kJ (1000
to 1500 kcal)/day) or a very low-energy
diet (1700-3400 kJ (400 to 800
kcal)/day), with or without associated
physical activity or pharmacological

treatment. Glucose and insulin areas
after glucose tolerance test and blood
lipid patterns improved as weiL. Plasma
levels of SHBG were also consistently
shown ta increase with weight reduction,
while the effects on sex steroid

hormones were less clear-cut and were
different in men and women. It is not
clear, however, if the improvement in

insulin sensitivity which has been
demonstrated in short-term studies is
sustained over longer periods. On

average, it appears that a 15-week diet
or diet-and-exercise programme can
achieve an approximately 11-kg weight

loss, with a 6-8-kg maintained loss after
one year. Few studies appear to have

been continued for longer than a year
and those few show generally
disappointing results (reviewed by Mann,
2000). It does not seem necessary, how-
ever, ta achieve the ideal body weight ta
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improve the metabolic profile - in most
instances a 5-10% weight reduction is
sufficient to induce a clinically beneficial
effect (Weinstock et al., 1998).

Some of the randomized controlled
trials and the largest uncontrolled inter-
vention studies are presented below in
some detail, but several other trials are
summarized in Table 21.

Premenopausal women. Fujioka et al.
(1991) investigated 40 premenopausal
Japanese obese women, aged 38 years,
with mean BMI 35 kg/m2 at recruitment,
in whom substantial weight reduction
was obtained by means of a low-energy
diet. ln 14 women with predominantly

visceral fat tissue (as determined by
computed tomography scan), BMI
decreased from 34.3 ta 29.4 kg/m2 and in
26 women with predominantly subcuta-
neous adipose tissue, BMI decreased

from 36.0 ta 30.9 kg/m2. Fasting plasma
glucose and insulin levels, plasma glu-
cose and insulin areas after an oral
glucose tolerance test and total choles-
terol and triglycerides levels decreased
significantly. The changes in plasma
glucose area and in triglyceride levels
were significantly correlated with
changes in the ratio of visceral to subcu-
taneous fat volume (r= 0.307 and 0.486,
respectively).

Guzick et al. (1994) randomized 12
obese, hyperandrogenic, anovulatory
women to a 12-week weight loss pro-
gramme or a 12-week 'waiting list: in the
intervention group, body weight

decreased from 108.0:t 5.3 to 91.8:t 6.0
kg, and SHBG increased from 0.60 :t
0.09 to 0.73 :t 0.09 mg/dL. Crave et al.
(1995b) randomized 24 obese (BMI;: 25

kg/m2) hirsute patients with high fasting
insulin and low SHBG levels into a met-
formin and a placebo group, and bath

were treated with a low-energy diet

(6300 kJ (1500 kcal)/day with 30% fat)
for four months. SHBG increased signifi-
cantly in both groups (from 19.1 :t 1.9 to
26.0 :t 3.3 nmol/L in the placebo group
and from 17.6:t 1.6 to 21.6:t 2.1 in the
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metformin group). Bath studies showed
decreases in free testosterone corre-

sponding to the increase in SHBG and a
decline (though in the study by Guzick
not statistically significant) in fasting
insulin after the dietary intervention.

Androstenedione decreased and DHEAS
increased (Crave et al., 1995b), but there
was no reduction in serum total testos-
terone. Nevertheless, several studies

showed that energy restriction reduced
total testosterone level, especially in
obese, infertile hyperandrogenic women
with polycystic ovaries. The results on
total serum estradiol were inconsistent,
with some studies showing a significant
reduction and some others no effect.

Weinstock et al. (1998) randomized
45 obese non-diabetic women (aged
43.3 :: 1.1 years; mean baseline weight
96.9 :: 2.2 kg and BMI 35.9 :: 0.9 kg/m2)
to one of three treatment groups: diet

alone, diet and aerobic training, diet and
strength training. Ali subjects received
the same 48-week group behaviour
modification programme and diet (3900
kJ (925 kcal)/d for the first 16 weeks,
6300 (1500 kcal)/d thereafter). During
weeks 48 ta 96, subjects were unsuper-
vised. Subjects on ail three treatments
achieved a mean weight loss of 13.8 kg
by week 16, which was associated with
decreased fasting insulin levels (from
15.4 :: 1.0 to 10.6 :: 0.6 mU/L) and insulin
area after an oral glucose tolerance test

(61.8% of baseline), without significant
differences among groups and without
further improvement with further
unsupervised diet. Fasting glucose and
the area under the glycaemic curve after
an oral glucose tolerance test decreased
slightly after weight loss, but this change
was not significant. Only 22 out of the ini-
tiai 45 subjects were studied at week 96.
They maintained a loss of approximately
10% of the initial weight (-9.9 kg), but
insulin levels had returned to pretreat-
ment levels.

Postmenopausal women. Svendsen et
al. (1995) carried out a clinical interven-

tion study on 98 healthy, overweight,

postmenopausal women aged 49-58
years, with BMI 25-42 kg/m2, who were
given a 4200 kJ (1000 kcal) diet daily for
three months. Increased SHBG was sig-
nificantly correlated with reduction in
weight and loss of fat determined by

total body dual-energy X-ray absorp-
tiometry (DXA) scanner (r= -0.4 to -0.5,
p,, 0.01) and with reduction in waist cir-
cumference, visceral adipose tissue and
WHR (r = -0.3 to -0.4, p,, 0.01). There
was no reduction in serum levels of total
testosterone or estradiol.

Kasim-Karakas et al. (2000) modified
the diet of 64 healthy postmenopausal
women with a mean age of 61 :: 11 years
and a mean baseline weight of 75 :t 2.4
kg. For the first four months, participants
followed a controlled-energy diet with
stepwise reduction of fat intake from
35% to 25% to 15% of energy. They
were then requested ta follow a
self-selected 15% fat diet ad libitum for
eight months. Mean carbohydrate

consumption increased from 200 g/day
at baseline to 377 g/day at four months
and 256 g/day at 12 months. The actual
food composition of the diet was not
published. During the ad libitum diet, the
mean weight loss was 4.6 :: 0.5 kg,
fasting plasma glucose decreased

significantly (down to 4.77 :: 0.11 mmol/L
from 5.44 :: 0.11 at baseline and

5.16 :: 0.11 at four months), insulin

decreased non-significantly, triglycerides
increased du ring the euenergetic treat-
ment and returned to baseline values
after the ad libitum period, total, high-
and low-density lipoprotein (HDL and
LDL) cholesterol decreased in the first
four months but LDL returned to baseline
values after the ad libitum period. Similar
weight loss with an ad libitum low-fat
diet without increasing triacylglycero-
laemia was observed in other studies
(Berrino et aL., 2001; Schaefer et aL., 1995).

Studies in NIDDM patients. Wing et al.
(1991) randomly assigned 36 type-II dia-
betic subjects (10 men and 26 women,
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age 35-70 years), 30% or more ab ove
ideal body weight, either to a low-energy
diet for 20 weeks or to the same pro-
gramme that included, however, an
eight-week period of very low-energy

diet (1700 kJ (400 kcal) of lean meat,
fish and fowl). Both diets were associat-
ed with behaviour therapy and an exer-
cise programme. 33 subjects completed
the 20-week programme and complied
with the one-year follow-up. The very
low-energy group had greater weight
loss at week 20, but weight losses from
pretreatment to one year were similar
(from 102.1 to 93.5 kg and from 104.5 to
97.7 kg on average). The very low-ener-
gy diet produced a greater decrease in
fasting glucose at the end of the 20-
week programme (-6.5 mmol/L vs -3.5,
p = 0.035) and at one year (-3.8 vs +0.7
mmol/L, p = 0.001) and greater long-
term reduction of glycosylated haemo-
globin. The very low-energy group,

however, had a greater rise in insulin
during the oral glucose tolerance test
carried out at 20 weeks, suggesting ta
the authors that the improved glycaemic
control could be due to an increase in
insulin secretion. The change in average
fasting insulin from baseline ta 20 weeks
ta one year was from 141 to 120 to 133
pmol/L in the low-energy group, and

from 163 to 104 ta 205 pmol/L in the
very low-energy group. A similar bipha-
sic effect on plasma insulin was previ-
ously observed by Stanik and Marcus

(1980), who placed seven severely
hyperglycaemic obese patients (men
and postmenopausal women) on severe
energy restriction for 4-12 weeks. On
entry, mean fasting plasma glucose level
was 326 :! 23 mg/dL. The insulin
response to oral glucose was complete-
Iy flat. After initiating caloric restriction,
fasting plasma glucose rapidly fell,
reaching 150 :! 21 mg/dL by two weeks,
and remained low throughout the diet
period. At restudy, improved oral glucose
tolerance was accompanied by signifi-
cant increases in the insulin secretory
responses to both glucose and tolbu-

tamide. These results support the
concept that control of plasma glucose
concentration allows recovery of insulin
secretion. The degree of weight loss nec-
essary ta achieve this effect was modest.

Treatment of NIDDM patients (10
males aged 40-70 years, WHR ~ 0.9
and mean BMI 26 kg/m2) with dexfenflu-
ramine (and low-energy diet) for three
months resulted in a significant decrease
in visceral (from 484 :! 230 to 333 :! 72
cm2) rather than subcutaneous adipose
tissue. This specifie decrease in visceral
adipose tissue was accompanied by a
remarkable increase in insulin sensitivity,
as assessed by the minimal model

technique (from 0.29 :! 0.13 to 0.54 :!
0.21 min-1 mU/L, p = 0.01), significantly
decreased levels of C-peptide (from 0.77
:! 0.24 to 0.58 :! 0.15 mmol/L, p =

0.002), total cholesterol and triglycerides

(p .( 0.001 and p = 0.021) and non-
significantly decreased fasting glucose
and glycosylated haemoglobin (Marks et
al., 1996).

Further studies showing improved

glucose control in diabetic patients are
cited in Chapter 6.

Studies in men and bath sexes together.
Stanik et al. (1981) investigated the

effects of weight reduction on reproduc-
tive hormones in 24 moderately obese
men, 18-108% ab ove ideal body
weight. Serum estrone, estradiol, testos-
terone, percentage free testosterone,
SHBG binding capacity, and, in nine
subjects, androstenedione were mea-
sured serially before and during an out-
patient supplemented fasting pro-
gramme (1300 kJ (320 kcal)/day) for
8-20 weeks. At the baseline, mean

estrone was elevated to 100 :! 7 pg/mL

(normal, 30-60 pg/mL). Estradiol was
slightly elevated to 36 :! 3 pg/mL (nor-
mal, 8-35 pg/mL). The mean testos-
terone level of 400 :! 20 ng/dL was at the
lower end of the normal range

(400-1000 ng/dL) but the mean % free
testosterone was elevated to 4.1 :! 0.2%

(normal 1.6-3%). The calculated free

testosterone level was normaL. The
mean SHBG binding capa city was 0.99
:! 0.05 ¡.g dihydrotestosterone bound/dL

(normal, 1.0-1.8 ¡.g/dL). The mean
androstenedione level of 52 :! 5.8 ng/dL
was normaL. These data were consistent
with previous findings in much heavier
men. Weight loss (mean, 19.5 kg) after
eight weeks was associated with nor-
malization of ail the measured parame-
ters: mean estrone decreased to 48 :!
23 pg/mL (p.( 0.01), estradiol to 28 :! 2.1
pg/mL (p.( 0.05), testosterone increased
to 536 :! 35 pg/dL and % free testos-
terone fell to 3.2 :! 0.2% (both p.( 0.01).
Data on 16 men remaining on the pro-
gramme for 16 or 20 weeks showed a
continued fall of estrogens and stabiliza-
tion of testosterone and % free testos-
terone. However, unlike the findings of
increased SHBG binding capacity with
weight loss in obese women, SHBG did
not change significantly over the entire
time period.

Tymchuk et al. (1998) measured the
levels of insulin, SHBG, prostate-specifie
antigen (PSA) and serum Iipids in 27
obese men (mean age 57:! 2.6 years)
undergoing a three-week low-fat (.( 10%
of calories) high-fibre and high complex
carbohydrate diet and exercise pro-
gramme. BMI decreased from 35 :! 1.9
to 33.4 :! 1.8 kg/m2. Insulin decreased
from 222 :! 30 to 126 :! 21 pmol/L and
SHBG increased from 18 :! 2 to 25 :! 3
nmol/L. PSA decreased but not signifi-
cantiy (ail the three men with slightly ele-
vated levels showed a decrease).
Triglycerides and total and LDL and HDL
cholesterol decreased significantly (aver-
age 41, 49, 37, and 5.3 mg/dL, respec-

tively), as did the total/HDL cholesterol
ratio (ail p:: 0.01). Sex ste raids were not
measured, but in a previous study on 21
men, the same intervention for 26 days
decreased serum estradiol levels from
47.2 :! 4.6 ta 23.8 :! 2.5 pg/mL whereas
serum testosterone levels were
unchanged (5.1 :! 0.3 versus 5.1 :! 0.2
ng/mL). Total serum cholesterol levels
decreased from 229 :! 9 to 181 :! 7
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(a) studies on premenopausal women

Reference Mean age No. Type (daily energy) Initial BMI Weight change
or range and duration of or % IBW*,

intervention weight ---
Low-energy diet
Bates & Whitworth, 1982 NR 7b Unspecified caloric restriction 141 * -15%
Grenman et al., 1986 35 25 1200 kcal, 12 mo 43, 121 -11%
Pasquali et al., 1989 22 20 1000-1500 kcal, 6-12 mo 32,86 -11%
Leenen et al., 1994 39 33 4.2 MJ deficit, 3 mo 31,87 -14%
Slabber et al., 1994d 35 30 Low glycaemic index vs 35,94 -10%

balanced diet, both 1000- 35,97 -7%
1200 kcal, 12 wk

Crave et al., 1995b NR 24e 1500 kcal, 4 mo 34,87.5 -4%
Turcato et al., 1997 34 26 1286 kJ, 4 wk 38, 101 -8%
Weinstock et al., 1998 43 45 925-1500 kcal :t EX, 58 wk 36,97 -14%

Very low-energy diet
Harlass et al., 1984 NR 6e 500 kcal 4-6 mo ;;30, 103 -11%
Kiddy et al., 1989 NR 51 330 kcal, 4 wk 36 -5.2 kg

Fujioka et al., 1991 38 401 800 kcal, 8 wk 35,86 -14%
Wing et al., 1992g 38 101 1 000-1500 kcal + EX, 20 wk 31,83 -8%
Hamilton-Fairley et al., 1993 NR 6b,e 350 kcal, 4 wk 34 -7%
Zamboni et al., 1993 39 16 1286 kJ x 2 wk + 4200 kJ 38, 104 -15%

x 14 wk

Guzick et al., 1994g 32 12 400-1200 kcal + EX, 12 wk 178*,108 -15%
Holte et al., 1995h NR 131 1200 kcal, up to stable weight 32,89 -14%
Jacubowicz & Nestier, 1997 30 11 1000-1200 kcal, 8 wk 32 -7% (BMI)

Jacubowicz & Nestier, 1997 29 121 1000-1200 kcal, 8 wk 32 -7% (BMI)

De Pergola et al., 1998 32 21 318 kcal, 3 wk 39

(b) studies on postmenopausal women

Reference Mean age No. Type (daily energy) Initial BMI Weight change
or range and duration of or % IBW*,

intervention weight
Low-energy diet
Svendsen et a~, 1995 49-58 98 4.2 MJ :t EX, 3 mo ;; 25, 78 -13%
Kasmin-Karakas et al., 2000 61 64 15% fat, 1 y 28,75 -8%

Very low-energy diet
Q'Dea et al., 1979 50-63 12 Supplemented fast, 12-17 wk 124-193*,105 -23%
Turcato et al., 1997 58 15 1286 kJ, 4 wk 35,88 -6%
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(c) Studies in children and adolescents

Reference sex Mean age No. Type (daily energy) Initial BMI Weight change
or range and duration of or % IBW*,

intervention weight
Pintor et al., 1980 Girls 7-11 12 1000 kcal untillBW 175-220* NR
Knip & Nuutinen, 1993 Both 6-16 32 Hypocaloric, 1 y 29,69 -16%
Wabitsch et al., 1995 Girls 15 92 4321 kJ + EX, 6 wk 31,87 -10%

(d) Studies on men and both sexes together

Reference Sex Mean age No. Type (daily energy) Initial BMI Weight change
or range and duration of or % IBW*,

intervention weight

Low-energy diet
Rosenthal et al., 1985 M 57 21 LF-HF + EX, 26 d NR,99 -5%
Strain et al., 1988 M 20-50 11 Individuallow-cal diet, 17 mo 167* 26-130 kg

Wing et al., 1992g M 37 101 1 000-1500 kcal + EX, 20 wk 31,96 -10%
Leenen et al., 1994 M 40 37 4.2 MJ deficit, 3 mo 31,97 -14%
Rasmussen et al., 1994 B 36 60 1200 kcal, 16 wk 34,96 -8%
Colman et al., 1995h M 60 35 LED, 9 mo 30,91 -10%
Rasmussen et al., NR NR 9 1.6 MJi 39, 111 -27%
1995

Dengel et a~, 1996g M 59 47 300-500 kcal deficit :: 120-160*,92 -10%
EX, 10 mo

Torjesen et al., 1997g B 40 21gi Low-fat, high fish :: EX, 1 Y 29 -9%
Goodpaster et al.1999 B 32 800-1200 kcal, 13 wkk 35, 100 -13%
Ross et al., 2000ag M 45 52 700 kcal deficit :: EX, 12 wk 31,96 -8%

Very low-energy diet
Stanik & Marcus, 1980 B 48-67 7 600 kcal, 4-12 wk 169*,107 -10%
Stanik et al., 1981 M 30-63 24 320 kcal, 8 wk 154*,112 -17%
Gama et al., 1990 B 41 7 445 kcal, 3 wk 35,97 -5%
Tanaka et al., 1990 B 16-29 15' VLED, over 1 wk 34,87 -13%
Wing et al., 1991g B 51 33i VLED programme, 20 wk 38, 103 -7%
Megia et al., 1993 B 43 20 Fasting or VLED, 29 d 46 -12% (BMI)
Strain et al., 1994 M NR 17 LF-HF low cal, 6 wk-39 mo 51 -19%
Vermeulen et al., 1996 M 25-62 50 PSMF, 6 wk 41, 124 -12%
Tymchuk et al., 1998 M 57 27 LF-HF + EX, 3 wk 35 -5%
Fogelholm et al., M 40 74 VLED programme, 12 mo 34,92 -14%
2000a
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(e) Intervention trials with drugs or surgery

Reference Sex Mean age No. Type (daily energy) Initial BMI or Weight change
or range and duration of % IBW*, weight

intervention

Kopelman et al., 1981 Wp 30 12 Bypass surgery, 1 y 225*, 126 -31%
Poulos et al., 1994 NR 42 50 Bypass surgery, 1 y 45, NR -29%
Marks et al., 1996 M 40-70 101 Dexfenfluramine, 12 wk 26,78 -4%
Van Gaal et al., 19989 NR 43 55 600 kcal deficit, EX, 36 -11 kg

:! sibutramine, 6 mo
Sjöström et al., 19989 B 45 688 600 kcal deficit 36,99 -10% vs -6%

:! orlistat, 1 y

Davidson et al., 19999 B 44 892 2100-3360 kJ deficit 36, 100 -9% vs -6%
:! orlistat, 2 y

James et al., 20009 B 40 467 600 kcal :! sibutramine, 2 y 37, 102 -10% vs -5%

Arrows indicate a statistically significant increase or decrease; arrows in brackets indicate a non-statistically significant increase or decrease
greater than 10%; =, no change, IBW, ideal body weight; LED, low-energy diet; VLED, very low-energy diet; LF-HF, low-fat, high complex
carbohydrates and fibre; PSMF, protein-sparing modilied fast; EX, exercise; y, years; mo, months; wk, weeks; d, days; NR, not reported
Wp, women, premenopausal; M, men; B, both men and women
tG, fasting glucose; Hb, glycosylated haemoglobin; IL, fasting insulin; IGF, insulin-like growth factor-I; BP, IGF-binding protein; Ga, glucose
area (or glucose at 2 h) under glucose tolerance test; la, insulin area; CP, C peptide; IS, insulin sensitivity; SH, sex-hormone binding globulin;
E1, estrone; E2, estradiol; T, testosterone; fT, free testosterone; A, androstenedione; D, dehydroepiandrosterone sullate; tri, triglycerides; chi,
cholesterol; FFA, free latty acids; GH, growth hormone; C, cortisol; PRL, prolactin; P, progesterone; LH, luteinizing hormone; IC, free cortisol;
IE2, Iree estradiol; 17o:0HP, 17o:-hydroxyprogesterone

Energy values are given in calories or joules as in the publication cited: 1 kcal = 4.19 kJ
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mg/dL, whereas triglyceride levels fell
from 301 :! 66 to 151 :! 13 mg/dL. HDL
cholesterollevels fell from 41 :! 3 to 35 :!
1 mg/dL, whereas the total/HDL choles-
terol ratio was unchanged (5.5 :! 0.4 ver-
sus 5.1 :! 0.3) (Rosenthal et al., 1985).

Goodpaster et al. (1999) examined

the relationship between weight loss-
induced change in regional adiposity and
improvement in insu lin sensitivity. 32

obese sedentary women and men com-
pleted a four-month weight loss pro-
gramme and had repeat determinations
of body composition (DXA and computed
tomography) and insu lin sensitivity (eug-
Iycaemic insulin infusion). 15 lean men
and women served as control subjects.
The intervention achieved significant
decreases in weight (100.2 :! 2.6 to 85.5
:! 2.1 kg), BMI (34.3 :! 0.6 to 29.3 :! 0.6),
total fat mass (36.9 :! 1.5 to 26.1:! 1.3
kg), percentage body fat (37.7 :! 1.3 to
31.0 :! 1.5%) and fat-free mass (FFM)
(59.2 :! 2.3 to 55.8 :! 2.0 kg). Abdominal
subcutaneous and visceral adipose tis-
sue were reduced (494 :! 19 ta 357 :! 18
cm2 and 157 :! 12 ta 96 :! 7 cm2, respec-
tively). Insulin sensitivity improved from
5.9 :! 0.4 to 7.3 :! 0.5 mg x FFM-1 x
min-i. Rates of insulin-stimulated non-

oxidative glucose disposai accounted for
the majority of this improvement. Serum
levels of leptin, triglycerides, cholesterol
and insulin ail decreased (p 0( 0.01). Afer
weight loss, insulin sensitivity continued
to correlate with generalized and

regional adiposity but, with the exception
of the percentage decrease in visceral
adipose tissue, the magnitude of

improvement in insulin sensitivity was
not correlated with the various changes
in body composition.

Several randomized controlled trials
have addressed the issue of adding an
aerobic exercise programme to a low-
energy diet for weight reduction and

improvement of metabolic parameters in
obese subjects. Studies with a factorial
design have usually shown that a low-
energy diet is more effective than
aerobic exercise, but the combination of
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both may improve insulin-Iinked parame-
ters (Dengel et al., 1996; Torjesen et al.,
1997; Ross et al., 2000a).

Studies with drugs. James et al. (2000)
reported on the efficacy of treatment with
sibutramine (an inhibitor of serotonin and
adrenalin uptake that increases satiety)
for weight maintenance after weight loss
in otherwise healthy obese patients of
both sexes, aged 17-65 years, with ini-
tiai BMI between 30 and 45 kg/m2. 467
patients who succeeded in losing more
than 5% of their weight over six months
of low-energy diet and sibutramine treat-
ment (weight Joss phase) were randomly
assigned ta sibutramine or placebo for
18 months (weight maintenance phase).
At 24 months, the mean weight loss from
baseline was -10.2:! 9.3 and -4.7:! 7.2

kg, respectively. Weight loss was accom-
panied by substantial decreases in the
concentrations of serum triglycerides
(-25% and -6%, respectively, in the
sibutramine and placebo group), insulin

(-22% and -3%) and C-peptide (-26%
and -12%). Similar results were reported
by Van Gaal et al. (1998) from an on-
going randomized study.

Two large randomized placebo-con-
trolled trials of treatment with orlistat (an
intestinal lipase inhibitor) in subjects on a
slightiy hypocaloric diet showed some
improvement in body weight reduction
(about 10% vs 6% in the placebo group),
glucose and lipid levels and blood Iipids

(Sjöström et al., 1998; Davidson et al.,
1999).

Dietary modification in female
volunteers aiming at reducing estrogen
levels. Several studies showed statisti-
cally significant reductions of total serum
estradiol levels in (mostiy) non-obese
pre- (Williams et al., 1989) or post-

menopausal women (Rose et al., 1987,
1993; Boyar et al., 1988; Prentice et al.,
1990) who lost weight (3-4 kg) by
following a law-fat diet. Similar results

were reported with a low-fat high-fibre
diet among pre- (Bagga et al., 1995) and

postmenopausal women (Heber et al.,
1991). A fu rther study reported a
significant reduction in body weight,
increased SHBG and decreased total
testosterone after a comprehensive

dietary modification aiming ta increase
insulin sensitivity and consumption of
phytoestrogens (Serrino et al., 2001).
(The Working Group noted that these
studies could not distinguish between a
possible effect of weight reduction and
an independent effect of dietary modifi-
cation). Only the three largest studies

are summarized here.
Rose et al. (1993) randomized 93

postmenopausal breast cancer patients

(63 under adjuvant treatment: 50 with
tamoxifen alone, 6 chemotherapy alone
and 7 with bath treatments) to either a
dietary intervention group, for which the
goal was ta reduce total fat intake ta
15-20% of total energy, or a control
group. The intervention group actually
reduced fat intake to about 21 % of
energy intake and maintained the reduc-
tion for 18 months. Control patients

showed a sustained increase in body
weight (over 1 kg in 18 months), while

patients assigned to the low-fat diet
showed a reduction in body weight of
about 2 kg, which was maintained over
the 18-month dietary intervention.
Among the 30 patients who did not
receive any adjuvant therapy, the 12 in
the dietary intervention group exhibited

average weight losses of 4.1 and 4.3 kg
after 12 and 18 months, respectively,
while the 18 patients in the control group
did not change their body weight. ln the
latter group, body weight was signifi-
cantly correlated with serum estrone
sulfate levels (r= 0.49). Correlations with
other hormone levels were not given.
Overall, there was no change in serum
estradiol levels over the study period. ln
21 % of the patients, however, estradiol
levels were below the detection Iimit of
the assay (5 pg/mL). Restricting the
analysis to patients with initial estradiol
levels above 10 pg/mL, those allocated
to the low-fat diet showed average
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reductions of 20% at six months and
15% at 18 months (p 0( 0.005), while
control women did not show any signifi-
cant change. (The Working Group noted
that part of this apparent hormonal effect
could be due to regression towards the

mean.j There was no significant differ-
ence between the serum estrone and
estrone sulfate concentrations of the
law-fat and control groups. Serum SHBG
levels were, as expected, increased by
tamoxifen, but were reduced significantly
after 12 months (-17%, po( 0.01) and 18
months (-23%, p 0( 0.05) on the low-fat
diet in patients not receiving tamoxifen

(despite a significant weight reduction).
Within the framework of the Women's

Health Trial, Prentice et al. (1990) stud-
ied 73 postmenopausal healthy women

(median age 60 years) not using exoge-
nous estrogens, who agreed ta reduce

dietary fat from customary levels of
about 40% energy to a target level of
20%. The duration of dietary intervention
was at least 10 weeks (median 14 wk,
max. 22 wk). Estimated fat intake
decreased from 68.5 g/day ta 29.5 g/day

(from 37.3% to 20% of their average
daily energy intake). Total cholesterol
decreased from 234 to 222 mg/dL and
the average weight reduction was 3.4 kg,
from a mean weight of 69.6 before the
intervention to 66.2 kg (p 0( 0.001).

Serum concentrations of estrone and
estrone sulfate did not change signifi-
cantly following intervention. On the
other hand, total estradiol concentrations
were significantly reduced (from 0.71 to
0.63 pg/mL on average, p 0( 0.001), as
were the concentrations of bioavailable

(unbound and albumin-bound) estradiol
(from 0.46 to 0.39 pg/mL, p = 0.01) and,
to a lesser extent, of SHBG-bound

estradiol (from 0.28 to 0.18 pg/mL, p =
0.03). Women with high pre-intervention
estradiol levels experienced relatively
greater reduction, but the authors noted
that measurement error in the pre-inter-
vention determinations and consequent
regression to the mean in the post-

intervention determinations may partially

explain this observation. Notwithstanding
a significant weight reduction, the serum
concentration of SHBG was also
reduced after dietary intervention, but
not significantiy (from 0.07 to 0.02
mg/dL, p= 0.14).

It has been hypothesized that the lack
of increase in SHBG levels associated
with law-fat diets may be attributable ta
simultaneous increased intake of high
glycaemic index carbohydrates, which

would prevent the improvement in insulin
sensitivity that would be expected follow-
ing weight reduction (Berrino et al., 2001).

Bagga et al. (1995) studied 12

healthy premenopausal women over two
months on a very law-fat (10% of
energy) and high-fibre (25-35 g/day, pro-
vided by whole grain cereals and
legumes) ad libitum diet. There was a
small but statistically significant overall
weight loss (-2.0 :t 1.4 kg), a significant
reduction in serum levels of estrone (-19
and -18% in the follicular and luteal
phase, respectively) and estradiol
(-25 and -22%), and no significant
change in serum estrone sulfate, SHBG
and progesterone. (The Working Group
noted that most trials of dietary fibre
supplementation show a reduction in
estrogen levels, probably due to reduced
enterohepatic circulation, suggesting

that the effect observed in this study may
be independent of weight loss.)

Berrino et al. (2001) randomized 104
healthy and mostly non-obese post-
menopausal women whose serum
testosterone was above the upper tertile
of the distribution (;, 0.38 ng/mL) to
either a dietary intervention or a control

group (DIANA study). The diet was
available ad libitum and designed ta
reduce plasma insulin levels by lowering
animal fat and refined carbohydrates and
increasing low-glycaemic index foods

and monounsaturated and n-3 polyun-
saturated fatt acids; phytoestrogen-rich

foods, such as soy foods and various

seeds, were also increased. The inter-
vention included intensive dietary
counselling and specially prepared

group meals twice a week over 4.5
months. Control women were not
informed of the dietary goals of the study
but received a standard recommenda-
tion to increase fruit and vegetable

consumption. Body weight decreased
significantly (4.06 kg vs 0.54 in the
control group, p 0( 0.0001). Mean BMI in
the intervention group decreased from
26.9 ta 25.3 kg/m2. Waist circumference
and hip circumference also decreased
significantly (-3.9 and -2.5 cm, respec-
tively, p 0( 0.0001) together with WHR
(from 0.82 ta 0.80, p = 0.0045). SHBG
increased from 36.0 to 45.1 nmol/L (25%
vs 4% in the control group, p 0( 0.0001)
and serum testosterone decreased from
0.41 to 0.33 ng/mL (-20% vs -7% in the
control group, p = 0.0038). Serum

estradiol decreased (-18% vs -6%) but
not significantly. Fasting glucose (-5.7%
vs -1.2%, P = 0.026) and insulin area
after an oral glucose tolerance test

(-7.7% vs +9.4%, p = 0.04) also
changed significantly. After adjustment
for change in body weight, the
differences in changes in hormonallevels
between the intervention and control
groups were no longer statistically
significant (only the difference in fasting
glycaemia remained of borderline
significance), suggesting that the hor-
monal effects of dietary intervention
were largely mediated through changes
in body weight. The increase in
consumption of fibre and phytoestro-

gens, however, may have contributed to
the overall effect. Other studies that
achieved a similar weight reduction in
normal-weight women, in fact, did not
observe any effect on SHBG (Rose et
al., 1993; Prentice et al., 1990).

Physical activity
Sex hormones in premenopausal-
women. A few intervention studies have
tested effects of chronic exercise on

menstrual factors or sex hormones in
premenopausal women (Table 22).
Sample sizes ranged from 6 to 28 in six
of the studies and one study randomized

75
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132 subjects but only 57 completed the
study. Thus, the information available from
carefully controlled studies is scarce.

Most reports on sex hormones in pre-
menopausal women or of an association
between physical activity and menstrual
disorders have been case reports or
observation al studies. Most of the latter
have been cross-sectional studies of
convenience sam pies, although there

have been a few population-based

cohort studies.
ln a randomized clinical trial of control

of energy intake for weight-Ioss vs

weight maintenance (Bull en et al., 1985;
Beitins et al., 1991), 28 untrained col-
lege-aged women ail received the same
exercise prescription of 10 miles/-day

running plus 3.5 hours/day of sports. Ali
activities took place during eight weeks
at a college training camp. Food intake
was carefully prescribed and controlled
by camp dieticians. Overnight urine was
collected daily. During the intervention,

eighteen women developed loss of LH
surge, 13 experienced delayed menses
and 18 developed luteal phase defects.
Among women in the weight-Ioss arm, 75%
had delayed menses vs 8% of women in
the weight-maintenance arm (p.. 0.005).
Similarly, 81 % of women in the weight-
loss arm experienced loss of LH surge
vs 42% of women in the weight-mainte-
nance group (p .. 0.05). There was no
difference in the incidence of luteal
phase defects between the two groups.
Six months after termination of the inter-
vention, ail subjects were experiencing
normal menstrual cycles. The authors

interpreted their study as suggesting that
vigorous exercise, especially in conjunction
with weight loss, can result in reversibly
disturbed reproductive function.

ln the largest published clinical trial,
Bonen (1992) randomized 132 women
aged 18-40 years ta one of six jogging
exercise programmes for either two or
four months: .. 10 miles/week; 10-20

miles/week; or 20-30 miles/week. There
was no control group. Women were fol-
lowed for ni ne menstrual cycles. Results

76

were presented only for the 57 who com-
pleted the entire study. There was no
change in LH concentration, menstrual
cycle length or luteal phase length, nor
any trend towards increased change in
FSH or progesterone with increasing
physical activity. There was no change in
body weight or percentage body fat,
despite a significant increase in maximal
aerobic capacity (V02max) in ail study
arms (p .. 0.05). The authors concluded
that recreational running of up to 30
miles/week for four menstrual cycles had
no deleterious effect on menstrual cycle.

(This study had the benefit of a random-
ized controlled design with long follow-
up, but the considerable drop-out rate

(75 out of 132) Iimits the interpretation of
the results.)

ln a later study by Williams et al.
(1999), 15 women were randomly
assigned to one of four groups: seden-

tary control, active control Uogging or
cycling 45 minutes/day, 2-3 days/week),
training during the follicular phase of the
menstrual cycle, or training during the
luteal phase of the cycle. The training
consisted of twice-daily running or
cycling for five days/week. The exercise
bouts consisted of running 3.2 km per
exercise bout, increasing by 1.2 km per
bout each week. The training lasted
through two menstrual cycles. Diet was
controlled ta maintain weight within :! 2
kg of baseline weight. At the end of the
intervention, almost half of the trained
women showed evidence of abnormal
luteal function, including short luteal
defects and low urinary progesterone.
None experienced loss of LH surge and
none had delayed menses or abnormal

bleeding. The changes in luteal function
were observed in both training groups,
suggesting that exercise at any time in
the cycle can affect menstrual function.

ln the HERITAGE Family Study (An et
al., 2000), parents and their adult sons
and daughters completed a 20-week

endurance training programme (three
days/week gradually increased to 75%
V02max for 50 minutes) on cycle ergo-

meters. On average, SHBG increased by
3.4 nmol/L in the daughters (mean age
25.5 years), but decreased by an aver-
age of 7.9 nmol/L in their premenopausal
mothers (mean age 48.6 years). Change
in SHBG with training was minimal in
both fathers and sons.

Insulin-Iíke growth factor (IGF) and
insulin-like growth factor binding protein

(IGFBP). Information on exercise effects
on the IGF system is limited to that
gained from a few small intervention
studies. An eight-week aerobic exercise
programme (three times per week
cycling, 1260 kJ (300 kcal) expended) in
previously sedentary aider subjects

(mean age 66 years) increased IGF-I
by 19% (p.. 0.01) in ten men and by 8%
in eight women (p == 0.10) (Poehlman et
al., 1994). No controls were included in
this study. The participants did not lose
body fat or weight, because the study
was designed to maintain energy

balance. ln a randomized controlled clin-
ical trial in aider individuals (31 men, 21
women, mean age 67 years), six months
of endurance training three times per
week (30-45 minutes/session, gradually
increasing intensity to 80-85% heart
rate reserve) resulted in a non-significant
increase in mean IGF-I from 122.4 :t 8.0
to 131.1 :! 7.6 ¡.g/L (Vitiello et al., 1997).
ln comparison, IGF-I decreased
non-significantly in stretching control

subjects from 129.2 :t 11.3 to 125.2 :!
9.3. This result was in spite of a significant
decrease in body weight and fat mass in
exercisers (compared with no change in
controls). A 16-week progressive

resistive training programme produced a
non-significant decline in IGF-I, from
200.4 :t 60.4 to 190.8 :! 57.6 mg/L in

13 older men (mean age 60 years)
(Nicklas et al., 1995). Among nine con-
trois, there was a non-significant

increase in IGF-Ilevels. The assignment
to intervention or control group was
made by the investigators, based on a
judgement of likely success in the inter-
vention.
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Two weeks of intense endurance
training in 10 healthy, young, non-obese
men caused a significant increase in
IGF-I and GHBP plasma levels with
respect ta 10 control subjects matched
for sex, age and prestudy activity (mainly
recreational) (Roelen et al., 1997). ln a
study of 28 athletes belonging to three

swimming teams, four months of
increasing training volume (distance
swum increased from 5500 to 10 300 m
or from 4500 to 6900 m) caused a two-
fold increase in IGF-I and IGFBP-3

levels. Free IGF was also increased, but
the ratio of IGF-I to IGFBP-3 did not

change. IGFBP-1 did not change (Koziris
et al., 1999).

Diet in cancer patients. There have been
few exercise or weight-Ioss intervention
studies in cancer patients. Studies tar-
geting weight loss in breast cancer

patients have had limited evaluation and
mixed results.

De Waard et al. (1993) randomized
102 postmenopausal women (BMI ;: 27
kg/m2) with a recent breast cancer diag-

nosis ta a weight-oss programme in

volving stepwise reduction in energy

intake versus a control group. After one
year, median weight loss was 6.0 kg with
the intervention (p.( 0.001).

Using a non-intensive approach, the
Maya Clinic conducted a randomized

trial of monthly dietician counsellng

versus control beginning in the period

immediately following breast cancer

diagnosis in 107 patients. Median weight
increase six months after the start of
chemotherapy was 2 kg in the dietary-
counselling group versus 3.5 kg in the
control group, a non-significant differ-
ence (Loprinzi et al., 1996).

Goodwin et al. (1998) evaluated a
multidisciplinary weight management
approach incorporating group dietary
sessions, psychological support groups
and nutrition and exercise programmes
in a non-controlled 61 patient intervention.
ln breast cancer patients with BMI ;: 25
kg/m2, weight loss was 1.63 :t 4.11 kg,

78

and increased aerobic exercise was
strongly correlated with successful

weight loss.
ln a small pilot study, an eight-week

exercise-Iow-fat diet intervention

resulted in significant reductions in

weight, waist circumference, hip circum-
ference and percentage body fat in nine
breast cancer patients aged 40-74 years
(McTiernan et al., 1998). Slight, non-sig-
nificant decreases were observed in
serum concentrations of total and free
estradiol, estrone sulfate, total testos-
terone, androstenedione, dehydroepian-
drosterone and SHBG.

No multicentre studies aiming at
weight reduction with or without exercise
as an integral component have been
successfully conducted among women
with resected breast cancer (Pinto &

Maruyama, 1999).

Experimental models
The physiological and hormonal
changes that occur with lowering energy
intake and/or increasing physical activity
affect virtually ail organ systems. Quali-
tatively, the changes seem to readily
extrapolate across genotypes and
species, presumably because the sys-
tems effected are sa basic to survival.
However, the quantitative extent of the
responses may differ with species.

Methodological issues

Controls
One problem in campa ring different

rodent experiments is the variability
observed among animais used as con-
trois in different experiments (Turturro et
al., 1995, 1996, 1998). For instance, in
the United States National Toxicology

Program, chronic bioassay experiments

with tight environmental controls are rou-
tinely performed so that studies can be
compared, but spontaneous liver tumour
incidences in the male B6C3F1 mouse
have been observed ta vary from 20 to
90% (see for example National
Toxicology Program, 1997). The control
animais are almost always fed ad /ibitum,

and similar changes in intake or activity
can have very different consequences
depending upon the control body weight,
complicating interpretation (Turturro et
al., 1993). For example, an experimental
procedure that results in a 10% lower
body weight, either due ta exercise or a
decrease in food intake, can have

adverse effects in control mice with low
initial body weight, but when applied to a
mouse with a heavy initial body weight
can have minimal consequences. This

may result from the non-linear relation-
ship between body weight and parame-
ters relevant to the whole animal, such
as survival or spontaneous tumour

incidence (Turturro et al., 1996; 1998), or
specifie organs and cells, such as liver
cell proliferation and apoptosis (Turturro
et al., 2000).

Diets
Research on the physiological and meta-
bolic consequences of underfeeding ani-
mais has primarily used dietary restric-
tion protocols where lower levels of ail
dietary constituents are fed. While this
approach do es not provide information

on the dietary components responsible
for a change, dietary restriction studies
using laboratory diets do not result in
overt malnutrition since standard diets
are Qenerous in vitamins and minerais.
Malnutrition, such as zinc malnutrition,
can be devastating for normal animal
physiological function (Good et al., 1982).

Evidence for suboptimal intake of
nutrients in some dietary restriction stud-
ies has come from studies by Birt et al.

(1991). ln this experiment, dietary
restriction was directly compared to
energy restriction (the selective reduc-
tion of energy-providing components of
the diet) in the inhibition of skin papiloma
induction (7,12-dimethylbenz(alanthra-

cene-i nitiated/ O-tetradecanoyl phorbol
13-acetate-promoted) in SENCAR mice.
While dietary restriction and energy
restriction similarly reduced the inci-
dence and multiplicity of skin tumours,
energy restriction resulted in extremely
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small lesions, while with dietary restric-
tion the lesions became as large as
those observed in control mice. Similarly,
in a comprehensive analysis of the stud-
ies conducted in another laboratory, it
was found using purified diets and selec-
tively reducing single components that
only restriction of total energy and not
any specific macronutrient (Le., protein,
fat or carbohydrate) or protein source

was effective in suppressing sponta-
neous neoplasms (Shimokawa et al.,
1996). These experiments were con-

ducted using semi-purified diets, since
similar studies are not possible with

cereal-based diets.
Finally, although decreases in dietary

intake in dietary restriction studies can
be greater than the decreases usually
used ta control body weight, dietary
restriction studies have used such a wide
range of models and approaches that
they can give only general insights.
When short-term (20 days) and chronic

(15 months) dietary restriction (of 40%)
were compared, many of the
consequences for metabolism (e.g.,
plasma glucose level, plasma insulin,
etc.) were qualitatively similar (Dean et
al., 1998) if the animal at the beginning
of the experiment was not obese. The
effects that occur with dietary restriction
appear to represent a gradient of
responses related ta the extent of dietary
intake (Turturro et al., 2000).

Decreasing dietary intake for weight
control
Many studies on physiological, hormonal
and metabolic effects of underfeeding

have used dietary restriction. When ail
components are reduced, it cannat be
determined which one is responsible for
any particular observation in a mode!. It
is known that significant changes in
dietary composition can alter physio-
logical and hormonal parameters (e.g.,
Iwasaki et al., 1988), but in the present
review, the focus is on using diets that do
not result in malnutrition.

Size
ln rodents, the most prominent effect of
lowering dietary or energy intake is
decreased body weight gain du ring
growth, resulting in lower body weight
and reduced adiposity (Le., percentage
body fat) or fat mass. Using a dietary
restriction of 40% (with vitamin supple-
mentation) with cereal-based diets, fat is
lost at a higher rate than lean body mass

(Duffy et al., 1989, 1990a,b), with emer-
gence of a stable lower body weight after
a few weeks, unless the animal was very
obese at the start of the study. Rodents
grow throughout much of their lifespan,
so diet-restricted animais tend ta be
smaller as weil as less fat than those fed
ad libitum.

Ufespan
One of the most consistent effects of
dietary restriction is increased lifespan.
For example, using a dietary restriction

(with supplementation) of 40%, lifespan,
measured as either mean or maximal

(average Iifespan of the 90th percentile
survivors), was extended by 15-30% in
four different genotypes of mice and
three of rat (Turturro et al., 1999).

Water consumption, body tem-

perature and activity
ln animais of average body weight with a
dietary restriction (with supplementation)
of 40%, daily water consumption is at
least twice that of animais fed ad libitum

(Duffy et al., 1989, 1990a,b; Mittal et al.,
2000). Urinary output increases 2-4-fold

(depending on age) in male mice using a
similar protocol (Taylor et al., 1995).

Average body temperature is decreased
by approximately 1.5°C in mice and

0.8 °C in rats and the daily range is wider
than in animais fed ad libitum. Thermo-
tolerance ta hot temperatures (measured
by ability to survive heat stress) is
improved with dietary restriction (Hall et
al., 2000a), while ability to withstand cold
is decreased. Activity is increased around
feeding time, but decreased for the rest
of the day in diet-restricted animais.

Cardiac parameters
Blood pressure decreases with dietary
restriction (e.g., Haddad et aL., 1993,
using a 50% dietary restriction), espe-
cially in old rats subjected to lifelong

dietary restriction of 40% (with supple-
mentation) (Thomas et al., 1993). Short-
term 50% dietary restriction or long-term
dietary restriction (40%, with supplemen-
tation) (Thomas et al., 1993) leads ta
bradycardia. Short-term intense (50%)
dietary restriction decreases the rate of
cardiac contraction and relaxation
(Hilderman et al., 1996). These decreases
are consistent with a smaller heart result-
ing from dietary restriction, which has
been reported with long-term 30%

dietary restriction (Oscai & Holloszy,

1970).

Puberty
Puberty can be delayed if intense dietary
restriction is started early. For example,
in rats maintained at 80-90 g body
weight by dietary restriction, puberty was
delayed for at least 13 days (Messer &
l'Anson, 2000). Refeeding of different
dietary intakes allowed puberty to pro-
ceed in a dose-dependent manner (time
to puberty being inversely related ta
amount of food consumed). It has been
suggested that delay of puberty involves
insulin receptor substrate 2 (IRS-2) (a part
of the insu lin signallng cascade system)
in female animais (Burks et al., 2000).

Overall metabolic effects
Ove rail metabolic parameters, such as
oxygen consumption, follow the pattern
of physical activity, rising when activity is
elevated and falling when it is decreased.
Overall metabolism, per gram lean body
mass, is approximately the same with
dietary restriction and ad libitum feeding
in mice and rats (Duff et al., 1989,
1990a,b). Diurnal rhythms of metabolic
and most physiological parameters
appear to be coordinated to feeding time
rather th an time of day, while activity is
related ta light rhythm (Duff et al.,
1995).
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Intermediary metabolism
With 40% dietary restriction (with supple-
mentation), the activity of key regulatory
enzymes associated with glycolysis
decreases, whereas the activities of
those associated with gluconeogenesis

and with the disposai of ammonia by-
products increase. For instance, key gly-
coly tic enzymes, such as pyruvate

kinase and alcohol dehydrogenase,

decrease in terms of both mRNA expres-
sion (Dhahbi et al., 1999) and activity
(Feuers et al., 1989; Dhahbi et al., 1999).
Increases are also seen in both mRNA
expression (Dhahbi et al., 1999) and

enzyme activity (Feuers et al., 1989;
Dhahbi et al., 1999) of gluconeogenic

enzymes, such as phosphoenolpyruvate

carboxykinase and liver glucose-6-phos-
phatase and in insulin-mediated muscle
glycogen synthesis activity (Banerjee et
aL., 1997). mRNA expression of genes
important for ammonia detoxification,
such as hepatic glutaminase, carbamyl

phosphate synthase 1 and tyrosine trans-
ferase, also increases (Dhahbi et al.,
1999).

Certain enzymes associated with lipid
metabolism, such as malic enzyme and
glycerokinase, decrease with 40% dietary
restriction (with supplementation), as
does the formation of fatty acid epoxides

(Allaben et al., 1990). However, there is
enhancement of the lipoprotein lipase
response in adipocytes to a meal with
dietary restriction as weil as increased
utilization of circulating fatty acids
(Sugden et al., 1999).

Although the effects of 40% dietary
restriction (with supplementation) on
blood glucose and cholesterol levels
appear to be modest at best, the effects
of dietary restriction on insulin levels are
more consistent. Levels of circulating
insu lin are lowered with dietary restric-
tion (e.g., Feuers et al., 1995), while

insu lin clearance is increased (Wetter et
al., 1999) and the phosphorylation of

insulin receptor substrate-1 (IRS-1) in
muscle is increased (Dean & Cartee,
2000). Insulin sensitivity increases with
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dietary restriction in rodents (e.g.,
Koohestani et al., 1998).

These changes, especially those in
the effectiveness of IRS-1, suggest that
energy metabolism operates more effi-
ciently in diet-restricted animais com-
pared with those fed ad libitum, effec-
tively producing substrates to be utilized
in the near term.

Endocrine effects
Studies of the effects of dietary restric-
tion and energy restriction on endocrine
status are complicated by the diurnal
rhythms seen in hormones, the pulsatile
nature of some endocrine phenomena
and the sensitivity of hormonal levels ta
environ mental stimuli. This is particularly
a problem with studies involving restric-
tion of diet, since the animal may associ-
ate the investigator with meals. The ani-
mai may then respond with the burst of
activity seen at feeding time (Duffy et al.,
1989).

A 40% dietary restriction can have
such severe effects on the pituitary gland
that this treatment has been studied as a
model of hypophysectomy (Everitt et al.,
1980). One of the most affected pituitary
functions involves the lactotrope

(Engelman et al., 1993). This also results
in inhibition of mammary gland growth
and tumorigenesis (Engelman et al.,
1994). Growth hormone was 95% inhib-
ited by an energy restriction of 40% after
one month, resulting in lowered weight
gain; IGF-I was lowered by 12% (Oster
et al., 1995). However, with long-term
dietary restriction, the ability to produce
growth hormone is retained in old ani-
mais (Shimokawa et al., 1997).

Leptin, produced by adipocytes, is
also reduced by dietary restriction (40%).
The lowered level may activate the pitu-
itary-adrenal axis and suppress the
gonadal somatotropic and thyroid axes
(Aubert et al., 1998; Shimokawa &
Higami, 1999). Use of a 40% dietary
restriction (with supplementation) of a
cereal-based diet also decreased sex-
specifie steroids and many of the sex

differences these steroids support. For
example, female- and male-specific
cytochrome P450s are inhibited in rats
(Leakey et al., 1995). Energy restriction
of up to 60% for a month did not appear
to affect parathyroid hormone (Ndiaye et
al., 1995), except to inhibit its age-
related increase. A 40% dietary restric-
tion did not affect calcitonin (Salih et al.,
1993). However, a long-term 40% dietary
restriction (with supplementation) results
in decreased cortical bone mass and
mineralization (Banu et al., 1999).

Glucocorticoid levels appear, on the
whole, ta increase with dietary restriction

(Leakey et al., 1998); the major reason
for this increase may be the glucogenic
raie of this hormone rather than a stress
response. Plasma glucose and insulin
levels fall with a 40% dietary restriction,
and free fatty acid metabolism supplies
much of the energy for muscle, as noted
above. Glucocorticoids, by stimulating
apoptosis, provide lipid for this metabo-
lism. This is consistent with the 2-3-h
delay in raising plasma glucose levels
seen when increasing glucocorticoids
(e.g., Shamoon et al., 1981).

Physical activity
Like the effects of restriction of dietary
intake, those of physical activity depend
upon the system used, as weil as the
body weight of the animal at the start of
the study. For example, in the same rat
strain and laboratory, when the control
animais weighed approximately 400 9
(Holloszy et al., 1985), voluntary wheel-
running diminished the beneficial long-
term effects on survival expected from
the decreased body weight due to this
activity. However, when the initial control
animal weighed 325 g, the effect on sur-
vival of the lower body weight appeared
to be overwhelming (Holloszy, 1997).
Studies have shown some positive effect
of voluntary exercise on survival if the
activity began early in life (1-4 months of
age). Voluntary exercise started later
seems ta have little effect on survival or
can even have adverse consequences
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(Goodrick, 1974). This indicates that
timing and level of exercise may be impor-
tant, as also seen with dietary restriction.

ln terms of studying physical activity,
because rodents are kept in cages,

almost ail research has been conducted
on relatively inactive animais, particularly
for rats. Thus, the following discussion
focuses on increases in physical activity
rather than inactivity.

Size
One common, though not universal, con-
sequence of exercise is loss of body
weight and adiposity (e.g., Garthwaite et
al., 1986, using voluntary wheel-running).
Fat is lost and there can be an increase
in lean body mass that is assumed to be
mostly muscle. There seem to be lower
levels of basal lipolysis in adipocytes

from trained animais, which increase ta a
greater extent when catecholamines are
present (Toode et al., 1993).

Lifespan
The effects of physical activity on rodent
lifespan are unclear; there appears ta be
an increase in mean Iifespan but little or
no effect in extending maximal lifespan
(Poehlman et al., 2001).

Water consumption and body
temperature
Since exercise often causes animais ta
have lower body weight, it will have
some of the same effects as dietary
restriction or energy restriction. Other
than this body weight effect and the

immediate need to increase water intake
to prevent dehydration, it is not known
how exercise affects water consumption,
excretion or clearance. Similarly, except
for body weight-related effects and the
immediate consequences of exercise,
Iittle is known of the impact of exercise
on body tempe rature or thermo-

tolerance.

Cardiac parameters
Exercise training (by treadmill for 22
weeks) reduced the tendency for blood

pressure to rise in obese rats and

reduced blood pressure in normotensive
rats (Arvola et al., 1999). This effect

appeared to be mediated through

vasodilation. There appears to be an
increase in heart weight with long-term

voluntary exercise (Oscai & Holloszy,

1970), which might be a reaction ta
increased blood flow during the exercise.
Training (treadmill exercise) is reported

ta maintain cardiac size as animais lose
weight (Dowell et al., 1976).

Puberty
Puberty can be suppressed by forced
exercise. Comparing voluntary exercise,
which does not suppress puberty, and
forced wheel-running, only the forced

exercise suppressed LH production and
interfered with the release of gonado-
tropin-releasing hormone (Manning &
Bronson, 1991).

Overall metabolic effects
There are few reports of resting metabolic
rate, which was unaffected by exercise
training per se in female rats in a study
which evaluated the effect over a 23-h
period (Ballor, 1991). This approach

eliminates the effects of diurnal variation
on measurements, which can confound

results.

Intermediary metabolism
Chronic exercise appears to have a
major effect on glycogenolysis, with

increasing fat oxidation as the intensity is
increased. ln animais trained by either
treadmill or a swimming tank,
glycogenolysis is inhibited and glycogen
levels increase in cardiac and skeletal
muscle (Bhagavathi & Devi, 1993).
Endurance training increases transloca-
tion into muscle of glucose by the
glucose transporter protein GLUT-4 and
increases gluconeogenesis (Cartee,
1994). These effects may be stimulated
by exercise-induced (one hour of swim-
ming) brady-kinin, which may enhance
the effect of insulin (Taguchi et al., 2000).
Blood glucose levels fall, with blood

glucose replenished from fat stores and
from proteins (if the exercise is
prolonged). Muscle has a large capacity
to produce ammonia (from protein and
amino acid metabolism), alanine and
glutamine (Felig et al., 1970). Levels of
intramuscular glutamate drop during

exercise and stay low even through

prolonged exercise, despite increased

glutamate uptake (Graham & MacLean,
1998). Additionally, chronic training seems
to result in higher glutamate levels, both
when resting and with exercise.

The main function of metabolism

appears to be getting substrate to the
muscle, for tension development

(Stanley & Connett, 1991), without drop-
ping blood glucose so low that there is a
problem with brain function.

Endocrine effects
The major endocrine effects of exercise
appear ta be on growth hormone, cate-
cholamines and the sex steroids.

Plasma levels of growth hormone can
increase 100-fold acutely with exercise

(especially heavy resistance) in humans
(Kraemer et al., 1993) and to a lesser
extent in other species such as horse
(Golland et al., 1999), sheep (Bell et al.,
1983) and trout (Kakizawa et al., 1995).
ln rodents, this hormone and its metabo-
lites can be inhibited with both acute and
chronic involuntary exercise (e.g.,
Butkus et al., 1995). It is not known what
factors are most important in these

differences. One speculation is that
rodents, whose physical activity is
entrained by light, have been fasting
since the previous night, and thus are
more Iikely ta be affected by the lower
levels of nutrients in plasma than other
species that have usually eaten a few
hours before exercising. An example of
the importance of the relationship
between feeding and physiological
response is that time-of-day of feeding
has a significant effect on bone growth in
rats (Okano et al., 1999).

Forced swimming exercise elevates
levels of catecholamines and
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glucocorticoids acutely (e.g., Axelson,

1987), but may also lower the level of
response to further activity (so that the
activity is not as stressful in trained ani-
mais).

Testosterone level is reduced by

acute exhausting exercise, but chronic
training had no effect on serum and
testicular concentrations and seems ta
only affect the capacity of a testicular
interstitial cell suspension to produce
testosterone (Harkonen et al., 1990).
Moderate forced exercise reduced

ovarian steroids and disrupted vaginal

cycles in rats (Axelson, 1987). An inter-
esting metabolic effect of estrogen is that

it increases fatty acid utilization in male
and female rats (Hatta et al., 1988) and
improves resistance to fatigue.

Combined exercise and decreased
energy intake
Many studies of exercise are actually
evaluating exercise combined with
uncontrolled weight loss. Because this
factor is often overlooked, the attribution
of effects to exercise per se is often not
definitive. Similarly, there can be
changes associated with physical activity
in some dietary and energy restriction
experiments. Surprisingly, few long-term
experiments have combined measure-

ment or control of physical activity with
controlled dietary intake in rodents,

although there are many such combina-
tions that could be tested.

The combination of even voluntary
wheel-running and approximately 30%
dietary restriction resulted in increased
mortality throughout much of the lifespan
of rats (Holloszy & Schechtman, 1991).
The cause of death of these animais was
not evaluated, but further studies using
the same model suggested an increase
in cardiomyopathy in exercised animais
(Holloszy, 1997).

How do 1 know if l'm doing enough physical activity to stay healthy?

If you are not sure you're probably doing activities in the light to moderate range on the chart below. Vou
need to work towards adding up 60 minutes of activities a day in periods of at least 10 minutes each.

Time needed depends on effort

Very Iight Light effort Moderate effort Vigorous effort Maximum
effort 60 minutes 30-60 minutes 20-30 minutes effort

· Strolling · Light walking · Brisk walking · Aerobies · Sprinting
· Dusting · Volleyball · Biking · Jogging · Racing

· Easy gardening · Raking leaves · Hockey

· Stretching · Swimming · Basketball

· Dancing · Fast swimming
· Water aerobics · Fast dancing

.. ..
Range needed to stay healthy
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Chapter 5

Cancermpreventive affects

Human studies
ln view of the large number of epidemio-
logical studies of effects of body weight
and adiposity on cancer, the following
review focuses on what the Working

Group deemed ta be the most informa-
tive ones. ln general, they are those in
which the analysis was based on larger
numbers of cases (usually over 100),
though the cut-off used varies from 200
cases for the most studied cancer sites
to only 50 for some others.

A single cohort study has often

generated a number of publications over
many years, with longer follow-up and
thus more cases. Likewise, data from
case-ontrol studies are often further
analysed to examine new measures or
address new issues. Only the latest fol-
low-up from cohort studies is generally
discussed or presented in the tables and
further analyses of case-control data are
considered only if they provide important
new information.

Methodological considerations
Epidemiological studies are critical ta the
evaluation of weight control and physical
activity in relation to cancer incidence
because they address the effects of
these variables, over a realistic range of
exposures, on the endpoints of direct
interest to humans. Randomized trials,
which in theory might provide superior
data, have not been conducted and

may never be, due to the difficulty of
maintaining informative contrasts in
exposure among large populations for
many years. This section highlights
some of the methodological issues

surrounding study design, sources of
bias, measurement of adiposity and

physical activity, and the interpretation of
findings.

Positive energy balance cannat be
measured directly in large epidemiologi-
cal studies but in theory can be esti-
mated by examining its components:
energy intake and expenditure. How-

ever, neither of these components can
be weil estimated by existing self-report-
ing methods, and one of the most valid
measures of recurrent positive energy
balance in humans remains adult weight
gain.

Recall bias
Many factors can influence the recall or
reporting of weight and physical activity.
This is potentially most serious in

case-ontrol studies, because even

small differences in over- or under-

reporting by cases compared with con-
trois can seriously influence the

observed associations.

Selection bias
Biased associations can also occur if
persons who participate as controls are
more Iikely to be health-conscious, and
thus more likely to be physically active
and lean, than those who do not parti ci-
pate. This would tend to produce

erroneous positive associations with
obesity and inverse associations with
physical activity. If potential control sub-
jects are truly a representative sample of
the population from which the cases
arose and participation rates are high,
selection bias is minimaL. However, par-
ticipation rates have declined progres-
sively over time in many countries, so
that the potential for selection bias has
become increasingly serious. Both recall

and selection biases are avoided in
prospective studies.

Detection bias
For some cancers that can be detected
by a screening test, such as early
prostate cancer diagnosed by screening
for prostate-specific antigen (PSA), bias
may exist in either case-control or cohort
studies if the Iikelihood of screening is
associated with other health-conscious

behaviour. Studies of only fatal end-

points, rather th an incident cancers, can
be misleading if body weight or activity
affects prognosis or is correlated with

behaviours that lead to earlier diagnosis
or better compliance with treatment.

These concerns are not important for
cancers that are almost al ways fatal,
such as cancers of the pancreas or lung
or for which early diagnosis and treat-
ment have little effect.

Publication bias
Failure of investigators ta report or of

journals to publish negative findings on

physical activity or weight could result in
a biased conclusion based on the avail-
able literature. Pooled analyses in which
the studies were selected for reasons

other than having data on weight or
activity should not be susceptible to this
form of bias.

Confounding
People who conscientiously exercise
and successfully control their weight
often have healthier lifestyles than those
who do not. Furthermore, high physical
activity is associated with low socioeco-
nomic status, which, in turn, is correlated
with increased or decreased cancer risk,
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depending upon site. Cigarette smoking
is a particularly important confounding

variable, as it is a strong cause of many
cancers and is less common among
exercising individuals but more frequent
among lean persons, in part due to its
mild anorectic effect. Thus, if smoking is
not taken into account, physically active
and overweight persans appear ta have

lower rates of many cancers, even if
weight and physical activity have no
direct effect. ln evaluating the results of
epidemiological studies, the degree ta
which the results have been adjusted for
potentially confounding variables is an
important consideration.

ln this report, the independent effects
of body weight and physical activity are
of particular interest. Because regular
physical activity is an important method
of controlling weight, these variables

tend to be inversely correlated. While it is
often of interest ta mutually control the

effects of weight and physical activity for
each other to determine the degree to
which they are independently associated
with cancer risk, the results should be
interpreted cautiously. For example, an
observation that physical activity was
associated with cancer risk before, but
not after, controlling for body weight would
not mean that physical activity has no
effect. The most likely interpretation wou Id

be that the effect of physical activity is
mediated by its influence on weight.

Reverse causation
ln evaluating associations between

weight or physical activity and cancer
incidence, the direction of causality

should be carefully considered.
Preclinical cancer is a well-known cause
of weight loss and may also lead ta a
reduction in physical activity. ln addition,
factors such as cigarette smoking or

occupational factors that cause both

chronic lung disease and some cancers
can lead ta changes in weight and

activity years before the diagnosis of
cancer. Merely controlling statistically for
smoking may not be adequate ta
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account for reverse causation, because
nuances of smoking habits or suscepti-
bility to cigarette smoke are not taken
into account. Analytical strategies such
as restriction to never-smokers or allow-
ing a long lag time between the assess-
ment of weight or activity and diagnosis
of cancer can be helpful.

Studies of weight loss and risk of can-
cer are particularly problematic because
relatively few healthy persons in a
population successfully lose weight

and maintain their loss, so that statistical
power is low. More seriously, in epi-
demiological studies, these healthy per-

sons are usually impossible to distinguish
from those who have lost weight due to
cancer or chronic disease that may be
the result of smoking or other factors.

Generalizabilty
Most reported studies of weight and
physical activity in relation to cancer inci-
dence have been based on Caucasian

populations of Europe and North

America. Part of the incompleteness of

information from other areas of the world
is due ta a lack of tested methods for

assessing physical activity in different
cultures. Also, the lack of knowledge

about personal weight and height in
societies where scales are not widely
available can make case-control studies
of these relationships impossible,

because they typically depend on
self-reported measures seve rai years

before diagnosis. This is unfortunate

because, as is discussed in the section
on breast cancer, some relationships
with body weight appear to differ
between high- and low-risk populations.
These differences are unlikely to be the
result of genetic factors, because rates
of most cancers converge wh en various
ethnie groups live in similar environ-

ments. A more Iikely explanation is that
the relationship of body weight and
physical activity to cancer risk depends
on the range of these variables present
in a population and interactions with
other aspects of lifestyle and diet.

Measurement of weight and
physical activity
Studies of weight and physical activity
depend directly on valid measures of
these variables. Issues of validity are
discussed in detail in Chapter 1, but

some issues particularly relevant to epi-
demiological studies are mentioned

below.

Measurement of weight : Weight is com-
monly used in epidemiological studies
among adult populations as an indirect
measure of adiposity. Adjustment for
height, most often by calculating BMI,

removes variation in weight due to height
and thus improves the correlation with
body fat mass. Although use of BMI does
not allow distinction between lean and fat
mass, in most general populations, the
majority of the variation is due ta adipos-
ity. Thus, correlations of SMI with body
fat mass adjusted for height measured
by underwater weighing have been

approximately 0.9 (Spiegelman et al.,
1992; Willett, 1998). ln populations

where scales are widely available,
self-reported weights are commonly
used in epidemiological studies. There is
some tendency for overweight persons
to under-report weight and for under-

weight persans to over-report weight.
However, self-reported weights have
been shown to be highly valid, being
strongly correlated with measured

weights (correlations typically over 0.95),
and to be consistently predictive of
diseases known to be related ta exces-
sive adiposity (Wilett, 1998). Even wh en
referring to periods many years in the
past, self-reported weight and height
have been shown to retain a high degree
of validity. Because use of self-reported
data on weight and height is necessary
in most case-control studies ta avoid the
influence of cancer on weight, and these
are the only feasible measures in some
prospective studies, the majority of

information on adiposity and cancer risk is
obtained in this way. ln populations

engaged in heavy physical labour, as
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in some developing countries, it is possible
that BMI may reflect adiposity less weiL.

Other measures of adiposity used in
epidemiological studies include changes
in weight, skinfold and abdominal and hip
circumferences, each of which provides

somewhat diferent information. Changes
in weight from, for example, age 20
years to midlife, can be particularly use-
fui because they take into account possi-
ble differences in frame size, and

increases are largely due to changes in
body fat unless a person has consciously
engaged in body-building. Changes in
weight also are simple and readily inter-
pretable by the public.

Measurement of physical activity:
Physical activity involves many compo-
nents, including the type of activity (Le.,
occupational, recreational, household),

the dose of the activity (Le., frequency,
intensity and duration) and the time
period in life when it is measured. These
components of physical activity have
been measured using widely different
methods in epidemiological studies.
Sorne of the inconsistencies in results
obtained by these studies may be
attributable to these diferences in the
methods used. Furthermore, since the
underlying biological mechanisms

involved in the disease process were
largely unknown when these studies
were conducted, the relevant types of
activity and time periods in life when
these activities were performed may not
have been adequately captured.

Errors in measuring physical activity
tend to lead to underestimation of the

strength of associations with cancer risk.
Many early studies used crude methods
for assessing activity and were some-
times only based on occupation. Most

recent studies have used physical
activity questionnaires that are more
detailed and comprehensive in the types
of activity evaluated. Differences in the
degree of validity of various question-
naires lead to diferences in estimates of
associations with cancer risk. However,

even a highly valid questionnaire that is
directed to a time period not relevant ta
the development of cancer may fail to
detect an important effect of physical

activity. Thus, questionnaires that assess
activity at various periods in life, and
repeated assessments of physical
activity in prospective cohort studies, can
be particularly informative.

Studies that have evaluated the

validity of recalled activity have shown
that more intense activities are recalled
with greater accuracy than moderate

activities. Consequently, the ability to
detect stronger associations for intense

activity, as shown in some studies
particularly of colon cancer, may reflect
more accu rate measurement of these
activities. However, it is also possible
that associations with vigorous activity
reflect important biological mechanisms.

Measures of physical activity
assessed by standardized question-
naires as used in recent epidemiological
studies have been shawn to be
correlated with biological measure-

ments such as resting pulse and tread-
mill assessments of fitness (see
Chapter 1). Moreover, these measure-
ments have been associated with future
risks of cardiovascular disease and dia-
betes in prospective studies. When

physical activity as assessed by ques-
tionnaires has been compared with that
recorded in detailed activity diaries, cor-
relations have been approximately 0.5
to 0.6 (Wolf et al., 1994; Chasan-Taber
et al., 1996). Thus, it is clear that the
methods of assessing activity in epi-
demiological studies are providing infor-
mative data, but the magnitude of the
associations tends to be underesti-

mated. The correlations with detailed
diaries suggest that the strength of an
observed relative risk will be about half
of the true relative risk (Wilett, 1998).

Modification of associations by
other factors
ln this evaluation, we consider evidence
that associations between physical

activity or weight and cancer incidence
may be modified by other variables
including gender, age or family history.
Ideally, genetic factors based on DNA
markers might be examined as modi-

fiers, but little such work has been done
up ta now. ln general, an ability to exam-
ine these interactions requires large
sam pie sizes, which have often not been
available. However, the evaluation of
associations within population subgroups
can also provide insight on possible

mechanisms. For example, the finding
that the association between BMI and
post-menopausal breast cancer is largely
absent among women currentiy using
estrogen replacement treatment (which
results in high blood estrogen levels in
ail women regardless of their BMI) adds ta
evidence that the effect of obesity on post-
menopausal breast cancer is largely
mediated by endogenous estrogens.

Considerations in assessing
causaliy
Whether associations observed in
epidemiological studies should be
considered ta be causal has been much
discussed (Tomatis, 1990). Here we do
not consider international correlations
(ecological studies) relating population
average values of weight or physical

activity ta cancer rates, because these
associations are likely ta be seriously
confounded by a multitude of factors
associated with economic development.
ln reviewing the case-control and

cohort studies, particular attention is
paid to the consistency of findings

across a range of populations, the
statistical robustness of associations as
reflected by confidence intervals, and
the degree to which potentially
confounding factors have been
accounted for.

Weight and weight control
Colorectal cancer
This review summarizes what is known
about the relationships between body
weight and the risk for both colorectal
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cancer and colorectal adenomas, the
pre-malignant lesion for colorectal can-
cer. The evidence for an overall associa-
tion ìs examined, as weil as the patterns
by gender, by colorectal subsite and by
stage of carcinogenesis. The possible

biological mechanisms underlying such
an association and how the interrelated
risk factors of physical activity and

dietary energy intake (Potter, 1996; Hill,
1998) might contribute independently or
along the same causal pathway with
obesity are discussed later in this
chapter.

Colorectal cancers arise predomi-

nanti y from adenomas, a process that in
most people takes at least 1 0 years
(Vogelstein et al., 1988; Kronborg &
Fenger, 1999). Small adenomas first
develop from mutated normal colonie
epithelium, then some of the small ade-
nomas grow in size and become more
histologically abnormal with successive
mutations, until finally invasive cancer
develops. Body weight may have effects
on colorectal cancer risk at any of these
stages, including initiation, promotion
and progression, over a 10-15-year

period or longer. Inferences about

point(s) in the development of colorectal
cancer at which obesity might be rele-
vant can be made by examining not only
the existence of an association between
body fatness and colorectal cancer, but
also the pattern of association with Iife-
time weight history, and whether that
association differs by adenoma size.

Several very large case-control and
cohort studies have reported not only on
the overall association between mea-
sures of body fatness and colorectal
cancer but also, with substantial power,
findings stratified by subsite within the
colorectum and by gender. Sa me have
also added measures of body fat distrib-
ution, often as the WHR, in order to
investigate whether body fat distribution
acts as a cancer risk factor independent
of overall adiposity, as is often estimated
by the BMI. There is extensive Iiterature
on body fatness indicators near the time

86

of diagnosis, but much less evidence
concerning Iifetime weight patterns.

This review do es not attempt to

describe ail published studies. Only the
larger studies are included and only
those that have presented evidence

regarding a dose-response relationship
between BMI and colorectal neoplasia.
Studies that presented only average BMI
levels for case and comparison groups
are not included. For studies that have
generated several reports, the report
presenting the greatest detail on body
weight or the most recent update (e.g.,
from ongoing cohort studies) has been
reviewed. Studies relating body weight to
adenomas are less numerous, so the
review is less selective. Thus for colorec-
tal cancer, only studies with more th an
200 cases were included, while for ade-
nomas, studies with as few as 100 cases
are included.

Body mass index
The associations between BMI, body
weight changes and body fat distribution
are summarized separately for colon and
rectal cancer, but there are only a small
number of studies of rectal cancer (Table
23). Several studies have presented

findings by subsite of the colon in which
the cancer arose. Findings from studies

of BMI and adenomas are also
presented in Table 23, since they can

provide evidence regarding the time(s) in
colorectal carcinogenesis when factors
associated with body weight might be
most important.

Cohort studies
Despite some variation, cohort studies
generally show positive associations
between body fatness, as indicated by
the BMI, and risk of cola rectal cancer.

Across the cohort studies, there is about
a 50-100% higher risk in the highest
quartile of BMI compared with the lowest
quartile. Different BMI eut-points have
been used, but the strength of the asso-
ciation corresponds in most studies to
nearly a doubling of risk in those with

BMI of 30 kg/m2 or over compared with
those having a BMI under 23 kg/m2.

Most studies have found a trend of
increasing colon cancer risk with

increasing BMI across a wide range, with
no clear evidence for a threshold effect.
The cohort study by Chyou et al. (1994),
which found the smallest relative risk
(RR = 1.2; 95% Ci 0.87-1.7), was con-
ducted among Asian men living in
Hawaii, and the difference in BMI

between the groups compared was nar-
row (;:26 vs -(22 kg/m2). Whether the
weaker association was due to this lower
distribution of BMI values in that popula-
tion or to other factors is unknown.

The observed association between
BMI and colorectal cancer risk is gener-
ally more consistent and of higher

strength for men th an for women. The
strength of the association is nearly twice
as high for males as for females in
studies that have presented results for
both. For example, in a large cohort

study of cancer mortality conducted by
the American Cancer Society (Murphy et
al., 2000a), the relative risks associated
with a BMI in the obese range (ab ove 30

kg/m2) compared with a BMI below 25
kg/m2 were 1.8 for men and 1.2 for
women. There is also a pattern of a
positive association of about the same
strength between BMI and colon adeno-
mas. A cohort study of male health
professionals (Giovannucci et al., 1995)
reported no association between adeno-
mas and BMI, but the findings were not
presented in detail. Among the adenoma
studies, the differences between the
genders seem less than for cancer,
although there are too few such studies
to allow a firm conclusion to be drawn.
For studies that assessed the
association with BMI separately for
larger and smaller adenomas, the pat-
tern suggests that the association is
stronger for larger adenomas. For exam-
pie, in a cohort study of US nurses

(Giovannucci et al., 1996), the relative
risk for overweight was 2.2 (95% Ci
1.2-4.2) for large adenomas, but only
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1.4 (95% Ci 0.86-2.4) for small
adenomas.

Case-control studies
As seen in the cohort studies, the
case-control studies of BMI and colon
cancer risk show a pattern of association
across most studies, with a stronger

association for men than for women. Six
case-ontrol studies that used identical
methods to study men and women found
a stronger association between BMI and
colorectal cancer among men (Graham
et al., 1988; Gerhardsson de Verdier et
al., 1990b; Kune et al., 1990; Le

Marchand et al., 1997; Caan et al., 1998;
Russo et al., 1998). Case-control stud-
ies also show an association between

BMI and adenoma risk of a similar mag-
nitude to that seen for colon cancer,

though in the single study that reported
separately for men and women (Neugut
et al., 1991), the gender difference seen
for colon cancer was not observed. The
RR was higher for women.

The association between colorectal
cancer risk and body weight is, in gen-
eral, stronger and more consistently
observed for cancers of the distal colon
than for those of the proximal colon,

among bath men and women, especially
in the very large studies (Dietz et al.,
1995; Le Marchand et al., 1997; Caan et
al., 1998; Russo et al., 1998). ln contrast
to the findings for colon cancer, studies
of rectal cancer have generally shown
little or no evidence for an association
with BMI (Gerhardsson de Verdier et al.,
1990b; Russo et al., 1998).

Weight change
Findings from studies that have exam-
ined the relationship between lifetime
weight history and colon cancer risk are
summarized in Table 24. These studies
have reported colorectal cancer risks in
relation to both BMI in early adulthood
and BMI during later adult years, nearer
the time of onset of cancer diagnosis.

For only a few studies were direct esti-
mates presented for the association

90

between weight gain per se and colon

cancer risk (Dietz et al., 1995; Le

Marchand et al., 1997; Kono et al., 1999;
Russo et al., 1999).

Cohort studies
ln general, cohort studies have not

yielded evidence suggesting a stronger
association between BMI earlier in Iife
and colorectal neoplasia than for BMI

later in life (Table 24). The studies by Lee
& Paffenbarger (1992a) and Le
Marchand et al. (1992) bath showed sim-
ilar relative risks for BMI in the late sec-
ond and the third decades of life to those
for BMls in later adulthood (ail in the
range1.4 to 1.6).

Case-ontrol studies
Case-ontrol studies do suggest that
elevated BMI in the later adult years and
weight gain between early adult ages
and later adult ages increase risk for
colon cancer (Dietz et al., 1995; Le
Marchand et al., 1997), although this is
less clear for adenomas (Bird et al.,
1998; Kono et al., 1999). As in the cohort
studies, there is no suggestion that body
weight earlier in life is more important as
a predictor of colon cancer risk than is
body weight later in life.

Body fat distribution
Body fat distribution seems to be an
addition al predictor of chronic disease
risk beyond the effect of ove rail obesity.
Table 25 displays the evidence for an
association between measures of body
fat distribution and colon cancer risk.
Ali studies expressed body fat distribu-
tion as the WHR, except for one which
used the ratio of subscapular to triceps
skinfold thickness (S/T ratio), another
index of central adiposity (Ford, 1999).

Cohort studies
The relative risks or odds ratios for colo-
rectal neoplasia associated with high

versus low or normallevels of WHR are
shown in Table 25. The ranges and dis-
tributions of WHR and of the S/T ratio

differ substantially across the various
cohort studies, but as was observed with
BMI, the WHR shows a pattern of a pos-
itive association with both colorectal can-
cer and colorectal adenoma risk.
However, the single study using the S/T
ratio did not find an association (Ford,
1999). ln the studies reporting

dose-response patterns, there was no
specifie threshold for this association

except in the study of males by

Giovannucci et al. (1995). As was seen
for BMI, there is also an association

between WHR and adenoma risk in
cohort studies, which in one study was
stronger for large adenomas.

Case-control studies
Like the cohort studies, case-ontrol
studies show an elevation of risk with
higher WHR levels of a similar magni-
tude to the association with elevated

BMI.

Discussion
High levels of body fat, as indicated by
higher BMI during adult life and/or higher
WHR, are associated with increased risk
for colon cancer and for colon adeno-
mas. This association is seen for both
men and women, though the association
with BMI is higher among men. The
reason for this gender difference is
unknown. If obesity was simply an indi-
cator of energy imbalance, there should
be no difference between the genders.
On the other hand, there may be an
offsetting beneficial effect of obesity
among women. A factor such as the
hyper-estrogenaemia that is associated
with postmenopausal obesity could be
responsible, as an estrogen benefit
could serve ta diminish the obesity-

related risk in women. This hypothesis is
further discussed later in this chapter.

The observation that SMI is more
strongly associated with larger adeno-
mas than with smaller adenomas sug-
gests that obesity-related factors may
act at a later stage in the development of
cancer, perhaps by contributing to the
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promotion and progression of adenomas
towards cancer. Alternatively, this pattern
could appear simply because many

other factors can lead small adenomas
not to progress, so that among people
with small adenomas those other causes
dilute the association of obesity with risk.

It is important ta note that the strength
of the association between colorectal
neoplasia and WHR is no greater th an
the strength of the association with BMI.
it is unlikely, therefore, that the associa-
tion with BMI is simply a proxy for a body
fat distribution phenotype such as that
indicated by the WHR. BMI is strongly
associated, however, with WHR, so it is
difficult to be sure that, as measured, the
independent effects of each are truly
separable in epidemiological studies. ln
addition, it may be specifically the intra-
abdominal fat stores that account for the
associations with WHR, and that the
crude measure of the total circumfer-
ences, which includes both intra-abdom-
inal and subcutaneous fat depots, does
not separate those two depots.

ln most of the epidemiological stud-

ies, body weight (as a measure of obe-
sity) has been obtained by self-reporting.
Case-ontrol studies use the weight

before onset of symptoms leading ta the
diagnosis of cancer, as weight loss is a
frequent consequence of undiagnosed

colorectal cancer. ln most of the
case-ontrol studies of adenomas, bath

the cases and controls came from

screened populations, sa these are truly
cross-section al studies by design. None-
theless, because adenomas rarely
cause weight loss, there should be no
bias in the assessment of weight as a
risk factor. ln prospective studies, current
weight at base line is usually the mea-
sure, although some studies have also
included retrospective recall of weight

from earlier in Iife (e.g., Lee &
Paffenbarger, 1992a; Le Marchand et al.,
1992).

Latency can be inferred either by
examining lifetime retrospective weight
histories or from prospective studies by

examining patterns of associations
according to the length of follow-up.

These analyses of differences in the
association between BMI and cancer at
different periods in life suggest that the
observed association between adult
obesity and colorectal neoplasia is prob-
ably not due sim ply ta a residual effect

from a stronger association earlier in Iife,
nearer to the time of adenoma initiation.
ln view of the observation that the asso-
ciation with obesity is stronger for larger

adenomas, the relationship between
BMI-associated factors and cancer most
Iikely follows the pathways of promo-
tional effects on adenoma growth and
progression.

ln summary, bath case-control and
cohort studies have shown associations
between various measures of adiposity
and the risk of colorectal neoplasia. The
association is not stronger for adenomas
than for cancer, nor is it stronger earlier
in life th an later in lie. The association is
stronger, however, for larger adenomas
than for smaller ones, and stronger for
men th an for women. These patterns
suggest an effect of factors related to
adiposity on the promotion of cancer and
a possible counteracting effect on these
factors by estrogens.

Breast cancer
The hypothesis that a chronic state of
positive energy balance promotes

tumour growth has been examined since
the early 1930s in animal models as one
rationale for the increasing incidence of
female breast cancer in developing coun-
tries (Tannenbaum, 1945). Epidemiological
studies in humans first demonstrated in
the 1970s that heavier women were at
increased risk of breast cancer (de

Waard & Baanders-van Halewijn, 1974;
Blizer et al., 1976). The influence of

various measures of body size has been
most extensively explored for breast
cancer, in part because of the inconsis-
tency in observed associations. The
most informative epidemiological studies
are those that distinguish between

Cancer-preventive effects

pre- and postmenopausal breast cancer,
examine the effect of weight, weight gain
and central body fat at various ages and
are designed ta examine the possible dif-
ferential effects of exogenous and
endogenous estrogens. ln view of
intriguing evidence obtained in the late
1990s that insulin-related growth factors

(IGF) may influence breast cancer risk
(see section on Mechanisms later in this
Chapter), recent studies have begun ta
explore possible effects of IGF and body
weight (Yu & Rohan, 2000).

Over 100 studies have examined the
association of three major anthropomet-
ric measures (weight or BMI at different
ages, central fat distribution, adult weight
gain) and female breast cancer inci-
dence and prognosis, with most studies
examining weight or BMI, often at
different periods of Iife. Studies that have
examined the association of weight or
BMI with cancer at many different sites
have limited information on breast can-
cer incidence, have generally not
adjusted for confounding, and therefore
are not included in this review. Because
of the complexity of the association of

the various anthropometric measures

with breast cancer and the volume of the
literature, only studies with at least 200
cases for either pre- or postmenopausal
breast cancer are summarized in Tables
26-28. The information in these tables is
organized by premenopausal and post-
menopausal breast cancer incidence,
with data on cohort and case-control

studies summarized under each of these
headings. Data are summarized in the
table and text for three major anthropo-
metric measures: (1) BMI or relative
weight, (2) weight at different ages and
adult weight change, and (3) body fat
distribution. Findings on breast cancer
prognosis and those relating to birth
weight and the interaction of weight with
age at menarche are briefly summarized
in the text but not included in the tables.
ln general, the many studies conducted
have found that taller women are
at increased risk for breast cancer
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irrespective of menopausal status, while
height has generally not been related to
breast cancer prognosis, but data on

height are not included in this review.

Premenopausal breast cancer
SMI or relative weight
Cohort studies
Cohort and nested case-ontrol studies
within cohorts are fairly few, but in gen-
eral have found greater reductions in
premenopausal breast cancer risk than
case-control studies (Table 26).
Estimates of 0.41 ta 0.9 (Willett et al.,
1985; London et al., 1989; Swanson et
al., 1989; Tretli, 1989; Vatten &
Kvinnsland, 1992; Törnberg & Carstensen,
1994; Huang et al., 1997) have been
reported for recent or usual BMI greater
th an 27 to 28 kg/m2. The studies of

Willett, London, and Huang are ail
derived from the Nurses' Health Study

and reflect longer periods of follow-up
and more cancer cases in each subse-
quent study. Two early studies sug-
gested that the protective effect among
heavier women was limited to early-
stage disease due ta poorer detection of
small tumours (Willett et al., 1985;
Swanson et al., 1989). However, more
recent studies including case-ontrol

(see below) and cohort studies pre-
sented in this chapter suggest that

detection bias could not explain the

increased risk for breast cancer

observed among lean premenopausal

women (London et al., 1989; Brinton &
Swanson, 1992). Some of the most pre-
cise estimates of risk derive from the

Nurses' Health Study (Willett et al., 1985;
London et al., 1989; Huang et al., 1997).
ln an analysis from the 1992 follow-up of
that cohort, the risk estimate for the top
decile of recent BMI ()-31.0 kg/m2) was

0.62. Relative risk estimates for the 2nd
to 7th deciles were essentially null and
th en decreased to 0.86 and 0.80 for the
8th and 9th deciles, respectively, sug-
gesting that the protective effect was

limited to very high BMI. Questions have
been raised about the selective nature of

the study population (ail nurses) within
the Nurses' Health Study. One other
large, weil designed population-based

Norwegian cohort study provided risk
estimates that are perhaps more

generalizable to a population of white

women (Tretli, 1989). ln that cohort,
relative risk estimates for stage 1 breast
cancer for women in the top quintie
compared with the bottom quintile of BMI
were 0.80, 0.54, 0.54 and 0.63 for
women aged 30-34, 35-39, 40-44 and
45-49 years. Relative risk estimates for
stage II-IV breast cancer were 1.2, 1.2,
0.97 and 1.4, respectively, for the same
five-year age groups. However, the only
statistically significant relative risks were
those for stage 1 breast cancer among
women 35-49 years.

Case-control studies
Heavier women have been found ta
have a decreased risk of premenopausal
breast cancer in most case-ontrol studies
(Paffenbarger et al., 1980; Hislop et al.,
1986; Brinton & Swanson, 1992;
Franceschi et al., 1996, Swanson et al.,
1996; Chie et al., 1998; Coates et al.,
1999; Peacock et al., 1999). Risk esti-
mates of 0.6 to 0.8 have generally been
reported for the highest compared with
the lowest BMI or weight groups. A

Iimited number of case-ontrol studies
showed no association or a non-signifi-
ca nt positive one (Hsieh et al., 1990;

Chu et al., 1991; Ziegler et al., 1996,
Enger et al., 2000; Hall et al., 2000b).
Two case-control studies have con-
firmed the findings in cohort studies that
detection bias does not explain the
increased risk for breast cancer

observed among lean premenopausal

women (Swan son et al., 1996; Coates et
al., 1999). This risk may be modified by
height. An informative large case-control
study that allowed stratified analysis of
the effects of both height and weight

found that risk was increased about

twofold among women who were tall and
thin compared with women who were
heavy and short (Swan son et al., 1996).

Weight change and young adult
weight
Data on weight change, young adult
weight and premenopausal breast can-
cer are limited but generally show similar
inverse associations irrespective of
study design.

Cohort studies
Consistent with findings for recent BMI
and premenopausal breast cancer, two
cohort studies have reported that weight
gain is associated with reduced risk of
premenopausal breast cancer (Le
Marchand et al., 1988a; Huang et al.,
1997). As shown in Table 27, an analysis
within the large Nurses' Health Study

gave a risk estimate of 0.74 (95% Ci
0.54-1.0) for the top sextile of weight

gain ()-25 kg) from age 18 years (Huang
et al., 1997). Heavier weight or BMI
during young adulthood, generally
reported for ages 18-20 years, was
associated with a 25-40% decrease in
breast cancer in the limited number of
cohort studies in which it has been
examined (Le Marchand et al., 1988a;
London et al., 1989). ln a large US
cohort, the risk estimate for the 5th

compared with the 1 st quintile of BMI at
age 18 years was identical to that for
recent BMI (London et al., 1989).

Case-control studies
ln the limited number of case-
control studies (Brinton & Swanson,
1992; Coates et al., 1999; Peacock et
al., 1999), weight gain was associated
with a 30% reduction in risk (Table 27).
The largest case-control study that
examined weight gain of 1590 women in
the USA found a reduced relative risk of
0.72 (95% Ci 0.54-0.95) with weight
gain of 21 kg or greater. ln case-ontrol
studies, heavier weight or BMI during
young adulthood, generally reported as
ages 18-20 years, was associated with
a 25-0% decrease in breast cancer
(Paffenbarger et aL., 1980; Chu et al.,
1991; Brinton & Swanson, 1992; Coates
et al., 1999; Peacock et al., 1999). This
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inverse association with young adult
weight or weight gain was seen even in
the absence of an inverse association
between recent BMI and breast cancer

(Chu et al., 1991).

Central adiposity
Data on central adiposity and pre-
menopausal breast cancer risk are
inconsistent but the most informative

studies suggest that neither waist nor
waist to hip ratio (WHR) is related to pre-
menopausal breast cancer risk
(Swanson et al., 1996; Kaaks et al.,
1998).

Cohort studies
One study found no association between
waist or WHR (Kaaks et al., 1998), one
showed a modest non-significant
increase in risk with WHR (Huang et al.,
1999) and one reported a statistically
significant increase in risk with WHR
(Sonnenschein et al., 1999) (Table 28). A
later follow-up, with more cases, of a
cohort that first found a positive associa-
tion (den Tonkelaar et al., 1995a) did not
detect any association between WHR
and breast cancer incidence (Kaaks et
al., 1998).

Case-conuol studies
Two studies found no association
between various measures of central
adiposity (Petrek et al., 1993; Swanson
et al., 1996), one found a non-significant
decrease in risk (Franceschi et al.,
1996), one found modest non-signifi-
cantly increased risk (Hall et al., 2000b)
and two reported statistically significant
increases in risk with WHR (Mannistä et
aL., 1996; Ng et al., 1997) (Table 28). A
multi-centre population-based case-
control study in the USA was particularly
informative in terms of having a large
number of premenopausal breast cancer
cases and measured waist and hip
circumferences (Swanson et al., 1996),
and found no association of WHR with
breast cancer risk.

108

Postmenopausal breast cancer
SMI or relative weight
ln contrast to the evidence on pre-

menopausal breast cancer, heavier
women have been found to be at
increased risk of postmenopausal breast
cancer in most studies (Table 26).

Cohort studies
Findings from a number of prospective
cohort studies indicate a modest

increased risk associated with recent

BMI (Le Marchand et al., 1988a; Tretli,
1989; Sellers et al., 1992; Törnberg &
Carstensen, 1994; Huang et al., 1997).
Other known risk factors that are likely to
confound the association of weight with
breast cancer include exogenous estro-
gen use and family history of breast can-
cer, and few studies have performed

stratified analyses to explore the discrete
effects of such factors. One of the largest
cohort studies found no increase in risk
(RR = 1.1; 95% Ci 0.87-1.5) for ail
women (Huang et al., 1997). However,
among women who had not used hor-
mone replacement therapy, risk was
increased to 1.6. ln another large cohort,
heavier women with a family history of
breast cancer had a greater risk of
developing breast cancer than heavier

women without a family history (Sellers
et al., 1992).

The Pooling Project included data
from eight prospective cohorts (one each
in Canada, the Netherlands and Sweden
and five in the USA) comprising 337 819
women and 4385 incident invasive
breast cancer cases. Risk of breast can-
cer increased above a BMI of 20 kg/m2

up to a relative risk of 1.3 (95% Ci
1.1-1.5) for women with BMI over 28
kg/m2, and did not increase further. This
analysis also found that the association

between BMI and breast cancer was
stronger and more significant among
women who had never used post-
menopausal hormone replacement
therapy. ln a subgroup analysis from the
Oxford Pooling Project, which combined
data on 50 cohorts primarily to examine

the effect of estrogen replacement ther-
apy (ERT) and breast cancer risk,
among women who had recently used
ERT for more than five years, the relative
risk in those with a BMI over 25 kg/m2
was 1.5 and was null among those with
a BMI less th an 25 kg/m2 (Collaborative
Group on Hormonal Factors in Breast
Cancer, 1997). These risk estimates
were not adjusted for duration of ERT.
The results of these two analyses con-
firm the earlier finding of an significant

interaction between body mass and hor-
mone replacement therapy from the
Nurses' Health Study (Huang et al.,
1997). The stronger association among
non-users of hormone replacement ther-
apy provides strong support for the
hypothesis that the mechanism for

increased risk is largely due to increases
in endogenous estrogen production
among heavier women.

Case-control studies
Women with BMI above 27-28 kg/m2
have been reported ta be at 10-60%
increased risk of breast cancer in many
case-ontrol studies (Paffenbarger et

al., 1980; Kolonel et al., 1986; Hsieh et
al., 1990; Harris et al., 1992; Franceschi
et al., 1996; Yong et al., 1996; Galanis et
al., 1998a; Magnusson et al., 1998), at a
more than twofold increased risk in some
others (Lubin et al., 1985; Chu et aL.,
1991; Chie et al., 1998; Enger et al.,
2000) and at no increased risk in a few
studies (Hislop et al., 1986, Bouchardy et
al., 1990; Brinton & Swanson, 1992; Hall
et al., 2000b). However, where
examined, risk appeared to increase with
age at diagnosis, from 1.1-1.3 among
women younger than 60 years to 1.6-2.9
among women older than 65 or 70 years

(Franceschi et al., 1996; Yong et al.,
1996; La Vecchia et al., 1997a). Only
one study has examined breast cancer
incidence by estrogen (ER) or proges-

terone receptor (PgR) status of the
tumour (Enger et al., 2000). Risk was 2.4
for a BMI over 27 kg/m2 among women
with ER- and PgR-positive tumours and
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was not increased among those with ER-
or PgR-negative tumours or with ER-

positive but PgR-negative tumours. ln
the same study, risk associated with BMI
did not vary according ta ER or PgR sta-
tus among premenopausal women.

Weight change and young adult weight
At present, the most consistent body-

size predictor of postmenopausal breast
cancer risk is adult weight gain (Table

27).

Cohort studies
An association of postmenopausal

breast cancer risk with adult weight gain
has been found in cohort studies (Le
Marchand et al., 1988a; Ballard-Barbash
et al., 1990a; Foisom et al., 1990; Huang
et al., 1997), inciuding those that found
no association belween BMI at baseline
and subsequent development of breast
cancer and also adjusted weight gain for
baseline BMI (Ballard-Barbash et al.,
1990a; Foisom et al., 1990; Huang et al.,
1997). Findings from one of the largest
cohort studies suggest that the doubling
of risk associated with a weight gain of
over 20 kg from age 18 years was limited
to women who had never used post-
menopausal hormone replacement
therapy (Huang et al., 1997). The data
from this study can be examined to

determine if there is a specifie level of
weight gain at which risk increases. A
20% increase in risk was observed for
weight gains between 2 to 20 kg,

although this was not statistically signifi-
cant, while a statistically significant
increase in risk of 40% was seen for
weight gains of over 20 kg.

ln Iwo cohort studies, greater weight
or BMI during young adulthood, gener-
ally reported for ages 18-20 years, was
associated with a 20-30% decrease in
breast cancer risk (London et al., 1989;
Sellers et al., 1992).

Cas~ontrol studies
Weight gain is also a consistent predictor
of increased risk in cas~ontrol studies

(Brinton & Swanson, 1992; Ziegler et al.,
1996; Magnusson et al., 1998; Enger et
al., 2000). Two case-control studies also
examined the effect of BMI or weight

gain and hormone replacement therapy
and reported similar results. ln these
studies, modest or no increase in
breast cancer risk with increases in

BMI was seen, but increases were
larger among women not using hor-
mone replacement therapy (Harris et
al., 1992; Magnusson et al., 1998). ln a
large case-control study for which data
were not presented in detail, it was
noted that the association between

weight gain and postmenopausal
breast cancer risk was attenuated

among current hormone users,
although the test for interaction was not
statistically significant (Trentham-Dietz
et al., 2000).

Greater weight or BMI during young
adulthood, generally reported for ages
18-20 years, was associated with a
10-30% decrease in breast cancer risk
in most case-control studies (Brinton &
Swanson, 1992; Magnusson et al., 1998;
Enger et al., 2000) but not in ail
(Paffenbarger et al., 1980; Trentham-
Dietz et al., 2000). A few studies

reported on a relative weight measure
(Hislop et al., 1986; Brinton & Swanson,
1992) and generally found that lower
body weight or size relative ta peers at
young ages was associated with either
no difference or a reduced risk of breast
cancer. During the middle decades of
life, the risk associated with BMI remains
inverse for premenopausal breast

cancer, though it shifts from a protective
effect to null as women approach the
menopause, and increases with age for
postmenopausal breast cancer.

Central adiposity
Cohort studies
Increases in central adiposity have been
associated with higher breast cancer risk
among postmenopausal women in
cohort studies (Ballard-Barbash et al.,
1990b; Foisom et al., 1990; Sellers et al.,

1992; Kaaks et al., 1998),(Table 28) par-
ticularly when possible differences in risk
related ta use of hormone replacement
therapy were examined (Huang et al.,
1999). Some of these studies adjusted
for baseline BMI and, therefore, the risk
estimates suggest an independent effect
of central adiposity. ln the largest cohort
study, risk increased from 1.2 among
women ove rail to 1.9 among women who
had never used postmenopausal hor-

mone replacement therapy (Huang et al.,
1999). Family history of breast and ovar-
ian cancer may modify the observed

association in postmenopausal women.
ln a cohort of postmenopausal women,
among women with elevated WHR, only
those with a positive family history of
breast cancer were at increased risk,
while the combination of high WHR with
a family history of breast and ovarian
cancer was associated with a more th an
fourfold increase in risk of breast cancer

(Sellers et al., 1992). ln another large US
cOhort, risk associated with waist circum-
ference and WHR appeared to vary
slightly with family history of breast can-
cer (Huang et al., 1999). Among women
having a family history of breast cancer,
risk estimates for the 5th compared to
the 1 st quintile were 1.2 for waist and
0.73 for WHR. Conversely, amon women
without a family history, risk estimates
were 1.4 for waist and for WHR.

Case-control studies
Case-control studies have yielded less
consistent results. Risk was significantly
increased by about double in most stud-
ies (Bruning et al., 1992a; Männistö et
al., 1996; Ng et al., 1997), non-signifi-

cantly increased by 60% in one (Hall et
al., 2000b) and not increased in some
(Petrek et al., 1993; Franceschi et al.,
1996). The majority of the studies finding
a positive association adjusted for cur-

rent BMI (Bruning et al., 1992a; Männistö
et al., 1996; Ng et al., 1997) and still
found an independent effect of central
adiposity. However, the largest case-
control study found no increase in risk
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with higher WHR after adjustment for
recent BMI (Franceschi et al., 1996).

Bir1h weight
Data on birth weight and breast cancer
are sparse, somewhat inconsistent, but
are accumulating rapidly and suggest a
positive association for premenopausal
breast cancer. However, most studies on
birth weight and breast cancer risk are
limited by a very small number of cases,
with many having fewer than 100 cases
and severalless than 50 cases.

Cohort studies
One cohort study has suggested that the
effect of birth weight may be modified by
childhood height. Among pre-
menopausal women, risk was not sig ni-

ficantly increased (RR = 1.2; 95% Ci
0.31-4.9) for a birth weight of 3500 g or
greater and a height of less than 1.22 m
at age seven years, compared with a
much higher risk (RR = 5.9; 95% Ci
2.0-17.4) for the same birth weight but
height greater than 1.22 m at age seven
years (De Stavola et al., 2000).

Case-control studies
Two case-control studies found no asso-
ciation between birth weight and breast
cancer (Le Marchand et al., 1988b;
Ekbom et al., 1997); the 1997 report by
Ekbom is an update of an earlier study
with a more limited number of cases that
did report a positive association (Ekbom
et al., 1992). However, more studies

reported a positive association, with one
case-control study of premenopausal

cases under age 37 years showing an

increased risk with birth weight over

4500 g (Innes et al., 2000) and other
studies finding an increase in risk with
increasing birth weight for pre-

menopausal but not postmenopausal

breast cancer (Berstein, 1988; Michels et
al., 1996; Sanderson et al., 1996) or
stronger increases in risk for pre-

menopausal than for post mena pausai
breast cancer (De Stavola et al., 2000;
Kaijser et al., 2001). Most of these
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studies suggested that risk increased

above a birth weight of 3500 g.

Weight and age at menarehe
Age at menarche, an established risk
factor for breast cancer, provides an indi-
rect indicator of energy balance during
childhood. Nutritional factors, in particu-
lar energy balance, appear to be the
major determinants of age at menarche.
ln prospective studies among young
girls, the major predictors of age at
menarche were weight, height and body
fatness (Meyer et al., 1990; Maclure et
al., 1991; Merzenich et al., 1993;

Koprowski et al., 1999). Early onset of
menstrual cycles exposes the breast ta
ovarian hormones at a younger age and
for a longer duration over a Iifetime. The
potential for energy balance to influence
breast cancer risk through age at menar-
che is greater than might be appreciated
by examining the distribution of this vari-
able in developed countries. Although
the average age at menarche in these
countries is now 12-13 years, in rural
China the typical age has been 17-18
years (Chen et al., 1990), similar ta that
in the developed countries some 200
years aga.

Data tram diferent ethnie
populations
As is clear from Tables 26-28, the majority
of studies on weight and breast cancer
risk have been conducted in European
and North American populations. With
the exception of studies in Asian or Asian
American women (Kolonel et al., 1986;
Tao et al., 1988; Kyogoku et al., 1990;
Wang et al., 1992; Chie et al., 1996;
Ziegler et al., 1996; Ng et al., 1997;

Galanis et al., 1998a; Tung et al., 1999)
and a single study including stratified
results for African American women (Hall
et al., 2000b), data on specific non-white
populations are limited. Generally, the
results in these studies are similar ta
those reported for white women or from
population-based studies that included

women from diverse ethnie backgrounds

but did not report specifie ethnic compar-
isons within their sam pies. For example,
in a large case-control study (Hall et al.,
2000b), risk in African Americans was
similar to that in white women for both
premenopausal and postmenopausal

women for both BMI and WHR.
However, in this study, BMI was not
related to risk for postmenopausal breast
cancer (Table 26). Two smaller studies in
China and Japan are not summarized in
the tables, but the results were similar ta
those in other populations. ln a small

case-ontrol study of 130 cases

(menopausal status not stated) in
Singapore, risk was markedly increased
to 6.1 (95% Ci 2.7-14.2) among women
with a WHR greater th an 0.86, while the
risk associated with a SMI greater th an
27.5 kg/m2 was non-significantly ele-
vated (1.2; 95% Ci 0.7-2.3) (Ng et al.,
1997). ln a case-ontrol study of 190

premeno-pausal breast cancer cases

and 186 postmenopausal breast cancer
cases in Japan, BMI was not associated
with premenopausal breast cancer (RR
= 0.98; 95% Ci 0.46-2.1, for BMI ::25.1
kg/m2) and was positively associated
with postmenopausal breast cancer (RR
= 1.9; 95% Ci 1.1-3.2, for BMI ::25.1
kg/m2) (Tung et al., 1999).

ln a comparison of the effect of body
size in various populations, seven coun-
tries were separated into those with low

(Japan, Taiwan), moderate (Brazil,
Greece, Yugoslavia) and high (USA,

Wales) risk (Pathak & Whittemore,

1992). At a BMI of 24 kg/m2, rates of
breast cancer increased among post-
menopausal women across ail countries,
with the greatest increases in risk at
higher BMI among low- and moderate-
ri.sk countries, suggesting that increases
in BMI now being observed in those
countries (see Chapter 1) may be a
major factor contributing ta increases in
breast cancer rates in countries that
previously had low to moderates rates
(Hodge et al., 1995, 1996). Further, while
risk ratios levelled off at higher BMls in
high-risk countries, this was not the



case in low- to moderate-risk countries,

where risk continued to increase expo-
nentially across the full range of body
weight.

Intentional weight control or loss
Data on an association between weight
loss and breast cancer risk are Iimited.
Four observational epidemiological

studies that presented data on weight
loss and breast cancer found no statisti-
cally significant association (Ballard-

Barbash et al., 1990a; Brinton &

Swanson, 1992; Ziegler et al., 1996;
Huang et al., 1997). ln three studies,
weight loss occurring over a long interval
was associated with a non-significant
slight reduced risk (Ballard-Barbash et
al., 1990a; Brinton & Swanson, 1992;
Trentham-Dietz et al., 1997, 2000). ln
another, weight loss in the decade before
diagnosis was associated with a non-sig-
nificant decreased risk (Ziegler et al.,
1996). One study of premenopausal

women found a statistically significant
decreased risk (RR = 0.64; 95% Ci
0.42-0.98) with weight loss from age 20
years to interview (age 20-4 years) that
was present only among cases with low-
grade tumours (Coates et al., 1999). One
study of postmenopausal women found
a statistically significant decreased risk
(OR = 0.76; 95% Ci 0.61-0.96) with
weight loss from age 18 years ta inter-
view (age 50-74 years) (Magnusson et
al., 1998). These data suggest that weight
loss may be beneficial, but are difficult to
interpret as the cause of weight loss was
not specified.

Breast cancer prognosß
BMI or relative weight
The association of BMI or weight with
breast cancer prognosis has been exam-
ined in over 50 studies; ail of which were
cohort in design in terms of evaluating

recurrence or death. Nearly ail evaluated
the effect of BMI at the time of diagnosis
on breast cancer prognosis. Heavier

women experienced poorer survival and
increased likelihood of recurrence in

most studies irrespective of menopausal
status and after adjustment for stage and
treatment (Greenberg et al., 1985;

McNee et al., 1987; Hebert et al., 1988;
Mohle-Boetani et al., 1988; Lees et al.,
1989; Verreault et al., 1989; Coates et
al., 1990; Kyogoku et al., 1990; Tretli et
al., 1990; Vatten et al., 1991; Senie et al.,
1992; Giuffrida et al., 1992;
Bastarrachea et al., 1994; Zhang et al.,
1995; den Tonkelaar et al., 1995b;

Maehle & Tretli, 1996). ln several studies,
the association with prognosis was limited
to or more pronounced among women
with stage 1 and Il disease (Verreault et
al., 1989; Tretli et al., 1990), estrogen
receptor (ER) and progesterone (PgR)-
positive status (Coates et al., 1990;

Giuffrida et al., 1992; Maehle & Tretli,
1996) and negative nodes (Mohle-

Boetani et al., 1988; Newman et al.,
1997). While many of the studies have
used hospital-based samples of women,
the most precise risk estimates are
derived from large population-based

cohorts of breast cancer cases. ln the
largest cohort of over 8000 women with
breast cancer, risk varied by stage at
diagnosis. Among women with stage 1 dis-
ease, women in the upper quintile of BMI
had a 70% increased risk of dying from
breast cancer; among women with stage
Il disease, women in the upper quintile
had a 40% increased risk. BMI was not
associated with risk among women with
late stage ill and stage IV disease (Tretli
et al., 1990). ln a subset of 1238 women
of this cohort with unilateral breast cancer
treated with modified radical mastectomy
and followed for 15 years, the risk of
dying from breast cancer relative to BMI
varied markedly by hormone receptor
status (Maehle & Tretli, 1996). Although
women with ER- and PgR-positive
tumours had nearly a 50% reduced risk
of dying from breast cancer, the risk
within hormone receptor-positive and
-negative groups varied with BMI.

Among women with hormone receptor-
positive tumours, obese women had a
risk of death three times higher than thin

Cancer-preventive effects

women. ln contrast, among women with
hormone receptor-negative tumours, thin
women had a risk of death six times
higher than obese women, even after
adjustment for Iymph node status,
tumour diameter and mean nuclear area.

Weight gain
Weight gain is reported in the majority of
women undergoing adjuvant therapy for
breast cancer (Heasman et al., 1985;
Goodwin et al., 1988; Camoriano et al.,
1990; Demark-Wahnefried et al., 1993,
1997). Weight gain associated with
treatment is lowest among women not
receiving systemic therapy, intermediate
among women receiving combination
therapy and more pronounced among

women receiving prednisone and ovarian
ablation in addition to adjuvant chemo-
therapy. Recent research has begun to
examine whether changes in energy

intake and expenditure du ring treatment
are associated with weight gain, in order
to develop interventions to prevent
weight gain during treatment (Demark-
Wahnefried et al., 1993). Although data
on the association of post-diagnosis

weight gain and prognosis are limited,
the largest study of 391 premenopausal
women found that women who gained
more than 5.9 kg were 1.5 times more

Iikely to relapse and 1.6 times more likely
to die th an women who gained less
weight (Camoriano et al., 1990).

Body fat distribution
Data on fat distribution and breast can-
cer prognosis are Iimited ta one study of
119 postmenopausal women with breast
cancer that found no association with
two measures of skinfold thickness, sub-
scapular and triceps (den Tonkelaar et
al., 1995b). No study has examined
prognosis in relation to waist or hip cir-
cumference.

Conclusion
ln populations with a high incidence of

breast cancer, the overall association of

BMI with premenopausal breast cancer
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risk is inverse. This has been found in
many cohort and case-control studies
that carefully controlled for numerous
reproductive and lifestyle factors. The
reduction in risk of 0.6 to 0.7 is modest
and does not appear to be observed

below a BMI of 28 kg/m2. ln contrast to
the consistency in the positive associa-
tion of BMI for postmenopausal breast
cancer in terms of both incidence and

mortality or prognosis, mortality for pre-
menopausal breast cancer is not lower
among heavier women. This may relate
to the observation that tumours have

tended ta be diagnosed at more
advanced stages among overweight
women. The results are largely from
studies performed before mammo-

graphie screening was widespread, but
are stil relevant for young women, as
mammographie screening does not
begin until ages of 40 ta 50 years in most
countries. However, in moderate- and
low-risk countries, risk of premenopausal
breast cancer does not appear ta

decrease with increasing BMI, which

may be due in part to a low prevalence of
overweight in such populations.

More than 100 studies conducted
during some 30 years in populations in
many countries have established that
higher body weight is associated with
increased breast cancer risk among

postmenopausal women. The large
majority of cohort and case-control

studies have seen positive associations,
although the increase in risk with BMI

has been somewhat modest. Nearly ail
of these studies have controlled for a
wide variety of reproductive and lifestyle
risk factors without altering this positive

association. More recent studies have
also adjusted for physical activity and stil
found an association. Risk appears ta
increase in a stepwise fashion with age.

Adult weight gain has been shown ta
be a strong and consistent predictor of
postmenopausal breast cancer risk.
Again, the association was particularly
strong among women who were never
users of hormone replacement therapy.
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As with the studies on BMI and breast
cancer, adjustment for many breast
cancer risk factors, including physical

activity, did not weaken these associa-
tions.

Endometrial cancer
There is convincing evidence from bath
cohort studies and case-ontrol studies
that adult obesity is associated with a
two- to threefold increased risk of
endo-metrial cancer (Table 29). Only

studies with at least 100 cases are
reviewed here, apart from some smaller
studies conducted in less-studied
populations.

Cohort studies
Cohort studies conducted in various

developed countries, including the USA

(Lew & Garfinkel, 1979; Le Marchand et
al., 1991 a), Denmark (Ewertz et al.,
1984; Møller et al., 1994), Norway (Tretli
& Magnus, 1990) and Sweden (Törnberg
& Carstensen, 1994; Terry et al., 1999),
have consistently found a direct associa-
tion between endometrial cancer risk
and adult weight or BMI. Only one of
these studies adjusted risk estimates for
reproductive risk factors (Le Marchand et
al., 1991 a). ln this study, in Hawaii, USA,
using historically-recorded weight and
height data, the association between

adult weight and endometrial cancer was
not explained by parity and age at first
birth; the association was strongest in
older women (over 60 years).

Case-control studies
Consistently with the cohort studies, the
great majority of case-ontrol studies

have reported an increased risk of
endometrial cancer with higher weight

(Wynder et al., 1966; Elwood et al.,
1977; Kelsey et al., 1982; Henderson et
al., 1983; La Vecchia et al., 1984, 1991;
Lawrence et al., 1987; Austin et al.,
1991; Shu et al., 1991, 1992; Brinton et
al., 1992; Swan son et al., 1993; Inoue et
al., 1994; Oison et al., 1995; Goodman
et al., 1997; Shoff & Newcomb, 1998;

Weiderpass et al., 2000). A particularly
large and weil conducted case-ontrol
study with 405 cases and 297 controls
(Swan son et al., 1993) reported a two-
fold increase in endometrial cancer risk

(95% Ci 1.2-3.3) among women with
BMI :;30 kg/m2 compared with those
having BMI .:23 kg/m2. This association
was observed in studies conducted in
North America, northern Europe, south-

ern Europe and China. Only two

(Koumantaki et al., 1989; Parslov et al.,
2000) out of 17 case-ontrol studies (18
publications) found no association and
none found an inverse association. ln
most studies, the association between
body weight and endometrial cancer was
independent of other known risk factors
for the disease, such as age, parity,
menopausal status, smoking, estrogen
replacement therapy and socioeconomic
status.

Discussion
A linear increase in risk with increasing

weight or SMI has been observed in
most studies (Elwood et al., 1977;

Kelsey et al., 1982; Henderson et al.,
1983; Ewertz et al., 1984; La Vecchia et
al., 1984, 1991; Lawrence et al., 1987;
Tretli & Magnus, 1990; Austin et al.,
1991; Le Marchand et al., 1991 a; Brinton
et al., 1992; Törnberg & Carstensen,

1994; Oison et al., 1995; Goodman et
al., 1997; Terry et al., 1999), However, in
other studies, the increased risk was
present only for the highest category of

body mass (Shu et al., 1991; Swanson et
al., 1993; Inoue et al., 1994; Weiderpass
et al., 2000). Thus, it is unclear whether
the risk of endometrial cancer is elevated
only in overweight and obese women or
whether the association is also present
at lower levels of body weight. This

inconsistency in the shape of the

relationship across studies may be due
to misclassification resulting from the
use of weight or BMI as a measure of
obesity (see below), to random variation
or ta true differences between popula-
tions.
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Cancer-preventive effects

Few studies have examined the asso-
ciation between weight and endometrial
cancer separately for pre- and post-

menopausal women or by age-group
and the numbers of premenopausal

women studied have been small. Most of
these studies found increased risk in ail
groups, with somewhat greater risk esti-
mates for older women (La Vecchia et
al., 1991; Le Marchand et al., 1991 a;
Törnberg & Carstensen, 1994). How-

ever, in one study (Brinton et al., 1992),
the increase in risk was similar for
younger and older women and in another
study the association with obesity

appeared stronger in premenopausal

women (La Vecchia et al., 1984). Studies
that examined the relationship between
body weight at an early age and

endometrial cancer found either no asso-
ciation or a weaker association com-

pared with the results for body weight in
late adulthood (Henderson et al., 1983;
Le Marchand et al., 1991a; Swanson et
al., 1993; Oison et al., 1995; Terry et al.,
1999; Weiderpass et al., 2000).

Weight gain during adulthood has
generally been found ta be associated
with endometrial cancer risk indepen-

dently of young adult obesity and in a
dose-dependent manner (Le Marchand

et al., 1991 a; Shu et al., 1992; Swanson
et al., 1993; Oison et al., 1995; Terry et
al., 1999). ln four of the five studies that
reported on this variable, the association
with adult weight gain remained after
adjustment for early-age weight (Le

Marchand et al., 1991 a; Swanson et al.,
1993; Oison et al., 1995; Terry et al.,
1999). Since, in most women, adult
weight gain represents added fat tissue,
it may be a better measure of adiposity
th an SMJ, which reflects the weight of
bath fat and lean tissue. The linear
dose-response relationship with weight
gain suggests that any amount of adipos-
ity contributes to endometrial cancer risk.

The distribution of body fat has been
examined in relation ta endometrial

cancer risk using various measures,

including WHR, waist-to-thigh ratio,

subscapular skinfold and subscapular-

to-thigh skinfold ratio. ln a cohort study in
Iowa, USA, WHR did not contribute addi-
tionally to BMI to the risk of endometrial
cancer (Foisom et al., 1989). Similarly, in
a cohort study conducted in Sweden,

WHR did not remain associated with
endometrial cancer after adjustment for
BMI (Lapidus et al., 1988). Six
case-control studies have examined the
association of WHR with endometrial
cancer. ln three of these (Elliott et al.,
1990; Schapira et al., 1991; Swanson et
al., 1993), WHR was independently

associated with risk of the disease,

whereas in the three other studies

(Austin et al., 1991; Shu et al., 1992;
Goodman et al., 1997), this association
did not remain statistically significant
after adjustment for BMI. However, waist
and hip circumferences may not be the
most relevant measures of central obe-
sity with regard to endometrial cancer
risk. ln a hospital-based case-control

study in Alabama (Austin et al., 1991)
and a population-based case-control
study in China (Shu et al., 1992), mea-
sures based on subscapular skinfold
were found ta better predict endometrial
cancer risk than WHR, with a threefold
increase in risk across quartiles that
remained unaffected by adjustment for
BMI.

One study has examined the interac-
tion between body weight and estrogen
replacement therapy (La Vecchia et al.,
1982). Although the power of this study
to detect an interaction was small, the
effects of estrogen replacement therapy
and of body weight on endometrial can-
cer appeared to be additive.

ln conclusion, a direct association

between body weight and endometrial
cancer has been observed in ail but
three of 25 epidemiological studies,

including in studies conducted in North
America, Europe and Asia, and among
pre- and postmenopausal women.
Overweight women (BMI ;" 25 kg/m2 or
more) appear ta be at a 2-3-fold
increased risk of endometrial cancer.

Adult weight gain, which may be a better
measure of middle-age obesity th an
BMI, has been found to be associated
with risk in a linear dose-dependent

fashion. There is evidence that fat distri-
bution may also be important in endome-
trial cancer, with upper-body obesity

particularly increasing risk.

Ovarian cancer
Since the relationship between obesity
and ovarian cancer has been examined
in only a relatively small number of

cohort and case-ontrol studies (Table

30), ail but the smallest studies (Jess

than 50 cases) were considered in this
review. A potential methodological prob-
lem that may be particularly significant
for ovarian cancer is the possibility of
reverse causation, i.e., that a weight loss
due to preclinical disease may confound
an association with body weight.

Cohort studies
Lew and Garfinkel (1979) reported a sta-
tistically significant 1.63-fold increased
risk of mortality from ovarian cancer in
women with weight ;,40% above aver-
age compared with women of average
weight in the American Cancer Society
cohort study. However, Møller et al.
(1994) found no increased risk of ovarian
cancer in a cohort of obese women,

compared with the Danish population.
Similarly, a large cohort study of Swedish
women (Törnberg & Carstensen, 1994)
with 330 cases found no association with
BMI (RR = 1.0; 95% Ci 0.92-1.1). A
report based on 97 cases and seven
years of follow-up from the Iowa

Women's Health Study (Mink et al.,
1996), which included information on

possible confounders, also showed no
association of BMI with ovarian cancer
(RR = 1.1; 95% CI 0.64-1.9).

Case-control studies
The results of case-control studies have
also been inconsistent (Table 30), with
five studies finding a direct association
(Casagrande et al., 1979; CASH Study,
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Cancer-preventive effects

1987; Farrow et al., 1989; Purdie et al.,
1995; Mori et al., 1998), four showing no
association (Byers et al., 1983; Mori et
al., 1988; Hartge et al., 1989; Shu et al.,
1989) and one showing an inverse asso-
ciation (Parazzini et al., 1997). The two
largest case-control studies found

clearly divergent results. The study by
Purdie et al. (1995) conducted in

Australia found a twofold increased risk
of ovarian cancer (95% Ci 1.4-2.8) for
women with BMI above the 85th per-
centile whereas, in their study in Italy,
Parazzini et al. (1997) reported a

decreased risk (OR = 0.66; 95% Ci
0.52-0.85) for women with "severe over-
weighf'.

Discussion
The evidence from the relatively few
studies on body weight and ovarian can-
cer has been inconsistent and does not
allow any conclusion to be drawn on a
possible association.

ln addition to BMI, measures of

central obesity were examined in two
cohort studies in relation to ovarian can-
cer risk. Lapidus et al. (1988) found no
association between this cancer and
WHR or subscapular skinfold in a small
cohort of Swedish women after adjusting
for BMI. ln contrast, Mink et al. (1996)
found a 2.3-fold increased risk of ovarian
cancer (95% Ci 1.2--.5) for women in
the fourth quartile of WHR compared
with the lowest quartile in a cohort study
in Iowa, USA. ln this study, no associa-
tion was found with BMI and the associ-
ation with WHR was not attenuated by
adjustment for other risk factors.

Prostate cancer
Although prostate cancer is a cam mon
cancer in many developed countries,
very few risk factors have been identified
for this disease. Because rates of the
disease increase when migrants move
from low-risk to high-risk areas, Iifestyle
and diet are thought to play major roles
in its etiology. Much attention has been
given to the possible importance of

nutrition, and in particular obesity and
physical activity. Because latent or early-
stage prostate tumours are often found

at autopsy, the clinical significance of
early-stage prostate cancer, as

commonly detected by screening, is
unclear. Also, it is possible that lifestyle
characteristics that are associated with
participation in screening may confound
studies of other risk factors. Thus,

analyses that focused on the more

aggressive, high-grade tumours are
particularly useful.

Cohort studies
Table 31 summarizes the prospective
studies with at least 100 cases which
have explored the relationship between
anthropometric variables and prostate
cancer. Most of these studies focused on
adult weight and BMI. Four cohort

studies found a direct association

between weight or BMI and prostate
cancer (Lew & Garfinkel, 1979; Chyou et
al., 1994; Andersson et al., 1997;

Putnam et al., 2000). However, nine
other cohort studies found no statistically
significant association between body
mass and prostate cancer (Greenwald et
al., 1974; Whittemore et al., 1985a; Miiis
et al., 1989; Thompson et al., 1989; Le
Marchand et al., 1994; Giovannucci et
al., 1997; Lund Nilsen & Vatten, 1999;
Schuurman et al., 2000; Clarke &
Whittemore, 2000). Although the majority
of the significant associations with body
mass were found in studies which
focused on fatal or more aggressive

tumours (Greenwald et al., 1974;

Andersson et al., 1997; Putnam et al.,
2000), a clear pattern of a stronger asso-
ciation for the more clinically significant
forms of the disease has not been con-
sistently observed. Some studies having
death from prostate cancer as the end-

point did not find any association with

BMI (Greenwald et al., 1974; Whittemore
et al., 1985) and some large cohorts
which conducted sub-group analyses on

advanced prostate cancer did not clearly
show a stronger effect for BMI in these

patients (Giovannucci et al., 1997; Lund
Nilsen & Vatten, 1999).

Three large, weil conducted prospec-
tive studies i1lustrate the variation in the
epidemiological findings on body weight
and prostate cancer. ln a retrospective
cohort study, Andersson et al. (1997)

studied 135 000 Swedish construction
workers who participated in health
check-ups between 1971 and 1975 and
were followed through 1991. A total of
2368 incident prostate cancer cases and
708 deaths from this disease were

observed. Height and weight were

measured at baseline. Weak positive
associations (13-17% increase in risk for
the highest compared with the lowest
quartile) were found for weight, height,
BMI and estimated lean body mass.
These associations were somewhat

stronger (30--0% increase in risk) when
prostate cancer death rather th an inci-
dence was used as the endpoint.
Giovannucci et al. (1997) analysed data
from the Health Professionals Follow-up
Study, a cohort of 47 781 men who
answered a mail questionnaire in 1986
and were followed until 1994. They
identified 1369 cases of incident prostate
cancer. Adult body mass was unrelated
to the risk of total, advanced or metasta-
tic prostate cancer. ln contrast, higher

BMI at age 21 years was associated with
a significantly lower risk of advanced
(RR = 0.53; 95% Ci 0.33-0.86 for BMI
2:26 vs -(20 kg/m2 at age 21 years) and
metastatic prostate cancer. Schuurman
et al. (2000) used data from the

Netherlands Cohort Study to investigate
by a case-cohort approach the relation-
ship of anthropometric variables with

prostatic cancer. They studied 58 279
men aged 55-69 years who completed a
self-administered questionnaire in 1986
and were followed until 1992. A total of
681 incident cases were identified. No
association was found with baseline
BMI, height or lean body mass for total,
localized or advanced prostate cancer.
However, a direct association was
observed between BMI at age 20 years
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and prostate cancer (RR = 1.3; 95% Ci
0.81-2.2 for BMI 2:25 vs. ~19 kg/m2 at

age 20 years). This association was lim-
ited to localized tumours and not

observed for advanced tumours.

Case-control studies
Case-control studies of body mass and
prostate cancer risk (Table 31) have

been quite consistent in suggesting no
association (Wynder et al., 1971;

Graham et al., 1983; Ross et al., 1987;
Kolonel et al., 1988; West et al., 1991;
Whittemore et al., 1995; Andersson et
al., 1995, 1996; llc et al., 1996; Key et
al., 1997; Hsieh et al., 1999; Villeneuve
et al., 1999; Hsing et al., 2000). Some of
these studies were particularly large and
informative. A population-based case-
control study conducted by Whittemore
et al. (1995) among 1655 cases and
1645 controls of African American, Asian
or Caucasian origin, in California, Hawaii
and Canada showed a clear lack of
association with BMI. Similarly, the pop-
ulation-based case-control study con-

ducted by Villeneuve et al. (1999) in
eight Canadian provinces with 1623

cases and 1623 controls found an odds
ratio of 0.9 (95% Ci 0.7-1.) for men with
BMI ::30 kg/m2, compared with those
having BMI ~20 kg/m2. Another popula-
tion-based case-ontrol study con-

ducted in China reported an odds ratio of
1.2 (95% Ci 0.73-1.8) for BMI ::24.03
kg/m2 compared with BMI :'19.82 kg/m2

(Hsing et al., 2000).
Not ail studies have been null, how-

ever. Two case-control studies con-
ducted in Italy (Talamini et al., 1986) and
Sweden (Grönberg et al., 1996) reported
a direct association, and one in Taiwan

(Sung et al., 1999) reported an inverse
association between BMI and prostate
cancer.

Discussion
It is possible that adult weight and BMI
do not weil reflect the actual exposures
most relevant to prostate cancer etiol-
ogy. BMI reflects both lean body mass
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and adipose tissue, especially in men,
and th us is not an ideal measure for

studies of an androgen-dependent

tumour, such as prostate cancer, since
lean body mass is related to androgen
levels. Only a few studies have investi-
gated the body fat distribution patterns
that may be more strongly related ta the
endocrine abnormalities typically associ-
ated with obesity. Giovannucci et al.
(1997) failed to find an association
between waist circumference or WHR
and prostate cancer. However, they
found a borderline statistically significant
inverse association with hip circumfer-

ence. No association with waist girth was
found in a large case-control study con-
ducted in California, Hawaii and Canada

(Whittemore et al., 1995). ln contrast, a
population-based cohort study con-

ducted in China reported a direct dose-
dependent association with WHR, with
an OR of 2.7 (95% Ci 1.7-4.4) for a
WHR ::0.92, compared with :'0.86
(Hsing et al., 2000).

It is also possible that body mass at a
young age is more important than adult
BMI. However, the results on body

weight in young adulthood have also
been inconsistent, with a large cohort
study finding a weak direct association
between BMI at age 20 years and

prostate cancer (Schuurman et al.,
2000), one cohort study (Cerhan et al.,
1997) and two case-ontrol studies
(Andersson et al., 1996; Key et al., 1997)
finding no association and another large
cohort study finding an inverse associa-
tion with advanced disease (Giovannucci
et al., 1997). A reduced risk was also
associated in the latter study with obesity
at ages 5 and 10 years, based on self-
reported assessment using pictograms
of body size and shape. Height, which

partially reflects energy intake in child-
hood and androgen levels around the
time of puberty, has been more inten-
sively investigated. Four cohort studies
(Le Marchand et al., 1994; Andersson et
aL, 1997; Giovannucci et aL, 1997; Hebert
et al., 1997) found a direct association

between attained adult height and
prostate cancer. However, six other

cohort studies (Whittemore et al., 1985;
Severson et al., 1988; Cerhan et al.,
1997; Veierod et al., 1997; Lund Nilsen &
Vatten, 1999; Clarke & Whittemore, 2000)
and ail but one case-ontrol studies

(Norrish et al., 2000) that have reported
on height failed to find an association.

High birth weight was found to be
associated with increased risk of

prostate cancer in a small cohort study in
Sweden that used midwife records
(Tibblin et al., 1995). An attempt to repro-
duce this finding using self-reported birth
weight in a large cohort study in the USA
found no ove rail association with

prostate cancer, although a weak associ-
ation between birth weight and high-
stage/grade tumours was suggested
(Platz et al., 1998). Thus, measures of
body mass during childhood, adoles-
cence or early adulthood have not been
consistently associated with prostate

cancer risk, mirroring the inconclusive
results obtained for adult body mass.

ln summary, a quite large number of
studies have examined the association
between body weight and prostate
cancer in a variety of populations in

North America, Europe and Asia, and

have considered weight at different
periods of life as weil as body fat distrib-
ution. Some studies focused on the more
aggressive forms of the disease which

may be less subject to detection bias. No
consistent pattern of association has

emerged. The data suggest the absence
of an important association between

elevated body weight and the risk of
prostate cancer.

Kidney cancer

Several studies worldwide have estab-
Iished BMI as a risk factor for renal-cell
cancer (Bergström et al., 2001) (Table
32) Additionally, diabetes and hyperten-
sion, which are both related to obesity,
are established risk factors for renal-cell
cancer. ln contrast, no association

between obesity and tumours of the renal
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pelvis has been identified (McCredie &
Stewart, 1992; Chow et al., 2000).

Cohort studies
Four studies based on at least 100 kid-
ney cancer cases (Finkle et al., 1993;
Hiatt et al., 1994; Heath et al., 1997;

Chow et al., 2000) conducted in North
America and Sweden have reported on
the association between obesity and kid-
ney cancer. Among women in the Kaiser
Foundation Health Plan between 1980 to
1989, Finkle et al. (1993) identified 191
cases of histologically verified renal-cell
cancer. The earliest recorded measure
of weight/height was compared. Renal-
cell cancer was associated with increas-
ing relative weight, with a 2.6-fold

increased risk in the highest quartile
compared with the lowest and a signifi-
cant trend (p .. 0.01). ln a similar study,
Hiatt et al. (1994) identified 167 male
and 90 female cases of renal-cell cancer
that occurred between 1964 and 1988
among participants of the Kaiser
Permanente Medical Care Program in
northern California. Among neither men
nor women was any increase in renal-
cell cancer with BMI observed. Following
998 904 men and women for seven
years (1982-89), Heath et al. (1997)
identified 212 and 123 renal-cell cancer
deaths among men and women, respec-
tively. High BMI was associated with
increased mortality from renal-cell can-
cer, in both men and women. ln a study
based on the health records of 363 992
Swedish male construction workers who
underwent at least one physical exami-
nation between 1971 and 1992, Chow et
al. (2000) identified 759 renal-cell cancer
cases, as weil as 136 cases of renal
pelvis cancer. The risk of renal-cell can-
cer was significantly higher in those with
a high BMI, with an approximate doubling
of risk among those in the highest octile of
the cohort compared with the lowest. A
dose-response relationship was observed.
No association was observed between
BMI and cancer of the renal pelvis.

Case-control studies
Fifteen case-ontrol studies covering

populations in North America, northern

and southern Europe, Asia and Australia
have reported on the association

between BMI and renal-cell cancer
(Table 32). Four of these (McLaughlin et
al., 1984; McCredie & Stewart, 1992;
Lindblad et al., 1994; Mellemgaard et al.,
1994) were included in a pooled analysis
of 1050 male and 682 female renal-cell
cancer cases, which provides the most

accu rate estimates of the relationship

between BMI and renal-cell cancer
(Mellemgaard et al., 1995). ln this pooled
analysis, including studies conducted in
Australia, Denmark, Germany, Sweden
and the USA, an increasing trend in
renal-cell cancer with increasing BMI
was observed for both men and women,
with a 3.6-fold increased risk for women
and a 1.6-fold increased risk for men in
the fourth quartile of BMI compared with
the first. ln the remaining 11 case-on-
trol studies, an increasing risk of renal-
cell cancer with BMI was observed either
in men or women or in both in nine stud-
ies, an exception being a small hospital-
based case-ontrol study in northern

Italy (Talamini et al., 1990). As weil as
the international pooled study which
reported a greater effect of BMI among
women than among men, four of the
remaining studies provided evidence of a
stronger association among women
(McLaughlin et al., 1992; Benhamou et
al., 1993; Kreiger et al., 1993; Chow et
al., 1996), while one showed a greater
effect among men (As al et al., 1988).

Discussion
A consistently increased risk of renal-
cell cancer with increasing BMI, with a
dose-response relationship, was
observed in most studies for both men
and women. Furthermore, it was
observed both in a large case-ontrol

study (Yuan et al., 1998) and in a cohort
study (Chow et al., 2000) that obesity,
independently of blood pressure,
increased renal-cell cancer risk. This

may indicate that obesity and hyperten-
sion influence renal-cell cancer through
different mechanisms.

BMI has been observed in some
studies ta increase renal-cell cancer risk
more among women than men
(McLaughlin et al., 1992; Mellemgaard et
al., 1994). This suggests the importance
of gender-specific fat distribution and

hormonallevels. A high WHR has been
observed in two studies ta increase
renal-cell cancer risk (Prineas et al.,
1997; Bergström, 2001).

Weight change throughout life has
been investigated in a population-based
case-control study; subjects with a high

BMI already at age 20 years who further
gained 20 kg or more between ages 20
and 50 years had a 2.9-fold increased
risk (95% Ci 1.4-6.0) (Bergström, 2001).

Those with a low BMI at age 20 years
who gained weight up to age 50 years
had a moderately increased risk of renal-
cell cancer. Both weight cycling and

weight loss have been observed ta
increase renal-cell cancer risk
(Mellemgaard et al., 1995; Bergström,
2001). Losing weight was associated
with increase in risk, especially among
subjects with low BMI at age 20 years
(RR == 2.6, 95% Ci 1.4-4.7) (Bergström,
2001). These observations of increased
risk of renal-cell cancer with weight loss
may be explained by incomplete ad just-
ment for preclinical disease.

ln a recent meta-analysis including

11 studies, 6% and 7% increases in
renal-cell cancer risk were observed for
each unit increase in BMI in men and
women, respectively. The estimated rela-
tive risks correspond to increases in risk of
36% for an overweight persan (BMI ::25.0
kg/m2) and 84% for an obese person (BMI
::30.0 kg/m2 (Bergström et al., 2001).

ln summary, ail studies except for
one of the 19 reviewed found a more

than twofold increase in renal-cell cancer
risk among obese men and women com-
pared with those of normal weight. The
studies, conducted in Australia, China,
Europe and the USA, consistently found
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the risk of renal-cell cancer to increase in
a BMI-dependent manner in both men

and women.

Lung cancer
A positive association between over-
weight and cancer mortality has been
weil documented for both men and
women (Lew & Garfinkel, 1979; Waaler,
1984; Møller et al., 1994; Calle et al.,
1999) (Table 33). ln contrast, there has
been considerable debate as to whether
lower body weight is associated with
either higher total mortality (Lee et al.,
1993) or lung cancer risk (Waaler, 1984;
Goodman & Wilkens, 1993). Inclusion of
individuals with pre-existing respiratory

diseases and/or smoking-related weight

loss may explain a U-shaped or a J-
shaped relationship between body weight
and cancer mortality rates observed in
many studies (Singh & Lindsted 1998).
Thus, the issue of whether body weight is
related to increased risk of lung cancer
remains controversial.

Cohort studies
Five cohort studies that investigated the
association between weight and lung
cancer risk were conducted in Finland
(Knekt et al., 1991), the USA (Lee &
Paffenbarger, 1992b; Chyou et al., 1994;
Drinkard et al., 1995) and Israel (Kark et
al., 1995). During 19 years of follow-up,
504 lung cancer cases were diagnosed

among 25 994 Finnish men (Knekt et al.,
1991). An inverse association between
BMI and lung cancer risk was observed
overall after adjustment for potential con-
founding factors including smoking and
was even stronger among non-smokers.
Lee and Paffenbarger (1992b), in a study
of Harvard alumni including 286 lung

cancer cases diagnosed between
1962/66 and 1988, observed a nearly
twofold increase in lung cancer risk
among those in the lowest tertile com-
pared with the highest tertile of BMI, with
a dose-response association in the first
11-15 years of follow-up. ln a Iinkage
study including 9975 male civil servants,

124

BMI was inversely related to lung cancer
incidence in a dose-dependent manner,
with a relative risk of 0.44 (95% Ci
0.26-0.72) for the highest quintile of BMI
compared with the lowest (Kark et al.,
1995). Controlling for lung function did

not change the association observed. ln
the study by Chyou et al. (1994), including
236 lung cancer cases, a clear inverse
association between skinfold thickness
and lung cancer risk was observed, but
no association between BMI and lung
cancer risk was seen after adjustment for
smoking habits. ln a prospective study of
women in Iowa, USA (Drinkard et al.,
1995), BMI was estimated through self-
reporting at ages 18, 30, 40 and 50 years
and at baseline. Among never-smokers,
no association between BMI at baseline
and lung cancer risk was observed

among 233 lung cancer cases diag-
nosed during six years of follow-up.

Case-control studies
ln a hospital-based case-ontrol study

including 3607 lung cancer cases, no
significant association was observed in
men who never smoked between the
highest and lowest quartiles of BMI and
lung cancer risk (RR = 1.1, 95% Ci
0.5-2.5) (Kabat & Wynder, 1992). ln con-
trast, in currently smoking men, after
adjustment for smoking habits, a twofold
decreased risk was observed (RR = 0.5;
0.4-0.7). However, a clear inverse

dose-response relationship was
observed between BMI and lung cancer
risk in both currently smoking and never-
smoking women. A population-based
case-control study in Hawaii found an
inverse association with BMI assessed
only five years before diagnosis but not
with BMI at ages 20 or 29 years, with an
increased risk among the leanest men
and women (Goodman & Wilkens,
1993). Information about preclinical dis-
ease was not available. A population-
based case-ontrol study in the USA

included subjects who either had not
smoked more th an 100 cigarettes during
their lifetime (never smokers) or had not

smoked during the past 10 years (former
smokers) (Rauscher et al., 2000). Those
in the highest octile of BMI (;: 30.8 kg/m2)
had more than twice the odds of
developing lung cancer compared with
those in the lowest octile (BMI :: 21.3
kg/m2).

Discussion
An inverse dose-response relationship
between SMI and lung cancer was
observed overall or in most subgroups in
ail studies except one (Rauscher et al.,
2000) of those reviewed. However, sev-
eral cohort studies suggested that an
inverse association between BMI and
lung cancer risk is limited to those who
developed lung cancer in the first years
of follow-up (Lee & Paffenbarger, 1992b;
Orinkard et al., 1995). Thus, the inverse
association observed between BMI and
lung cancer may be explained by weight
loss due to preclinical disease, Le., latent
undiagnosed lung cancer. This is sup-
ported by the observation that the
inverse association between skinfold
thickness and lung cancer did not persist
as the time between examination and

cancer diagnosis was lengthened

(Chyou et al., 1994).
Since smoking is weil established as

the primary cause of lung cancer and is
inversely associated with BMI, the
inverse association between BMI and
Jung cancer may reflect incomplete
adjustment for effects of smoking. This is
supported by the observation that no sig-
nificant association between BMI and
lung cancer risk was observed among
men who never smoked, while among
currently smoking men, after adjustment
for smoking habits, an increased lung

cancer risk was observed with higher
BMI. ln the cohort study by Drinkard et
al. (1995), multivariate analyses sug-
gested that the inverse association of
BMI with Jung cancer could be explained
by smoking status and that the positive
association between WHR and lung can-
cer with lung cancer could be explained
in terms of pack-years of smoking.
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Oesophageal cancer
Ouring recent decades, the incidence of
oesophageal and gastric cardia adeno-
carcinoma has been increasing, while
the incidence of oesophageal squamous
cell carcinoma has remained relatively
constant. Except for an association with
Barrett's oesophagus, little is known

about the etiology of these cancers.

Certain epidemiological and molecular

differences between oesophageal and
gastric cardia carcinoma suggest that
these cancers represent biologically dif-
ferent malignancies (Dolan et al., 1999;
Wijnhoven et al., 1999).

Cohort studies
Data from the national Norwegian

screening programme for tuberculosis
(Tretli & Robsahm, 1999) were used in a
study of 1 100 000 individuals aged 30-9
years at the time of examination who

were followed until December 1989
(Table 34). High BMI was associated
with increased risk of oesophageal ade-
nocarcinoma, while the incidence of
squamous cell carcinoma was linked ta
low BMI (men, RR = 2.4; 95% Ci
1.3-4.4; women, RR = 1.6; 95% Ci
0.5-4.8 for the highest quintiles).

Case--ontrol studies
Out of eight reported case-ontrol stud-
ies, six included more than 100 cases
(Table 34). ln a study of 173 male cases
with adenocarcinoma of the distal
oesophagus or cardia and 4544 controls,
Kabat et al. (1993) found no association
with reported BMI five years before diag-
nosis (BMI ~8 vs -022 kg/m2: OR = 0.8;

95% Ci 0.4-1.7) for adenocarcinoma of
the oesophagus or cardia. A sm aller
study by Zhang et al. (1996) also failed
ta find an association between BMI and
oesophageal cancer. However, five
case--ontrol studies have observed

positive associations with increasing

BMI. ln the US study of Brown et al.
(1995), 162 male cases with
oesophageal adenocarcinoma were

compared with 685 controls. Risk was

126

significantly elevated for subjects in the
heaviest quartile compared to the lowest
quartile of BMI, (OR = 3.1; 95% Ci
1.8-5.3). Vaughan et al. (1995) studied
133 cases of adenocarcinoma of the

oesophagus and 165 cases of cancer of
the gastric cardia and found increased
risks with higher BMI (OR = 2.5; 95% Ci
1.2-5.0 and 1.6; 95% Ci 0.8-3.0,
respectively for the highest percentiles of
BMI). Ji et al. (1997) reported ORs for
adenocarcinoma of the cardia of 5.4
(95% Ci 2.4-12.3) for men and 1.8 (95%
Ci 0.5-6.4) for BMI above 25 kg/m2 in

women in Shanghai, China. Chow et al.

(1998) also found increasing risk associ-
ated with BMI for bath oesophageal

adenocarcinoma and gastric cardia ade-
nocarcinoma. The elevated risk was
related mainly to excess weight per se
and not to weight change over time. Men
in the highest quartile of usual BMI had
an OR of 3.0 (95% Ci 1.7-5.0) and
women OR 2.6 (95% Ci 0.8-8.5) for
oesophageal adenocarcinoma, while the
ORs for cardia cancer were lower. The
ORs for the highest versus lowest quar-
tiles of usual BMI were 8.7 (95% Ci
2.4-31.1) among non-smokers and 2.9
(95% Ci 1.1-7.6) among current smokers,
cigarette smoking being a significant
effect modifier.

Lagergren et al. (1999a) studied 189
and 262 Swedish patients with
oesophageal and cardia adenocarci-
noma, respectively. Strong positive
associations with oesophageal adeno-
carcinoma were observed for BMI above
25.6 kg/m2 for men or 24.2 kg/m2 for

women relative to the lowest quartile
(OR = 7.6; 95% Ci 3.8-15.2), and for
obesity (BMI above 30 kg/m2) relative ta
BMlless than 22 kg/m2 (OR = 16.2; 95%
Ci 6.3-41.4).

Discussion
ln six out of eight reported case-ontrol
studies, an increased risk was observed
with higher BMI, notably at high BMI

values. The risk is higher for
oesophageal adenocarcinoma than for

cardia adenocarcinoma. No association
has been reported between squamous
cell carcinoma and BMI. The association
between SMI and adenocarcinoma of
the oesophagus and cardia is strong and
seems not to be explained by bias or
confounding.

An increased incidence of gastric
reflux has been proposed as the under-
Iying cause of the elevated risk of
adenocarcinoma in persons with high
BMI (Hagen et al., 1987; Mercer et al.,
1987; Stene-Larsen et al., 1988).

Although the risk in one study

(Lagergren et al., 1999a) was indepen-
dent of gastro-oesophageal reflux symp-
toms, support for this hypothesis comes
from the observation that medications

that lower oesophageal sphincter pres-
sure, thereby increasing reflux, have

been associated with oesophageal ade-
nocarcinoma (Lagergren et al., 2000).

Pancreatic cancer
Due ta its high fatality, pancreatic cancer
is one of the leading causes of cancer
death in developed countries. Most pan-
creatic cancers derive from the exocrine
component of the pancreas. Studies of
migrants suggest that environ mental
factors influence the risk of pancreatic

cancer; tobacco smoking is the single
established cause (Ögren et al., 1996).
Studies of BMI and risk of pancreatic
cancer with more than 100 cases are
listed in Table 35.

Cohort studies
Only one cohort study out of four
(Friedman & van den Eeden, 1993;
Shibata et al., 1994; Møller et al., 1994;
Ögren et al., 1996) included more th an
100 cases. ln this exploratory nested

case-control study in the San Francisco
Bay area (Friedman & van den Eeden,

1993) within a large cohort of the Kaiser
Permanente Medical Care Program,

increased body weight measured at
baseline was associated with somewhat
higher pancreatic cancer risk (RR = 1.1;
95% Ci 1.0-1.04). A unit increase in BMI
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Cancer-preventive effects

was associated with an RR of 1.02

(95% Ci 1.00-1.04). The studies of
Ögren et al. (1996) and Møller et al.
(1994), which included rather few cases,
also found significant increased risk for
pancreatic cancer in relation to high BMI.

Case-control studies
During 1984-88, a population-based

case-ontrol study of exocrine pancreas

carcinoma was carried out in Utrecht, the
Netherlands as part of the IARC

SEARCH programme (Bueno de Mesquita
et al., 1990). The risk of pancreatic can-
cer in relation to high BMI suggested
non-significant opposite effects for males
and females, with reduced risk in men
and increased risk in women for ail quin-
tiles of BMI two years before diagnosis,
compared with the lowest quintile. ln
contrast, the highest BMI ever obtained
was associated with non-significant
reduced risks in bath men and women.

Another participant in the SEARCH
Collaborative Study Group carried out a
case-ontrol study in Montreal, Canada
(Ghadirian et al., 1991). No clear trend in
risk of pancreatic cancer with increasing
BMI was seen (OR = 0.88; 95% Ci
0.42-1.8 for the highest versus lowest

BMI quartiles).
ln a case-control study in Shanghai,

China (Ji et al., 1996), interview data

were obtained on weight during adult-
hood (usual weight) and at four different
periods (ages 20-29, 30-44, 45-54 and
;:55 years). ln both men and women, the
highest quartile of usual BMI was associ-
ated with a non-significantly increased

risk of pancreatic cancer, with the lowest
quartile as reference category.

ln a case-control study conducted in
Atlanta, Detroit and New Jersey, USA,
from 1986 to 1989, 436 patients and
2003 general population controls were
interviewed (Silverman et al., 1998). For
both men and women, the highest quar-
tHe of SMI (:227.2 and :234.4 kg/m2,

respectively) was associated with a 50%
increase in risk of pancreatic cancer,

compared with BMI 17.4-23.1 and BMI

20.5-27.5 kg/m2, respectively. Blacks
and whites experienced similar BMI-
related risks.

Discussion
Only one exploratory cohort study and
four case-control studies on the relation-
ship between BMI and pancreatic cancer
included 100 cases or more. Both lower
and higher risks related to high BMI have
been observed, with the studies finding
an increased risk most often showing a
dose-response effect. The highest risk
was seen in the study in China, where
the highest exposure category started at
a rather low BMI compared with the
other studies. Ali the case-ontrol

studies on pancreatic cancer were sub-
ject ta bias because of a low participation
rate among cases and use of information
obtained from next-of-kin, due to the high
mortality rate of this cancer.

Overall, the evidence is too limited to
allow any firm conclusion to be drawn on
the relationship between BMI and the
risk of pancreatic cancer.

Cancer of the head and neck
Tobacco smoking and alcohol drinking
account for over 90% of cancers of the
oral cavity and pharynx in developed
countries (IARC, 1986, 1988). Dietary

factors (i.e., low consumption of fruit and
vegetables and high intake of saturated
fat (McLaughlin et al., 1988) have also
been related to risk. Several case-con-
trol studies on the association between
weight and cancer of the head and neck
have been reported, but no cohort
studies (Table 36).

Case-control studies
An inverse association with weÎght

and/or BMI was reported in four
case-ontrol studies on cancer of the
oral cavity and pharynx in the USA
(McLaughlin et al., 1988; Marshall et al.,
1992; Day et al., 1993; Kabat et al.,
1994), two in Italy (D'Avanzo et

al.,1996a; Franceschi et al., 2001), and
one in China (Zheng et al., 1993a). Two

case-control studies in the USA (Muscat
& Wynder, 1992) and Italy (O'Avanzo et
al., 1996a) showed a similar, but some-
what weaker, inverse association
between BMI and laryngeal cancer.

The risk pattern according to BMI
seems to be similar in men and women,
as weil as in whites and blacks.

Conversely, smoking and, possibly,
heavy alcohol drinking seem to modify
the apparent adverse effect of leanness.
Three studies included an assessment of
BMI according to smoking status, two of
which found that SMI was not
significantly related to oral cancer risk
among never-smokers of either sex
(Kabat et al., 1994; Franceschi et al.,
2001). An association between oral and
laryngeal cancers and BMI was found by
D'Avanzo et al. (1996a) among never-
smokers (OR = 0.5; 95% Ci 0.3-0.7),
but was weaker than among current
smokers.

Weight at cancer diagnosis, but
before disease-related weight changes,
was generally considered in these
studies. However, McLaughlin et al.
(1988) reported that BMI at age 20 years
was unrelated to oral cancer incidence.
Franceschi et al. (2001) observed that
male cases of oral cancer had signifi-
cantly lower BMI than control subjects
also at ages 30 and 50 years.

Discussion
A low BMI has emerged consistently as a
marker, possibly a relatively early one, of
increased risk of cancer of the head and
neck in eight case-control studies in the
USA, Europe and China. ln the three
studies where it was possible to restrict
the analysis of BMI to never-smokers,

however, the inverse association with
BMI, if any, was weak.

Testicular cancer
Testicular cancer incidence has
increased markedly in recent years

among many populations worldwide,
coincident with increases in obesity.
Obesity often reflects altered levels of
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estrogens and other sex hormones,

which may be related to the risk of
neoplasia of endocrine organs. Thus,

obesity either early in life and/or later in
life might affect testicular cancer risk.
The five published studies are summa-
rized in Table 37.

Cohort studies
ln a large prospective study in Norway, a
lower risk was observed among men with
higher BMI as adults (RR = 0.70 for men
with BMI of 20-25 kg/m2 compared with
below 20 kg/m2) (Akre et al., 2000). A
marginally reduced risk was seen for men
who were obese (RR = 0.73 above BMI

30 kg/m2 compared with below 20 kg/m2).

Case-control studies
Four case-ontrol studies have focused

on the association between weight and
testicular cancer. A hospital-based

case-ontrol study including 259 cases

(138 seminomas, 104 teratomas, 17
mixed histology) was conducted in
England (Swerdlow et al., 1989). Risk of
testicular cancer was raised among men
with a high BMI as adults, but not
significantly, and there was no ove rail
significant relationship. ln a later popula-
tion-based case-ontrol study in
England and Wales including 794
testicular cancer cases, no association
with weight was observed (UK Testicular
Cancer Study Group, 1994a). Similarly, a
case-control study conducted in Canada
including 510 men with testicular cancer
aged 15-79 years found no association
of BMI at age 21 years with increased risk

(Gallagher et al., 1995). ln contrast, men
with an adult BMI of 22-24 kg/m2 were at
lower risk (OR = 0.4; 95% Ci 0.2-0.8)
compared with those having BMI :: 21
kg/m2 (Petridou et al., 1997).

Discussion
Studies have reported either inverse
associations between BMI and testicular
cancer risk (Petridou et al., 1997; Akre et
al., 2000) or no association (Swerdlow et
al., 1989; UK Testicular Cancer Study

Group, 1994a; Gallagher et al., 1995); no
firm conclusion can be drawn on this
relationship. Birth weight was not associ-
ated with increased testicular cancer risk
in one case-control study (Sabroe &

Olsen, 1998).

Cancer of the thyroid
Thyroid hormones are relevant to the
growth and development of several body
tissues, and weight is affected by hypo-
and hyperthyroidism. An association
between BMI (or weight gain) and thyroid
cancer has been suggested by a number
of case-control studies.

Case-control studies
Ron et al. (1987), in a study of thyroid
cancer in Connecticut, USA, found an
OR of 1.5 for women (but not men) in the
highest BMI quartile at age 18 years and
in adult life. Goodman et al. (1992), in a
study from Hawaii, reported ORs of
approximately 4.0 for men and 2.0 for
women in the highest quartile of weight
or BMI, and a significant direct associa-
tion with weight and weight gain in
women. ln Shanghai, China, the ORs
were 2.3 for the highest weight category
and 2.0 for the highest level of weight
gain; bath estimates were significant
(Preston-Martin et al., 1993). ln a study
of 410 female cases and 574 control
women in Washington State, USA,
Rossing et al. (2000) reported an OR of
1.5 (95% Ci 1.0-2.2) in women who
weighed 185 pounds (84 kg) or more one
year before diagnosis, compared with
those who were lighter.

Dai Maso et al. (2000) carried out a
pooled analysis of the relationship
between anthropometric factors and
thyroid cancer using individual data from
12 case-control studies (including those
referred ta above, except for Rossing et
al., 2000) conducted in the USA, Japan,
China and Europe. A total of 2056 female
and 417 male cases, 3358 female and

965 male controls were considered.
Papillary carcinomas accounted for 78%
of the thyroid cancers. ORs were derived

by logistic regression, conditioning on
age, A-bomb exposure (Japan) and
study, and adjusting for radiotherapy.

Reported BMI at diagnosis was
directly related to thyroid cancer risk for
females in most studies, with a pooled
OR of 1.2 (95% Ci 1.0-1.4) for the
highest tertile. The corresponding figure
was 1.3 (95% Ci 1.1-1.5) when the three
Nordic studies were excluded. Similar to
the finding for weight, no consistent

association was observed in males (ORs
0.8 and 1.0 in subsequent tertiles). The
pooled OR was 1.1 (95% Ci 0.99-1.2).
No consistent pattern of risk was
observed for BMI between ages 17 and
20 years.

Discussion
A majority of the 13 case-control studies
in the USA, China, Japan and Europe
suggest a modest direct association
between BMI and thyroid cancer risk in
women. If such an association exists, it
may be related ta a potential association
between thyroid tumours and steroid hor-
mones or other endocrine factors.
Overweight is related to increased estro-
gen levels in postmenopausal women
(lARC,1999) and exogenous estrogens
are weakly related to increased thyroid
cancer risk (La Vecchia et al., 1999a;
Negri et al., 1999). ln the pooled analy-
sis, however, the influence of weight or
BMI was of similar magnitude in older
postmenopausal women and in younger
ones. Some association with weight or
BMI may be due to more frequent
examination of the thyroid gland in over-
weight young women, particularly in the
USA.

Gall-bladder cancer
Very few studies have investigated the
relationship between weight or BMI
and the risk of gall-bladder cancer.

Descriptive studies have suggested that
gallstones and obesity are risk factors
for gall-bladder cancer. Of the cohort and
case-control studies reported to date,
only one included more th an 100 cases.
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Cohort studies
ln a cohort study on obese patients in
Denmark, Møller et al. (1994) found a
non-significant increased risk of gall-
bladder cancer (RR == 1.4; 95% Ci
0.9-2.1) in women.

Case-ontrol studies
A study conducted in Mexico including
71 women and 13 men found a non-sig-
nificant increased risk of gall-bladder

cancer for higher BMI values (Strom et
al., 1995). ln a large case-ontrol study
conducted within the IARC SEARCH
programme, including 196 cases (44
men and 152 women) of gall-bladder
cancer from five centres in Australia,
Canada, the Netherlands and Poland

(Zatonski et al., 1997), higher BMI was
associated with an elevated risk of gall-
bladder cancer in females (OR == 2.1;
95% Ci 1.2-3.8, for highest versus low-
est quartiles), but not in males.

Discussion
Among the few reported studies, some
have suggested a slight increased risk of
gallbladder cancer related to a high BMI,
especially for women. However, since
only one study included more than 100
cases and this was the only one ta con-
trol for potential risk factors such as age,
alcohol drinking, tobacco smoking and
socioeconomic status, the data remain
inconclusive.

Malignant melanoma
Cohort studies
ln one prospective study, BMI was asso-
ciated with increased risk of malignant

melanoma in men, while obese females
were at lower risk compared with lean
women (Thune et al., 1993).

Case-control studies
No association was observed between
BMI and malignant melanoma in a
case-ontrol study of 361 patients
conducted in Canada (Gallagher et al.,
1985). This lack of association was sup-
ported in two other studies (Dubin et al.,

1986; 0sterlind et al., 1988), but not in a
study of men and women combined,

where a positive association with BMI
was found (Kirkpatrick et al., 1994).

Discussion
The results from the few studies
conducted on malignant melanoma are
inconsistent and do not allow any firm
conclusion to be drawn on the relation-
ship with BMI. BMI may influence sun-
bathing behaviour and hormonal factors,
both of potential importance for develop-
ment of skin cancer.

Cervical cancer
The international variation in cancer of
the female reproductive system (breast,
cervix uteri, corpus uteri and ovary)

suggests certain common etiological
factors. Overweight has been estab-
lished as a risk factor for cancer of the
corpus uteri (endometrial cancer; see
above). However, few studies have

focused on the association between

cervical cancer and weight.

Cohort studies
The only cohort study identified included
271 cases of cervical cancer during 25
years of follow-up (Törnberg &
Carstensen, 1994). No association with
BMI was observed.

Case-control studies
Two small case-ontrol studies have
examined the association between
weight and cervical cancer. A positive
association with overweight was

observed in a study including 39 cases
in Italy (Parazzini et al., 1988), but no
association with BMI was found in a study
in Germany (Sönnichsen et al., 1990).

Discussion
Two case-ontrol studies including less
than 100 cases and one cohort study
have been reported, and found either no
association (Törnberg & Carstensen,
1994; Sönnichsen et al., 1990) or a
positive relationship (Parazzini et al.,

1988; Guo et al., 1994) between cervical
cancer and weight. Overall, the evidence
is too limited to allow any conclusion on
the relationship between SMI and risk of
cervical cancer.

Other cancer sites
The Working Group was aware that
certain other cancers (e.g., non-Hodgkin
Iymphoma, malignant myeloma,
meningioma) have been studied in rela-
tion to weight. However, sa few studies
were identified for each cancer site that
evaluation of the risks would be prema-
ture.

Population attributable risk
Overall, there is considerable evidence
that overweight and obesity are associ-
ated with risk for some of the most com-
mon cancers. The proportion of any
disease due to a risk factor in a popula-
tion is determined by bath the size of
relative risk and the prevalence of the
risk factor in the population. That pro-
portion, often referred ta as the popula-
tion attributable risk (PAR), has been
estimated by others for increased BMI
in relation ta many of the cancer sites
reviewed here. Bergström et al. (2001)
(Table 38) computed estimates of the
PAR from overweight (SMI 25-29.9
kg/m2) and obesity (BMI ~30 kg/m2) for
selected cancers across countries of
Europe, where about 50% of men and
35% of women are overweight, and
13% of men and 19% of women are
obese. The risk estimates used in that
analysis came from the authors' meta-
analysis of the larger studies in the

world Iiterature, and are in line with
those from the larger set of epidemio-

logical studies included in the present
review (see Tables 23-37). Because
oesophageal cancer was not included
in the analysis by Bergström et al.
(2001), the PAR for oesophageal can-
cer due ta overweight and obesity has

been estimated here based on an RR of
2.0 for BMI over 25 kg/m2 in Europe

(see Table 34).
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These PAR estimates are estimates
that would apply ta industrialized
countries. However, the size of the PAR
in any population will be dependent on
the prevalence of elevated BMI in that
population, which in some populations
changes substantially over time. The
prevalence of obesity continues to ri se in
many industrialized countries, and is
also becoming a problem in many devel-
oping countries (see Chapter 2 and
Popkin & Doak, 1998).

Physical activity
ln view of the difficulty in measuring

physical activity in a standardized man-
ner, studies of the relationship between
cancer and physical activity are
described in some detail for the more
important sites reviewed below.

Colorectal cancer
Occupational activity, leisure-time activi-
ties and participation in sports have been
examined in a variety of populations to
estimate the association between physi-
cal activity and colorectal cancer. Total
activity and specifie components of
physical activity, such as level of
intensity at which activities are per-
formed, have been examined. Some

studies have combined colon and rectal
cancers (caio-rectal cancer), while others
considered colon cancer separately
and/or reported separate results for
various subsites within the colorectal

area. Ta c1arify mechanisms and disease
processes, some studies have looked at
adenomas, the precursor les ion for most
colorectal tumours. The results show that
high levels of physical activity are consis-
tently associated with reduced risk of
colon cancer, although many of the
studies that examined rectal tumours or
colon and rectal cancers combined have
yielded less consistent findings.
However, this poorer consistency of
associations for rectal cancers or

colorectal cancer could stem in part from
the less precise indicators of activity that
were used.

134

The initial associations between
physical activity and colon cancer were
derived from observations that people

involved in active occupations were less
likely ta develop colon cancer (Garabrant
et al., 1984; Vena et al., 1987). Although
physical activity was crudely categorized
from occupational data in these studies,
significant associations were detected
and stimulated further examination of the
associations, both for occupational

activity and for other more comprehen-
sive measures of total activity. Several
studies have replicated the inverse asso-
ciation between job activity and colon or
colorectal cancer (Fraser & Pearce,
1993; Hsing et al., 1998b; Levi et al.,
1999a; Tavani et al., 1999), while others
failed to detect differences between

cases and controls on the basis of
reported occupation (White et al., 1996;
Le Marchand et al., 1997; Slattery et al.,
1997a). Since occupational activity is
tending ta decrease for most people in
developed societies, with leisure-time
and recreational activities becoming a
greater component of ove rail activity, it is
Iikely that occupational activity is becom-
ing a less sensitive discriminator of risk.
For other populations where occupa-

tional activity remains more prevalent
(Tavani et al., 1999), occupational activ-
ity is still associated with colon cancer.

The findings of the cohort and
case-control studies (Table 39) are

remarkably similar, suggesting that the
associations are real and perhaps

causaL. Some of the larger, more rigor-
ously conducted studies are described
below, and details of ail studies with
more than 100 cases are presented in
the table.

Cohort studies
Lee et al. (1991) evaluated long-term

activity in a cohort of 17 148 Harvard
alumni aged 30-79 years. Those who
were active at several assessments had
half the risk of developing colon cancer
compared with those who were not (RR
= 0.50; 95% Ci 0.27-0.93). Similar asso-
ciations were detected for those who
were highly active and those who were
moderately active. Physical activity as
assessed at any single time period did
not show a protective effect.

ln the US Male Health Professionals
Study cohort of 47723 men (Giovannucci
et al., 1995), there were 203 cases of
colon cancer. Information was obtained
by questionnaire on eight recreational
activities and the amount of time spent
per week on these activities. Physical
activity was inversely associated with
colon cancer after adjustment for age,
BMI, diet and Iifestyle factors (RR = 0.53;
95% Ci 0.32-0.88, comparing high and
low levels of activity).

A Norwegian cohort of 53 242 men
and 28 274 women was followed for

Attributable risk (%) for
BMI )- 25 vs .:25 kg/m2

Colon cancer8

Postmenopausal breast cancer8

Endometrial cancer8

Kidney cancer8

Oesophageaf cancerb

11

9

39

25

37

8 From Bergstrom et al. (2001)
b Based on RR of 2.0 for BMI )- 25 (see Table 34)
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about 16 years, yielding 263 and 99
cases of colon cancer in men and

women, respectively (Thune & Lund,
1996). Bath occupation and recreational
activity were considered. High levels of
total physical activity were protective for
women (RR = 0.63; 95% Ci 0.39-1.0)
but not for men (RR = 0.97; 95% CI
0.63-1.5).

Associations between physical activ-
ity and colon cancer were reported for
the US Nurses' Health Study cohort of
52 875 women who completed a physi-
cal activity questionnaire in 1986

(Martinez et al., 1997). The question-

naire was the same as the one used in
the Male Health Professionals Study and
included questions on leisure and recre-
ational activity only. ln a multivariate

analysis, physical activity was inversely
associated with colon cancer (RR = 0.54;
95% Ci 0.33-0.90) for those in the high-
est quintile of activity. Associations were
slightly stronger for the distal colon (RR
= 0.31; 95% Ci 0.12-0.77) than for the
proximal colon (RR = 0.77; 95% Ci
0.38-1.6).

The Physicians' Health Study (Lee et
al., 1997a) included 21 807 US
physicians who were followed for an
average of 10.9 years. A total of 217
cases of colon cancer were detected

during the follow-up. This study was a
randomized trial of law-dose aspirin and
ß-carotene, in which a crude indicator of
physical activity was available. No asso-
ciation between physical activity and
colon cancer was seen (RR = 1.1; 95%
Ci 0.7-1.6 for the highest versus lowest

levels of activity). it is unclear whether
the intervention had any effect on the
results.

Case-control studies
ln a study by Slattery et al. (1988), par-
ticipants were asked to report activity
performed at leisure and at work two
years before diagnosis or interviewas

the number of hours spent in Iight, mod-
erate and intense activity. The study
consisted of 204 female and 180 male

controls and 119 female and 110 male
colon cancer cases living in Utah, USA.
Total physical activity was associated
with a reduced risk of colon cancer for
men; OR = 0.48; 95% Ci 0.27-0.87 for
women) after adjustment for diet, body
size and age. Associations were present
for intense activities (OR = 0.27; 95% Ci
0.11-0.65) but not non-intense activities

(OR = 1.2; 95% CI 0.68-2.3) among
men. Both intense (OR = 0.55; 95% Ci
0.23-1.3) and non-intense activities (OR
= 0.53; 95% Ci 0.29-0.95) were associ-
ated with colon cancer in women.

However, since few women reported
intense activities, estimates of associa-
tion were imprecise. This study also

showed significant interaction between
dietary factors such as energy intake,
protein and fat, and physical activity.

Three case-ontrol studies reported
in 1990 gave similar results to those of
Slattery et al. (1988). Gerhardsson de
Verdier et al. (1990a) assessed work and
recreational activity among 452 colon
cancer cases and 629 controls living in
Stockholm, Sweden. People who
reported being "very active" were at
lower risk of developing colon cancer
(OR = 0.6; 95% Ci 0.3-1.0) relative ta
people who were sedentary, after ad just-
ment for age, dietary factors, body size
and gender. The associations were
stronger for left colon cancer (OR = 0.32;
95% Ci 0.14-0.71) th an for right colon

cancers (OR = 1.0; 95% Ci 0.42-2.5).
Whittemore et al. (1990) examined

associations between physical activity
and colorectal cancer in Chinese living in
North America and China. A total of 905
cases of colorectal cancer and 2488
controls were studied. Increased

duration of exposure to a sedentary

lifestyle was associated with increased
risk of colorectal cancer. Inverse associ-
ations with colon cancer were detected
for both job and lifestyle activities for
men living in North America (OR = 0.4;
95% Ci 0.2-0.9 for job activity; OR = 0.6;
95% Ci 0.4-0.9 for Iifestyle activity);
women in North America reporting active

lifestyles had a reduced risk of colon
cancer (OR = 0.5; 95% Ci 0.3-0.8). ln
China, activity was not associated with
reduced risk of colon cancer in men (OR
= 1.2; 95% Ci 0.5-2.6), although it was
protective among women (OR = 0.4;
95% Ci 0.2-1.0).

A study of 715 histologically con-
firmed cases of colorectal cancer and
727 age- and sex-matched controls in
Melbourne, Australia, did not find any
significant association with physical

activity (Kune et al., 1990). People were
c1assified as being totally inactive, not
very active retired men and/or house-
wives or people in sedentary occupa-

tions; busy housewives; people on their
feet most of the day doing moderate

physical activity; or people performing
strenuous activity such as manual
labourers and athletes. This system of
categorization may have led to misclas-
sification.

Marcus et al. (1994) evaluated early
adult physical activity in relation to colon
cancer risk among women in Wisconsin,
USA. The study population consisted of
536 cases and 2315 controls randomly
selected from driver's Iicense lists.
Activity was reported for ages 14-22
years. After adjustment for age, family
history of large bowel cancer, history of
screening sigmoidoscopy and BMI, any
strenuous physical activity during this
time period was not associated with

reduced risk of colon cancer (OR = 1.0;
95% Ci 0.82-1.3).

A study by Longnecker et al. (1995)
conducted in Los Angeles, California,
USA, included data from 163 cases with
right-sided colon cancer and 703
community controls. Questions about six
specifie leisure-time vigorous activities
performed five years earlier were

followed by an open-ended question
about other forms of physical activity.
People who reported two or more hours
of vigorous activity per week were at
reduced risk of colon cancer (OR = 0.57;
95% Ci 0.33-0.97) after adjustment for
smoking, income, race, family history of
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colorectal cancer, BMI, alcohol intake

and die!.
A study conducted in the

Seattle-Puget Sound area of Washing-

ton State, USA (White et al., 1996)
included 251 male and 193 female cases
and 233 male and 194 female controls
identified by random-digit dialling.
Physical activity was assessed by ques-
tions on frequency and duration of types
of recreational and occupational activi-
ties during the 1 O-year period ending two
years before diagnosis. After adjustment
for age, a reduced risk of colon cancer
was observed for men and women who
reported two or more sessions of moder-
ate- or high-intensity activity per week
(OR = 0.70; 95% Ci 0.49-1.0) relative to
those without any activity. Further ad just-
ment for sex, BMI, dietary factors and
other health-related behaviours did not
significantly modify the risk estimates.
Associations were slightly stronger for
men aged less than 55 years at the time
of diagnosis (OR = 0.29; 95% Ci
0.12-0.69 for ~14.5 hours per week of
moderate activity versus none).

A US multi-centre study of 1099 male
and 894 female cases of colon cancer
and 1290 male and 1120 female controls
was conducted in the Kaiser
Permanente Medical Care Program of
northern California, an eight-county area
of Utah and the Twin Cities area of
Minnesota (Slattery et al., 1997b). A
questionnaire was used to assess recre-
ational and occupational activity;
activities performed at moderate and
intense levels; and activities performed
for the referent period of two years

before diagnosis as weil as activities
performed 10 and 20 years ago. Long-

term intense activity was the best predic-
tor of colon cancer risk (OR = 0.61; 95%
Ci 0.47-0.79 for men; OR = 0.63; 95%CI
0.48-0.82 for women). Adjustment for

other dietary and lifestyle factors did not
alter the risk estimates. Interaction

between BMI and total energy intake
was observed, with physical activity
having its greatest impact among those

who having high energy intake and those
who had higher BMI. Occupational

activity was not associated with reduced
risk of colon cancer (Slattery et al.,
1997a).

ln a study in Hawaii among
Japanese, Caucasian, Filipino and
Chinese participants, 698 male and 494
female cases of newly diagnosed

histologically confirmed large bowel can-
cer were matched ta population-based

controls (Le Marchand et al., 1997).
Lifetime physical activity was evaluated
for recreational and occupational activity
that included duration and intensity of
activities performed. Reduced risk of
colorectal cancer was observed for both
men and women (men, OR = 0.6; 95%CI
0.4-.8; women, OR = 0.7; 95% Ci
0.5-1.1) after adjustment for age, BMI and
lifestyle factors. As in the study by Slattery
et al. (1997b), there was significant inter-
action between physical activity and BMI
and energy intake for men.

Adenomas
Fewer studies have focused on adeno-
mas th an on adenocarcinomas.
Associations for adenomas are less con-
sistent between subgroups of the popu-
lation than those observed in most stud-
ies of cancer (Neugut et al., 1996; Little
et al., 1993). ln some studies, associa-
tions with physical activity appear to be
strongest and most consistent for large
adenomas (Giovannucci et al., 1995,
1996). ln several studies, a 40% reduc-
tion in risk of colorectal adenomas has
been observed (Sandler et al., 1995;
Giovannucci et al., 1995, 1996; Lubin et
al.,1997).

Discussion
As shown in Table 39, most studies have
shown a consistent reduction in risk of
colon cancer with increasing levels of
activity; studies of rectal cancer and of
colon and rectal cancers combined have
given less consistent results. Consistent
associations have been shawn across
diverse populations in Europe, Asia and

Cancer-preventive effects-----_.

America, with use of different indicators
of physical activity. The magnitude of the
risk reduction is consistently around 40%
for colon cancer. It has been estimated
from the results of a large multi-centre

study in the USA that 13-14% of colon
cancer may be attributable to physical
inactivity (Slattery et al., 1997a).

Several studies have shawn a trend
of decreasing risk of colon cancer with
increasing levels of activity. Such a trend
has been seen bath for increasing
intensity of activities and for increasing
amounts of intense activity. The greatest
reductions in colorectal cancer risk
appear to be associated with level of
intensity of activities performed (Slattery
et al., 1988; Marcus et al., 1994;

Longnecker et al., 1995; White et al.,
1996; Slattery et al., 1997b; Giovannucci
et al., 1995; Thune & Lund, 1996;

Martinez et al., 1997), total activity
(Gerhardsson et al., 1988; Slattery et al.,
1988; Severson et al., 1989;
Gerhardsson de Verdier et al., 1990a)
and/or long-term involvement in physical
activity (Lee et al., 1991; Slattery et al.,
1997b; Le Marchand et al., 1997). The
amount of activity ta reduce risk is not
c1ear, given the variety of methods used
to assess activity, but it has been esti-
mated that 30-60 minutes of more

intense types of activities are needed to
see the greatest effect in risk reduction
(Slattery et al., 1997a; White et al., 1996;
Marcus et al., 1994; Wu et al., 1987;
Thune & Lund, 1996).

Overall, it appears that intense activity
may be more protective against colon
cancer than moderate levels of activity.
While it is possible that intense activity
stimulates biological mechanisms that
moderate levels of activity do not, it is
also possible that intense activities are
reported better th an moderate activities.
ln fact, data support the better long-term
recall of intense activities than of moder-
ate activities (Slattery & Jacobs, 1995).
Misclassification of moderate activities
would decrease ability to detect real
associations.
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Long-term involvement in activity
appears ta be an important predictor of
colorectal cancer risk. It is not clear if
those who are more active over long
periods of time report their activity more
accurately, or if long-term involvement in
activity increases protection over a long
period of time. Results of studies that
show inverse associations between
physical activity and adenomas provide
support for a long-term benefit of physi-
cal activity.

As shawn in Table 39, the studies
have differed in the number and types of
adjustment factors used to assess asso-
ciations. Studies that have attempted to
adjust for factors associated with risk of
colon cancer, such as body size, diet,
age, cigarette smoking status, use of
aspirin and sunshine exposure, have not
reported that the associations were

confounded (Ballard-Barbash et al.,
1990c; Giovannucci et af, 1995; Le

Marchand et al., 1997; Martinez et al.,
1997; Slattery et al., 1997b). Also, given
the consistency of the association

between studies of colon cancer, it is
likely that confounding contributes Iittle
to the observed associations. An evalua-
tion of both cases and controls for
reduced ability to exercise because of
illness (Slattery et al. 1997a) suggests
that cases do not report lower levels of
past activities as a result of the tumour
itself.

Studies to evaluate effect modification

(Slattery et al., 1997b, c) have shown
that physical activity may most impor-
tantly reduce risk of colon cancer in the
presence of high levels of energy intake,
a high glycaemic index or large body

size.

Breast cancer
Results for cohort and case-control

studies with more th an 100 cases are
summarized in Table 40. More detailed
descriptions are provided in the text of
studies that had relatively good measures
of physical activity, used incident cases,
had good follow-up (cohort studies) or

144

response rates (case-ontrol studies)
and adjusted for known and possible
confounders of the association. No

studies on physical activity in breast
cancer among men have been reported.

Cohort studies
A few preliminary reports from cohort
studies were not reviewed because the
results were updated in a subsequent
paper. This applies to the College Alumni
Health Study (Paffenbarger et al., 1987,
updated by Sesso et al., 1998), the
National Health and Nutrition
Examination 1 Survey (NHANES 1) cohort

(Albanes et al., 1989, updated by
Steenland et al., 1995) and a Finnish

cohort of teachers (Vihko et al., 1992,
updated by Pukkala et al., 1993). The
first report from the college graduates by
Frisch et al. (1985) had only 69 cases,
but in the later update by Wyshak and
Frisch (2000) the size of the original
cohort had decreased substantially, sa
that a 'healthy survivor' effect may have
influenced the second follow-up results.

Of 14 separate cohort studies
reviewed (Table 40), eight observed an
inverse association between physical
activity and breast cancer risk (Vena et
al., 1987; Zheng et al., 1993b; Fraser &
Shavlik, 1997; Thune et al., 1997; Sesso
et al., 1998; Rockhill et al., 1999; Moradi
et al., 1999; Wyshak & Frisch, 2000).
The risk decreases ranged from 50-70%
in the studies by Thune et al. (1997) and
Sesso et al. (1998) to 20-30% in the
studies by Vena et al. (1987), Zheng et
al. (1993b), Fraser & Shavlik (1997),

Rockhill et al. (1999) and Moradi et al.
(1999). No association was found
between physical activity in the follow-up
study of the NHANES 1 cohort
(Steen land et al., 1995), in the Nurses'

Health Study Il cohort that included pre-
menopausal women only (Rockhill et al.,
1998), in the Cancer Prevention Il Study
cohort (Calle et al., 1998a) and in the
Iowa Women's cohort study (Moore et
al., 2000a). Increased standardized inci-
dence ratios for breast cancer were

observed in the Finnish teachers cohort
study for physical education and lan-
guage teachers compared with the total
Finnish population (Pukkala et al., 1993).
The follow-up of the Framingham Heart
Study cohort also found an increased

breast cancer risk among women who
had the highest overall score on a phys-
ical activity index (Dorgan et al., 1994).
However, bath of these studies that
observed an increased risk of breast
cancer had limitations in the methods
used for assessment of physical activity.

Thune et al. (1997) studied a cohort
of 25 624 Norwegian women from three
population-based surveys conducted in
1974-78 and 1977-83. The women
were aged 20-54 years at baseline and
351 cases were identified during the
follow-up ta 1994, with 100% follow-up
achieved. A self-administered question-
naire was used to measure current

occupational and recreational activity.
Risk was statistically significantly
reduced with higher occupational and

recreational activity and evidence was
seen for a dose-response relationship.
The multivariate relative risk for women
who were consistently active versus
those who were sedentary for
recreational activity was 0.6 (95% Ci
0.4-1.0). For regularly exercising women
aged less than 45 years at baseline, the
risk was 0.38 (95% Ci 0.19-0.79) and for
women who were in the lowest BMI
tertile, the risk for recreational activity

was 0.3 (95% Ci 0.1-0.7). Risk reduc-
tions were found for both pre-
and postmenopausal women, but the
associations were stronger and statisti-
cally significant for premenopausal

women.
Rockhill et al. (1998) analysed physi-

cal activity and breast cancer in the
Nurses' Health Study Il cohort of 116671
nurses aged 25-42 years (mostly pre-
menopausal) in 1989 at baseline, who
were followed up for six years. No asso-
ciation with recreational activity per-
formed during late adolescence or in the
recent past was found.
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Rockhil et al. (1999) reported on the
Nurses' Health Study 1 cohort of 121 701
women aged 30-55 years in 1976.
Between 1980, when physical activity
data were first collected and 1996, 3137
women were diagnosed with breast can-
cer, with 94% follow-up achieved. Breast
cancer risks were slightly decreased

among women who reported moderate
or vigorous recreational activity levels
compared with women who had low
activity levels. The associations were
nearly identical for pre- and post-

menopausal women and there was no
statistical interaction between meno-
pausai status and cumulative average

adult physical activity.
ln the Iowa Women's Health Study,

37 105 postmenopausal study subjects
aged 55-69 years at baseline in 1986
were followed ta 1997, at which time

1380 women were diagnosed with breast
cancer, with 79% follow-up (Moore et al.,
2000a). A self-administered question-
naire was used to measure current
recreational activity at baseline and no
follow-up assessments were made. No
effect of physical activity on breast can-
cer risk was found.

Case-control studies
Several publications on different aspects
of the certain case-control studies have
been published. Thus, O'Avanzo et al.

(1996b) first published results from a
multi-centre case-control study in Italy,
later extended by Mezzetti et al. (1998).
Mittendorf et al. (1995) published the first
results on recreational activity from a
multi-centre case-control study con-

ducted in four US states. Two subse-
quent publications from this study con-
sidered risk by occupation (Coogan et
al., 1996) and by occupational activity
(Coogan et al., 1997). The most recent
publication from this study examined the
effect of body size, weight change and
early-Iie physical activity on risk of post-
menopausal breast cancer (Shoff et al.,
2000). Bernstein et al. (1994) published
data from a case-control study of

152

women up to age 40 years and
Carpenter et al. (1999) published data

from another case-control study in
California of women aged 55-64 years.
The data from these two case-ontrol
studies were combined into a subsequent
analysis by Enger et al. (2000) that exam-
ined the influence of body size, physical

activity and breast cancer hormone
receptor status on breast cancer risk.

Of 19 separate case-ontrol studies
(Table 40) that have reported data on
physical activity and breast cancer risk,
14 found an inverse association
(Bernstein et al., 1994; Friedenreich &
Rohan, 1995; Hirose et al., 1995;
Mittendorf et al., 1995; O'Avanzo et al.,
1996b; McTiernan et al., 1996; Hu et al.,
1997; Ueji et al., 1998; Carpenter et al.,
1999; Levi et al., 1999b; Marcus et al.,
1999; Moradi et al., 2000a; Verloop et
al., 2000; Friedenreich et al., 2001 a, b,
c). The papers from two population-
based case-ontrol studies in California
among premenopausal women
(Bernstein et al., 1994) and postmeno-
pausai women (Carpenter et al., 1999)
and the further stratified analyses of
these data by BMI and hormone receptor
status (Enger et al., 2000) ail reported
strong risk reductions ranging from 40 to
60%. The risk reductions were even
greater among certain subgroups of
the study populations; for example,

parous premenopausal women had a
risk of 0.3 (95% CI 0.2-0.5) (Bernstein et
al., 1994).

Equally strong risk reductions were
reported by Mittendorf et al. (1995) for
recreational activity during adolescence
and early adulthood. The subsequent
analyses of the occupational data from

this study found either no association

with occupational title (Coogan et al.,
1996) or a decreased risk for usual occu-
pational activity performed over Iifetime

(Coogan et al., 1997). A further stratified
analysis of recreational activity in early
Iife (Shoff et al., 2000) on this data-set
confirmed the initial findings by
Mittendorf et al. (1995).

Similarly, strong breast cancer risk
decreases were observed for occupa-
tional and recreational activity performed
during three time periods in life in the
study by O'Avanzo et al. (1996b). These
were confirmed in additional analyses of
these data by Mezzetti et al. (1998), who
presented only the occupational activity
data for women at age 30-39 years, but
provided more stratified analyses by
menopausal status. McTiernan et al.
(1996) observed strong risk reductions
for recreational activity performed

between adolescence and early adult-
hood. Likewise, particularly strong risk
decreases have been noted for lifetime
recreational activity (Ueji et al., 1998)

and for recreational and occupation al
activity at different time periods of life
(Levi et al., 1999b). Strong risk reduc-
tions were also found by Friedenreich et
al. (2001 a, b, c) for lifetime total physical
activity, with the greatest reductions
noted for occupational (0.59; 95% Ci
0.44-0.81) and household activity (0.57;
95% Ci 0.41-0.79) after menopause.

Bernstein et al. (1994) conducted a
population-based case-control study

among 545 cases and matched neigh-
bourhood controls in California, USA. An
interview-administered questionnaire

was used to measure lifetime recre-
ational activity in premenopausal women
who were aged 40 years or less at the
time of the interview. The initial study
sam pie of 744 pairs was reduced to 545
pairs when the the method for recording
physical activity was changed during the
study. The response rate for the original
sample of 744 cases was 78.4% and
was not estimated for the controls
because of the complex sampling

strategy used to identify eligible controls.
A statistically significant decrease in risk
was found for women who performed 3.8
hours per week of recreational activity
versus those who did none (OR = 0.4;
95% Ci 0.3-0.6). The risk reduction was
even stronger among physically active
th an among inactive parous women (OR
= 0.28; 95% Ci 0.16-0.50). Evidence of
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a dose-response effect was found.

Adjustment for confounding and exami-
nation of effect modification were per-

formed, but no data on dietary intake
were available.

Carpenter et al. (1999) conducted a
similar case-ontrol study in California,
USA, using the same recruitment and
data collection methods as Bernstein et
al. (1994). A total of 1579 cases (69% of
eligible patients) and 1506 controls were
interviewed; the analysis was restricted
to 1123 cases and 904 controls who
were postmenopausal. The subjects
were 55-64 years old at the interview.
The response rate for cases was 67%
and for controls was not estimated.

Significantly decreased risks of breast
cancer were found for women who per-
formed 17.6 MET-hours per week or
more of recreational activity compared
with those who did none (OR = 0.6; 95%
Ci 0.4-0.8), for women who exercised
for four hours per week for at least 12
years (OR = 0.71; 95% Ci 0.52-0.96)
and for those who exercised vigorously
during the most recent 10 years (OR =
0.71; 95% Ci 0.48-1.1). Risk reductions
were also stronger among women who
had less than 17% change in body

weight during adulthood. No adjustment
for dietary intake was possible. A

dose-response effect was seen.
Mittendorf et al. (1995) conducted a

multi-centre population-based case-con-
trol study in the USA among women
aged 17-74 years. A total of 6888' cases
and 9539 controls were included.
Response rates were 81% for cases and
84% for controls. A telephone interview
was used to assess strenuous recre-
ational activity at ages 14-18 and 18-22
years. A statistically significant decreased
risk was associated with strenuous ver-
sus no strenuous recreational activity in
the total study population (OR = 0.5;
95% CI 0.4-0.7). This risk reduction was
greater among women over 40 years of
age than those under 40 and no effect
modification by parity or menopausal
status was found. A dose-response

effect was seen. Full adjustment for con-
founding was made, although no data on
dietary intake were available.

D'Avanzo et al. (1996b) conducted a
multi-centre hospital-based case-ontrol
study in Italy in 1991-94 with women
aged 23-74 years at interview. A total of
2569 cases and 2588 non-cancer con-
trois were included and over 95%
response rates were obtained. An inter-
view-administered questionnaire was

used ta assess occupation al and recre-

ational activity at ages 15-19, 30-39 and
50-59 years. Non-significant decreased
risks of breast cancer were found for
activity performed at most of these time
periods, except for occupational activity
between ages 30-39 years, for which a
risk of 0.6 (95% Ci 0.4-1.0) was esti-
mated. Evidence for a dose-response
effect was found. Detailed adjustment for
confounding was performed. Mezzetti et
al. (1998) further analysed the data on
occupational activity at age 30-39 years
and found somewhat stronger risk reduc-
tions among postmenopausal women,
for whom the risk was 0.6 (95% Ci

0.4-0.9), but no effect modification on

menopausal status was seen.
McTiernan et al. (1996) conducted a

population-based case-control study in
the state of Washington, USA, in

1988-90 among women aged 50-64
years at baseline. The study included

537 cases (81% of eligible) and 492
contrais (73% of eligible). An interview-
administered questionnaire was used to
assess recreational activity performed
between ages 12-21 years and two

years before the interview. A borderline
statistically significant decreased risk
was found among women who per-
formed high-intensity exercise during
adulthood (OR = 0.6; 95% Ci 0.4-1.0)
compared with those who did no
exercise. The effects were somewhat
stronger for postmenopausal women
(~ 55 years of age only), for whom the
risk was 0.6 (95% Ci 0.3-0.9) among
those who spent at least three hours
weekly doing high-intensity exercise

compared with those who did none.

Evidence for a dose-response effect
was found and full adjustment was made
for confounding.

A similar population-based case-con-
trol study conducted by Chen et al.
(1997) in the state of Washington, USA,
in 1983-90 used the same population
sampling and data collection methods as
were used by McTiernan et al. (1996).
This study included premenopausal

women aged 21-45 years at the time of
the interview. No effect of physical activity
was found; adjustment for age only was
performed, although several other fac-
tors were considered with the exception
of dietary intake. ln the studies by Chen
et al. (1997) and McTiernan et al. (1996)
and the two cohort studies by Rockhill et
al. (1998, 1999), the same study meth-
ods were used and ail four found no
effect of physical activity among pre-
menopausal women but a risk reduction
among postmenopausal study subjects.

Another multi-centre population-
based case-control study conducted by
Gammon et al. (1998) in the USA, with
1668 cases (86% of eligible) and 3173
controls (79% of eligible) and similar
study methods to Chen et al. (1997),
also found no effect of physical activity
on breast cancer risk. The study subjects
were premenopausal women under 45
years of age who reported the frequency
of recreational activity at ages 12-13 and
20 years and in the preceding year.

Detailed adjustment was made for ail
confounders.

A population-based case-control
study by Marcus et al. (1999) in North
Carolina, USA, included 527 white and
337 African American cases (77% of eli-
gible) and 790 (68% of eligible) controls.
An interview-administered questionnaire
was used ta assess recreational and
household activity at age 12 years.

Some evidence of risk reduction was
found for the different summary mea-
sures of activity used, but no
dose-response effect was detected.
Control for confounding was made for
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most risk factors with the exception of
dietary intake.

Verloop et al. (2000) conducted a
population-based case-ontrol study

that included women aged 20-54 years
in four regions of the Netherlands. A total
of 918 case-ontrol pairs were studied,
with 60% and 72% response rates for
cases and controls respectively. An
interview-administered questionnaire

was used to assess lifetime recreational
activity and the title of the longest-held
job. Several measures of physical
activity were reported and most of these
were associated with statistically signifi-
ca nt risk reductions for breast cancer.

For women who maintained recreational
activity throughout their lifetime, the risk
was 0.70 (95% Ci 0.56-0.88) and when
recreational and occupational activities
were combined into one measure,

women who were in the highest versus
the lowest category had a risk of 0.58
(95% Ci 0.42-0.82). Adjustment was
made for risk factors except dietary
intake. Effect modification by several

other factors was explored and greater
risk decreases were found among

women who were parous, who ever had
benign breast disease, who were leaner
(Iowest tertile of BMI) or who had a
first-degree family history of breast

cancer.
Moradi et al. (2000a) conducted a

population-based case-control study in
Sweden of women aged 50-74 years.
The sam pie included 2838 cases (71 %

of original sam pie) and 3108 controls
(76% of original sample). Recreational
activity during childhood, early adulthood
and current activity was assessed by
questionnaire and occupational status in
each decade between 1960 and 1990

was obtained from Swedish cens us data.
A statistically significant risk reduction
was observed for women who were the
most active in combined recreational and
occupation al activities compared with
the least active (OR = 0.32; 95% Ci
0.13-0.7(3). When each type of activity
was considered separately, slight
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decreases in risk of breast cancer were
observed among the highest activity cat-
egories. Effect modification by BMI, par-
ity and hormone replacement therapy
was found. Greater postmenopausal

breast cancer risk reductions were

observed in association with occupa-

tional activity for nulliparous women and
for leaner women (Iowest tertile of BMI)
who never used hormone replacement

therapy. There was also evidence for a
dose-response effect and adjustment for
ail confounders, except dietary intake,
was performed.

Friedenreich et al. (2001 a, b, c)

conducted a population-based case-
control study of women aged up to 84
years in Canada. The sample included
1233 cases (78% of eligible) and 1237

(56% of eligible). An interview-adminis-
tered questionnaire was used to obtain
lifetime physical activity patterns includ-
ing ail types of physical activity (Le.,
occupational, household and recre-
ational activity) from childhood until the
reference year and ail parameters of
activity (Le., frequency, intensity and
duration). A 30% decreased risk of
breast cancer was found for high total
lifetime activity and even greater risk
reductions (OR = 0.6; 95% Ci 0.4-.8)
were observed for both occupational and
household activity after menopause. The
risk decreases were observed for
postmenopausal women only, with no
associations found for premenopausal
women. Risk reductions were also noted
for non-drinkers, non-smokers and

nulliparous women. The reductions were
particularly strong for activity done after
menopause. ln terms of patterns of
activity, the greatest reductions were
observed for activity sustained through-
out lifetime and for activity done between
menopause and the reference year.
There was no Iinear association between
intensity of activity and breast cancer
risk, with the most notable risk
reductions occurring for moderate-inten-
sity activity. This was the first study that
examined ail types of activity and ail

parameters of activity throughout
women's Iifetimes.

Discussion
Results regarding the association

between physical activity and breast
cancer have been fairly consistent, since
22 of the 33 separate studies (eight of
the 14 cohort studies and in 14 of 19

case-ontrol studies) have found
inverse associations among the most
physically active participants compared
with the least active. The decrease in risk
of breast cancer was, on average, about
20-40%, with some studies observing up
to 70% risk reductions. Evidence for a
linear trend in decreasing risk of breast
cancer with increasing activity was
evident in the majority of the studies that
examined the dose-response relation-
ship. These associations were observed
for both occupational and recreational
activity, among pre- and post-
menopausal women, for activity
measured at different time periods in Iife
and for different levels of intensity of
activity. Although the relevant data are
limited, it appears that physical activity
has similar effects within different popu-
lations. An effect of physical activity on
breast cancer risk is biologically
plausible, since physical activity has

direct effects on prevention of weight
gain and on postmenopausal obesity,
both established breast cancer risk
factors. Physical activity has an indepen-
dent effect on breast cancer risk, aside
from those of weight and weight gain, as
shown in these studies.

Neither occupational nor non-occupa-
tional activity is consistently clearly

associated with breast cancer risk reduc-
tion. This lack of a clear pattern may be
attributable to differences in the physical
activity assessment methods and
definitions used across studies. Seven of
11 studies of breast cancer that mea-
sured occupational activity found risk
decreases among the most physically
active, while for non-occupational

activity, the most physically active
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subjects had decreased breast cancer
risk in 15 of 22 studies. Ali five of the
studies that measured total activity
showed risk decreases (Fraser &
Shavlik, 1997; Thune et al. 1997; Sesso
et al., 1998; Verloop et al., 2000;

Friedenreich et al., 2001 a). Hence, it
appears that total physical activity may
be the most etiologically relevant para-
meter.

The most important time period(s) in
Iife for breast cancer etiology are also
unknown. Activity that is sustained
throughout lifetime, or at a minimum per-
formed after menopause, may be partic-
ularly beneficial in reducing breast can-
cer risk. Some studies have attempted to
measure activity throughout Iifetime
(Bernstein et al., 1994; Carpenter et al.,
1999; Verloop et al., 2000; Friedenreich
et al., 2001 b) or at specifie age periods
(Mittendorf et al., 1995; D'Avanzo et al.,
1996b; McTiernan et al., 1996; Chen et
al., 1997; Gammon et al. 1998; Levi et
al., 1999b). ln these studies, the

strongest risk reductions were observed
for activity that was sustained throughout
Iifetime (Verloop et al., 2000;

Friedenreich et al., 2001 b); however,

substantial risk decreases were also
observed in studies of activity performed
earlier in life (e.g., .( 40 years (Bernstein
et al., 1994)).

The frequency, intensity, duration of
activity that are most associated with risk
decreases have also not been systemat-
ically examined in ail studies. There is
inconclusive evidence for a dose-

response relationship between increasing
intensity of activity and decreasing risk of
breast cancer. Indeed, some investiga-
tions that measured intensity of activity
found the greatest risk decreases for
moderate-intensity activity rather than
vigorous-intensity activity. Several possi-
ble explanations include the low preva-

lence of high-intensity activity among
general female study populations and

misclassification of intensity levels.
There is more evidence for a trend of
decreasing risk with increasing fre-

quency and duration of physical activity.
The 'dose' of physical activity required

for breast cancer risk reduction can be
estimated from those studies that pro-
vided sufficient detail on the activity per-
formed at which risk decreases were

observed (Bernstein et al., 1994;

Mittendorf et al., 1995; McTiernan et al.,
1996; Thune et al., 1997; Carpenter et
al., 1999; Rockhill et al., 1999; Moradi et
al., 2000a; Verloop et al., 2000;

Friedenreich et al., 2001 a, b, c). A total of
30-60 minutes of moderate- to vigo rous-
intensity activity is needed for breast
cancer risk reduction. ln countries where
women achieve higher intensities of
activity through occupational and hou se-
hold activities, these activities will be suf-
ficient for breast cancer risk reduction. ln
countries where women perform seden-
tary or Iight occupational and household
activities, moderate and vigorous recre-
ational activities are likely to be needed
to attain the levels of activity needed for
breast cancer risk reduction.

Some of the inconsistencies
observed across these studies may be
attributable to limitations in the methods
used for assessment of physical activity,
as the assessment methods used may
not have captured the most appropriate

parameters of activity in the etiologically
relevant periods of Iife.

Endometrial cancer
Cohot1 studies

Cohort studies on the relationship of
physical activity and endometrial cancer
that have included at least 50 cases are
presented in Table 41. A prospective

study conducted in Sweden found a
decreased risk in women who reported
"Iight exercise", "regular exercise" or
"hard physical training" compared with
those who reported no physical activity
during leisure (Terry et al., 1999).

Occupational physical activity, as
assessed from the job title, was also
inversely associated with endometrial

cancer risk in another large cohort study
in Swedish women (Moradi et al., 1998).

Case-control studies
Seven case-control studies conducted
in the USA, Europe and Japan (Table 41)
examined the association of physical
activity and endometrial cancer (Levi et
al., 1993; Shu et al., 1993; Sturgeon et
al., 1993; Hirose et al., 1996; Goodman
et al., 1997; Oison et al., 1997; Moradi et
al., 2000b). Ali found an inverse associa-
tion with either occupational or recre-

ational physical activity. The most infor-
mative was a large case-control study
which included ail 709 women aged
50-74 years who were diagnosed with
endometrial cancer in Sweden in
1994-95 and 3368 population controls
(Moradi et aL., 2000b). Information on

leisure-time physical activity during chi Id-

hood, at age 18-30 years and before

diagnosis was obtained through mailed

questionnaire. Occupational physical
activity was estimated from job titi es
obtained from cens us information in
various calendar years. Risk estimates

were adjusted for potential confounders.
Women in the highest leisure-time
activity category at age 18-30 years
were at slightly decreased risk of
endometrial cancer (OR = 0.8). A similar
decreased risk was found for women in
the highest category for recent leisure
activity. Inverse associations were also
found for occupational physical activity.
These associations appeared to be
independent of BMI.

Discussion
The results of the limited number of
cohort and case-ontrol studies on

physical activity and endometrial cancer
are consistent in suggesting a 20-40%
decrease in risk for the highest levels of
physical activity. Most of these studies
have taken into consideration other

known risk factors for this disease,
including body mass, making it unlikely
that the observed association was due ta
confounding. Two studies that reported
age-specific results did not suggest any
difference in the association by age (Shu
et al., 1993; Moradi et al., 1998).
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Ovarian cancer
Cohort studies
A small number of studies have
assessed the association of physical
activity with ovarian cancer (Table 42). A
Finnish retrospective cohort study

comparing cancer risk found an elevated
ovarian cancer risk among physical edu-
cation and language teachers compared
with the general population, with no dif-
ference between the two groups

(Pukkala et al., 1993). A cohort study in
Shanghai found that women with occu-
pations entailing high physical activity
had the same ovarian cancer risk as
women in low-activity occupations
(Zheng et al., 1993b). ln an analysis of
the Iowa Women's Health Study based
on 97 cases and seven years of follow-
up, Mink et al. (1996) found a two-fold

increase in risk of ovarian cancer among
the most active compared with the least
active. ln this study, women were asked
how often they participated in moderate
and vigorous leisure activity. Those who
participated in vigorous physical activity
two or more times per week and those
who participated in moderate activity
more than four times per week were con-
sidered to have a high physical activity
level, regardless of the duration of the
activity.

Case-control studies
ln a detailed study of physical activity
and ovarian cancer, Cottreau et al.
(2000) interviewed 767 women with
ovarian cancer and 1367 population con-
trois about the frequency and duration of
their leisure-time activities during each
decade of life since adolescence. They
found an odds ratio for ovarian cancer of
0.73 (95% Ci 0.56-0.94) for women with
the highest Iifetime level of activity com-
pared with those having the lowest level
of activity. When the association was
examined by decade of lie, the corre-
sponding odds ratios ranged from 0.64
to 0.78. ln a hospital-based case-ontrol
study in Italy, Tavani et al. (2001) studied
1031 cases and 2411 controls, who char-
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acterized their physical activity at work
as ''very heavy", "heavy", "average',

"standing" or "mainly sitting". Physical
activity during leisure time was assessed
based on the number of hours per week
spent in sports or household activities.
After adjustment for other risk factors for
ovarian cancer, the odds ratio for the
highest versus lowest levels of occupa-
tional activity at age 50-59 years was
0.76 (95% Ci 0.48-1.2). The corre-
sponding OR for age 30-39 years was
0.67 (95% Ci 0.47-0.98). No association
was found with leisure-time activity.

Discussion
Only five studies have reported on phys-
ical activity and ovarian cancer and their
findings have been inconsistent. The
larger and more recent studies have
included information on potential con-
founders. However, no firm conclusion on
a possible association between physical
activity and ovarian cancer can be drawn.

Prostate cancer
The great majority of the studies of the
association between prostate cancer and
physical activity have been conducted in
developed countries, where participation
in prostate cancer screening may differ
between men who exercise and those
with a more sedentary lifestyle. Thus, of
particular interest are studies that

focused on more advanced prostate
tumours, the diagnosis of which is less
dependent on participation in screening.

Cohort studies
Table 43 summarizes the prospective
studies on physical activity and prostate
cancer with at least 100 cases. Out of
eight reports from cohort studies, six
reported no association (Severson et al.,
1989; Lee et al., 1992; Thune & Lund,
1994; Hartman et al., 1998; Giovannucci
et al., 1998; Liu et al., 2000) and two
observed a mostly weak protective effect

(Clarke & Whittemore, 2000; Lund Nilsen
et al., 2000). Some of the null studies
observed an inverse association in sub-

group analyses (e.g., Thune & Lund,
1994; Hartman et al., 1998; Giovannucci
et al., 1998), as described below.

Lee et al. (1992) found that Harvard
alumni aged 70 years or older who

expended more than 4000 kcal (16 800
kJ) per week in college or ten years later
were at 50% decreased risk (95% Ci
0.3-1.0) of developing prostate cancer,
compared with those who expended less
than 1000 kcal (4200 kJ) per Week at
either assessment. No association was
found in younger subjects. Severson et
al. (1989) reported no association

between usual physical activity and
prostate cancer in a cohort study of

Japanese men in Hawaii. Similarly, in the
Physicians' Health Study, a randomized
trial of law-dose aspirin and ß-carotene
among 22 071 US men, physical activity

(assessed as the frequency of exercise
vigorous enough to work up a sweat)

was unrelated to risk of prostate cancer
(Liu et al., 2000). ln the other cohort
studies, physical activity was inversely
associated with prostate cancer, ove rail

or in subgroup analyses. One of these
(Clarke & Whittemore, 2000) used the
data from the NHANES 1 Epidemiological
Follow-up Study. Participants were
asked to rate their physical activity dur-
ing a normal day and during their leisure
activities as high, moderate or low. The
most recent and detailed analysis of this
cohort, based on 201 cases, showed
that men who reported high levels of
non-recreational physical activity had

decreased prostate cancer risk com-

pared with very sedentary men. This

association was stronger for African
Americans (RR = 0.27; 95% Ci
0.12-0.60) than for Caucasians (RR =
0.60; 95% Ci 0.44-1.3). Moderate levels
of recreational activity were weakly asso-
ciated with increased prostate cancer

risk among African Americans but not
among Caucasians, suggesting that only
high physical activity levels were

protective. A Norwegian study found that
men who walked in their job and
engaged in regular physical training
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du ring leisure time had significantly
lower risk of prostate cancer (RR = 0.45;
95% Ci 0.20-1.0) compared with seden-
tary men (Thune & Lund, 1994). ln the
Alpha-Tocopherol, Beta-Carotene (ATBC)
Cancer Prevention Study, a chemo-

prevention trial among smokers in
Finland, no association between occupa-
tional activity and prostate cancer was
found (Hartman et al., 1998). However,
among working men, there was an
inverse association with leisure-time
physical activity. Participants who ranked
their exercise level as "heavy" had a rel-
ative risk of 0.7 (95% Ci 0.5-0.9) com-
pared with those who described them-

selves as sedentary during leisure.
Giovannucci et al. (1998) analysed the
data from the Health Professionals

Follow-up Study, the largest and most
informative study of Iifestyle and prostate
cancer published to date. Subjects

reported in a self-administered question-
naire the average time spent on a variety
of non-occupational activities. No rela-
tionship was found with total or
advanced prostate cancer for total, vigor-
ous or non-vi garous physical activity. For
metastatic prostate cancer, no Iinear
trend was found for these activities, but a
significantly lower risk was observed in
the highest category of vigorous physical
activity (RR = 0.46; 95% Ci 0.24-0.89).
Finally, in a large cohort study in Noiway
in which men self-characterized their
leisure-time and occupational physical

activity as low, medium or high, a weak
inverse association was found with
recreational exercise, whereas occupa-
tional physical activity was unrelated to
risk (Lund Nilsen et al., 2000).

Case-ontrol studies
Case-control studies that included at
least 100 cases are summarized in Table
43; the results have been inconsistent.
Among the five studies reporting on
occupational physical activity, two
observed an increased risk with high
activity (Le Marchand et al., 1991 b; llc et
aL., 1996), one showed no association

162

(Hsing et al., 1994) and two reported
decreased risks (Brownson et al., 1991;
Villeneuve et al., 1999). Among the
case-control studies that reported on

usual or leisure-time physical activity,
two found no association (West et al.,
1991; Whittemore et al., 1995) and one
found an increased risk (Sung et al.,
1999). ln a case-control study in Utah,

USA, West et al. (1991) found that men
aged 45-67 years who were in the high-
est quartile of total energy expenditure
were at slightly increased risk of 'aggres-
sive' prostate tumours (a group including
localized undifferentiated and advanced
tumours). No association was found for
older men. Two case-control studies
reported on physical activity at an early
age in relation to prostate cancer risk. ln
a subset of their Canadian subjects,

Villeneuve et al. (1999) inquired about

participation in strenuous and moderate
leisure-time activity and assessed occu-
pational physical activity at different
periods of life (mid-teens or early 20s,
early 30s, early 40s and two years
before diagnosis). They found no associ-
ation with prostate cancer, except for a
protective effect of strenuous occupa-
tional physical activity performed in the
mid-teens or early 20s (OR = 0.6; 95%
Ci 0.4-0.9 for strenuous activities
compared with sitting activities). ln a
population-based case-ontrol study in
Sweden, Andersson et al. (1995) found
that subjects who reported being more
physically active than their c1assmates
around the time of puberty were at

somewhat lower risk of prostate cancer
(OR = 0.7; 95% Ci 0.4-1.) compared
with those who said that they exercised
less than their c1assmates. Thus, the

data are inconsistent with regard to the
period of Iife at which physical activity
may be most relevant.

Discussion
Less th an twenty epidemiological studies
were available to assess the relationship
of physical activity to prostate cancer. As
for other cancer sites, these studies are

difficult ta evaluate due ta the differences
in the methods used ta assess physical
activity. Questionnaires have focused
either on usual physical activity (Le.,
amount of time spent at various levels of
physical activity during a usual day) or
on leisure-time activities and the ques-
tions have ranged from those covering
details of the frequency and duration of
various activities to simple questions

. as king the subjects to rate themselves
as sedentary, moderately active or very
active. Studies of occupational exercise
have typically assumed that a man in a
particular job has performed the level of
physical activity that has been estimated
as the average level for his job category
and this for the duration of his employ-
ment in this job. However, despite these
methodological differences, a majority of
studies have suggested a protective
effect; the relationships have tended ta
be of moderate strength and sometimes
were observed only in subgroups. The
findings in weil conducted cohort studies
of an inverse association with metastatic
disease and in groups of low socioeco-
nomic status (e.g., African Americans)
suggest that the observed effects may
not be due ta detection bias.

Overall, the available evidence sug-
gests that physical activity may protect
against prostate cancer.

Kidney cancer

Cohort studies
ln a Swedish study, occupational physi-
cal activity was inversely associated with
renal-cell cancer risk among men but not
in women (Lindblad et al., 1994). No
association was found in the Harvard
Health Alumni study (Paffenbarger et al.,
1987).

Case-control studies
One case-ontrol study reported a pro-
tective effect of occupational activity on
renal-cell cancer risk among men
(Bergsträm et al., 1999). Three others,
however, found no association with
physical activity (Goodman et al., 1986;
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Mellemgaard et al., 1994, 1995). One of
these studies was a multi-centre popula-
tion-based case-ontrol study conducted
in Australia, Denmark, Germany,

Sweden and the USA that included 1732
cases (Mellemgaard et al., 1995).

Discussion
The results from the few published studies
regarding the association belween

physical activity and renal-cell cancer are
inconsistent for both occupational and
recreational physical activity and do not
permit an adequate assessment ta be
made.

Lung cancer
Five cohort studies (Paffenbarger et al.,
1987; Severson et al., 1989; Steenland
et al., 1995; Thune & Lund, 1997; Lee et
al., 1999a) and two case-control studies
(Brownson et al., 1991; Dosemeci et al.,
1993) on physical activity and lung
cancer have been reported (Table 44).
Earlier publications from the NHANES 1
study (Albanes et al. 1989) and the

Harvard Health Alumni study (Lee &
Paffenbarger, 1994) were excluded

because the subsequent follow-ups
from the same cohorts updated the
results.

Cohort studies
A lower risk of lung cancer was associ-
ated with physical activity in ail of the
cohort studies. The largest studies were
the Harvard Health Alumni Study (Lee et
al., 1999a) and a population-based

cohort in Norway (Thune & Lund, 1997).
The Norwegian cohort study measured
both recreational and occupational

activity and found a 30% decreased risk
wh en these activities were combined into
a total activity variable for the male study
subjects (Thune & Lund, 1997), but no
comparable risk decrease was observed
for females. ln the Harvard Health

Alumni study (Lee et al., 1999a), even
stronger risk decreases were associated
with total energy expended, with 40%
decreases observed among men who

expended the greatest amount of
energy. Ove rail , the risk decreases in

these studies ranged from 20-60% for
both non-occupational and occupational

physical activity, with an inverse

dose-response relationship.

Case-control studies
The two case-control studies of occupa-
tional physical activity do not support a
decrease in risk of lung cancer; one

observed an increased risk (Brownson et
al., 1991) and the other found no effect

(Dosemeci et al., 1993). Given the fact
that these two studies were both hospi-
tal-based case-control studies and used
only occupational title to assess physical
activity, it is difficult ta draw firm conclu-
sions from these results.

Discussion
Five of the seven studies reviewed

demonstrated a decreased risk of lung
cancer among the most physically active
subjects. The risk decreases ranged

from 20 to 60% and evidence for a
dose-response relationship was
observed. This effect could be con-

founded by smoking which, although it
was appropriately controlled for in these
studies, could have been associated with
other lung diseases (e.g., chronic
obstructive lung disease) among the
study participants. Given the uncertainty
of the association and the limited amount
of data available, the evidence for an
association remains inconclusive.

The level of activity that appears ta
confer a protective effect on lung cancer
can be estimated from the two largest
studies. These studies indicate that four
hours per week of hard leisure-time
activity (Thune & Lund, 1997) and
participation in activities of at least

moderate activity ()- 4.5 MET), but not
light activity (~ 4.5 MET) (Lee et al.,
1999), reduced lung cancer risk indepen-
dently after adjustment for smoking and
other possible risk factors. Different

effects of physical activity on various

histological types of lung cancer have

also been reported (Thune & Lund,

1997). Physical activity may reduce the
concentration of carcinogenic agents in
the airways, the duration of agent-air-
way interaction and the amount of
particle deposition through increased
ventilation and perfusion.

Testicular cancer
Two cohort studies (Paffenbarger et al.,
1992; Thune & Lund, 1994) and five
case-control studies (Brownson et al.,
1991; Dosemeci et al., 1993; UK

Testicular Cancer Study Group, 1994b;
Gallagher et al., 1995; Srivastava &

Kreiger, 2000) have been conducted on
the association between physical activity
and testicular cancer (Table 45). The two
cohort studies both had sam pie sizes of

less than 100 cases and have been

excluded from the table but are men-
tioned briefly below.

Cohort studies
No effect of physical activity on testicular
cancer risk was found in either of the Iwo
cohort studies (Paffenbarger et al., 1992;
Thune & Lund, 1994).

Case-control studies
A large case-control study conducted in
the United Kingdom found a decreased
risk of testicular cancer for recreational
activity performed either early in life or
during the reference year (UK Testicular

Cancer Study Group, 1994b). These

results were corroborated by a
subsequent population-based case-con-
trol study conducted in Canada that
found risk decreases for recreational
activity performed at age 21 years and
five years before diagnosis (Gallagher et
al., 1995). The results from these two
studies and two earlier case-ontrol
studies that found either no effect
(Dosemeci et al., 1993) or a decreased
risk with occupational activity (Brownson
et al., 1991) are in contrast to those of
the most recent study, that observed an
increased risk among physically active
men (Srivastava & Kreiger, 2000). ln this
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Cancer-preventive effects

Canadian study, a 2.4-fold increase in
risk was observed among subjects who
participated in strenuous leisure-time

activity more th an five times per week
during adolescence as compared with
those who performed strenuous leisure-
time activity less than once a month. At
later ages and for cumulative lifetime
exposure, the risks associated with

recreational activity for the highest

versus lowest quartiles were not ele-
vated nor statistically significant.
Likewise, increased risks were not statis-
tically significant for occupational activity.
Hence, it appears that in this study, only
activity performed during adolescence
was associated with increased testicular
cancer risk.

Discussion
Three of the seven studies have found

decreased testicular cancer risks among
the most physically active participants.
The risk decreases were fairly modest
and since one study noted an increased

risk and three a null effect, the results
remain inconsistent and weak regarding
this putative association. Little evidence
exists for a dose-response relationship.
The studies also suffered from weak
exposure data and limited control for
confounding. Overall, there is insufficient
evidence to draw any conclusion on the
nature of the relationship between

physical activity and testicular cancer.

Population attributable risk
ln summary, there is considerable

evidence that physical inactivity is asso-
ciated with some of the most common
cancers. The proportion of any disease
due to a risk factor in a population is
determined by bath the size of relative
risk and the prevalence of the risk factor
in the population. That proportion, often
referred to as the population attributable
risk (PAR), has not been estimated for
most of the cancer sites reviewed here.

Slattery et al. (1997a) estimated, from
the results of a large US study, that the
PAR for physical inactivity (20-25% of

the population reported no activity) was
13% for colon cancer. This is similar ta
the PAR of 14% for colon cancer
estimated by La Vecchia et al. (1999b) in
an Italian study. Mezzetti et al. (1998)

estimated that 11 % of breast cancer
might be attributable ta physical inactiv-
ity. Although the measures of physical
activity vary widely between the studies
reviewed here, it is Iikely that in many
industrialized countries the PARs for
colon and breast cancers are at least this
large. Random measurement error will
result in underestimation of the size of
relative risks. These PAR values for
physical inactivity may therefore be
substantially underestimated, perhaps
by a factor of two. It is also important ta
point out that physical activity and weight
control are clearly interrelated, as
physical activity is an important factor in
lifetime weight maintenance. Therefore,
ail the attributable risks for elevated BMI
for colon, breast and endometrial

cancers could also be interpreted as
risks that are attributable, in part, ta
physical inactivity.

Intervention studies of intermediate
markers of cancer
Studies of effects on cancer incidence or
mortality of interventions to lose weight
or to increase physical activity would

require very large numbers (usually tens
of thousands) of participants followed up
for long periods of time. Such endeav-
ours entail considerable difficulties in
recruiting and retaining participants and
in funding. Small randomized clinical
trials of effects of exercise on biomarkers
for cancer can provide insights into the
biological effects of weight loss or physi-
cal activity interventions. ln this section,
the term 'intervention study' refers ta a
study in which a behavioural, medical or
other intervention is prescribed to a
group of study participants. 'Randomized
controlled clinical trial' refers to a study in
which participants are recruited,
screened for eligibility and interest, ran-
domly assigned to one or more interven-

tions or ta one or more control groups,
and followed forward in time for the
development of end-points. These
end-points can be disease-specific
morbidity and mortality or can be bio-
markers of disease or health.

Clinical trials can focus on one or two
specifie interventions, sa that the effect
of a given level of exercise for a defined
period of time can be assessed. The
specific physiological aspects of physical
activity can be studied. Many of the
difficulties associated with measuring
exercise exposure in observational

studies can be avoided, because direct
observation of study participants exercis-
ing can be made and physiological
measures of fitness can be used.

Properly designed and executed
randomization can minimize bias from

potential confounding variables. Homo-
geneity of exercise exposure can be
avoided, because the trial design can
include one or more groups with defined
exercise prescriptions and, usually, a
control condition. Measuring change in
exercise exposure is difficult in observa-
tional settings because most people do
not significantly change their exercise
habits, and because recall of changes in
physical activity can be difficult. Clinical
trials can be designed sa that change in
physical activity is prescribed and

maximized ta allow assessment of effect.
Randomized trials can focus on specific
populations such as high-risk individuals,
who may be highly motivated to make
changes in exercise behaviour. The

clinical trial design allows assessment of
effects of physical activity on

intermediate end-points and biomark-
ers, which is difficult ta do in observa-
tional studies. Synergistic or antagonistic
effects with other behaviours or with

treatments can be studied in clinical
trials, especially with facto rial designs
with two or more interventions. Finally,
several end-points can be effciently
measured in a single triaL. There are
some limitations in randomized clinical
trials. Volunteers for such studies
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are a selected group and may not repre-
sent the general population of
overweight, obese or sedentary persans.
The range of exercise or dietary
exposure is normally limited to the
type of intervention and individual
adherence.

There have been a small number of
intervention studies of weight loss or
physical activity effect on intermediate
markers of cancer. ln addition, interven-
tion studies without randomization or

without a control group have been
reported. Because of the potential for
biased results in uncontrolled interven-

tion studies, the optimal design for inter-
vention studies is the randomized

controlled triaL. ln several instances,

trials have been conducted to assess
intermediate markers of coronary or
other diseases. The results of these
studies are applicable to cancer in sa far
as the intermediate markers and bio-
markers are shared.

Weight reduction
Hormones
Observational data suggest links
between diet, overweight and risk of
certain cancers, as weil as between

certain metabolic hormones and can-
cers. A full discussion of how diet and
weight loss might affect sex and meta-
bolic hormones and the proteins to which
they bind in blood is included in Chapter
4. There have been many intervention
studies, but few weil powered random-
ized controlled trials, assessing the effect
of weight loss on endogenous
hormones. The studies in subjects with
normal weight were not planned as

such; weight loss occurred rather as
a secondary effect of a change in dietary
intake (of, for example, lowered fat,
increased fibre or increased vegetables
and fruits). Overall, there is
clear evidence of reduction in circulating
insulin levels with either type of weight
loss. Consistent evidence from

controlled and uncontrolled clinical
trials shows that weight loss leads to
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increased levels of SHBG. There is
no convincing evidence from intervention
studies that weight loss can reduce

circulating estrogen levels in pre-
menopausal women. However, sorne
types of dietary change, such as
increased fibre and decreased fat, may
cause decreases in estrogen levels. A
smaller body of data suggests
that weight loss can affect IGF and IGFBP
levels. Hormonal effects vary with the
length of intervention and follow-up.

Mammographie densifes
There is considerable evidence that

women with extensive areas of mammo-
graphie densities are 4-6 times more
likely to develop breast cancer than
those with Iittle or no density on their
mammogram. High-risk mammographic
patterns may be used as a surrogate
end-point for breast cancer in etiological
research as weil as in prevention

studies. ln a randomized dietary

intervention study, Boyd et al. (1997)

examined the effect of a two-year

low-fat, high-carbohydrate diet on breast
radiological densities. Women with
radiological densities (n = 817) in more
than 50% of the breast area on mammo-
graphy were recruited and randomly

allocated to an intervention group taught
to reduce their dietary intake of
fat (mean, 21 % of energy) and increase
their complex carbohydrate intake
(mean, 61% of energy) or to a control
group (mean, 32% from fat and 50%
from carbohydrates). Mean body weight
was similar at baseline (62.3 and 62.7 kg
in the intervention and control groups,

respectively, p = 0.47), decreased 0.3 kg
in the intervention group, and increased
0.9 kg in the control group (p = 0.0003).
After two years, the area of density

was reduced by 374 mm2 (6.1%) in the
intervention group compared with an
average of 128 mm2 (2.1 %) in the control
group (p = 0.01). The effect of the
intervention on breast densities,
however, was only marginally significant
after weight change and change in

menopausal status were taken into
account, suggesting that part of the

dietary effect may have been mediated
by weight loss.

Coloreetal polyps
The Polyp Prevention Trial has provided
data on effects of diet on colorectal polyp
recurrence (Schatzkin et al., 2000) This
trial was conducted in 2079 men and
women aged 35 years or older who had
one or more incident colorectal
adenomatous polyps removed.
Participants were randomized to either a
low-fat (20% of energy), high-fibre
(18 g/1000 kcal (4.3 g/1000 kJ)), and
high fruits and vegetables (3.5 servings
per 1000 kcal (0.8 servings per 1000
kJ)). Although the intervention was not
focused on weight loss, the intervention
participants lost a mean of 1.4 Ib
(0.64 kg), while controls gained an
average of 1.0 Ib (0.45 kg) during the
course of the study. After four years of
follow-up, there was no difference in the
rate of polyp recurrence between the

groups. The overall weight loss observed
in this trial was too small ta be informa-
tive.

Physical activity
Hormones
As for weight control, exercise causes
significant reductions in circulating
insulin levels in normal, hyperinsuli-

naemic and diabetic persons.
Observations of amenorrhoea and
other menstrual abnormalities in trained
female athletes have led to closer

scrutiny of the effects of exercise on
hormonal patterns in girls and young
women. There have been several
uncontrolled trials of exercise effect on
hormones, as discussed in Chapter 4.
Overall, there is moderately strong

evidence that vigorous exercise lowers
endogenous estrogen levels in
premenopausal women. There are no

published data from intervention
studies in postmenopausal women. ln
men and women of ail ages, exercise
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raises SHBG levels. Effects of exercise
on IGF levels have been tested in few
intervention studies, with variable

results.

Immune function
Interest in effects of exercise on immune
function stems from observations of
impaired immunity in highly trained ath-
letes. While immune status has not been
clearly linked to cancer etiology, it is
biologically plausible that immune func-
tion is important in the development and
growth of cancers. Many small uncon-
trolled trials have assessed effects on
immune function of training-Ievel and
moderate-intensity exercise, with varying
results depending on baseline fitness
level, age and the type of immune para-
meter studied. Ove rail , moderate-inten-

sity exercise appears to improve immune
function, as discussed more fully in
Chapter 4.

Summary
There have been many intervention
studies of the effects of weight loss and
physical activity on insulin, but fewer on
sex hormones and immune function.
Nevertheless, there are indications that
various sex and metabolic hormones,

immune function and other biomarkers of
cancer are affected by weight loss and
exercise.

Experimental systems
Animal experiments are c1assified as
studies of energy restriction, diet restric-
tion or exercise. These categories

should be viewed as experimental

approaches by which prevention of
weight gain in animais is achieved. The
majority of studies of restriction or
physical activity in experimental animal
models of carcinogenesis do not involve
weight loss; instead, the animais are in a
state of positive energy balance but

achieve a smaller mass with a lower

percentage of body fat than animais

allowed free access to diet or sedentary
animais. This situation directly parallels

and models conditions in humans as so-
ciated with different levels of cancer risk.
Thus the experimental carcinogenesis

studies reviewed below do not involve
extreme underweight (starvation), as
exemplified by anorexia nervosa, nor do
they model obesity.

It is not at present known, and may
never be known, to what extent healthy
individuals in modern societies restrict
their dietary intake. The range of restric-
tions or physical activity used in animal
experiments can be viewed as an
approach to preventing adult body

weight gain in these animais and is
intended to resemble the range of
energy balances that occur in healthy
people. However, healthy rodents differ
from healthy humans in that they experi-
ence adult Iinear growth.

Design issues in diet, exercise and
experimental carcinogenesis
Selection of model
Experimental animal models must be
selected that mimic as c10sely as possi-

ble the human disease. Characteristics
that should be considered in choosing a
model include the similarity of tumour
morphology and biological traits such as

(hormonal) responsiveness to those
seen in humans. Such models are avail-
able for many organ sites. For example,
in rat models for breast cancer, not only
are tumours morphologically similar ta
their human counterparts, but the major-
ity are ovarian steroid-responsive and

factors such as full-term pregnancy

protect against disease occurrence. N-
Nitrosobis-2-( oxopropyl)ami ne (BOP)-
induced ductular pancreatic cancer in
the Syrian hamster is a model that has
been useful in studying aspects of

human pancreatic cancer that cannot be
addressed with humans (Pour et al.,
1993), whereas other induced pancreatic
tumours are acinar cell carcinomas,

which are not a common pancreatic
lesion in humans. Furthermore, it is best
to minimize the time of treatment with a

chemical carcinogen, unless the chemi-

cal carcinogen is one to which hum ans
are chronically exposed. A short-term

carcinogen treatment will allow the
investigator ta feed the experimental diet
or provide the physical activity interven-
tion of interest at times when the chemi-
cal carcinogen is not being administered.
The impact of diet or exercise on the
metabolism of a chemical carcinogen to
which people are not exposed may be of
scientific interest, but the observations
may have limited relevance to the pre-
vention of human cancer.

Selection of diet
Both cereal-based and semi-purified
diets have been used in studies of
dietary impact on carcinogenesis. It is of
the utmost importance that the control
diet in either case be adequate in ail
nutrients, not excessive in any compo-
nent, and that it be free of potentially

toxic components. Cereal-based diets
have the advantage that they are
designed using whole food ingredients.
However, the food ingredients are not
commonly used in the same manner in
human diets and the complexity of their
composition makes it difficult to attribute
observations to a particular nutrient or
constituent. This issue is addressed
below for studies of dietary restriction
with cereal-based diets. Semi-purified
diets have the advantage that each

component can be modulated indepen-
dently of other constituents in a highly

controlled fashion, but since these diets
do not use common human foods,
extrapolation to such foods must be
made with caution.

Design of intervention protocol
Dietary or exercise interventions should

be provided separately from the chemi-
cal carcinogen in studies where

the cancer-causing stimulus is not a can-
cer-causing agent for human disease.
With such models, it is common to apply
the dietary or activity intervention after

exposure ta the carcinogenic stimulus, in
order to obtain information on the
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development of the disease process. ln
cases where the cancer-causing stimuli
do represent conditions that may induce
human cancer, it is important to assess
the impact of the intervention strategy

both on the cancer-induction phase (pre-
ceding and at the time of carcinogen

treatment) and on the promotion/pro-

gression (development) of the cancer

(following treatment with the carcino-

gen). Models involving a short induction
phase provide the possibility of assess-
ing the impact of diet on early or late
stages of promotion. If tumours are

allowed to develop before the interven-
tion, it is possible to assess the impact of
the intervention on the regression or
progression of the lesions. Finally,
recently developed genetically modified
animal models of human cancers allow
scientists to determine if interventions of
interest can prevent the development of
cancer that is driven by genes known ta
be mutated in human cancer. Such
studies should provide information on

how diet or physical activity may be
useful in the prevention of cancer in

people with particular genetic predisposi-
tion.

Weíght control

Weight control involves balancing energy
intake with energy expenditure to main-
tain a targeted body weight and presum-
ably body composition. ln general,
energy restriction has been shown to be
associated with cancer prevention, while
an excess intake of energy is associated
with an increased risk for cancer. While
some evidence implies a role of body fat
in these effects, other results suggest

that the effects are not due to body fat
per se. Thus, in assessing the cancer-

preventive effects of weight control,
predominant attention is given here ta
the role of energy restriction. ln the Iiter-
ature, energy restriction is also referred
ta as calorie restriction, dietary restriction
or food restriction. These terms are not
synonyms. Energy restriction is used in
this volume to characterize studies in
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which the energy intake was selectively
reduced while ail micronutrients were fed
at the same level as in the control group.
The terms food restriction and diet
restriction are used ta refer to under-
feeding of a complete diet such that less
of ail nutrients and dietary factors is
ingested; this approach can lead ta an
intake of micronutrients and/or macro-
components that is incompatible with
optimal health. The term dietary restric-
tion is used for such protocols in this
review. Dietary restriction, which does
not allow the investigator to detect
effects due specifically ta a limitation in
dietary energy, was frequently used in
early studies of restriction. With the
cereal-based diets used until the 1940s,
dietary restriction was the most expedient
approach and is still sometimes used.
Such studies can provide valuable
insights, but their results must be inter-
preted with caution. The earliest experi-
mental studies of dietary restriction
assessed the growth of transplanted
tumours. Owing to the limited relevance
of transplantable tumour model systems
to primary cancer prevention, these stud-
ies (see reviews by Tannenbaum &

Silverstone, 1953; Birt, 1987; Weindruch
et al., 1991; Kritchevsky, 1992, 1999) are
not considered in detail below. Examples
of studies with dietary restriction are
included in this report only if they provide
information not available with energy

restriction protocols in which energy
intake was selectively reduced. Calorie
restriction and energy restriction are the
terms generally applied to experimental

approaches in which diets are formu-
lated so that, when animais are fed
different numbers of calories, they still
receive the same levels of other nutri-
ents, such that the only variable is
energy intake.

The present review of energy restric-
tion and dietary restriction approaches to
prevent excessive adult body weight

gain as cancer-preventive strategies

covers dietary restriction studies only if
similar energy restriction studies have

yielded comparable results. The aim was
to ensure that the body weight mainte-

nance resulting from the dietary restric-
tion was likely to be the cause of the can-
cer prevention, and the parallel energy
restriction protocol would provide this
evidence. Oietary restriction protocols
without parallel energy restriction studies
must be viewed with caution, since a
multitude of dietary constituents that may
not affect body weight but are known ta
influence cancer rates are also reduced
in these diets.

Studies described below are summa-
rized in Table 46.

Colon
Chemically induced rodent colon
tumours can be considered to model
those in humans for the following rea-
sons. They are induced more frequently
in the distal part of the colon, which is the
preferential site of the human lesions.
The developmental sequence from pre-
neoplastic lesions, aberrant crypt foci, to
adenoma and carcinoma is weil estab-
lished. Furthermore, a similar incidence
of K-ras mutations has been observed in
adenocarcinomas in rats, mice and

humans.
Reddy et al. (1987) reported the inhi-

bition of azoxymethane (AOM)-induced
colon carcinogenesis in rats by continu-
ous energy restriction starting four days
after AOM treatment. Colon carcinogen-
esis in rats was not inhibited when

dietary restriction was initiated at day 63
after treatment with methylazoxy-

methanol (MAM) or wh en animais were
fed ad libitum or fasted every other day
from day 8 or 31 after MAM treatment
(Pollard et al., 1984). Newberne et al.
(1990) studied the preventive effects of
pre- and postnatal energy restriction
against colon cancer in rats treated with
dimethylhydrazine (DMH). After birth, rat
litters were adjusted to four or eight rats
per Iitter. The rats in litters of four and fed
ad libitum became heaviest and devel-
oped the greatest number of tumours.
Rats in litters of four, but pair-fed the
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intake of the animais in the group with
eight per litter, had intermediate cancer
rates. The rats in Iitters of eight had the
lowest rates. ln a recent study on the
relationship of obesity and high-fat diet to
colon cancer, AOM induced large colon
cancers in 8 out of 9 genetically obese
Zucker rats (fa/fa) fed a low-fat diet,
while parallel groups consisting of their
genetically lean genotypes (Fa/Fa and
Fa/fa) developed no gross lesions
(Weber et al., 2000). Furthermore, more
colon aberrant crypts were observed in
the obese Zucker rats fed low-fat diet
th an in the lean counterparts fed low- or
high-fat diet.

Mammary gland
The most extensively studied organ sys-
tem for cancer-preventive effects of

dietary energy restriction is the mam-
mary gland. Mammary carcinogenesis
induced by viruses in mice or by chemi-
cal carcinogens such as 7, 12-dimethyl-
benz(ajanthracene (OMBA), N-methyl-N-
nitrosourea (MNU) and benzo(ajpyrene
(BP) in mice and rats is inhibited by
energy restriction (Freedman et al.,
1990; Decarli et al., 1997; Kritchevsky,

1997). ln general, mammary carcinomas
induced in mice are alveolar in origin and
are not dependent on ovarian steroids
for their development and growth. For
this reason, the majority of studies

reviewed in this section were selected
because they used one of two chemical
carcinogens which induce mamrnary

cancers that have many characteristics
similar ta the human counterparts. These
characteristics include: ductal origin,
ovarian hormone dependence and mor-
phology.

Recent studies to assess the effect of
energy restriction on mammary carcino-
genesis have differed in strategy in
various ways: restricting diet to different
extents, feeding during different phases
of cancer development, comparing the

sources of energy or assessing the

relation of body fatness to cancer pre-
vention. Two related strategies that are
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covered elsewhere are comparing the
effects of reduced calorie availability by
dietary or energy restriction with those of
increased energy use through an

exercise regimen (covered in the next
section of this chapter) and cyclic feed-
ing, which results in a reduction in or loss
of the protection due ta restriction and is
therefore covered in Chapter 7.
Furthermore, several investigations have
attempted to link changes in body com-
position with underfeeding and cancer
prevention.

Tannenbaum (1945) investigated the
influence of the level of energy restriction
on spontaneous mammary cancer in
mice. He noted that a reduction in daily
energy intake from 12 to 7 calories (from
50 to 29 Jj completely eliminated spon-

taneous mammary tumours, while the
mean age at death of the non-tumour-
bearing mice increased from 76 :t 5.1
weeks ta 83 :t 2.8 weeks. Klurfeld et al.

(1989a) compared rats subjected ta 10,
20, 30 or 40% energy-restriction with
freely fed contrais and found a slight
reduction in DMBA-induced mammary
cancer incidence and multiplicity with
20% restriction and significant inhibition
with 30 or 40% energy restriction.
Reduced body weight and body fat were
correlated with the reduction in tumour
weight. Similar results were obtained by
Ruggeri et al. (1989), but while inhibition
of mammary carcinogenesis with 40%
energy restriction was significantly corre-
lated with reduced levels of circulating
insulin, a reduction in carcinogenesis
with 25% energy restriction was not par-
alleled by a significant reduction in circu-
lating insulin (discussed further in the
section on mechanisms later in this
chapter). ln a longevity study on Fischer
344 rats, 40% energy restriction also
decreased the incidence of spontaneous
adenoma and adenocarcinomas
(Thurman et al., 1994). Zhu et al. (1997)
observed dose-related inhibition of mam-
mary carcinogenesis, in terms of both
incidence and multiplicity, in rats treated
with 50 mg/kg bw MNU followed by an

observation period of 35 days. Dramatic
inhibition by 10, 20 or 40% energy
restriction was seen in this rapid mam-
mary tumorigenesis model, in compari-
son with freely fed controls, and the inhi-
bition correlated with elevated excretion
of corticosterone. Indeed, corticosterone
excretion could serve as an independent
predictor of the animals cancer

response in this study (Zhu et al., 1997).
The impact of dietary or energy

restriction during different stages of
mammary carcinogenesis has also been
assessed (Sylvester et al., 1981, 1982;
Kritchevsky et al., 1989; Engelman et al.,
1994). Sylvester et al. (1981) studied the
effect of short-term dietary restriction
(50%) on DMBA-induced mammary car-
cinogenesis. They found that restriction
for seven days before and for 30 days
after treatment with the carcinogen

resulted in a significant reduction in the
average number of carcinomas by the
end of a 26-week experiment. Short-
duration under-feeding one week before
and one week after DMBA treatment
decreased tumour incidence, but under-
feeding for two weeks beginning one or
three weeks after treatment or for four
weeks starting five weeks after treatment
failed to inhibit the carcinogenic

response as assessed 21 weeks later
(Sylvester et al., 1982). Kritchevsky et al.
(1989) treated rats with 0 M BA and
restricted their energy intake by 25% at
different times during the next four
months. The animais were placed on

restricted energy during ail the four
months, during the first one or two
months of this period, during the middle
two months or during the last two
months. Energy restriction reduced
mammary cancer rates when applied
throughout the four months or when initi-
ated late in the process, but was not
effective when administered early fol-
lowed by ad libitum feeding (Kritchevsky
et al., 1989). These results showed that
inhibition of the carcinogenic process
was dependent on the time-frame over
which energy restriction was imposed,
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the duration of energy restriction and the
proximity of the energy restriction to the
termination of the study. Engelman et al.
(1994) examined the effect of the time of
energy restriction (5-40% restriction) on
spontaneous mammary cancer in
C3H/HeOu mice. Mice were subjected ta
energy restriction from four weeks until
the end of the study at 60 weeks of age
or from weeks 4 to 12 followed by ad

libitum feeding. The reduction in cancer
was greatest with energy restriction
throughout the study (about 90% of mice
tumour-free at 60 weeks), intermediate

with energy restriction from weeks 4-12

(about 50% of mice tumour-free at 60
weeks of age) and least in controls (17%
of mice tumour-free at 60 weeks of age)

(Engelman et al., 1994). These observa-
tions were paralleled by reduction of
numerous indices of mammary gland
development by energy restriction. Reduc-
tion of tumour incidence by 40% dietary
restriction was also observed in several
strains of mice by Sheldon et al. (1996).

From a review of the Iierature and by
comparing the effects of reductions in
dietary fat with those of reductions in

dietary energy intake, Freedman et al.
(1990) concluded that both high-energy

and high-fat diets increased mammary
tumour incidence, with the magnitude of
the effect of fat being two thirds that of
energy. They further summarized data
showing that the enhancement by

dietary fat of mammary tumorigenesis
was not sim ply due to elevations in body
weight, but that there was a "specifie
enhancing effect of dietary fat" on mam-
mary carcinogenesis. Ip (1990) observed
the greatest reduction in mammary can-
cer when both fat and energy were

reduced. Boissonneault et al. (1986)

studied the influence of fat and energy
intake on mammary carcinogenesis in
DMBA-treated Fischer 344 rats. They
calculated relative net energy values and
restricted the intake of a high-fat diet
(30%) to the net energy intake of the low-
fat group (5%). Carcass energy was
highest in the high-fat group, intermedi-

ate in the high-fat restricted (HFR) group
and lowest in the law-fat group, while the
mammary cancer incidence was lowest
in the HFR group. It was concluded that
mammary cancer development was
related to a complex interaction of
energy intake, energy retention and body
size rather th an to the percentage of fat
in the diet. Zhu et al. (1991) assessed
the effects of dietary fat and dietary

energy on the growth of established
mammary tumours in Sprague-Dawley
rats. Mammary cancers were induced
with 25 mg/kg MNU at 50 days of age
and when tumours reached 1 cm3, the
rats were fed diets containing 25% or
45% dietary fat either ad libitum or with
30% energy restriction. Tumour growth
was lowest in the low-fat 30% energy-
restricted group. Reductions in fat intake
did not significantly inhibit tumour
growth.

The importance of body fat for mam-
mary carcinogenesis has been evalu-
ated. Studies with reduced energy intake
after OMBA treatment comparing geneti-
cally obese LA/N-cp female rats with
phenotypically lean littermates sug-
gested that body fatness per se was not
directly related to the risk of mammary
carcinogenesis (Klurfeld et al., 1991). ln
fact, energy restriction of the obese rats
reduced lean body mass more than body
fatness. Gilette et al. (1997) subjected

rats treated with MNU (50 mg/kg at 50
and 57 days of age) to a treadmill-exer-
cise regimen (20 m/min at a 15% grade
for 30 min on five days per week) with or
without energy restriction (20% reduc-
tion). Body weight gain, carcass fat and
carcass energy were reduced in the
exercised and energy-restricted groups,
but mammary carcinogenesis was inhib-
ited only in the sedentary energy-

restricted rats. This finding is consistent
with that of Klurfeld et aL. (1991), indicat-
ing that carcass fat per se was not
directly associated with cancer risk.

Recent studies of 17ß-estradiol-
induced mammary cancer in the ACI rat
have demonstrated marked inhibition by

dietary energy restriction of mammary
cancers but no prevention of 17ß-estra-
diol-induced focal regions of atypical
hyperplasia and no alteration in circulat-
ing estradiol (Harvell et al., 2001 a). This
suggests that energy restriction may
inhibit tumour development by blocking
the progression of hyperplasia to mam-
mary cancers.

Prostate
Pollard et al. (1989) examined sponta-
neous tumours in the prostate, liver and
adrenal glands of conventional and

germ-free Lobund-Wistar rats. A 30%
reduction in dietary intake reduced

prostate tumours from 25.7% to 6.3%
and extended latency from 26.6 months
to 36.7 months in conventional rats. The
spontaneous prostate tumours were

squamous-cell carcinomas, unlike the
prostate adenocarcinomas observed in
humans. ln this study, although sponta-
neous liver adenomas were inhibited by
reduced dietary intake, adrenal adeno-
mas were not.

Pancreas
The effect of modifying energy intake
has been assessed using two models of
pancreatic cancer, azaserine-induced

acinar carcinogenesis and BOP-induced
ductular carcinogenesis. Azaserine

induces acinar-cell acidophilic foci acinar
carcinomas. Although such lesions are
seen in human pancreas, acinar carcino-
mas account for a minor fraction of
human pancreatic cancer. ln contrast,
BOP-induced pancreatic ductular carci-
noma is highly representative of the
human disease (Pour et al., 1993). Using
the azaserine model, Roebuck et al.
(1993) demonstrated that meal feeding
of rats for 5-6 h/day (matching a

10-15% energy restriction) resulted in
an approximately 40% reduction in carci-
noma incidence. Birt et al. (1989, 1997)
fed restricted intakes ta Syrian golden
hamsters as part of a study of the impact
of dietary fat on carcinogenesis. A delay
of about eight weeks was observed in
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the induction of ductular pancreatic can-
cer by BOP in the 'control-fed' high-fat
group compared with the ad-libitum-fed
high-fat group. The reduction in dietary
intake in the 'control-fed' high-fat ham-
sters compared with the ad-libitum-fed
high-fat hamsters was about 23% (Birt et
al., 1989). Since this suggested that
energy restriction delayed pancreatic
carcinogenesis, the second study
assessed the impact of 10, 20 and 40%
dietary energy restriction on pancreatic
carcinogenesis by BOP (Birt et al.,
1997); no inhibition of ductular pancre-
atic carcinogenesis was detected, and in
contrast, a nearly twofold increase was
seen in the multiplicity of pancreatic
ductular carcinogenesis in the 40%
dietary energy-restricted hamsters (see
section on mechanisms later in this
chapter).

Skin
The two-stage model of skin carcinogen-
esis has been particularly useful in
assessing the inhibition of carcinogene-
sis by dietary energy restriction because
of the ability to separate effects on initi-
ating events from those on promoting

events and because of the wealth of
information available on the biochemical
processes and the gene mutations that
are important in carcinogenesis in this
mode!. While chemically induced skin
cancers are a good model of epithelial
carcinogenesis, they do not weil resem-
ble human skin cancers, which are
induced primarily by ultraviolet light.
Boutwell et al. (1949) demonstrated that
enhancement of BP-induced skin car-
cinogenesis by high levels of dietary fat
was dependent upon the higher energy
intake of the mice. More recent studies
by Birt and colleagues have been

reviewed (Birt et al., 1995). Energy

restriction was effective in protecting

against skin carcinogenesis induced by
DMBA and promoted by 12-O-tetrade-
canoylphorbol 13-acetate (TPA) when
restriction was implemented during
promotion, but was not effective when
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given for a short time before and during
the initiation phase (Birt et al., 1991).

Restriction either of fat plus carbohy-

drate energy or of ail dietary constituents
during skin tumour promotion resulted in
fewer papillomas and carcinomas, but

selective restriction of fat and carbohy-
drate energy gave greater inhibition of
papiloma growth, papilloma number and
carcinoma incidence than diet restriction

(Birt et al., 1991). Furthermore, while

high dietary fat intake did increase skin
carcinogenesis, reductions in energy

intake were much more potent in inhibit-
ing carcinogenesis (Birt et al., 1993). ln
particular, restricting carbohydrate

energy was more effective th an restrict-
ing fat energy in the prevention of skin
papilomas, although these two dietary
restriction protocols were equally

effective in preventing development of
DMBA-initiated, TPA-promoted squa-
mous cell carcinomas in Sencar mice.
Restricting mice ta either 20 or 40% of
the energy intake of freely fed controls
reduced the incidence of skin carcino-
mas by more th an 50% in mice on a
control fat (10% of energy) diet, while
40% energy restriction, but not 20%
energy restriction, was effective in pre-
venting skin cancer in mice fed high-fat

(42% of energy) diets (Birt et al., 1996).
Studies with a two-stage promotion

model using TPA as an early-stage
promoter (two weeks) or mezerein as a
late-stage promoter (16 weeks) showed
that energy restriction was most effective
in inhibiting late-stage promotion (Birt et
al., 1994a).

Liver
Chemically induced and spontaneous

liver tumours in rodents are considered
to model those occurring in humans

because of their close similarity in mor-
phological appearance (Scarpell, 1988).
Furthermore, rodent liver tumours often
metastasize to the Jung, as occurs in
humans. Dietary energy restriction for
prevention of liver carcinogenesis has
been studiedin animal models. For

example, Lagopoulos et al. (1991) exam-
ined liver tumours induced in mice by
diethylnitrosamine (DEN) and demon-
strated reductions in numbers of
basophilie foci, adenomas and hepato-
cellular carcinoma after dietary restric-
tion. Ad libium feeding after long-term

restriction resulted in the resumption of
hepatic carcinogenesis and restriction
was most effective when administered
early in life. However, the mice fed
restricted diets for 12 or 24 weeks fol-
lowed by ad libitum feeding developed
fewer hepatic lesions than the fully fed
positive control group.

Liver tumours are often induced in
chronic toxicity studies. Oietary restric-
tion, used to achieve body weight con-
trol, reduced the incidence of bath spon-
taneous Iiver tumour incidence and sali-
cylazosulfapyridine-induced Iiver tumours

(Iatropoulos et al., 1997). Moreover, the
incidences of liver tumours of unknown
etiology (spontaneous) in rodents are
also correlated with resultant body

weight. ln an analysis of over 100

chronic bioassays conducted by the US
National Toxicology Program, from 75 ta
90% (depending on study type) of the
variance in control tumour (adenoma
plus carcinoma) incidences (which

ranged from 20 to 90%) was accounted
for by variations in average body weight
at approximately 14 months of age
(Turturro et al., 1996). Individual animal
body weight at the same age was
directly related, in an approximatelyqua-
dratic relationship, to the probability of

developing a tumour (liver, mammary,
etc.) by the end of a toxicity test (Seilkop,
1995). (The Working Group noted that
the potential role of genetic factors in

accounting for these relationships was

not considered.)

Direct modification of dietary intake,
e.g., by dietary restriction, also inhibited
spontaneous liver tumour incidences. A
40% dietary restriction (with supplemen-
tation) resulted in a reduction of tumour
incidence in several mouse strains
(Sheldon et al., 1996). Changes in Iiver
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physiology occur as a result of dietary
restriction. ln histological sections from
animais sacrificed during the course of
this study, the incidence of apoptosis in
liver parenchymal cells was elevated and
the estimated cellular proliferation rate
decreased throughout the lifespan,
compared with ad libitum-fed controls
(Muskhelishvili et al., 1995).

Pituitary gland
Dietary restriction has long been known
to reduce the incidence of these usually
benign but commonly fatal tumours in
Sprague-Dawley rats (Everitt et al.,
1980). The tumours show many of the
same characteristics as human tumours,
with similar cell types affected. Dietary

restriction also lowers the incidence of
these lesions in Fischer 344 rats
(Shimokawa et al., 1991; Thurman et al.,
1994) and mice (Sheldon et al., 1996).

The correlation of early dietary restric-
tion and pituitary tumour incidence

accounted for approximately half the
variance in the wide range of pituitary
tumour incidences (10-60%) in National
Toxicology Program studies (Turturro et
al., 1998), while there was a direct rela-
tionship between individual animal body
weight and the probability of developing
a pituitary tumour in long-term chronic
studies (Seilkop, 1995).

Estrogen-induced prolactin-producing
pituitary tumours that are observed in
rats are markedly enlarged benign

masses that display diffuse lactotroph
hyperplasia and hypertrophy. They are
highly vascularized but generally lack

adenomatous foci (Spady et al., 1999).
ln humans, the majority of pituitary
tumours are microadenomas, usually
composed of a single secretory cell type.
Prolactin-producing pituitary tumours,

referred to as prolactinomas, are the

most frequently occurring neoplasm in
the human pituitary. Several case reports
suggest that estrogens act as a

causative factor in the development of
prolactinomas in humans. Similarities in
the manner in which pituitary cells of the

prolactin-producing cell type respond ta
estrogen in rats and humans suggest
that estrogen is a risk factor for pituitary
tumour development in both species.

The effect of 40% energy restriction
on estrogen-induced pituitary adenomas
was assessed in three rat strains:
Fischer 344, Copenhagen and ACI
(Harvell et al., 2001 b). Pituitary wet

weight, commonly used as an indicator
of pituitary tumorigenesis, was increased
by estrogen in ail strains and energy
restriction reduced this increase in
Fischer 344 and Copenhagen rats but
not in ACI rats. Therefore, genetic back-
ground may be an important determinant
in prevention of pituitary tuniours by
energy restriction.

Lymphomas
A series of investigations of tumours of
unknown etiology (spontaneous) deter-
mined that dietary restriction beginning
during mid-life was effective in prevent-
ing spontaneous Iymphomas in B10C3F1
mice (Weindruch & Walford, 1982).
Lymphomas were significantly reduced
in number and delayed in occurrence,
although hepatomas were equally preva-
lent in the underfed and control-fed
groups. Similarly, fewer Iymphomas were
found in energy-restricted C57BU6 mice
and this was paralleled by inhibition of
age-associated interleukin-6 (IL-6) dys-
regulation, including prevention of the
increasing serum level of IL-6 observed
in control mice (Volk et al., 1994).

Reduction of spontaneous Iymphomas

by 40% dietary restriction in mice has
also been demonstrated (Sheldon et al.,
1996).

Other tumours
Inhibition due to dietary restriction (with
vitamin supplementation) has been
observed for a number of other tumours
in rodents. These include: thyroid follicu-
lar tumours in mice, which are similar to
the follicular form seen as the minority of
human thyroid cancers (which are mostly
of the papilary type) (Sheldon et al.,

1996; Hill et al., 1998); interstitial cell
tumours of the testes in rats, which are
similar to human Leydig cell tumours,
both morphologically and in ove rail hor-
monal sensitivity (Thurman et al., 1994;
Cook et al., 1999); preputial and clitoral
gland tumours in rats, which are seba-
ceous gland tumours that appear to be
most similar to skin and urogenital

tumours in humans (Rasa et al., 1992);
thyroid C-cell and adrenal phaeochromo-
cytomas in rats, which can be good mod-
els for multiple endocrine neoplasia type
2 in humans (Schulz et al., 1992;
Thurman et al., 1994) and affect cells
that are smaller th an the usual chromaf-
fin cells seen in humans but are other-
wise similar (Tischler et al., 1996); and
lung tumours in male B6C3F1 and

B6D2F1 mice, which are excellent mod-
els of human tumours in both morphol-
ogy and oncogene features (Malkinson,
1992; Sheldon et al., 1996). A compre-
hensive, though dated, review of the

effects of dietary restriction on tumour
development is available (Weindruch &
Walford,1988).

Genetically engineered mouse
models
New genetically engineered animal mod-
els have been developed to study the
misregulation of specifie genes singly
and in combination during the carcino-
genic process. Bath transgenic and

knock-out models can be used. ln one

such model, both allelic copies of the
wild-type pS3 tumour-suppressor gene
are deleted (knocked out). This model is
considered to have relevance to human
cancer in general because mutations of
the pS3 gene are the most commonly
observed mutation in human cancer
(Mowat, 1998). The pS3-deficient mice
are extremely susceptible to sponta-

neous occurrence of tumours. Using this
model, Hursting et al. (1997) studied the
effect of energy restriction on genetically
induced Iymphoma. The fact that energy
restriction inhibits cancer development in
p53 knock-out mice (pSS-I-) and that
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inhibition of genetically induced carcino-
genesis was similar in p53 wild-type
(pS3"/+) and in psg-- mice demonstrates
that cancer prevention by energy restric-
tion is independent of the functional

statusof pS3. The use of genetically
engineered animais raises the possibility
of looking at the effects of energy restric-
tion on incidence of tumours that are
normally rare but are increased in such

animais.

Physical activity
Laboratory experiments in which animal

models are used to investigate the rela-
tionship between physical activity and
cancer prevention have the potential: (1)
to identify the characteristics of physical
activity or exercise that are most likely to
be critical to cancer prevention in

humans; (2) to define mechanisms and
markers of those mechanisms that would
allow monitoring of disease progression
in human populations over a short time
frame; (3) ta identify physical activity or
fitness-related biomarkers of the 'cancer-
protected state', and (4) ta identify poten-
tially confounding variables, for example
dietary factors, that might mask the pro-
tective effects of physical activity if their
existence were unrecognized (see

review by Thompson, 1997).

Physical activity model (voluntary)
ln the context of experimental studies,

physical activity can be defined as any
voluntary movement of an animal in
which the skeletal muscles contract
resulting in a quantifiable expenditure of
energy. This definition does not require
that the physical activity be designed to
improve fitness, nor does the activity
need to be done in a regular, structured
or repetitive manner. Physical activity
can be distinguished from exercise in
that efforts to increase physical activity
do not require an intent to improve physi-
cal fitness (Caspersen et al., 1985).

Providing animais with free access to an
activity wheel provides an excellent

model for studying the effects of
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increased levels of physical activity.
Secause animais choose when to run in
the wheel and this behaviour has been
demonstrated to vary between animais,
there is nothing planned or structured

about the physical activity associated
with free access to the running wheel.

Thus free use of an activity wheel,
because it is voluntary, meets the defini-
tion of physical activity, but not exercise,
and this is consistent with the way inves-
tigators studying carcinogenesis have
designed experiments involving wheel-
running. The amount of wheel-running

activity has been quantified in terms of
distance run or energy expended, with-
out any attempt ta set fitness goals
and/or ta assess training effects.
Providing animais with free access to
activity wheels appears weil suited to
answering questions about physical
activity and cancer, particularly the ques-
tion of whether total cumulative physical
activity is predictive of risk for cancer.
Apart from the expense of obtaining a
sufficient number of properly engineered
activity wheels for conducting a carcino-
genesis experiment, issues that need to
be considered if this model is used are
the general decline in activity observed
in experiments of several months dura-
tion, and the behaviour of some animais
that turn their wheels without actually

running in them.

Exercise models (involuntary)
Exercise can be defined as planned,

structured and repetitive activity with the
intent ta develop and/or maintain some
defined attribute of physical fitness. Of
the animal models which are most fre-
quentiy used, running on a treadmill,
motorized drum or wheel has the poten-
tial to satisfy this definition. If animais are
to be exercised, the activity will inevitably
be involuntary and will usually require
some type of reinforcement, depending
on the intensity and duration of the exer-
cise. Concern has been expressed that
reinforcement of exercise behaviour to
maintain compliance is likely to be

stressful. While this is clearly a possibil-
ity, jt must also be recognized that ail
exercise involves the imposition of a

stress on muscles in order to improve fit-
ness. Thus stress is an inherent compo-
nent of studying exercise; a greater diffi-
culty lies in defining the chemical basis of
the va rio us components of stress induced
wh en animais are exercised to achieve
and maintain defined fitness goals.

There are three primary components
of exercise that can be varied and that
may have different effects relative to car-
cinogenesis. They are the intensity
(work-rate), the duration (Iength per
activity bout) and the frequency (times
per week) of the activity performed.

The most widely used animal model
of exercise is the running of rodents on a
variable-speed, incline-adjustable tread-
mill. The use of such a treadmill permits
great f1exibility in studying the effects of
exercise intensity, since bath the incline
and the belt speed can be altered ta
achieve a particular work rate. Use of a
warm-up and a warm-down period in the
training protocol can reduce physiologi-
cal stress and avoid injury to the
animais. Metabolic treadmills are avail-
able that permit the measurement of

aerobic capacity throughout an experi-
ment. This procedure requires minimal
alteration of an animal's routine so that
the process of assessment can guide the
training programme without indepen-
dently affecting study results. When a
treadmill is used, the animais need to be
continuously monitored ta minimize the

risk of injury and ensure adherence ta
the exercise training protocol.

Physical activity and exercise
control conditions
Two important issues must be consid-
ered in determining what constitutes an

appropriate control for animal experi-

ments in which either physical activity or
exercise is studied. The first relates to
the use of 'sham' conditions for physical
activity or exercise. When access ta
wheel-running is used as the model, the
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general approach has been to house

control animais in the same type of
activity cage as the experimental ani-
mais, but to lock the wheel so that it does
not rotate. For the treadmill model, han-
dling and placing animais in a stationary
or slowly moving treadmill has been suc-
cessfully used as a sham control. The
key point is ta expose the sham control
animais ta a set of stimuli similar to those
faced by the experimental group. A

second critical element of control in such
experiments is the exposure of ail ani-
mais to the same overall levels of envi-
ronmental activity, including that of
research technicians conducting the
work, related ta the implementation of

the physical activity or exercise protocol.
Such factors can significantly influence
the carcinogenic response in some

target organs such as the mammary

gland. The control of this situation is
straightforward. Ali animais in such stud-
ies should be housed in the same room
in which the physical activity or exercise
is performed. While this approach can
require review by an institution's animal
care and use committee for an exception
to standard operating procedures, it is
essential that this aspect of methodology
be considered in order to preserve the
integrity of the experiment.

The body of experimental information
regarding the influence of physical exer-
cise on development of premalignant

and malignant lesions in animal models
is very limited. The following review is
organized with reference to organs and
tissues (Table 47). The growth of trans-
plantable tumours in experimental ani-
mais is not considered, since these stud-
ies have limited relevance to the primary
prevention of cancer (see Rusch & Kline,
1944; Hoffman et al., 1962; Good &
Fernandez, 1981).

Colorectum
ln a study of the influence of physical

activity on DMH-induced colon carcino-
genesis in the rat, Andrianapoulos et al.

(1987) found that animais that were

allowed running-wheel activity showed a
significant reduction in the incidence of
colon tumours (exercise group, 54.5%;

non-exercise group, 90%).

Reddy et al. (1988) assessed the
effects of voluntary exercise on AOM-
induced colon carcinogenesis in male

Fischer 344 rats. At five weeks of age,
animais were divided into two groups
(sedentary and exercise) and fed AIN-

76A semi-purified diet ad libitum. They
received a subcutaneous injection of 15
mg/kg bw AOM at seven weeks of age
and another one week later. Those in the
exercise group were then placed in indi-
vidual wheel-cage units while the
sedentary group were housed in normal
plastic cages. At 38 weeks after AOM
treatment, body weights of the exercise
and sedentary groups were similar. The
incidence and multiplicity of colon
adenocarcinomas, but not of adenomas,
were significantly reduced by the
exercise. Incidences of small intestinal
carcinomas and of liver foci were also
reduced.

Colbert et al. (2000a) examined the
effect of exercise training on polyp

development in a mutant mouse strain
predisposed to multiple intestinal neopla-
sia (Min mouse). Three-week-old male

and female heterozygotes were
randomly assigned ta control (10 males,
six females) or exercise (11 males, 11

females) groups. ln the first week,
exercised mice were acclimatized to
treadmill running at 10-18 m/min for
15-60 min per day on five days per
week. From four to 10 weeks of age,
mice ran at 18-21 m/min for 60 min.

Control mice sat in Plexiglas lanes sus-
pended above the treadmil for the same
time periods. At 10 weeks of age, the
mice were killed. There were no signifi-
cant effects of exercise on the multiplicity
of small intestine, colon or total intestinal
polyps in the males and females com-
bined (p;; 0.05). Among the males, when
analysed separately, there were fewer
colon and total polyps in the exercised
than in the control mice, although the

difference was not statistically significant

(p = 0.06).

Mammary gland
Thompson and co-workers (Thompson
et al., 1988, 1989b, 1995; Gilette et al.,
1997) studied the effects of exercise and
its interaction with dietary factors on
mammary carcinogenesis in the rat. ln
the first two studies, low-intensity and

short-duration exercise was shown ta
enhance cancer incidence. These stud-
ies are reviewed in Chapter 7.

Female Fischer 344 rats were given
intraperitoneal injections of 50 mg/kg bw
MNU at 50 and 57 days of age and
subjected ta sham exercise or 35% and
70% maximal treadmill running intensity
for 20 or 40 min per day on five days
per week. Mammary cancer incidence
and multiplicity was lower in ail exercise
groups compared with the sham
controls. As the degree of protection was
proportional to the exercise intensity,
rather than its duration, the authors

concluded that intensity may be
the more important factor determining
protective activity (Thompson et al.,
1995).

Gillette et al. (1997) concentrated on
energy availability and mammary car-
cinogenesis, 100 king at effects of both

energy restriction and exercise. Female
Fischer 344 rats were given intraperi-
toneal injections of MNU (50 mg/kg bwat
50 and 57 days of age) and then ran-
domized into four groups: (i) unre-
stricted, sedentary; (ii) energy-restricted,
sedentary; (iii) unrestricted, exercised;
(iv) energy-restricted, exercised. The
mammary carcinoma incidence was sig-
nificantly lower in the energy-restricted
sedentary group th an in ail other groups.
No effect of exercise was seen, despite
significant reductions in carcass fat and
carcass energy.

Cohen et al. (1988, 1991, 1993)

reported on the influence of dietary fat,
energy restriction and voluntary physical
activity on MNU- and DMBA-induced
mammary carcinogenesis in rats.
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Voluntary activity during the post-initia-
tion stage reduced tumour yields and

extended the latency period. Cohen et al.

(1992) reported a U-shaped relationship
between cumulative distance run in an
activity wheel and the magnitude of the
carcinogenic response, the greatest
response being observed at intermediate
distances.

Whittal and Parkhouse (1996) reported
the effects of exercise on mammary gland
development, proliferation and MNU-
induced tumorigenesis. Female Sprague-
Dawley rats were divided into two
groups, sedentary and exercised from 21

to 50 days of age (progressive treadmill
training programme with a final workload
of 18 m/min at 15% incline for 60 min per
day). At 50 days of age, 24 hours after
exercise, animais were given an
intraperitoneal injection of MNU at 50
mg/kg bw. At the termination of the
experiment at 24 weeks after carcinogen
treatment, the total number of tumours
was reduced by exercise (from 58 ta 33
carcinomas, p.( 0.05, 1.3 :! 0.24 tumours
per animal versus 2.0 :! 3.5 in the seden-
tary group). The latency period was not
affected and the tumour incidences were
similar (68.9% and 61.5%) in sedentary
and exercised rats. The results were not
associated with any change in the
degree of mammary gland development
or proliferation status at the time of MNU
administration.

Whittal-Strange et al. (1998) further
described effects of exercise on MNU-
induced mammary tumorigenesis. Female
Sprague-Dawley rats, divided into two
groups, sedentary and exercised from 21

to 50 days of age (progressive treadmill
training programme with a final workload
of 18 m/min at 15% incline for 60 min per
day), were given an intraperitoneal injec-
tion of MNU at 35 mg/kg bw at 50 days
of age. At the termination of the experi-

ment 22 weeks after carcinogen treat-
ment, the tumour incidence, multiplicity
and latency did not show any difference
between the groups, but the tumour

growth rate and the final tumour weight

were significantly higher in the exercised
animais.

ln BALB/c mice treated with DMBA,
tumour incidence was not affected by
treadmill exercise in animais fed a stan-
dard diet, but was significantly reduced

in exercised mice fed a restricted or a
high-fat diet (Lane et al., 1991).

Pancreas
Kazakoff et al. (1996) determined the

effects of voluntary physical activity on
high-fat diet-promoted pancreatic car-
cinogenesis in hamsters. Groups of
female Syrian hamsters were fed a high-
fat diet (24.6% w/w corn oil) or low-fat
diet (4.5% w/w corn oil). Each group was
subdivided into an exercise and a seden-
tary group. Ali hamsters were fed their
diets for four weeks, then given two
injections of 20 mg/kg bw BOP with a
one-week interval. Diets were continued
until week 44 after the BOP treatment.
No significant difference in incidence of
carcinomas in situ or pancreatic

ductal/ductular adenocarcinomas was
observed between the exercise and
sedentary groups.

Liver
The effects of voluntary physical activity
on induction of hepatomas by 3'-methyl-
4-dimethylaminoazobenzene were investi-
gated in male Jc1 :Wistar rats, divided
into sedentary and exercìse groups and
maintained in individual cages (Ikuyama
et al., 1993). Food intake and wheel-run-
ning were automatically controlled in the
cages of the exercise group. From 27
weeks to the termination of the study at
week 62, the animaIs were fed the
carcinogen in the diet at 0.0177 g/day/kg
body weight. The incidence of
hepatomas rhistology not specifiedJ was
significantly lower in the exercise group

(0% versus 65% in the sedentary group).

Intermediate biomarkers - weight
control
Intermediate end-point biomarkers are
cellular, biochemical and/or molecular

determinants of the risk for subsequent
development of cancer. These markers
may represent intermediate stages in the
development of cancer or be causally
involved in the etiology of cancer, and/or
reflect changes in cellular processes that
occur in parallel to the initiation,
promotion and/or progression stage(s) of
carcinogenesis. Intermediate markers

discussed in this section can be grouped
under one of these categories. Sorne of
these markers are also discussed in the
section on mechanisms later in this
chapter, since mechanistic studies fre-
quentiy identify candidate intermediate
biomarkers.

The number of animal experiments in
which the effects of energy restriction on
intermediate end-point biomarkers for
cancer have been investigated is limited

(Table 48).

Colon
The effects of 20-30% energy restriction
on the rate of colonie cell proliferation,
stated by the authors ta be an intermediate
biomarker for colon cancer risk, was
investigated in male Fischer 344 rats
treated with AOM as a colon-specifie
carcinogen (Steinbach et al., 1993).

Energy restriction was shawn to inhibit
tumour formation. Bath the DNA labellng
index, determined by r3HJthymidine

incorporation, and the number of labelled
cells per crypt column were reduced by
energy restriction in both carcinogen-
treated and control rats in normal-

appearing mucosa. The effect was seen
after as little as 10 and 20 weeks of
energy restriction and persisted at
34 weeks. These findings are indicative
of a reduced risk for cancer. Lasko and
co-workers also studied the effects of
20% energy restriction on a different
intermediate biomarker for colon cancer,
aberrant crypt foci (ACF), in rats treated
with AOM (Lasko & Bird 1995; Lasko et
al., 1999). A moderate level of energy
restriction (20%) reduced the total
number of ACF regardless of the level of
fat, but retarded the appearance of
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advanced ACF only when dietary fat was
low (5% w/w) but not high (23%
w/w). This effect, which was consistently
observed only in animais fed the low-fat
diet, was seen when energy restriction
was initiated either 11 or 16 weeks after
AOM treatment, times at which advanced
ACF were present in the colon.

Mammary gland
Insulin-Iike growth factor metabolism has
been proposed as a candidate interme-
diate marker for cancer at several sites
including the mammary gland. The
effects of energy restriction on this inter-
mediate end-point are considered in the
section on mechanisms later in this
chapter. The effect of energy restriction

(19%) on the expression of epidermal
growth factor (EGF, mRNA and protein
levels) was investigated in the sub-
mandibular gland, mammary gland and
serum (protein only) of female
C3H/HeOu mice that develop mammary
tumours in response to mou se mammary
tumour virus (MMTV) (Engelman et al.,
1995). Effects were evaluated at 6, 8, 10
and 12 weeks. Levels of EGF mRNA and
protein in tissue were lower in energy-
restricted animais than in ad Iíbitum-fed

controls at the later time points, but no
differences were observed in serum
concentrations of EGF. The authors
suggested that reduced levels of EGF in
tumour tissue might contribute to the
antiproliferative effects of energy restric-
tion and reduced incidence of carcino-
mas in this mammary tumour model.

Pancreas
The effect of several levels of energy
restriction (10, 15, 20 and 30%) on
azaserine-induced pancreatic carcino-
genesis in the rat has been studied

(Roebuck et al., 1993). A progressive
reduction in the occurrence of acidophilic
pancreatic foci, an intermediate bio-

marker for pancreatic carcinomas, was
observed with increasing degree of
energy restriction.

Li ver
Energy restriction has been reported to
inhibit the occurrence of glutathione-S-
transferase (GST)-positive hepatic foci,
an intermediate biomarker for the
development of hepatocellular carcino-
mas. Muskhelishvili et al. (1996) studied
the effects of dietary restriction on the
spontaneous occurrence of GST-II

(pi-c1ass)-positive foci in male B6C3F1
mice that are tumour-prone. (The

Working Group noted that GST-pi-posi-
tive foci have not been shawn ta be pre-
cursor lesions for hepatocellular carci-

noma in mice.j Dietary restriction dimin-
ished GST-II expression with a marked
reduction in the incidence of liver
tumours. Sugie et al. (1993) examined

the effect of energy restriction (30%) on
the induction of GST-P (placental form)-
positive foci in rat liver following adminis-
tration of AOM, which is usually consid-
ered a colon-specifie carcinogen. The

density and size of GST-P-positive foci

were significantly lower in AOM-treated,
energy-restricted animais, but the inci-
dence of foci was unaffected in AOM-
treated energy-restricted rats relative ta
the AOM-treated control group. Energy
restriction (40%) has been reported ta
modulate the formation of carcino-
gen-DNA adducts in the liver. Whereas
the formation of aflatoxin B1-DNA

adducts was reduced in parallel with a
reduction in CYP2C11, which is involved
in aflatoxin B1 activation, BP-DNA

adducts were increased (Chou et al.,
1993a). The increase correlated with an
increase in BP-metabolizing enzymes.

The implications of these findings are
discussed in the section on mechanisms
later in this chapter.

Oncogene expression
Effects of energy restriction (30-0%) on
oncogene expression have been
reported (Nakamura et al., 1989; Baik et
al., 1992; Himeno et al., 1992; Fernandes
et a/., 1995). Three of these experiments
were not designed specifically to investi-
gate the cancer-preventive activity of

energy restriction and in one (Fernandes
et al., 1995), oncogene expression was
studied in tumours that occurred despite
energy restriction. Therefore, the results
must be interpreted with caution, since
the changes in oncogene expression

observed may have Iittle relevance ta
cancer prevention per se. Nonetheless,

the data suggest that energy restriction
leads to down-regulation of expression

of c-Ha-ras and c-fos mRNA in mam-
mary tissue (30% restriction) but not in
liver (Baik et al., 1992). Hepatic c-myc
proto-oncogene expression was reduced
in chronically restricted (40%) C57B16 x
C3HF1 hybrid mice (Nakamura et al.,
1989). The authors speculated that
c-myc expression may be Iinked to meta-
bolic activity and to lower rates of hepatic
cell proliferation in energy-restricted

mice. Oncogene expression during liver
regeneration was also studied (Himeno
et al., 1992). Energy restriction (40%)

preserved inducible cellular responses in
response to partial hepatectomy, i.e.,
(3HJthymidine incorporation, but lowered
the elevated oncogene expression

observed in response to partial hepatec-
tomy relative to the response observed
in ad libitum-fed controls.

Fernandes et al. (1995) studied the
correlation of oncogene and tumour-sup-
pressor gene changes with the cancer-
preventive activity of energy restriction in
an MMTV/v-Ha-ras model. ln mammary
tumours that occurred despite 40%

energy restriction, the restriction led ta
lower expression and mRNA levels of v-
Ha-ras and neu, and increased wild-type
p53 expression. The authors speculated
that these changes reflected molecular
alterations involved in the inhibition of
mammary carcinoma induction in this
model.

Intermediate biomarkers - physical

activity
Few animal experiments have investi-
gated the effects of physical activity on
intermediate end-point biomarkers for
cancer (Table 49).
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Liver
The effect of voluntary physical activity

(wheel-running) on carcinogen-induced

GST-P (placental form)-positive (enzyme-
altered) foci in liver was studied by Sugie
et al. (1992). Voluntary access ta an
activity wheel was initiated following
carcinogen administration (AOM,

subcutaneous injection, 5 mg/kg bw x 2).
The density and size of GST-P hepatic

foci were reduced significantly in active
versus sedentary animais; the incidence
of altered foci was unaffected. These
results were interpreted by the authors to
indicate that activity may inhibit
chemically induced hepatocarcino-

genesis. (The Working Group noted that
activity was not uniform throughout the
experiment, peaking at week 6 after
carcinogen treatment and declining
thereafterj.

Pancreas
Roebuck et al. (1990) studied the effect
of wheel-running on intermediate bio-
markers for pancreatic cancer, namely

formation of acidophilic and basophilie

pancreatic foci and (3H)thymidine incor-

poration as a measure of cell prolifera-
tion within foci. Variable effects on these
markers in response to exercise were

observed and frequently differences
between the active and sedentary

groups did not reach the level of statisti-
cal significance. The authors concluded
that male and female rats with free
access to running wheels had signifi-
cantly smaller foci and lower rates of
thymidine incorporation into foci four
months after initiation. These effects
occurred late in the post-initiation phase
and were not directly related to the extent
of running activity early in the post-initia-
tion phase. (The Working Group noted
the reduction of running activity over time
during this study. Also, the responses
were not consistent with gender, and/or
were not statistically significant.)

ln a second series of studies, Craven-
Giles et al. (1994) investigated modula-
tion of pancreatic foci by treadmill
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running. Male Lewis rats were treated
with azaserine at two weeks of age and
weaned to experimental protocols at
three weeks of age. Two experiments

were undertaken: treadmil exercise
began at six weeks of age (Experiment
1) or at 13 weeks of age (Experiment 2).
Rats were exercised for 15-20 min/day
and for three to five days per week.

Treadmill speed and angle of incline
were adjusted to afford a range of
exercise intensities. The development of
pancreatic acinar foci was evaluated by
quantitative stereological analysis using
light microscopy. ln Experiment 1,

exercise resulted in a known paradoxical
reduction in food intake by about 15% of
the intake of the sedentary group fed

ad libitum. The burden of azaserine-
induced foci was decreased by approxi-
mately 37%, and this was attributed ta
the known effects of reduced energy
intake in these young, rapidly growing

rats. ln Experiment 2, the higher-

intensity treadmill exercise group had an
increased focal burden compared with
their sedentary pair-fed controls despite
a reduction in food intake and body

fat stores. These experiments
demonstrate that exercise may reduce or
enhance the occurrence of acinar foci,
depending upon the intensity of
the exercise and the stage in the Iife
cycle of the animal at which exercise is
imposed. This enhancement of focal
burden represents a potential adverse
effect of physical activity, as noted in
Chapter 7.

Mammary gland
Whittal and Parkhouse (1996) studied
the effects of treadmill exercise for four
weeks on both the developmental stage
and level of proliferation in the mammary
gland at the time of carcinogenic initia-
tion. Both factors have been reported ta
be associated with risk for carcinogenic
transformation. Neither parameter was
affected by treadmill exercise. Cancer
end-points were also assessed in addi-
tional groups of animais that received

identical treatment. Exercise reduced the
multiplicity of mammary carcinomas but
not their incidence (see above).

Enzymes
Since activities of phase Il enzymes
have been inversely associated with
cancer risk, their activities may have
value as intermediate biomarkers.

Duncan et al. (1997) examined whether
a progressive treadmill training
programme for seven weeks would

modulate constitutive levels of phase Il
or antioxidant enzymes in liver or lung.
While response to exercise varied with
the tissue and the enzymes assayed, in
general the activities of superoxide

dismutase, catalase, UOP-glucuronosyl

transferase and GST were increased by
exercise. The authors interpreted their
data as being consistent with the
hypothesis that exercise would prevent
liver and lung cancer. (The Working

Group noted that no data were
presented to show that the exercise
training programme investigated would
actually affect the occurrence of either
Iiver or lung cancer in an animal model
system.)

Mechanisms of cancer
prevention
The observations that weight, weight
change and physical activity are
associated with cancer occurrence are
supported by evidence of biological
plausibility for these associations. ln
Chapter 3, the relationships between

physical activity and BMI, and in particu-
lar the possible contribution of physical

activity to preventing or reducing weight
excess, have been discussed. As
reviewed in Chapter 4, body mass, fat
distribution and physical activity can
have profound effects on many
physiological factors that may be
important in cancer etiology. These

reviews show that the effects of physical
activity on metabolic factors are
mediated only in part by improved weight
control.
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This section reviews the human and
animal evidence for the role of physio-
logical and metabolic factors in cancer
development. These factors include
mainly endogenous hormones, particu-
larly those hormones (sex steroids,
insulin, insulin-like growth factor-I (IGF-
1)) for which epidemiological studies

have shawn at least some direct or indi-
rect evidence for involvement in cancer
development. Other mechanisms briefly
discussed relate to gastro-oesophageal

reflux in relation to oesophageal adeno-
mas, intestinal transit time and bile acid
metabolism in relation ta colorectal can-
cer, and immune function.

Human studies
Endogenous hormones and
cancer risk
Sex steroids
One major class of mechanisms that
may form a physiological and causallink
between energy balance and cancer risk
comprises alterations of endogenous

hormone metabolism. Much attention
has been focused on endogenous sex

steroids as possible determinants of

tumours of, in particular, the breast,
endometrium, ovary and prostate. The
role of sex steroids in regulating the bal-
ance between cellular differentiation,
mitosis and apoptosis is weil estab-

lished, and it has been postulated that
alterations in the endocrine environment
may favour the selective growth of pre-
neoplastic and neoplastic cells
(Henderson et al., 1988; Dickson et al.,
1990).

The risks of cancers of the breast,
endometrium and ovary are related ta
factors such as early menarche, late
menopause, age at first full-term preg-
nancy and parity. With increasing age,
age-specific incidence rates of cancers
of the breast and endometrium rise

faster before th an after menopause,

when the ovaries stop producing estro-
gens and progesterone. Together, these
observations provide indirect evidence
for the role of ovarian activity and sex

steroids as modulators of the risk of
these cancers. This hypothesis is sup-
ported by observations that risk of can-
cers of the breast, endometrium and

ovary can be increased or decreased by
use of exogenous estrogens or proges-
togens (or combinations of these) for
contraception or postmenopausal therapy.

The predominant theory relating the
risk of endometrial cancer to endoge-
nous sex steroids is the 'unopposed

estrogen' hypothesis. This proposes that
risk is increased among women who
have normal or elevated plasma levels of
bioavailable estrogens but low levels of
progesterone, sa that biological effects
of estrogens are insuffciently counter-
balanced by those of progesterone (Key
& Pike, 1988; Grady & Ernster, 1996).
This hypothesis is supported by observa-
tions that use of exogenous hormones
for contraception or postmenopausal

replacement therapy is associated with
an increase in endometrial cancer risk
when the hormone preparations contain
only estrogens, whereas combinations of
estrogens plus progestogens confer a

relative protection (van Leeuwen &
Rookus, 1989; Grady & Ernster, 1996;
IARC, 1999; Weiderpass et al., 1999a,
b). Studies in vitro have shown that
estrogens stimulate the proliferation of
normal endometrial tissue as weil as of
endometrial tumour cells, and that at
least part of this effect may be mediated
by an increase in local IGF-I concentra-
tions (Rutanen, 1998). The opposing

effects of progestogens, on the other
hand, appear to be due largely ta pro-
gesterone's capacity ta increase levels
of IGF-binding protein-1 (IGFBP-1) in
endometrium (Rutanen, 1998).

Case-control studies have shown an
increase in endometrial cancer risk in
women who have low levels of plasma
sex-hormone-binding globulin (SHBG),

elevated levels of androgens (.6-
androstenedione, testosterone) and,

particularly after menopause, elevated
levels of total and bioavailable estrogens

(estradiol, estrone) (Austin et al., 1991;

Möllerström et al., 1993; Nyholm et al.,
1993; Grady & Ernster, 1996;
Potischman et al., 1996). Before

menopause, endometrial cancer risk
may be related more to the lack of prog-
esterone th an to an excess of total or
bioavailable estrogens (Key & Pike,
1988; Grady & Ernster, 1996;
Potischman et al., 1996). Ovarian hyper-
androgenism appears to be an important
risk factor for endometrial cancer in pre-
menopausal women, as suggested by a
large number of case reports of polycystic
ovary syndrome (PCOS) in young can-
cer patients (Grady & Ernster, 1996) and
by case-control (Dahlgren et aL., 1991;
Shu et al., 1991; Niwa et al., 2000) and
cohort (Coulam et al., 1983) studies
showing an increased risk of endometrial
cancer among women who have PCOS.
PCOS is generally associated with
chronic anovulation, and hence with low
production of progesterone.

Taken together, these observations,
along with those discussed above on
relationships with insulin and IGFBP-1,
strongly support the hypothesis that, in
premenopausal women, obesity and
chronic hyperinsulinaemia may increase
endometrial cancer risk by inducing

ovarian hyperandrogenism, chronic

anovulation and insufficient ovarian
progesterone production. The lack of
progesterone plus elevated plasma

insulin level causes a drop in endo-
metrial IGFBP-1 levels, while normal or
moderately elevated estrogen levels
increase local IGF-I concentrations. The
ensuing increase in local IGF-I activity,
plus other effects of estrogens and

progesterone on endometrial tissue, may
favour tumour development. After

meno-pause, when progesterone
production has ceased altogether,
chronic hyperinsulinaemia may also
increase endometrial cancer risk
because of elevated insulin levels,
decreased endometrial IGFBP-1
concentrations and increases in total
and bioavailable plasma estrogen con-
centrations.
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With respect ta breast cancer, there is
strong evidence that risk is increased in
women with elevated plasma and tissue
levels of estrogens ('estrogen excess'

hypothesis) (Bernstein & Ross, 1993).

This is supported by observations from

prospective cohort studies showing

increased breast cancer incidence in
postmenopausal women who have low
levels of SHBG and elevated levels of
total and bioavailable androgens and
estrogens (Thomas et al., 1997;
Hankinson et al., 1998a; Kabuto et al.,
2000). Since obesity and the associated
chronic hyperinsulinaemia decrease lev-
els of SHBG and, in postmenopausal

women, increase levels of androgens
plus estrogens, the estrogen excess the-
ory can also explain the increased breast
cancer risk in postmenopausal women
who are overweight or obese.

A second, more extensive theory is
that, beyond the effect of exposure to
estrogens alone, breast cancer risk is
increased further when women are
exposed to a combination of estrogens
and progestogens ('estrogen-plus-
progestogen' hypothesis). This hypothe-
sis is supported by recent results show-
ing that women using combined estro-
gen-plus-progestogen preparations for
postmenopausal replacement therapy
have a greater increase in risk th an
women using preparations containing
only estrogens (IARC, 1999; Magnusson
et al., 1999; Ross et al., 2000b; Schairer
et al., 2000). ln addition, since in pre-
menopausal women obesity may lead to
chronic anovulation and decreased

progesterone levels (especially in
women with a predisposition towards
ovarian hyperandrogenism), this second
theory could also explain why on aver-
age obesity appears to be inversely
related to breast cancer risk in pre-

menopausal women.
Reducing cumulative exposure to

ovarian hormones by delaying menarche
and/or by reducing the number of ovula-
tory cycles (Bernstein et aL., 1987;

Keizer & Rogol, 1990; Loucks, 1990;
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Meyer et al., 1990; Moisan et aL., 1991;
Greene, 1993; Merzenich et al., 1993;
Petridou et al., 1996) may decrease the
risk of cancers of breast. Anovulatory

cycles are associated with marked

changes in endogenous estrogens and
progesterone, which may lower risk for
breast cancer (Pike et al., 1983).

Further theories propose that specifie
metabolites of estradiol and estrone that
may be formed locally within breast tis-
sue increase risk. One such theory is
that an increased ratio of 16-hydroxy- to
2-hydroxy-estrogens increases risk
(Bradlow et al., 1986). This hypothesis is
supported by some recent findings
(Kabat et al., 1997; Meilahn et al., 1998;
Muti et al., 2000) but not by others (Ursin
et al., 1999). The ratio of 16-hydroxy- ta
2-hydroxy-metabolites has been found to
be increased in obese subjects and low
in women with anorexia nervosa
(Fishman et al., 1975). Exercise, on the
other hand, has been reported to reduce
2-hydroxy-estrogen levels (de Crée et
al., 1997c).

The etiopathogenesis of ovarian can-
cer is still poo ri y understood. One

hypothesis is that many years of uninter-
rupted ovulatory cycles increase risk by
enhancing entrapment of ovarian
epithelium in inclusion cysts and/or by
repeated damage of the surface epithe-
lium during ovulation ('incessant
ovulation' hypothesis) (Fathalla, 1971 ;

Cramer & Welch 1983; Cramer et al.,
1983). This hypothesis is based almost
entirely on indirect epidemiological evi-
dence, which shows that high pa rit y and
regular use of oral contraceptives are

protective factors. A second complemen-
tary hypothesis, based largely on evi-
dence from animal experiments, is that
tumour development is promoted by ele-
vated ovarian exposure to luteinizing
hormone (LH) ('gonadotropin' hypothe-
sis) (Weiss et al., 1996; Blaakaer, 1997).
Both the incessant ovulation hypothesis
and the gonadotropin hypothesis find
some indirect support in observations
that oral contraceptives decrease

ovarian cancer risk (Whittemore, 1993;

Weiss et al., 1996; Blaakaer, 1997).

Exercise might prevent ovarian cancer
by reducing the number of lifetime
ovulatory cycles, since it has been
shown ta be associated with delayed
menarche, amenorrhoea and anovula-
tory cycles (Frisch et al., 1981; Russell et
al., 1984; Bernstein et al., 1987; Moisan
et al., 1991; Whittemore, 1993).

However, regular strenuous exercise
seems to be needed to produce these
effects.

Elevated pituitary secretion of LH is
also a characteristic of women who have
PCOS, and in one prospective study,
PCOS was found to be associated with
increased ovarian cancer risk
(Schildkraut et al., 1996). ln another

prospective study, 13 premenopausal

women and 18 postmenopausal women
who eventually developed ovarian can-
cer had higher prediagnostic serum

levels of .M-androstenedione than age-
matched control subjects from the same
cohort (Helzlsouer et al., 1995). These
and other observations led to an
extension of the gonadotropin hypo-

thesis, which proposes that ovarian

tumour development may be enhanced
by excess ovarian production of
androgens (Risch, 1998). Ovarian hyper-
androgenism might also provide a link
between a positive energy balance and
ovarian cancer risk, since in women with
a predisposition towards ovarian

hyperandrogenism, adiposity and

chronic hyperinsulinaemia might exacer-
bate the ovarian androgen excess.

However, in hyperandrogenic women,
obesity and chronic hyperinsulinaemia

also cause more frequent anovulation;
thus, following the incessant ovulation

hypothesis, one could equally weil
expect that obesity or chronic hyperin-

sulinaemia would reduce risk. There is
currently insufficient evidence ta
evaluate whether only milder forms of
ovarian androgen excess, without
chronic anovulation, constitute a risk
factor for ovarian cancer. As reviewed
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earlier in this chapter, there is also insuffi-
cient evidence to conclude whether or not
ovarian cancer risk is related to obesity.

Ove rail, the observation that, depend-
ing on cancer site and type of prepara-
tion used, exogenous hormones can
either increase or decrease risk of can-
cers of the breast, endometrium or ovary
shows that hormones can affect the
development of these cancers at a rela-
tively late stage during adulthood.

Combined with the fact that weight loss
can favourably change endogenous hor-
mone profiles in initially obese women,
this strongly suggests that weight loss
may also have cancer-preventive effects
even if initiated relatively late in life.

ln men, a strong indication for the
implication of sex steroids in prostate

tumour progression is that surgical or
medical castration can dramatically
improve the clinical course of prostate
cancer patients. Extensive animal

research has also indicated the involve-
ment of endogenous sex steroids in the
development of such tumours. Never-

theless, the etiopathogenesis of prostate
cancer remains poorly understood,

although a role for androgens and/or

estrogens appears Iikely (Bosland, 2000;
Kaaks et al., 2000a). The predominant
hypothesis is that risk is increased in
men who have elevated intraprostatic
concentrations of dihydrotestosterone

(DHT). DHT is formed from testosterone
within the prostate by the enzyme 5-
reductase type Il (SRD5A). Interindividual
differences in SRD5A activity, due to
polymorphic variations in the SRD5A
gene (Ross et al., 1998) or to differences
in physiological regulation, may cause
variations in amounts of OHT formed and
thus in prostate cancer risk (Bos land,
2000).

Another possible determinant of lev-
els of intraprostatic DHT formation is the
level of bioavailable testosterone in the
circulation. One large prospective cohort
study found a strong trend of increasing
prostate cancer risk with increasing lev-
els of plasma testosterone adjusting for

SHBG, whereas risk was inversely
related ta levels of SHBG after ad just-
ment for testosterone (Gann et al.,
1996). However, these results have not
been confirmed by other prospective
cohort studies (Bosland, 2000; Kaaks et
al., 2000a) and in a formai meta-analysis
of ail reported prospective studies, risk
was found to be unassociated with levels
of either total or bioavailable testos-

terone (Eaton et al., 1999). It remains
possible, however, that difficulties in
accurately measuring levels of bioavail-
able hormones obscured the presence of
a relatively weak association with

prostate cancer risk (Kaaks et al.,
2000a). Besides androgens, estrogens

have also been proposed ta either
enhance or inhibit prostate cancer devel-
opment (Farnsworth, 1996; Chang &
Prins, 1999; Bosland, 2000), but the lack
of any association of prostate cancer risk
with plasma estrogen levels supports
neither of these hypotheses (Eaton et al.,
1999; Bosland, 2000).

ln summary, it remains unclear

whether variations in bioavailable andro-
gens (and possibly other sex steroids)
are entirely unrelated to prostate cancer
risk, or whether weak associations exist
that may have been obscured by, for
example, inaccuracies in hormone mea-
surements. Even if prostate cancer risk
were related to bioavailable androgen

levels, however, the lack of any direct
relationship of plasma bioavailable

androgens with anthropometric mea-

sures of adiposity or physical activity levels
would be consistent with the absence of
an association between either obesity or
physical activity and prostate cancer risk,
as reviewed earlier in this chapter.

There is indirect evidence that sex
steroids may also influence the develop-
ment of colorectal cancer. Incidence
rates are higher in men than in women,
especially for the more distal colon, and
use of postmenopausal estrogen supple-
ments by women is associated with
decreased risk of colorectal cancer

(Calle et al., 1995; Kampman et al.,

1997; Crandall, 1999) and colorectal
adenomas (Potter et al., 1996). The
mechanisms for this association are not
weil understood, but estrogen receptors
are expressed by colonocytes. It has
been proposed that the weaker associa-
tion between BMI and colon cancer for
women than for men might also be
related to differences in estrogen metab-
olism between men and women. Women
who are overweight after the menopause
have higher circulating estrogen levels
due ta the conversion of estrogen

precursors ta estrogen in adipose tis-
sues. If estrogens do, indeed, reduce

colorectal cancer risk, this could account
for the gender difference in the strength
of the association with obesity. A coun-
terargument, however, is that obesity is
related to increased plasma estrogen

levels also in men and that plasma estro-
gen concentrations in men and post-
menopausal women are approximately
identical.

Insulin, IGFBP-1 and IGFBP-2
Insulin, IGF-I and IGF-binding proteins
are receiving increasing attention from

molecular biologists, pathologists and
epidemiologists (Giovannucci, 1995,

1999; Kaaks et al., 2000a; Khandwala et
al., 2000; Pollak, 2000; Kaaks &
Lukanova, 2001). Insulin and IGF-I stim-
ulate the proliferation (mitosis) and

inhibit the programmed death (apopto-
sis) of both normal and neoplastic cells
of many types (Werner & LeRoith, 1996;
Khandwala et al., 2000). Bath hormones
also have effects on cellular (de-) differ-
entiation (Benito et al., 1996; Stewart &
Rotwein, 1996; Werner & LeRoith, 1996;
Yu & Berkel, 1999; Khandwala et al.,
2000) and angiogenesis (Grant et al.,
1993; Kluge et al., 1995) and have been
reported to favour neoplastic transforma-
tion. Insulin and IGF-I exert these trophic
effects on a wide variety of tissue types
including ce lis from the breast (Foekens
et al., 1989; Yee et al., 1989), endo-

metrium (Rutanen, 1998; Wang & Chard,
1999), ovary (Wang & Chard, 1999;
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Poretsky et al., 1999), colon (Singh &
Rubin, 1993; Kim, 1998; Burroughs et
al., 1999; Rosen, 1999), prostate (Pollak
et al., 1998; Wong & Wang, 2000) and
kidney (Hammerman, 1999). ln some tis-
sue types (e.g., breast, endometrium

and prostate), these effects of IGF-I have
been proven to be synergistic with those
of other growth factors and steroids
(Oickson et al., 1990; Westley & May
1994; Westley et al., 1998; Yee & Lee,
2000).

As reviewed in the first part of this
chapter, epidemiological studies have

shown that excess body weight and obe-
sity are positively associated with risk of
cancers of the endometrium (in pre- and
postmenopausal women), breast (only
for tumours diagnosed several years
after menopause) colon, oesophagus
(adenocarcinoma) and kidney (renal cell
cancer). The risk of breast cancer before
menopause, by contrast, appears ta be
slightly decreased by obesity. As dis-
cussed in Chapter 4, one major meta-

bolic consequence of obesity is insulin
resistance, an increase in fasting plasma
glucose and insulin concentrations, and
decreases in IGFBP-1 and IGFBP-2

levels (down-regulated by insulin). The
relationship of colon cancer risk with
obesity, as weil as with other dietary and
lifestyle factors thought to be related to
insulin resistance (e.g., low intake of n-3
polyunsaturated fatty acids, dietary fibre
and fruits and vegetables; high intake of
sucrose and other carbohydrates of high
glycaemic index; low levels of physical
activity), led to the hypothesis that chron-
ically elevated insulin levels may be a
direct risk factor for colon cancer

(McKeown-Eyssen, 1994; Giovannucci,
1995; Kim, 1998). Similar hypotheses
have been formulated for cancers of the
breast (Kaaks, 1996; Stoll, 1999), pan-
creas (Weiderpass et aL., 1998) and
endometrium (Rutanen et al., 1993;
Rutanen, 1998). The tumour-enhancing
effects might be due either to insulin
itself or to an increase in IGF-I bioactivity
that may result from insulin-induced
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reductions in IGFBP-1 and -2. One phys-
iological mechanism through which
regular physical exercise may decrease
cancer risk, and actually oppose the

metabolic effects of obesity, is reduced
insulin resistance, chronic hyperinsuli-

naemia and increased IGFBP-1 (see
Chapter 4).

The hypothesis that chronic hyperin-
sulinaemia may enhance the develop-
ment of these various forms of cancer
finds indirect support in observations that
the risk of cancers of the colon (or

colorectum) (McKeown-Eyssen, 1994;
Giovannucci, 1995; La Vecchia et al.,
1997b; LeMarchand et al., 1997;
Weiderpass et al., 1997; Will et al., 1998;
Hu et al., 1999a), endometrium (Adami
et al., 1991; Moseson et al., 1993;

O'Mara et al., 1985; Parazzini et al.,
1999; Niwa et al., 2000; Weiderpass et
al., 2000), pancreas (Everhart & Wright,
1995; Wideroff et al., 1997; Calle et al.,
1998b; Weiderpass et al., 1998;

Silverman et al., 1999) and kidney

(O'Mara et al., 1985; Coughlin et al.,
1997; Wideroff et al., 1997; Lindblad et
al., 1999) is increased in diabetics. A
limitation of many of these studies is that

they lacked detail as ta whether diabetes
was of early onset (type 1) or adult onset

(type Il) and whether or not the subjects
depended on insulin injections. However,
within the general population, the major-
ity (;,80%) of diabetes is of adult onset
and non-insulin-dependent. This type of
diabetes is usually associated with

pancreatic hypersecretion and increased
plasma levels of insulin, even though the
high insu lin levels are insufficient to

maintain normal plasma glucose levels
because of insulin resistance. Case-
control and prospective cohort studies
have shown no consistent evidence for
any association of diabetes with risk of
breast cancer (Kaaks, 1996) or prostate
cancer (Kaaks et al., 2000a).

ln addition to studies relating cancer
risk ta diabetes, a few recent studies

have directly related cancer risk to
plasma levels of insulin, C-peptide (a

marker of pancreatic insu lin secretion),
or IGFBPs -1 and -2.

A recent cohort study showed an
increase in colorectal cancer risk in men
and women who had elevated fasting
plasma glucose levels and higher

plasma levels of glucose and insulin two
hours after a standard dose of oral glu-
cose (Schoen et al., 1999). The associa-
tion of colorectal cancer risk with fasting
glucose levels confirmed results from
some previous studies, reviewed by
McKeown-Eyssen (1994) and by
Giovannucci (1995). Another prospective
study, in New York women, showed an
approximately fourfold increase in
colorectal cancer risk between subjects
in the highest and lowest quartiles of
(non-fasting) serum C-peptide levels
(Kaaks et al., 2000b). The association
with C-peptide remained unaltered after
adjustment for BMI. Furthermore, colorec-
tal cancer risk was inversely associated
with levels of IGFBP-1 and IGFBP-2.

For endometrial cancer, one large
case-ontrol study showed an increase

in risk in postmenopausal women with
elevated serum levels of C-peptide

(Troisi et al., 1997), which did not
however persist after adjustment for
BMI. The effect of hyperinsulinaemia on
endometrial cancer risk may be
mediated by a decrease in IGFBP-1 , and
hence an increase in IGF-I bioactivity. ln
endometrial tissue, IGFBP-1 is the most
abundantly expressed IGF-binding
protein and strongly inhibits the
mitogenic action of IGF-I (Rutanen,

1998). A small study of 23 endometrial

cancer patients and 27 healthy control
women in Japan found lower IGFBP-I
levels in the cases (Ayabe et al., 1997)
Another small study in Finland also
showed higher fasting plasma insulin
levels and lower expression of the

IGFBP-1 gene in endometrial tissue
sam pies from endometrial cancer

patients than in those from healthy

controls (Rutanen et al., 1994).
Two case-control studies have

shown an association of bath premeno-
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pausai (Bruning et al., 1992b; Del

Giudice et al., 1998) and postmeno-

pausai (Bruning et a/., 1992) breast can-
cer with measurements of insulin or C-
peptide, but this was not confirmed in a
prospective study with measurements of

(non-fasting) C-peptide (Toniolo et al.,
2000).

As reviewed in the first part of this
chapter, prostate cancer risk appears to
be independent of BMI, and there is also
no clear evidence that a more central
body fat distribution is a risk factor.
These conclusions seem to be confirmed
by the findings of one prospective cohort
study, in which prostate cancer risk
showed no clear relationship with
plasma levels of (fasting) insulin, IGFBP-
1, and IGFBP-2-peptides that are usu-
ally correlated with indices of adiposity

(Stattin et al., 2000).
For pancreas cancer, no studies have

examined associations with plasma
insu lin or C-peptide. However, one

recent prospective study showed an
increase in risk of pancreas cancer in
men and women who had elevated
plasma glucose levels two hours after a
standard oral glucose dose (Gapstur et
al., 2000). Elevated plasma glucose lev-
els are indicative of insulin resistance

and hence of chronically elevated pan-
creatic insulin production (DeFronzo,

1988).
For lung cancer, one prospective

cohort study found a borderline signifi-
ca nt association of risk with serum insulin
concentration, which persisted after
adjustment for BMI and for current and
previous smoking (Lukanova et al., 2001).

IGF-I and IGFBP-3
As reviewed in Chapter 4, growth hor-
mone (GH) provides the key stimulus for
the synthesis of IGF-I and IGFBP-3, and
absolute levels of IGF-I and IGFBP-3 in
the circulation are regulated largely

along the GH/IGF-I axis. However,

dietary intake and body reserves of
energy and protein (essential amino
acids) modulate these stimulatory effects

of GH on the synthesis of IGF-I and
IGFBP-3. Chronic energy restriction
strongly reduces circulating IGF-I and
IGFBP-3 levels. Paradoxically, however,
obese subjects also have mildly reduced
absolute IGF-I concentrations, com-

pared with weil nourished but non-obese
subjects. Possible mechanisms of these
paradoxical observations are discussed
briefly in Chapter 4. Taken together, the
data suggest that, within the low range of
18 to about 24 kg/m2, BMI may be posi-
tively associated with IGF-I concentra-
tions, whereas BMI values above 25
kg/m2 may be inversely related, but this
still requires confirmation.

Two case-control studies (Peyrat et
al., 1993; Bruning et al., 1995) and two
prospective cohort studies (Hankinson et
al., 1998b; Toniolo et al., 2000) have
shown an increased risk of pre-
menopausal breast cancer in women
with elevated levels of IGF-I in plasma or
serum, but no association of IGF-I with
postmenopausal breast cancer. A possi-
ble explanation for these findings is that
IGF-I enhances breast tumour develop-
ment only in the presence of, and in
interaction with, elevated concentrations
of estrogens. ln several of these studies,
the association of IGF-I with risk was

stronger after adjustment for levels of
IGFBP-3 (Hankinson et al., 1998b) or
when IGF-I levels were expressed as
molar ratios to IGFBP-3 (Bruning et al.,
1995). Two other case-control studies,
however, did not show any association
between IGF-I and pre- or post-
menopausal breast cancer risk (Del
Giudice et al., 1998; Ng et al., 1998).

For colorectal cancer, three prospec-
tive cohort studies showed very small,
statistically non-significant increases in
risk with increasing absolu te levels of

IGF-I (Ma et al., 1999; Giovannucci et
al., 2000; Kaaks et al., 2000b). However,
in two of these studies, the association of
colorectal cancer risk with IGF-I levels

became stronger, and statistically signifi-
cant, after adjustment for levels of
IGFBP-3 (Ma et al., 1999; Giovannucci

et al., 2000). Furthermore, in two

case-control studies, cola rectal cancer
risk also related directly ta levels of IGF-
1 (Manousos et al., 1999; Renehan et al.,
2000a) and inversely to IGFBP-3

(Manousos et al., 1999). The prevalence
of colorectal adenomas has long been
known ta be higher in patients with
acramegaly, a pathology due to GH
excess and associated with elevated
IGF-I levels (Giovannucci, 1995).

Furthermore, in one case-control study
(Giovannucci et al., 2000), but not
another (Rene han et al., 2000b), the
presence of large, but not small, colorec-
tal adenomas was found to be
associated with more elevated IGF-I
levels, compared with adenoma-
free controls. Taken together, these

observations suggest that elevated IGF-I
levels may favour the progression of

small to large adenomas, and possibly to
carcinomas.

With regard to prostate cancer, two

case-control (Mantzoros et al., 199ì;

Wolk et al., 1998) and three prospective
cohort (Chan et al., 1998; Harman et al.,
2000; Stattin et al., 2000) studies have
ail shown an increase in prostate cancer
risk in men with elevated absolute levels
of IGF-I and one found an increase with
elevated levels of IGF-I for given levels
of IGFBP-3 (Chan et al., 1998).

One case-control study showed an
increase in lung cancer risk in subjects
with elevated levels of IGF-I (Yu et al.,
1999). This association became more
pronounced after adjustment for IGFBP-
3 level, and after adjustment for IGF-I,

risk was inversely related ta IGFBP-3
levels. This study also showed a
synergism between elevated IGF-I and
measures of mutagen sensitivity,
assessed by quantitating bleomycin- and
benzo(aJ-pyrene-induced chramatid

breaks in peripheral blood lymphocyte

cultures (Wu et al., 2000). Another study,
however, showed significantly lower
IGF-Ilevels in lung cancer cases than in
contrais (Lee et al., 1999b). One

prospective cohort study showed no
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significant association of lung cancer risk
with circulating IGF-I or IGFBP-3

(Lukanova et al., 2001).
Overall, these epidemiological studies

show associations of risk of various
forms of cancer with elevated levels of
IGF-I, either as absolute concentrations
or relative to levels of IGFBP-3. The
increased strength of these associations,
in sorne studies, after adjustment for

IGFBP-3 may reflect increased bioavail-
ability or bioactivity of IGF-I when
IGFBP-3 levels are low. Irrespective of
whether risk is associated with total
IGF-I, with IGF-I adjusted for IGFBP-3,

or both, these observations suggest a

possible relationship of cancer risk with
elevated pituitary GH secretion.
Conditions of elevated GH levels, such
as during the pubertal growth spurt or, at
extreme levels, in acromegaly, are asso-
ciated with increased levels not only of
absolute IGF-I, but also of the IGF-

1/IGFBP-3 ratio (Juul et al., 1994; Jasper
et al., 1999). As discussed above, how-
ever, the relationships of absolute IGF-I

levels or of IGF-I relative to IGFBP-3 with
BMI are not straightforward. Further
studies are required to elucidate the

degree ta which body fat stores and/or
physical (in)activity may result in the rel-
ative increase in IGF-I (or IGF-I relative
to IGFBP-3) observed in subjects who
subsequently develop cancer.

It is unclear why hyperinsulinaemia

and related decreases in IGFBP-1 and
IGFBP-2 appear to increase the risk of
some forms of cancer (e.g., colon,
endometrium) but not of others (e.g.,
prostate cancer), for which risk is unre-
lated to obesity. One possible explana-
tion for these contrasting observations is
that, depending on tissue type, a
decrease in IGFBP-1 or IGFBP-2 does
not have the same effect on overalllGF-
1 bioactivity, cell proliferation and apopto-
sis. Paradoxically, however, those forms
of cancer (e.g., of the prostate, or of the
breast in premenopausal women) do
show an association with absolute
plasma IGF-I concentrations, or with
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levels of IGF-I relative to IGFBP-3. As
mentioned in Chapter 4, the relation-
ships between between circulating levels
of IGF-I and IGFBPs and the concentra-
tions of these peptides in different types
of tissue remain unclear, and it is also
not fully understood which specifie
effects each of the IGFBPs may have, in
combination with IGF-I, on cellular
growth, differentiation and apoptosis.

Other hormones, growth factors and
non-hormonal factors
Several studies have examined the

association of leptin, a hormone that
reflects total fat mass, with cancer risk.
Premenopausal breast cancer patients
were found to have a non-significantly
lower level of leptin th an contrais
(Mantzoros et al., 1999; Petridou et al.,
2000). This finding is consistent with the
inverse association between BMI and
premenopausal breast cancer. For

prostate cancer, one case-ontrol study
(Lagiou et al., 1998) showed no associa-
tion with risk of prostate cancer or benign
prostatic hyperplasia. However, the
results from one prospective study sug-
gested a possibly non-linear relationship
of prostate cancer with plasma leptin
concentration, with an increased risk
only for moderately elevated leptin levels
but not for the highest levels (Stattin et
al., 2001).

Platelet-derived growth factor (POGF)
is a pote nt mitogen for a va ri et y of cells,
and may be associated with cancer
occurrence (Ross et al., 1993). PDGF
can also potentiate the action of growth
factors such as IGF-1. Initiation of an
exercise programme has been observed
to cause eventual decrease in platelet
responsiveness and aggregation
(Rauramaa et al., 1986; Sinzinger &
Virgolini, 1988; Davis et al., 1990).
However, there have been no direct
observations on a possible relationship
between PDGF and cancer risk.

Prostaglandins have been associated
with tumour growth in animal studies
(Tutton & Barkla, 1980). Prostaglandin

F 2 alpha inhibits tumour growth in the
colon and increases gut motilty;
prostaglandin E2 decreases colonic
motility and increases the rate of colonie
cell proliferation, especially in cancer
cells (Bennett et al., 1977; Tutton &

Barkla, 1980). Strenuous physical activity
appears ta increase levels of prosta-
glandin F2 alpha and inhibit synthesis of
prostaglandin E2 (Demers et al., 1981;
Rauramaa et al., 1984). ln a cross-sec-
tional analysis, Martinez et al. (1999b)

observed that changes in both BMI and
physical activity were associated with
prostaglandin E2 in rectal mucosa. An
increase in BMI from 24.2 to 28.8 kg/m2

was associated with a 27% increase in
prostaglandin E2 and an increase in
activity level from 5.2 ta 27.7 MET-hours
per week was associated with a 28%
decrease in prostaglandin E2. The asso-
ciation of mucosal prostaglandin levels
with cancer risk has not been studied

directly, however.

Other mechanisms
There are several other hypothesized

mechanisms of cancer occurrence that
could explain associations of energy

balance and physical activity with cancer
occurrence. Except for a strong relation-
ship between gastro-oesophageal reflux
and oesophageal adenoma, however,

the associations of these factors with
cancer etiology are still largely unsub-
stantiated by direct observations in

humans. Nevertheless, they are pre-
sented as potential explanations of etio-
logical pathways and as areas for future
research.

Gastro-oesophageal reflux
A number of epidemiological studies
have shown a strong association
between frequent gastro-oesophageal

reflux and risk of Barretts oesophagus
and oesophageal adenoma. Relative risk
estimates for usual BMI values ranged
from 5.5 to 43.5 (Chow et al., 1995;
Lagergren et al., 1999b; Farrow et al.,
2000). The use of medications that relax
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the lower oesophageal sphincter has
also been also found to increase the risk
of oesophage al adenoma (Lagergren et
al., 2000). As described earlier in this
chapter, gastro-oesophageal reflux dis-
ease is also strongly associated with

BMI, and these observations provide evi-
dence for gastro-oesophageal reflux as a
mechanism relating obesity to
oesophageal adenoma risk.

Intestinal transit time
A mechanism that might mediate the
protective effects of physical activity
against colorectal cancer is a reduction

of gastrointestinal transit time (Holdstock
et al., 1970). Physical activity may

shorten the faecal transit time through

increased vagal tone and thus increased
peristalsis. Reduced transit time would
reduce the period of contact between

carcinogens and colonic mucosal cells.
Moderate-Ievel activities such as walking
or a training programme lead to a

decreased transit time, resulting in
increased propulsion of colonie contents
through the colon (Cordain et al., 1986;
Koffler et al., 1992). However, not ail
studies have found that physical activity
reduces bowel transit time (Coenen et
al., 1992).

Immune function
Evidence for the potential of the immune
system to destroy tumour cells and pre-
vent tumour growth is compelling

(Hoffman-Goetz, 1998; Nieman &
Pedersen, 1999; Woods et al., 1999).
The immune surveillance theory hypoth-
esizes that malignant cells survive in part
because of impaired immune attack, due
to either absence of immunogenicity

(e.g., lack of tumour antigen expression)
in the tumour cells or depressed immune
response in the host system (Burnet,
1970). Immune-compromised individuals
tend to show an excess of Iymphomas,

skin cancers and some other cancers
(Penn, 1994; Schulz et al., 1996;
Schenkein & Schwartz, 1997), but the
role of immune function in those cancers

for which risk is associated with excess
body weight and physical inactivity is not
established.

There is little epidemiological data
linking immune function and cancer in
the general population. One recent

cohort study of 3625 Japanese persons
aged 40 years and older found that indi-
viduals with lower natural cytotoxic activ-
ity of blood lymphocytes had increased
risk of cancer (ail sites combined)

compared with individuals having high
activity (Imai et al., 2000). The assays
were performed at study entry and fol-
low-up amounted to 11 years.

Bile acid metabolism
Physical activity and weight control may
also induce favourable effects on bile
acid levels in humans. A decrease in the
ratio of secondary to primary bile acids
has been observed in obese patients
after treatment with subcaloric diet and
graded physical activity (Kadyrova &
Shakieva, 1986). Bile acids have been
observed ta influence the growth and
proliferation of colonie cells (Bernstein et
al., 1999).

Summary
ln conclusion, several effects of weight,

weight control and physical activity have
been Iinked with cancer risk in epidemio-
logical studies. Findings on the associa-
tion of metabolic and sex hormones and
etiology of several cancers are intriguing.
Data on links between immune function
and the cancers most strongly related ta
weight and physical activity are not avail-
able and other potential mechanisms

have not yet been supported by obser-

vational data.

Experimental studies
Experiments using animal models can
provide information relevant to the mech-
anisms in human subjects in ways that
are not otherwise possible. ln identifying
studies for review here, it was consid-
ered essential that mechanisms were
evaluated within the context of experi-

ments in which a cancer end-point was
also studied. This approach has the
advantage of increasing the likelihood of
establishing causality, while being

accompanied by the disadvantage of
excluding some potentially relevant
studies.

Weight control
Mechanistic considerations wil be

focused on following topics: carcinogen
metabolism, DNA damage and repair,
tissue size homeostasis which includes
consideration of celi proliferation and
apoptosis as weil as the regulation of the
relevant cellular machinery that carries
out these processes, angiogenesis,

modulation of immune function, and
other mechanisms. Within these broad
categories, the effects of energy restric-
tion (or dietary restriction, as noted) on
hormones and growth factors are
reviewed. It should be emphasized that
the operational division of carcinogene-
sis into stages is a useful tool for the

investigation of this disease process,

although the distinction between stages
is in many respects arbitrary.
Mechanisms generally considered to
operate during initiation are Iikely to also
affect post-initiation events and similarly,
mechanisms that are described as post-
initiation events clearly affect the process
of initiation.

Effects on the initiation phase of
carcinogenesis
Energy restriction has been reported ta
inhibit the initiation phase of the carcino-
genic process, but a lack of effect on
tumorigenesis has been noted in some
model systems. Energy restriction
(30-40%) before exposure of C3H/He
male mice to 3 Gy of whole body X-radi-
ation reduced the subsequent occur-

rence of myeloid leukaemia (Yoshida et

al., 1997). Energy restriction (50%) also
reduced, to a limited extent, DMBA-
induced mammary carcinogenesis wh en
the restriction was imposed before and
for a short time after carcinogen
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administration (Sylvester et al., 1982)

and energy restriction (25%) has been
reported to inhibit colon tumorigenesis
induced by a carcinogen requiring meta-
bolic activation, methylazoxymethanol

acetate, but not by the direct-acting car-
cinogen MNU (Pollard & Luckert, 1985).
However, energy restriction has been
reported to have no effect on the initia-
tion phase of skin tumorigenesis in

Sencar mice following a single applica-
tion of DMBA (Birt et al., 1991) or in
NMRI mice after chronic dermal applica-
tion of DMBA (Fischer & Lutz, 1994).
Effects of energy restriction on phase 1

and Il metabolism and on DNA damage
and repair mechanisms could account,
at least in part, for the variable

responses to carcinogenic insult when
animais are energy-restricted during
cacinogenic initiation.

Modulation of phase 1 drug-metabo-
Iism systems - cytochrome P450
enzymes
Energy and/or dietary restriction alters
the activities of drug-metabolizing

enzymes in a number of tissues,
including liver, lung, kidney and testis,
and it modulates the formation of

carcinogen-DNA adducts in carcinogen-
treated animais (see section on interme-
diate biomarkers in this chapter).

Restriction has been observed to reduce
the metabolic activation of aflatoxin B1 in
liver, but to increase the activation of
benzo(aj-pyrene in both rats and mice
(Chen et al., 1996; Chou et al., 1993a,b,
1997). ln these studies, both increases
and decreases in the activities of specific
CYP enzymes have been noted (see
Table 50), and in general changes in
enzyme activity have correlated with
changes in detected levels of adducts as
predicted by the CYP activity profile.
There are species, strain and gender
differences that appear to modulate the
effect of dietary restriction on CYP
activities and adduct formation

(Manjgaladze et al., 1993). However, a
moderate level of dietary restriction also

has been reported not to affect the
activity of either phase 1 or phase Il drug-
metabolizing enzymes (Keenan et al.,
1996). Collectively, these data indicate
that dietary restriction has the potential
to modulate DNA-adduct formation fol-
lowing carcinogenic insult, but it is not
possible to make generalizable predic-
tions about the potential for these effects
to be beneficial against carcinogenic ini-
tiation due to the complexity of the sys-
tems involved.

Modulation of phase Il drug-metabo-
lism systems - conjugating enzymes
The effects of energy restriction on the
activities of phase Il conjugating

enzymes have not been extensively
studied, and contradictory results have
been obtained (Chen et al., 1995;
Keenan et al., 1996; Leakey et al.,
1989), as summarized in Table 50.
Consequently, it is not possible to make
generalizable statements about effects
that these changes are likely to have on
the initiation stage of the carcinogenic
process.

Decreased oxidative DNA damage
and increased DNA repair/antioxidant
enzymes
Damage ta DNA that leads to mutations
and/or chromosomal alterations in spe-
cific genes, e.g., proto-oncogenes and
tumour-suppressor genes, is causally
involved in the genesis of cancer. Agents
that can induce DNA damage come from
both exogenous and endogenous
sources. Effects of energy restriction on
the metabolism of potential DNA-

damaging agents of exogenous origin
have been discussed in the preceding
paragraphs. The present section focuses
on agents that are endogenously

produced and more specifically on reac-
tive oxygen species. Oxidative damage
to DNA can be decreased by reducing
the formation of reactive species,
increasing the scavenging of reactive
species by low-molecular-weight com-

pounds such as glutathione and/or by

antioxidant enzymes, and by increasing
the rate of DNA repair and the fidelity of
repair. Numerous studies have reported
that dietary restriction affects these

processes at levels of restriction that
have been demonstrated to prevent
tumour development in an array of

experimental model systems. However,
such information must be recognized ta
be indirect. No studies in experimental
models have demonstrated a direct
relationship between energy restriction,
reduction of oxidative DNA damage,
decreased mutations, and the prevention
of cancer. Moreover, there is limited
evidence ta indicate that reactive oxygen
species are essential for the promotion
and progression of carcinogenesis in the
model systems in which energy restric-
tion has been shown to prevent cancer.
Hence, while a reduction in DNA

damage as a mechanism for cancer
prevention is clearly biologically plausi-
ble, evidence that energy restriction pre-
vents cancer by decreasing DNA oxida-
tion is inferential.

Energy restriction has been shown ta
decrease the accumulation of oxidized
bases in ONA. It also reduces oxidative
damage to proteins and lipids
(Youngman et al., 1992; Shigenaga et
al., 1994). With respect ta ONA damage,
energy restriction has been shown ta
reduce levels of 8-hydroxydeoxyguano-
sine by 20-25% in rat liver ONA isolated
from nuclei or mitochondria (Chung et
al., 1992) and in five different tissues of
mice, namely skeletal muscle, brain,
heart, liver and kidney (Sohal et al.,
1994a). The effects of energy restriction
on another oxidized base, 5-hydroxy-

methyluracil, in DNA isolated from Iiver
or mammary gland was also investigated
in rats; dietary restriction (40%) resulted
in statistically significant reductions

(approximately 40%) of this base in both
tissues (Djuric et aL., 1992). Evidence
exists that implicates a reduction in the
formation of reactive oxygen species
(Sohal et al. 1994b) via the inhibition, by
energy restriction, of mitochondrial state
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Species/strain Tissue Enzymes Effect of energy Reference
(sex) restriction on activity

Phase 1

Rat
Fischer 344 (M) Testis CYP2A 1 Decrease Seng et al. (1996)

Fischer 344 (M) Liver CYP2C11 Decrease Manjgaladze et al. (1993)

Fischer 344 (M)

(Iate in Iife) Liver CYP2E1-selective 4-nitrophenol Increase Manjgaladze et al. (1993)
hydroxylase

Mouse
B6C3F1(M) Lung CYP1 A 1 Increase Chen et al. (1996)
DBA/2J or C57BU6N Liver AHH Increase Cou et al. (1993b)

CYP1 A 1-dependent EROD,
CYP2B-dependent PROD

Phase Il
Rat
Fischer 344 (M) Liver GST towards 1,2-dichloro-4- Decrease Leakey et al. (1989)

nitrobenzene

Fischer 344 (M) Liver UDP-glucuronyltransferase and No effect Leakey et al. (1989)
sulfotransferase towards
hydroxysteroids

Fischer 344 (M) Liver U DP-glucuronyltransferase Increase Leakey et al. (1989)
towards bilirubin
Gamma-glutamyltranspeptidase

Fischer 344 (M) Liver GST towards aflatoxin B1-8-9- Increase Chen et al. (1995)
epoxide

AHH, aryl hydrocarbon hydroxylase; EROD, ethoxyresorufin-G-deethylase; GST, glutathione-S-transferase; PROO, pentoxyresorufin-
G-dealkylase

4 respiration, the state primarily respon-
sible for the generation of superoxide.

Besides effects on the production of

reactive species, lower levels of oxidized
DNA could result from increased
scavenging of reactive oxygen species,
but contradictory findings have been
reported, showing increases or no
clear-cut patterns of the effect of energy
restriction on activity of the antioxidant
enzymes superoxide dismutase (SOD),
catalase and glutathione peroxidase

(Rao et al., 1990; Sohal et al., 1994b).

Enhancement of DNA repair mecha-
nisms has been reported in response to
40% dietary restriction with or without
supplementation. Ultraviolet-induced
unscheduled DNA synthesis was found
to be increased (Weraarchakul et al.,
1989) and Q6-methylguanine DNA-

methyltransferase activity to be elevated

(73%) by restriction (40%) (Lipman et al.,
1989). However, effects of restriction on
the activities of enzymes that repair
specifie oxidized bases have not been
reported. Finally, one study has shown

that the fidelity of DNA repair by certain
polymerases purified from liver is
increased in dietary-restricted (40%)
mice (Srivastava et al., 1991).

Effects on the post-initiation
(promotion/progression) stage of
carcinogenesis
Most studies on effects of energy restric-
tion in the prevention of cancer using

experimental models have found inhibi-
tion of the post-initiation stage of the dis-
ease process; this stage is
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also referred to as promotion or pro-

gression.

Tissue size homeostasis
The processes of clonai expansion and
selection of transformed foci of cells in a
tissue can occur only if a dysequilibrium
exists between the rates of cell prolifera-
tion and cell death by apoptosis such
that abnormal cells can accumulate in
excess of their non-transformed neigh-

bours (Thompson et al., 1992). Several
laboratories have reported that dietary
restriction (20%) decreases the rate of
cell proliferation and increases the rate
of apoptosis (Grasl-Kraupp et al., 1994;
James & Muskhelishvil, 1994; Dunn et
al., 1997; Hikita et al., 1997; Zhu et al.,
1999a). The directions of bath effects are
considered beneficial in terms of cancer
prevention. By inducing levels of apopto-
sis, which can occur independently of wild-

type p53 activity (Dunn et al., 1997), the
potential for deletion of damaged and pre-
malignant cells from a tissue is enhanced.
Data relating to the effects of energy

restriction on each of these processes is
presented in the following sections.

Inhibition of cell proliferation: Since most
in-vivo assessments consider synthesis
of DNA as synonymous with cell prolifer-
ation, they are here considered as one.
Three general statements can be made
about the effects of energy restriction on
cell proliferation. First, in the many tis-
sues and organs examined in energy-
restricted animais, a reduction in the
absolute number of cells present in a
given tissue is uniformly observed. ln

some tissues, the reduction in cell num-
ber is directly proportional to body weight
such that the cell number in an organ or
tissue per 100 g body weight is essen-

tially the same in dietary-restricted and
ad-libitum-fed mice or rats (James &
Muskhelishvili, 1994; Zhu et al., 1999a).
Second, the inhibitory effect of energy
restriction on cell proliferation is constitu-
tively expressed, Le., it is non-specifie

and the magnitude of suppression is
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directly proportional to the degree of
energy restriction (Lok et al., 1990). Both
normal and transformed or premalignant
cell populations are affected (Grasl-

Kraupp et al., 1994; Dunn et al., 1997;
Zhu et al., 1999a). Third, the inhibitory
effect of energy restriction has been
seen in most tissues that have been

evaluated, although some investigators
have not observed an effect (Merry &
Holehan, 1985; Lok et al., 1990). ln the
colon, energy restriction has been
reported to reduce the activity of
ornithine decarboxylase and mucosal
protein tyrosine kinase activity, which
would be consistent with decreasing the
potential of cells to transit the cell cycle

(Kumar et al., 1990).

Cell cycle regulation: The evidence pre-
sented in the previous paragraph implies
that energy restriction arrests the pas-
sage of cells through the cell cycle. The
cells are likely to be arrested in the G1
phase of the cell cycle (Lu et al., 1991).
Female rats with 40% restricted energy
intake had increased activity of the
cyclin-dependent kinase inhibitor, P27, a
member of the Cip/Kip family of kinase
inhibitors (Zhu et al., 1999b). High levels
of P27 have been associated with arrest
of cells in the GO/G1 phase of the cell
cycle, at least in part via the inhibitory

effect of P27 on the activity of the
cdk2-cyclin E complex. Additionally, a
lower percentage of mammary epithelial
ce Ils from energy-restricted animais

stained positive for cyclin 01; this also is
consistent with arrest of cells in the

GO/G1 phase of the cycle as a result of a
reduced capacity to initiate phosphoryla-
tion of the retinoblastoma protein (Rb),

which is required for cells to traverse the
G1/S transition in the cell cycle (Sherr,
2000). An associated issue is whether

the effects on cell-cycle regulatory mole-
cules are direct or are mediated by

events upstream of cell cycle machinery.
No data were available concerning direct
effects of energy restriction on these cell-
cycle molecules. However, three reports

indicate inhibitory effects of energy
restriction on protein kinase C isozymes
a and ç in epidermal and pancreatic cells

(Birt et al., 1994b, 1996; Nair et al.,
1995); these could be involved in signal
transduction events that modulate cell
proliferation. Moreover, energy restric-
tion (40%) has also been reported to
inhibit signallng down the mitogen-acti-
vated protein kinase (MAPK) pathway
(Liu et al., 2001). ln particular, tumour
promoter induction of the specific MAPK
extracellular response kinase (ERK 1 ,2)
was selectively inhibited in the epidermis
of energy-restricted mice, while JNK and
p38 kinase were not influenced. This
inhibition may be particularly relevant ta
the prevention of skin tumours by energy
restriction because ERK 1,2 induction
directly activates the c-fos gene and indi-
rectly activates the c-jun gene. These
two genes are constituents of the tran-
scription factor AP-1, induction of which
by tumour promoters is fundamental to
carcinogenesis.

Induction of apoptosis: Apoptosis is a
means of deleting cells from a tissue in
the absence of a significant inflammatory
response. Apoptosis is induced in
response to physiological, pharmacolog-
ical and toxic stimulL Either chronic

energy restriction or acute fasting can
induce apoptosis. Three laboratories
have reported the induction of apoptosis
in liver by either fasting or energy restric-
tion (Grasl-Kraupp et al., 1994; James &
Muskhelishvili, 1994; Muskhelishvili et
al., 1995; Hikita et al., 1997, 1999). It
appears that constitutive rates of apopto-
sis are elevated but that preneoplastic

hepatic cell populations are more sensi-
tive to the apoptotic stimulus than are

non-transformed hepatocytes. Whereas
fasting was associated with a transient
reduction in the number and volume of
altered hepatic foci (Hikita et aL., 1999),
chronic energy restriction was reported
to cause a permanent reduction in the
number of hepatic adenomas and carci-
nomas induced in comparison ta controls
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fed ad libitum, due to deletion of initiated
hepatocytes (Grasl-Kraupp et al., 1994).
Energy restriction has also been
reported to enhance rates of apoptosis in
focal hyperplasia in the bladder (Dunn et
al., 1997) and in premalignant les ions in
the mammary gland (Zhu et al., 1999a).
Induction of apoptosis has been noted ta
account for the decreased cellularity of
the thymus and spleen in energy-

restricted mice (Poetschke et al., 2000),
and under these circumstances the T-
cell subsets had higher levels of plasma
membrane Fas receptor and Fas ligand,
and increased annexin-V positivity
(Reddy Avula et al., 1999). The authors
suggested that these conditions reflect
an increased potential for apoptosis.

Cell death machinery: While several

studies have determined that energy

restriction induces apoptosis, there have
been no reports of which initiator cas-
pases are activated by energy restric-
tion, or of the signalling events that result
in caspase activation. Nonetheless, the
work cited above indicates that a death
receptor pathway may be involved
(Reddy Avula et al., 1999).

Angiogenesis : The process of vascular-
ization is intimately involved in regulating
tissue size homeostasis. ln order to sup-
port new growth, it is essential for neo-
vascularization ta occur, a process

referred to as angiogenesis. Many find-
ings indicate that energy restriction is
Iikely to have an effect on this process.
One report shows that energy restriction
inhibits the progression of a trans-
plantable prostate cell line. Inhibition of
angiogenesis accompanied by reduced
levels of vascular endothelial growth

factor (VEGF) was one of the responses
observed in energy-restricted animais
that were inoculated with prostatic
tumour cells (Mukherjee et al., 1999).
The authors suggested that the inhibition
of angiogenesis by energy restriction
protected animais against tumour devel-
opment in this model system.

Hormones and growth factors
Modulation of insulin and insulin-Iike
growth factors (IGFs): As described ear-
lier in this chapter, energy-restriction in
rodents prevents DMBA-induced mam-
mary tumorigenesis in proportion to the
degree of restriction imposed. ln the
same studies, energy restriction also
resulted in a reduction in plasma insulin
levels that was proportional to the
degree of restriction imposed (Klurfeld et
al., 1989a, b). The development of

DMBA-induced mammary tumours is
also inhibited by alloxan-induced dia-

betes and alloxan- or streptozotocin-

induced diabetes in rats causes a

regression of 60-90% of DMBA-induced
mammary tumours (Heuson & Legros,
1972; Cohen & Hilf, 1974; Hilf et al.,
1978; Gibson & Hilf, 1980). Tumour
growth was restored and tumour latency
reduced upon insulin administration ta
diabetic rats.

Energy restriction has also been
reported to prevent the development of
DMBA-induced mammary tumours in
genetically obese LAN-cp female rats.
ln bath the obese animais and thelr
genetically normal lean controls, energy
restriction led to low plasma insu lin levels.
The authors speculated that insulin
might be mediating the effect of energy
restriction on tumour occurrence in this
model system (Klurfeld et al., 1991).

The effects on IGF metabolism of lev-
els of energy restriction that inhibited
tumour development have been investi-
gated in four studies. Ruggeri et al.
(1989) reported that a level of energy

restriction that inhibited DMBA-induced
mammary tumorigenesis reduced circu-
lating levels of Insu lin and IGF-I, but not
those of IGF-II. Initially, levels of both
insulin and IGF-I were reduced, but only
the effect of energy restriction on insulin
persisted. Two studies found that energy
restriction inhibited the development of
either leukaemias or bladder cancer

(Hursting et al., 1993; Ounn et al., 1997).
The inhibitory effects on tumour develop-
ment were accompanled by reductlons in

circulating levels of IGF-1. Both studies
found rates of ceU proliferation to be
reduced in restricted animais, and in the
bladder cancer model, the rate of apop-
tosis was markedly elevated in focal
hyperplasias in energy-restricted ani-
mais. Administration of IGF-I to restricted
animais restored the rates of proliferation
and apoptosis to those observed in ani-
mais fed ad libitum (Hursting et al., 1993;
Dunn et al., 1997). It was proposed that
the effects of dietary restriction are medi-
ated via changes in the availability of
IGF-I, which modulates tissue size
homeostasis by increasing cell prolifera-
tion and decreasing the rate of apopto-
sis. Thishypothesis has significant bio-
logical plausibility given the role of IGF-I
as a pote nt mitogen and as a survival
factor (Karl et al., 1999).

Modulation of adrenal cortical steroids:
As early as 1948, a raie was hypothe-

sized for the adrenal gland in mediating
the tu maur-preventive effects of energy
restriction (Boutwell et al., 1948). ln
mice, adrenalectomy has been shown ta
abolish the protective activity of dietary
restriction against chemicaUy induced
tumorigenesis in the skin and lung

(Pashko & Schwartz, 1992, 1996).
Elevated levels of corticosterone also

accompanied dietary restriction in ani-
mais with an intact adrenal gland. The
hyperplastic response normally observed
during the carcinogenic initiation-promo-
tion protocol was Inhibited by energy
restriction, but this inhibitory effect was
abolished by adrenalectomy (Pashko &
Schwartz, 1992). ln rats, energy restric-
tion leads ta increased urinary excretion
of corticosterone, and urinary corticos-
terone concentration was inversely asso-
ciated with tumour multiplicity (Zhu et al.,
1997). ln these studies, the authors

hypothesized a causal raie for adrenal
cortical steroids in accounting for the
cancer-preventive activlty of energy
restriction. Consistent with thls observa-
tion, the inhibition of mouse skin carcino-
genesis in the DMBA-initiation/-TPA-
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promoted Sen car mouse model by
energy restriction was paralleled by
reductions in protein kinase C a and ç

(Birt et al., 1994b, 1996). Subsequently,
mice were administered corticosterone
in the drinking-water in a manner that
elevated circulating corticosterone levels
to an extent similar ta that observed with
energy restriction (Birt et al., 2001). The
pattern of reduced epidermal expression
of protein kinase C isozymes a and ç
and elevation of isozyme 'T was strikingly
sirnilar to the alterations observed in the
epidermis of dietary energy-restricted

mice.
The role of glucocorticoid hormone in

the prevention of rodent carcinogenesis
has been studied (Yaktine et al., 1998;
Birt et al., 1999); elevated glucocorticoid
hormone levels have been reported to
be associated with prevention of carcino-
genesis and an intact adrenal gland is
claimed to be essential for prevention of
cancer by dietary restriction (Pashko &
Schwartz, 1992, 1996). ln contrast to
findings in rats (Morimoto et al., 1977;
Armario et al., 1987) and humans

(Chiappelli et al., 1991; Kennedy et al.,
1991), underfeeding hamsters did not
result in elevated levels of glucocorticoid
hormones. This hormonal response of
hamsters may have been a factor in the
inability of energy restriction to prevent
ductular pancreatic carcinogenesis in the
hamster model (Birt et al., 1997).

Modulation of sex steroids: The hypothe-
sis that energy restriction might act as a
pseudohypophysectomy has its origins
in early work in the field (Boutwell et al.,
1948). The relevance of the sex steroids
estrogen and progesterone to the devel-
opment of cancer has been covered in
Chapter 4 and earlier sections of this
chapter. The number of studies that have
examined the effects of energy restric-
tion on sex hormone function in parallel
with its effects on the development of
experimentally induced breast cancer is
fairly limited. Sylvester et al. (1981) and
Sarkar et al., 1982) both observed sup-
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pression of estrogen and prolactin secre-
tion under conditions of energy restric-
tion that inhibited mammary tumour
development, but Sinha et al. (1988)
failed to find differences in plasma estra-
diol levels at different stages of the
estrous cycle or disruption of estrous

cycling in rats subject to energy restric-
tion. While such effects are not antici-
pated from the human findings reviewed
in this volume, they imply that other

mechanisms are likely to be involved.
Conditions of energy restriction can be
defined that inhibit mammary carcino-
genesis with or without an effect on the
hypophyseal-pituitary-ovarian axis. This
finding is supported by the work of
Harvell et al. (2001 a), who found no
effect of energy restriction on circulating
17ß-estradiol in a rat model of estradiol-
induced mammary carcinogenesis.

ln reviewing the literature on this
topic, the Working Group noted a lack of
discussion on which experimental

tumour systems model postmenopausal

breast cancer. Therefore, although the

mammary carcinogenesis model sys-
tems that have been studied show sensi-
tivity ta ovarian steroids, ovariectomy
and anti-estrogen therapy, it is not clear
how these observations relate to the epi-
demiological findings on the raie of

weight control and physical activity in
postmenopausal breast cancer reviewed
in the first part of this chapter. It appears
possible ta amplify the cancer-preventive
effects of energy restriction on hormone-
sensitive target organs by modulating
the activity of the hypophyseal-pitu-

itary-ovarian axis, but effects on these
hormones do not appear ta be obligatory
in accounting for the cancer-preventive

activity of energy restriction in such
model systems.

Other mechanisms
Alterations of energy metabolísm:

Energy restriction produces an effect on
intermediary metabolism in the liver that
favours the role of glucagon in regulation
of glycolysis and glucose synthesis,

while limiting the role of insulin. This

results in higher glucose synthesis and
lower glucose catabolism (Feuers et al.,
1989). The former effect was interpreted
as providing for the efficient support of
peripheral tissues and the latter a level of
energy production necessary for self-
maintenance. Using c-DNA array tech-
nology to characterize patterns of
change in gene expression with ageing
and the effects of energy restriction in a
post-mitotic tissue (mouse muscle), Lee
et al. (1999c) showed that energy restric-
tion alters the expression of a number of
genes involved in energy metabolism.

The potential interaction between
effects of energy restriction on energy
metabolism, changes in energy metabo-
lism that occur in target cells following
carcinogenic insult, and the inhibition of
cancer by energy restriction has
received limited attention. However,

there is evidence that biologically
plausible relationships exist that may
underline, at least in part, the protective
activity of energy restriction against
cancer. Zhang et aL. (1998) studied
energy metabolism during AOM-induced
colon carcinogenesis in male Sprague
Dawley rats. They concluded that
colonocyte energy metabolism differs
between AOM-treated rats and saline
controls and that it changes during

tumorigenesis. A positive relationship
between intracellular energy status and
patterns of cell proliferation was

observed. Using a yeast model for
energy restriction, Lin et al. (2000) found
that limiting the availability of glucose led
to activation of a gene-silencing pathway
by NAD+. The existence of homologues
of these genes in mammalian ce Ils

remains to be established. it is stil
unclear whether effects of energy

restriction on the availability of
high-energy molecules (ATP, NADH and
NAD PH) play either a direct role in
inhibiting the development of cancer by
silencing genes involved in tumour

initiation, promotion or progression, or
an indirect role by regulating cell
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proliferation, apoptosis and/or angio-
genesis.

Prevention of obesity: Data from experi-
mental studies indicate that prevention of
obesity is Iikely to affect endocrine func-
tion, Le., insulin sensitivity and circulating
levels of hormones such as estrogen. It
could also affect levels of DNA damage by
exogenous as weil as endogenous

agents. These topics have been reviewed
above and will not be further discussed.

Modulation of immune function: The
effects of energy restriction on immune
function have been investigated most
extensively in studies of the ageing

process. ln general, energy restriction
has been reported to improve cell-medi-
ated immune function by preventing age-
related declines in activity (Cheney et al.,
1983; Weindruch et al., 1986; Fernandes
et al., 1997; Frame et al., 1998). Specifie
effects on CD4+ and CD8+ T cells and
on natural killer cell activity have been
reported as weil as on T-Iymphocyte

proliferation. While experiments investi-
gating the effects of dietary restriction on
ageing-related changes in immune
function have also noted the effects on
spontaneous tumour occurrence, Iittle
effort has been made to determine if
modulation of immune function is
involved in the cancer-preventive activity
of energy restriction. Most studies have
used models in which tumour cells were
inoculated and effects of energy restric-
tion on tumour metastasis and immune
function were measured. ln three
reports, effects of energy restriction on
cell-mediated immunity were noted
(Ershler et al., 1986; Hodgson et al.,
1996, 1997), but in one of these

(Hodgson et al., 1996), energy restriction
was associated with an increase in
metastasis. Thus, while it is biologically
plausible that effects of energy restriction
on immune function could, at least in
part, account for its cancer-preventive

activity, experimental data remain limited
and inconclusive.

Physical activity
There are a number of plausible mecha-
nisms by which physical activity may pre-
vent the development of cancer, but data
in support of these mechanisms remain
limited. ln experimental tumour models,
most work has focused on inhibition of
the post-initiation (promotion and pro-
gression) stages of carcinogenesis by

physical activity. However, it appears
that physical activity can also affect the
process of initiation (see the section on
experimental studies of physical activity
earlier in this chapter).

Immune status and function
Considerable attention has been
directed to the hypothesis that physical

activity prevents cancer in humans by
enhancing immune function. Studies of
this hypothesis in experimental tumour

models have been limited to investigat-
ing the effects of physical activity in
transplantable tumour systems. Thus,
exercise-mediated effects on the

immune system during either the initia-
tion or the promotion phase of experi-
mentally induced carcinogenesis have

not been investigated.
The immune mechanisms most Iikely

to be involved in protection against can-
cer include exercise- or training-induced

increases in the number and/or activity of
Iymphokine-activated killer cells, tumour-
infiltrating macrophages and/or activated
natural killer cells. Since most of the
immediate immune responses to exer-
cise are relatively short-Iived, susceptibil-
ity to cancer is more Iikely to be affected
by training-induced changes in resting
function of the immune system than by
the immediate responses to a bout of

exercise (Shephard & Shek, 1995).

Many investigators have reported effects
of various exercise regimes and/or train-
ing programmes on components of the
immune system, but only a few studies
have combined these measurements

with data on the effects of the physical
activity regime on a tumour outcome.
Hoffman-Goetz et al. (1992) exercised

C3H mice on a treadmill and inoculated
them with CIRAS 3 tumour ce lis at four
weeks into the training protocol. At eight
weeks of training, exercise was signifi-
cantly associated with increased natural
kiler (NK) cytotoxicity against tumour
targets in vitro, but this effect was

observed only in animais without visible
lung tumours. Consequently, the authors
were doubtful about the physiological
significance of exercise-induced changes
in immune function on tumour progres-
sion. Hoffman-Goetz et al. (1994) also
compared the effects of exercise on an
activity wheel with those due to treadmill
exercise on the occurrence of pulmonary
metastases in female BALB/c mice inoc-
ulated intravenously with the MMT 66
tumour cell line. ln general, exercise
tended to increase NK activity and Iym-
phokine-activated killer (LAK)-mediated
cytotoxicity; however, no effect of
exercise on lung metastasis was

observed. Thus, although exercise
training influences natural immune cyto-
toxic mechanisms in vitro, this may not
translate into clinically significant
changes in tumour burden (Hoffman-

Goetz et al., 1994). Woods et al. (1994)
studied the effects of treadmill exercise

on phagocytic capacity of intratumoural
phagocytes in C3H/He male mice inocu-
lated subcutaneously with SCA-1 mam-
mary adenocarcinoma cells. While mod-
erate exercise increased phagocytic

capacity, no effect of exercise on tumour
incidence or tumour size was observed.
Jäpel et al. (1992) also reported

enhanced phagocytosis of macrophages
in tumour-bearing animais trained on a
treadmill; this effect strongly depended
on the duration and onset of the training
programme.

Sex hormones
Data from human studies suggest
that physical activity could prevent can-
cer by an endocrine route through an

effect on sex steroids. Cohen et al.
(1993) examined this possibility in
carcinogenesis studies in female

205



IARC Handbooks of Cancer Prevention, Volume 6: Weight Control and Physìcal Actìvity

Sprague-Dawley rats given access to
activity wheels. Using DMBA ta induce
mammary tumours, access to exercise
was associated with lower tumour

occurrence; the nature of the protective
activity depended on the dose of
carcinogen. No difference in cytosolic
estrogen receptor levels in the induced

tumours was noted between animais that
were sedentary and those that were

exercised. The authors considered these
data to cast doubt on the idea that
physical activity selects, via an
endocrine effect, for estrogen-

non-responsive tumours. Cohen et al.
(1991) observed that voluntary exercise
on activity wheels reduced yìelds of

MNU-induced mammary tumours and
delayed time of tumour appearance (see
page 185). They found no effect of
wheel-running on circulating bioactive or
immunoreactive prolactin and deduced
that thìs cast doubt on mediation of the

What counts as moderate
physical activity ?

· Raking leaves

· Digging in the garden

· Walking the dog

· Mowing the lawn

· Climbing stairs

· Dancing

· Cleaning windows

· Household chores

.Swimming

· Hiking

· Shovellng snow

· Riding a bike
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cancer-preventive effect of exercise by
prolactin.

Insulín/glucose
Effects of exercise on insulin and/or IGF-
1 have been reported in two experimental
tumour systems. Kazakoff et al. (1996)
studied the effect of access to an activity
wheel on induction of pancreatic cancer
in female Syrian hamsters given an

injection of BOP. They found exercise to
have no effect on tumorigenesis, despite
the fact that animais with access to

exercise had significantly lower levels of
circulating insulin, though unchanged
plasma IGF-1 levels. The authors

concluded that since exercise did not
modulate tumour incidence, the effects
of exercise on insulin probably do not
mediate its effect on tumour develop-
ment. While using a model not directly
applicable to cancer prevention,

Daneryd et al. (1990) studied the effects

of access ta an activity wheel in female
Wistar Furth rats implanted with a

transplantable tumour. Tumour-bearing

exercised animais had higher insu lin

sensitivity and the exercised animais had
a smaller tumour mass, the magnitude of
reduction depending on the type of

tumour implanted.

Other mechanisms
Various other plausible mechanisms

could account for the cancer-preventive

effects of physical activity (Cohen et al.,
1992). However, no experimental data
were available to the Working Group for
any exercise protocol known to prevent
cancer in relation ta the following

mechanisms: stimulation of colonie
peristalsis, altered prostaglandin produc-
tion, increased endorphin production,

altered adiposity/fat distribution
(obesity), enhanced free-radical/antioxi-
dant functions.



Chapter 6

Other beneficial affects
Weight control
Many prospective observational studies
have investigated the impact of relative
weight, measured as BMI, on risk of mor-
tality and disease end points. Other

prospective observational studies have
looked at the effect of change in body
weight that often occurred later in life.
Relative weight has also been studied in
relation to biological markers of disease
and quality of Iife in observational and
experimental settings. The results of
experimental weight loss trials have
often provided further evidence on

effects of weight control on health.
Some major reports have summa-

rized current evidence on the raie of obe-
sity and weight control with respect ta
risk for non-cancer diseases and all-
cause mortality (WHO Expert
Committee, 1995; National Task Force
on the Prevention and Treatment of

Obesity, 2000); these reports have pro-
vided the scientific background for major
public health initiatives on weight control.

Ali-cause mortalíy
Weight status
The earliest data on the importance of
relative weight for mortality and disease
occurrence came from studies that
prospectively related existing SMI to risk.
This concept is straightforward because
there is in general considerable variation
in BMI between individuals within a study
population which persists with nearly
unchanged ranking for long time periods.

Ali-cause mortality increases with

both higher and lower BMI in the general
population. The association between rel-
ative weight and mortality was first
demonstrated in a study of life insu rance
policy holders (Build and Blood Pressure

Study, 1959) and the non-Iinearity of this
association was confirmed in a later
study of volunteers in the American

Cancer Society Study (Lew & Garfinkel,
1979). Most subsequent studies have

documented U-, reversed J-, and J-
shaped associations between BMI and
mortality in men and women; see for
example Waaler (1988).

The increase in risk among subjects
with the lowest BMI values has attracted
particular attention in recent years
(Seidell et al., 1999). The low SMI values
in such studies were usually in the range
defined as normaL. Smoking was long
believed ta account for the excess mor-
tality among lean individuals, and it has
also been speculated that pre-existing
disease is another factor. The exclusion
of subjects who die during the first years
of follow-up has therefore been recom-
mended to avoid confounding. However
a meta-analysis of studies specifically
conducted on the relation between BMI
and ali-cause mortality revealed that the
effect of excluding early death from the
analysis was significant but of minor
magnitude (Allison et al., 1999a).

Some more recent prospective studies
have analysed the relationship between
BMI and mortality particularly among
non-smokers, excluding subjects with
pre-existing diseases, and ignoring mor-
ta lit y in the first years of follow-up.

Attempts were made to adjust for direct
consequences of obesity such as

diabetes and hypertension and ta

exclude subjects with a large loss of
weight. Some studies with proper control
of confounding demonstrated no signifi-
ca nt increase in risk of ali-cause mortal-
ity among subjects in the lower end of
the BMI range (Wannamethee & Shaper,

1989; Lee et al., 1993; Sorkin et al.,
1994; Manson et al., 1995; Stevens et
al., 1998; Baik et al., 2000). Baik et al.
(2000) found evidence that lean men
particularly suffer from death due to res-
piratory diseases and that risk of mortality
is particularly high among inactive lean
subjects. Allison et al. (1997, 1999b)

demonstrated that the higher mortality
risk among lean subjects can be attrib-
uted to low lean body mass, whereas a
low fat mass decreases mortality risk.

It appears that Qender is a major mod-
ifier of the shape of the BMI-mortality
association in the general population.

For instance, Waaler (1988) found a U-
shaped association in middle-aged men,
while a reversed J-shaped association
was observed in females, with the high-
est mortality rates among lean women.
ln a study of slightly younger adults in

the Netherlands, a U-shaped association
was seen in men but not in women

(Seide Il et al., 1996). It has been sug-
gested that the gender difference in obe-
sity-related mortality can be explained in
part by a greater tendency for males to
develop abdominal obesity (Larsson et
al., 1992).

Stevens et al. (1998) conducted the
largest recent study on a non-smoking
population and showed in general a
direct relationship between BMI in young
age and ali-cause mortality. This cohort
study of the American Cancer Society
also strongly indicated that age is a mod-
ifier of the effect of weight on ali-cause
mortality (and cardiovascular diseases).
ln this cohort of 62 116 men and 262 019
women, the increased relative risk of
mortality with higher BMI decreased with
age. The trend was similar in men and
women. The modifying effect of age was
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further evaluated by Stevens (2000),

taking previous research into account.

Baik et al. (2000) also recently high-

lighted this issue and provided further
evidence that in older subjects BMI may
be less important compared with direct
measurements of fatness such as waist
circumference. Comparative analyses of
diferent measures of fatness in the
same study population are rare, but have
shown that other measures of fatness
th an BMI are also related to risk and add
further information on the relationship
between fatness and mortality (Foisom
et al., 2000). Seidell and Visscher (2000)
considered five possible explanations for
the observed modifying effect of age: (1)
BMI is not a good indicator; (2) there is
selective survival of only the fittest obese
subjects; (3) a ceiling effect occurs

because most study participants in old
age groups die during follow-up; (4)
cohort effects arise because of different
experience in terms of development of

obesity and morbidity/mortality across
birth cohorts; (5) excess fat is less detri-
mental in older than in younger age

groups. They also presented empirical
data showing that ageing is associated
with a change in body composition, with
an increase in fat mass at the expense of
lean body mass.

ln a prospective study in the USA of
the relationship of BMI and fitness ta risk
of ali-cause mortality, 21 925 men, aged
30-83 years, had a body composition

assessment and a maximal treadmill
exercise test. The 428 deaths over the
eight-year follow-up period (on average)
were Iinked to obesity and cardiorespira-
tory fitness. Compared with lean fit sub-
jects, obese fit subjects (% body fat;: 25)
experienced a similar relative risk for all-
cause mortality (RR = 0.92; 95% Ci
0.65-1.3) which was lower than the rela-
tive risk of unfit subjects with normal

weight (RR = 1.6; 95% CI 1.2-2.3) after
adjustment for age, year of examination,
smoking habits, alcohol intake and
parental history of ischaemic heart

disease (Lee et al., 1999d). The highest
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relative risk compared with lean fit sub-
jects was found for the unfit lean sub-
jects (RR = 2.1; 95% Ci 1.2-3.7) taking
the lean fit subjects as reference.

However this study population was highly
selective and cardiorespiratory fitness is
not identical with physical activity (see
Chapter 1).

Methodological issues still dominate
the debate about the relation between

BMI and mortality. However, the data
from studies with proper control of con-
founding clearly indicate that risk of all-
cause mortality is lower at BMI ~ 25
kg/m2 (Wannamethee & Shaper, 1989;
Lee et al., 1993; Sorkin et al., 1994;

Manson et al., 1995; Stevens et al.,
1998; Baik et al., 2000). Ethnie differ-
ences probably exist for optimal BMI;
there is evidence that the optimal BMI is
higher for blacks, while in Pima Indian
women no relationship between BMI and
mortality was found (National Task Force
on the Prevention and Treatment of

Obesity, 2000).

Weight change
Weight change in the adult population is
a common phenomenon often recorded
in the prospective cohort studies that

form the basis for the evaluation of long-
term effects of weight on risk for all-
cause mortality. ln some studies, in addi-
tion ta repeated measurements of weight
and other anthropometric variables,
weight histories were obtained. Subjects
can also be asked about dieting behav-
iour, their intention ta lose weight and
how they lost weight. Thus it is possible
to follow the development of weight over
time in subjects and to compare groups
with different patterns of weight develop-
ment in terms of subsequent risk. ln the-
ory, data on the effect of weight change
on risk in adult life may be much more
relevant ta weight reduction programmes
focusing on change of weight in adult life
than studies based on BMI at a given

point in time.
The design of studies on weight

change is more complex th an that of

studies on BMI status. ln most recent
prospective studies, weight change was
first measured and then the risk associ-
ated with such changes was assessed
over the subsequent follow-up period.
Only a few studies have incorporated

data on weight changes during follow-up
until end-point occurrence in their analy-
sis (e.g., Deeg et al., 1990). The effect of
weight change on risk was usually con-
trolled for initial BMI. Thus, these studies
allow simultaneous investigation of both
weight and weight change, and have

often led ta the conclusion that these two
aspects act independently of each other

(Mikkelsen et al., 1999).
However, these studies have severe

limitations. Whereas it is relative easy ta
record weight change over time, it is very
hard to obtain information about the

reason for changes. It is known that
weight change in itself affects further
weight development (Colditz et al.,
1990). For example, weight reduction is
a good predictor of subsequent increase
in weight. Background information

relating ta weight change may be less
important for weight gain but is very

important in the case of weight loss.
Weight loss is often related to underlying
chronic diseases in an early stage, not
yet verified by a physician. ln some
studies, specifie enquiry was made
about reasons for weight loss. Two stud-
ies have found that among weight losers,
the percentages of intentional and
unintentional loss of weight were about
50 and 50% (French et al., 1995) in
women and about 40 and 60% in men
(Wannamethee et al., 2000). However,
even if a person has intentionally
reduced weight, the various ways of
doing sa may affect disease risk
differently: reduction of energy intake,
increase of physical activity, change of
dietary pattern, use of drugs etc. A recent
large study of 4713 British men shed
some light on the characteristics of those
who indicated that they intentionally or
unintentionally lost weight as they aged

(Wannamethee et al., 2000). Intentional
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weight loss was associated with higher
BMI than in those with unintentionalloss
and the latter group felt more unhealthy.
However, both groups clearly differed
from those with stable weight in having

poorer health. A group of weight cyclers
comprising only 82 of the men in this
study showed the highest BMI and the
poorest health. ln conclusion, it seems
very difficult to identify subjects in a
cohort who reduced their weight for pre-
ventive reasons only with no relation to
acute or chronic illness. Weight loss due
ta health impairment, even if considered
as intentional, might therefore be partic-
ularly subject to the phenomenon of
reverse causation, sa that available data
may be misleading.

It is nevertheless worthwhile to

examine the results of prospective

observational cohort studies that have

analysed effects of weight change on
risk of ali-cause mortality in more detail.
ln such studies, stable weight is usually
the reference category. For the determi-

nation of weight variability (cycling), at
least three measurement points over
time per subject are needed. ln most of
the studies that investigated this aspect,

weight variability was defined as
standard deviation of the subject-specific
measurements or as the variation of the
measurement points along a regression
line (Lissner et al., 1990). The latter was
considered particular useful because
weight variability could be separated
from weight development over time,
allowing differentiation between the two
aspects of weight change.

Only a few of the studies analysing
the effect of weight change on ali-cause
mortality investigated ail aspects of

weight change, including the effect of
stable weight, simultaneously in one

study population. It is more usual ta find
studies within the same cohort but
looking at different time periods, specifie
aspects of weight change and diferent
disease outcomes. ln addition, it is
nearly impossible to standardize the

results of the different studies. Wide

variation exists across studies in terms of
the age range of the population, the time
period at which weight change was
measured and the follow-up period used,
as weil as in the categories of weight

change used. The study-specific
definition of weight change has often
mixed various aspects depending on the
study design and the information avail-
able. For example, weight variability
might be specifically measured in a study
population or included in the weight

change measure.

Studies of the effect of weight change
on mortality were reviewed by Lee and
Paffenbarger (1996) and a meta-analy-

sis was peiiormed by Andres et al.
(1993). The earliest study was that of
Dublin (1953), which used data from a
life insurance company, and was fol-
lowed by a similar study published in
1959 (Build and Blood Pressure Study),
based on about five million subjects.
Subsequent studies were those con-

ducted by the American Cancer Society

(Hammond & Gaiiinkel, 1969) and a
second Build and Blood Pressure Study

(1980) of members of a health insurance
scheme. The first studies indicated a
reduction of mortality with weight loss in
both men and women. However, the
detailed analysis by Hammond and
Gaiiinkel (1969) revealed that weight

loss might not only have beneficial
effects by reducing the risk of mortality
but also increase risk particularly for car-
diovascular death in some strata. Table
51 summarizes the results of most of the
subsequent studies, as far as they

directly reported relative risk estimates.
The relative risk estimates presented in
this table refer in general to the highest
or lowest weight change category if there
was a Iinear trend. ln addition to the
studies reporting relative risk in Table 51,
Deeg et al. (1990) found increased risk
with increase and decrease of weight in
a national sam pie of 604 Dutch subjects
aged 65 to 99 years, particularly among
males. Rhoads and Kagan (1983)
reported increased risk with decreased

weight and a slight increase in risk with
increased weight among Honolulu

Japanese men aged 45 ta 68 years.
Overall, the studies indicate excess

mortality associated with bath weight
loss and weight gain. Significantly
increased risks were often seen for
weight loss and studies that investigated
weight cycling usually found consistently
elevated risks for ali-cause mortality. ln
most studies, weight gain was associ-
ated with only slightly increased risk
compared with stable weight, often in a
non-significant manner. However, many
of the studies were conducted in older
age groups. Effect modification by age
similar to that seen for BMI should be
considered. The same applies to modify-
ing effects of initial BMI. Oata from some
studies suggest that weight loss and

weight cycling in obese subjects are less
strongly associated with risk than in
subjects of normal weight (Blair et al.,
1993; Pamuk et al., 1993) and sa me
studies of obese subjects have not

revealed increased risk associated with
weight reduction (Williamson et al.,
1995,1999).

Studies that have separately investi-
gated intentional and unintentional

weight loss have failed ta show reduced
ali-cause mortality for intentional weight
loss compared with stable weight
(Willamson et al., 1995, 1999; French et
al., 1999b). However, two of these
studies (Williamson et al., 1995; French
et al., 1999b) found that the excess

mortality associated with weight loss
seemed ta be attributable to uninten-
tional loss. Intentional weight loss was
associated with decreased premature

mortality among obese women with obe-
sity-related co-morbidities but not those
without co-morbidities (Williamson et al.,
1995).

ln conclusion, methodological prob-

lems remain serious in the area of
research into weight change and all-
cause mortality. The current data do not
indicate that weight loss lowers the risk
of ali-cause mortality.
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Other beneficial effects

Cardiovascular disease
Excess body weight has been demon-

strated in many studies to increase the
risk for mortality from cardiovascular dis-
ease in subjects of both genders (Pi-
Sunyer, 1999). Also studies on weight

change have analysed, in addition to all-
cause mortality, coronary heart or cardio-
vascular disease mortality or morbidity
(e.g., Lissner et al., 1991; Lee &
Paffenbarger, 1992d; Blair et al., 1993;
Higgins et al., 1993; Iribarren et al.,
1995; Rimm et al., 1995; Willett et al.,
1995; Folsom et al., 1996; Fulton &
Shekelle, 1997; French et al., 1997;
Yaari & Goldbourt, 1998; Galanis et al.,
1998b; French et al., 1999b; Dyer et al.,
2000). ln general, weight gain seems ta
be more tightly linked to an increase of
risk for coronary heart diseases th an for
ali-cause mortality, while the risk in con-
nection with weight loss was on average
less elevated for coronary heart dis-
eases than for ali-cause mortality and
only slightly higher compared with stable
weight. The three studies that addressed
the question of intentional or uninten-
tional weight loss (Willamson et al.,
1995, 1999; French et al., 1999b)

showed similar risk associated with
intentional weight loss and with stable
weight, while among women, uninten-
tionalloss of weight was associated with
increased risk. However, the limitations
of the current studies on weight loss dis-
cussed above also apply in relation to
cardiovascular diseases and therefore
the evidence for an effect of weight loss
on cardiovascular diseases can be con-
sidered as limited.

This conclusion has to be weighed

against the benefits seen in intervention
studies among high-risk subjects (see
following sections). Weight reduction

improved cardiovascular disease clinical
measurements and symptoms (Ornish et
al., 1990) and decreased mortality in a
secondary prevention trial (Singh et al.,
1992). The National Task Force on the
Prevention and Treatment of Obesity

(2000) pointed out that most of the

effects of weight on coronary heart dis-
eases presumably act throught its impact
on other risk factors including hyperten-

sion, impaired glucose tolerance, type Il
diabetes melltus and dyslipidaemia.

Hypertension
Both systolic and diastolic blood pres-
sure increase with increasing BMI

(Stamler et al., 1978; Van Itallie, 1985).
Observational studies on risk of hyper-
tension in relation ta weight change sug-
gest that an increase in weight increases
the risk of hypertension (e.g., Curtis et
al., 1998; Huang et al., 1998; Field et al.,
1999). Weight reduction seems to
decrease the risk of hypertension

(Huang et al., 1998). Little information is
available on the effect of weight cycling

on risk of hypertension and no firm con-
clusion can currently be drawn.

However, a recent small case-control
study in Italy with a group of 103 hyper-
tensive obese women aged 25-64 years
and 155 controls revealed an increased
risk associated with weight cycling

(Guagnano et al., 2000). It was con-
c1uded that weight cycling leads to
increased weight and to a larger waist-
to-hip ratio, both of which are associated
with increased risk for hypertension.

Prevention of hypertension in
overweight normotensive
individuals
Stevens et al. (2001) randomized 1191

overweight subjects with non-medicated
diastolic blood pressure of 83 to 89 mm
Hg and systolic blood pressure less than
140 mm Hg to two groups. The interven-
tion group lost weight through a three-
year programme including dietary
changes, physical activity and social
support. After three years, the mean
weight loss in the intervention group was
0.2 kg, while the control group had

gained a mean of 1.8 kg. The risk ratio
for hypertension in the intervention group
was 0.81 (95% Ci 0.70-0.95) at three
years. Subjects who had lost at least 4.5
kg at six months and maintained this

weight loss up to three years had the

lowest risk ratio for hypertension, of 0.35

(95% Ci 0.20-0.59).

Established hypertension
A systematic review of 18 randomized

trials (Mulrow et al., 2000) evaluated
whether weight-Ioss diets are more

effective than other antihypertensive

therapies in controlling blood pressure in
hypertensive subjects. The trials
included 2611 hypertensive participants.
Most studies excluded subjects with nor-
mal weight. Intervention periods with a
weight-Ioss diet ranged from two weeks
to three years. ln general, participants

assigned ta weight-reduction groups lost
weight compared with the control
groups. Six trials involving 361 partici-
pants assessed a low-energy diet versus
a normal diet. A 4-8% weight loss was
associated with a decrease in blood

pressure in the range of 3 mm Hg sys-
tolic and diastolic. The review included
three trials that assessed a weight-oss
diet versus treatment with antihyperten-

sive medications and suggested that a
stepped-care approach with antihyper-
tensive medications produced greater
decreases in blood pressure (6 and 5

mm Hg systolic and diastolic, respec-
tively) th an did a weight-Ioss diet.
However, the review suggested that
patients on a weight-reducing diet

required less intensive antihypertensive

drug therapy.

Type 1/ diabetes
The development of type Il diabetes is
characterized by obesity, early insulin
resistance and progressive deterioration
of glucose homeostasis over several
years from hyperinsulinaemia with nor-
mal fasting glucose ta impaired fasting
glucose ('impaired glucose tolerance')
and ultimately to fasting hyperglycaemia
accompanied by a c1uster of other meta-
bolic abnormalities predisposing to vas-
cular disease (Laakso & Lehto,1997).

Excess weight, particularly abdominal
obesity, has a deleterious effect on ail
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phases of this process. An increasing

risk of diabetes with greater initial BMI
and weight gain has been amply
documented in prospective studies from
various parts of the world (Maggio & Pi-
Sunyer, 1997). The risk increases almost
linearly, being 2.1 and 3.5 for BMI
22-22.9 and 23-23.9 kg/m2, respec-

tively, compared with BMI .( 22 kg/m2 in
US women aged 30-55 years who were
followed for eight years (Colditz et al.,
1990). The positive effects of sustained
weight loss on glycaemic control and

associated metabolic complications in
obese type Il diabetes patients can be
expected to have a favourable effect on
mortality and morbidity among these
patients. However, some studies have
reported no association or an increased
risk of mortality in obese diabetic

patients with weight loss (Knatterud et
al., 1982; Chaturvedi & Fuller, 1995;
Hanson et al., 1995); these studies were
not able to differentiate between in

tentional and unintentional weight loss.
Some studies suggest that weight
cycling increases the risk of type Il dia-
betes (French et al., 1997; Moore et al.,
2000b), but this issue needs further
research. ln a recent re-analysis of the
American Cancer Society Study

(Williamson et al., 2000), overweight

people with type Il diabetes who reported
intentional weight loss had lower total
mortality (RR = 0.75; 95% Ci 0.67-0.84)
and cardiovascular disease and diabetes
mortality (RR = 0.72; 95% Ci 0.63-0.82)
than those not reporting such weight

loss. Weight loss of 20-29 Ib (9-13 kg)
was associated with the greatest reduc-
tions in mortality (0.67; 95% Ci

0.58-0.77).

Prevention of diabetes in
non-diabetic individuals

Short-term studies have shown a signifi-
ca nt correlation between improved

insulin sensitivity and percentage

decrease in fat mass, especially in vis-
ceral adiposity (Goodpaster et al., 1999).
Weight loss produced by a low-energy
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diet reduces blood glucose and insu lin

levels in obese individu ais (National

Institutes of Health and National Heart,
Lung and Blood Institute, 1998). It also
reduces the risk of developing type Il
diabetes, but the weight loss achieved by
dietary interventions is usually not main-
tained and the benefit is short-lived.
However, the protective effect is
maintained if weight loss is maintained.
After a two-year programme of diet and
exercise in obese (30-100% overweight)
persons with a family history of diabetes

(Wing et al., 1998), no overall difference
in weight loss between the intervention
and control groups was found at the
end of the trial, despite impressive

results in the first six months. However,
among the participants maintaining a
weight loss of 4-5 kg or more, regard-

less of study group, the risk of develop-
ing diabetes was reduced by 30%. The
protective effect of a sm ail maintained
weight loss is also i1lustrated by a pooled
analysis of randomized placebo-

controlled weight loss trials (Heymsfield
et al., 2000). ln this study, 10.8% of the
obese subjects receiving diet only (mean
weight loss 3.7 kg) developed impaired

glucose tolerance and 1.2% developed
diabetes in two years, whereas in the
group on diet plus orlistat (a gastro-
intestinal lipase inhibitor) (mean weight
loss 6.7 kg), impaired glucose tolerance
developed in 6.6% and none developed
diabetes. The benefits of a modest

amount of sustained weight loss is
preserved for extended periods of time.
ln a long-term follow-up of the

Framingham cohort (Moore et al.,
2000b), weight loss of 3.5 kg or more

maintained for eight years substantially
lowered the risk of diabetes (RR = 0.38;
95% Ci 0.18-0.81) in subjects with
BMI ;: 29 kg/m2, whereas those who

regained the weight they had lost had no
reduction in diabetes risk. The most
impressive protective effect is seen in
subjects who lose a large amount of
weight by obesity surgery (Long et al.,
1994; Sjöström et al., 1999). ln the

Swedish Obese Subjects (SOS) Study,
the eight-year incidence of diabetes

among surgically treated morbidly obese
subjects (maintained weight loss about 20
kg) was greatly reduced compared with
matched controls (no weight change),
with an odds ratio of 0.16 (95% Ci
0.07-0.36) (Sjöström et al., 2000).

Prevention of diabetes in
subjects with impaired glucose
tolerance (IGT)

Several studies have demonstrated the
potential of modest weight loss achieved
by lifestyle modification ta reduce the risk
of diabetes in persans with IGT

(e.g., Pan et al., 1997; Heymsfield et al.,
2000; Tuomilehto et al., 2001). ln
Chinese subjects with IGT followed for
six years after an intervention of diet or
exercise or both, the conversion rate ta
diabetes at six years was reduced by
31 % in the diet intervention group

achieving permanent weight loss of 1-3
kg (Pan et al., 1997b). ln a pooled analy-
sis of two-year randomized placebo-con-
trolled weight reduction trials comparing
orlistat plus diet (mean weight loss 6.7
kg) versus diet alone (3.8 kg), half as
many subjects with IGT progressed ta
diabetic status in the orlistat group

(3.0%) as those with placebo (7.6%). ln
a randomized trial in Finland (Tuomilehto
et al., 2001), a weight loss of about

3.5 kg resulting from lifestyle intervention

(versus 0.9 kg in controls) reduced
the incidence of diabetes by more than
50% during the first four years of follow-
up.

Greater sustained weight loss
appears to almost completely reverse

the risk of diabetes in subjects with IGT.

A randomized controlled trial by Long et
al. (1994) examined the progression of
IGT to type Il diabetes in 109 morbidly
obese individuals with gastric bypass
and in 27 non-surgical controls.
Maintenance of the weight loss,
corresponding to about 50% of the

excess weight in the surgery group, was
associated with a more than 30-fold
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decrease in the risk of developing

diabetes over six years.

Established type Il diabetes
The health benefits of weight loss in
obese patients with type Il diabetes are
weil documented (Maggio & Pi-Sunyer,
1997; National Institutes of Health and
National Heart, Lung and Blood Institute,
1998, Williamson et al., 2000). Negative
energy balance results in rapid improve-
ment of hyperglycaemia, independent of
weight loss, which is followed by a more
enduring improvement in glycaemic con-
trol and other metabolic risk factors with
Joss of (abdominal) fat (Markovic et al.,
1998). Several studies have reported

improved metabolic control with modest
short-term weight loss (Liu et al., 1985;
Wing et al., 1987; Goldstein, 1992). A
meta-analysis of 89 short-term interven-
tion studies using diet or a behavioural

approach ta induce negative energy

balance concluded that a low-energy diet
alone (often denoting a period of very

low-energy diet) had a significant impact
on weight (Ioss of about 9 kg), glycaemic
control (-2.7% in glycosylated
haemoglobin) and lipids and blood pres-
sure, whereas the effects were smaller
for behavioural therapies alone (about

2.9 kg and -1.5%) and for exercise
al one (1.7 kg and -0.8%) (Brown et al.,
1996).

The short-term reduction in fasting
hyperglycaemia is usually greatest in
patients who lose the most weight

(UKPDS Group, 1990), but in most trials
a modest weight loss of 5-15% body
weight has been associated with distinct
improvements in glycaemic control (e.g.,
Helier et al., 1988; UKPDS Group, 1990;
Franz et al., 1995; Manning et al., 1995).
For instance, in the randomized

controlled trial by Helier et al. (1988), a
median weight loss of 7 kg through

dietary education (versus 2 kg in con-
trois) resulted in a significant improve-

ment in glycaemic control (median

haemoglobin Ai 7.5% versus 9.5%) at
six months. However, glucose control

does not always improve with weight

loss (Watts et al., 1990). The benefits

may also depend on the type of diet,
e.g., total energy content and fat and
carbohydrate composition (Heilbronn et
al., 1999).

Unfortunately, most of the benefit of
weight loss seen in the early months of
an intervention is lost with the weight

regain that almost invariably later occurs,
especially in diabetics (Guare et al.,
1995). The improvement in metabolic
control is sustained if weight loss is
maintained, as in a 12-month trial
comparing the efficacy of orlistat plus
diet versus diet only in drug-treated

diabetics (Hollander et aL., 1998). A

mean weight loss of 6 kg was seen in the
orlistat group versus 4 kg with placebo at
12 months, in addition to decreased
haemoglobin Ai c and reductions in the
use of sulfo-nylurea medication and in
serum Iipids. One of the few reports of
successful long-term weight Joss with

diet cames from the Oiabetes Treatment
Study (Hadden et al., 1986), an
uncontrolled prospective trial of 223
patients with recently diagnosed dia-
betes who were seen for up ta 72
months. Average weight loss at six
months was 9 kg, and this was main-
tained for the six years of the study. At

the end, about 80% of the patients could
still be managed by diet alone.
Prospective studies of patients with sur-
gically treated obesity convincingly

demonstrate the benefits of sustained
weight loss (Pories et al., 1995; Long et
al., 1994; Sjöström et al., 1999). Over
80% of the 146 morbidly obese diabetics
followed for 14 years after a gastric
bypass operation had attained normogly-
caemia, although they still were consid-
erably overweight after a sustained

weight loss of about 40 kg (Pories et al.,
1995).

Taken together, these data indicate
that maintained major weight loss results
in dramatic improvement of metabolic

control or even in cure of obese type Il
diabetics. Although successful weight

loss due to diet and lifestyle modification
is difficult to achieve and even more
difficult to maintain, even modest main-
tained weight loss offers considerable

benefits. The unexplained variability of
the metabolic response of type Il
diabetics ta moderate weight loss may
be due to the heterogeneity of the

disease.

Other morbidity
Obesity is also associated with

increased risk of gallbladder disease,

liver disease, reproductive problems,

sleep apnoea, poor pulmonary function
and degenerative joint disease
(Pi-Sunyer, 1999; National Task Force
on the Prevention and Treatment of

Obesity, 2000). BMI and weight gain are
associated with risk of adult-onset

asthma (Camargo et al., 1999). Weight
loss decreases symptoms of these

diseases, except for gallbladder disease.
Significant improvement in both
symptoms and objective findings of
obstructive sleep apnoea syndrome
after weight loss have been demon-
strated (Lojander et al., 1998). ln a ran-
domized trial, weight reduction in obese
patients with asthma improved their lung
function, symptoms and health status
(Stenius-Aarniala et al., 2000). ln the

Framingham study (Felson et al., 1992),
a decrease of 2 BMI units or more

during a 10-year period decreased the
odds of developing knee osteoarthritis
by more than 50%, while weight gain
was associated with a slight increase in
risk.

Effects on surrogate markers
Effects of weight on insulin resistance,
IGF, sex steroids, other hormones and
immune function are covered in Chapter
4. Notably, associations between

obesity and blood pressure, type Il dia-
betes, dyslipidaemia and cardiovascular
disease risk differ between racial and
ethnie groups (Fujimoto, 1996;
Cappuccio, 1997; Zoratti, 1998; Brown
et al., 2000)
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Visceral adipose tissue
Hormonal and metabolic disturbances
observed in abdominal obesity affect
cardiovascular disease risk (Després et
al., 1990). A weight-Ioss diet promotes
the loss of visceral adipose tissue (VAT).
A review (Smith & Zachwieja, 1999)
covered only studies measuring VAT with
computed tomography or magnetic

resonance imaging. The 16 eligible
studies comprised 399 subjects. The
duration of the studies ranged from 7
days to 16 months. Reductions in body

weight ranged from 3.9% ta 19.8% and in
VAT from 9.4% to 49.3%. Diet interven-
tion led to a greater loss of VAT than total
fat loss. Individuals with greater visceral
fat mass appear to lose more visceral fat,
when adjustment is made for loss of body
fat.

Dyslipidaemia
A higher BMI is associated with higher
plasma triglyceride levels and lower
high-density lipoprotein (HDL) choles-
terol level, but the association with low-
density lipoprotein (LDL) cholesterol
levels is inconsistent (Després et al.,
1990). A meta-analysis (Yu-Poth et al.,
1999) evaluated the effects of the
National Cholesterol Education
Program's Step 1 and Step Il dietary
interventions on blood Iipids. The 37 eli-
gible randomized trials included 9276
subjects in intervention groups and 2310
subjects in control groups. The duration
of intervention ranged from three weeks
to four years. There was no restriction as
to base line obesity. Mean baseline total
and LDL cholesterol concentrations were
6.04:t.53 mmol/L and 4.01:t.46
mmol/L, respectively. Mean baseline
HDL cholesterol concentration was
1.24:t.23 mmol/L and triacylglycerol
concentration was 1.67:t.46 mmol/L.

Reductions in dietary fat and saturated
fatt acids had beneficial effects on

blood lipids. Plasma total cholesterol,
LDL cholesterol, and triacylglycerol con-
centrations and the ratio of total choles-
terol to HDL cholesterol significantly
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decreased after both Step 1 (by 10%,

12%, 8% and 10%, respectively) and
Step Il (by 13%, 16%, 8% and 7%,
respectively) dietary interventions. ln
many of the studies, the subjects lost
weight (mean 3.38 kg). The changes in
body weight significantly affected plasma
HDL cholesterol and triacylglycerol
concentrations; for every 1 kg decrease
in body weight, plasma triacylglycerol
concentrations decreased by 0.011-0.012
mmol/L (0.77-0.87%), whereas HDL
cholesterol concentrations increased by
0.011 mmol/L (=1%). The correlations
between body weight reduction and
changes in total cholesterol and LDL
cholesterol were significant only when
the analyses were weighted by the num-
ber of subjects in each study. Another

meta-analysis found that during active
weight loss, HDL cholesterollevels tend
to decrease, but when reduced weight
stabilzes, HDL cholesterol levels
increase ta above the level before weight
loss (Dattilo & Kris-Etherton, 1992).

Psychosocial aspects and qualiy of

Iife
There are probably ethnie and cultural
differences in reactions and attitudes to
overweight and obese individuals. There
is an inverse association between weight
and socioeconomic status, especially
among women (Sobal & Stunkard,
1989). Law socioeconomic status of ori-
gin is predictive of weight gain during

adulthood (Lahmann et al., 2000).
Obese individuals may be prone to dis-
crimination and negative attitudes in the
areas of marital, employment and educa-
tional opportunities (Wadden &
Stunkard, 1993). Most of the psychologi-
cal disturbances (poor mental well-
being, anxiety and depressive symp-

toms) associated with morbid obesity are
believed to be consequences rather than
causes of obesity. Decreasing psycho-
logical and behavioural symptoms after
weight loss support this direction of
causality (Wing et al., 1984; Karlsson et
al., 1998).

Some studies have found that over-
weight (measured either as BMI or waist
circumference) leads to poorer physical
functioning (Le Pen et al., 1998; Lean et
al., 1998). However, mental and social
dimensions of quality of life (QOL) seem
to remain unchanged with overweight.
Only the additional burden of
other chronic conditions compromises
the mental and social dimensions of QOL
in persons suffering from obesity (0011 et

al., 2000). Compared with the general
population, obese patients seeking

treatment sufter impairment in ail dimen-
sions of quality of life (Fontaine et al.,
2000).

Most of the studies assessing the
effects of weight loss on QOL (function-
ing and well-being) have been
conducted on surgically treated morbidly
obese patients. The marked weight loss
achieved by surgical techniques has
been shawn to improve deteriorated
QOL in ail of its dimensions (Karlsson et
al., 1998; Choban et al., 1999). Positive
changes in QOL have been related to the
magnitude of weight loss and the

du ration of follow-up, with some

tendency for QOL scores ta return ta
baseline levels in subjects with less than
20 kg weight loss at long term (Karlsson
et al., 1998). As regards non-surgical

methods of weight loss, one randomized
controlled trial showed that a 7-kg
difterence between groups in weight out-
come achieved by increased physical
activity, low-energy diet and group sup-
port led to improved QOL in the interven-
tion group (Rippe et al., 1998). The dura-
tion of this study was only 12 weeks; the
long-term eftects of non-surgical weight

loss interventions on QOL remain largely
unknown.

Physical activity
A large body of evidence shows that
physical inactivity increases mortality
and morbidity (US Department of Health
and Social Services, 1996). ln the follow-
ing review, priority has been given to
health outcomes where the effects of
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physical activity have been demon-
strated consistently in different popula-

tions, to studies with sound measures of
physical activity or physical fitness,
and-because of their relevance to
developing public health recommenda-
tions for physical activity-to studies

providing information on dose-response
issues. The evidence discussed is

derived for the most part from studies in
Caucasian populations.

Total mortaliy
Physical activity is inversely associated
with ali-cause mortality rates in middle-

aged and older (:: 60 years) men and
women (Table 52). Th'e relationship with
volume of physical activity (estimated
energy expenditure or a proxy for this) is
linear, at least up to a level of about 14.7
MJ (3500 kcal) per week (Lee et al.,
1995), but approaches an asymptote at
higher levels. Information on indepen-
dent effects of the components of

volume of physical activity (intensity,
duration, frequency of sessions) is
sparse. Some reports suggest a benefit
only from vigorous activities (:: 6 METs)

(Lee et al., 1995; Lee & Paffenbarger,

2000) and others a benefit from
moderately vigorous activity (:: 4.5
METs) (Paffenbarger et al., 1993).
Simple, non-sporting activities such as
walking and stair c1imbing have been
associated with lower risk. Distance

walked and storeys c1imbed were predic-
tive of longevity, independently of other
components of physical activity, among
male graduates of Harvard (Lee &
Paffenbarger, 2000). Bicycling to work
was associated with a 40% lower risk of
mortality among Oanish men and women,
after multivariate adjustment which

included leisure-time physical activity
(Andersen et al., 2000). Among retired
men aged 61-81 years at the start of a
12-year follow-up period, the mortality
rate among those who walked less than
1.6 km per day was nearly twice the rate
in those who walked more than 3.2 km
per day (Hakim et al., 1998).

Inverse gradients for mortality exist
across categories of increasing fitness
(Sandvik et al., 1993; Blair et al., 1996);
adjusted relative risks for medium and/or
high fitness vs low fitness of 0.66 (95%
CI 0.55-0.78) (Blair et al., 1996) and
0.54 (95% Ci 0.32-0.89) (Sandvik et al.,
1993) for men and 0.48 (95% CI,
0.31-0.74) for women (Blair et al., 1996)
have been reported. The available data
suggest that a fitness level (assessed as
maximal oxygen uptake) below 8-9 METs
in middle-aged men is associated with a
significant increase in risk (Whaley &
Blair, 1995). Too few data are available for
women ta make a comparable estimate.

Low fitness is an important determi-
nant of mortality risk. Among North
American men, individuals with none of
the established risk factors for coronary
heart disease (smoking, high total
cholesterol, hypertension) but who were
in the lowest quintile for fitness had
higher death rates than men who had
two or three of these factors but were in
the top quintile for fitness (Blair et al.,
1996).

Differences in mortality associated

with physical activity levels are not

explained by familial factors, as shown
by comparison of death rates during
follow-up in physically active twins with

those of their less active siblings (Kujala
et al., 1998). Controlling for known

confounders, including BMI, had
relatively Iittle impact on the relative risks
of inactivity (Lee et al., 1995) or low
fitness (Sandvik et al., 1993; Blair et al.,
1996). The effect of low fitness per se is
evident from the report that unfit (bottom
quintile of population studied) but lean
men had significantly higher ali-cause
mortality th an men who were fit (top
quintile) but who had a BMI ;: 30 kg/m2

(Lee et aL., 1999d). The importance of

physical actvit, as opposed to constitu-
tional factors, is c1ear from reports that
men and women who take up
moderately vigorous activity or who
increase their fitness level between two
observations separated by some years

experience substantially lower ali-cause
mortality rates th an their peers who

remain inactive or unfit (Paffen-barger et
al., 1993; Blair et al., 1995).

Cardiovascular disease
Physical inactivity is linked to increased
risk of mortality and morbidity from

coronary heart disease (CHD). A meta-
analysis of the findings from studies of
27 cohorts showed that the protective
effect probably lies in prevention of

occurrence of major events, rather than
in the reduction in the seve rit y of events
which do occur (Berlin & Colditz, 1990).
The relationship between level of activity
and CHD risk is strong. The relative risk
of inactivity varies in different studies but
the median value (based on a review of
43 mainly cohort studies) is about 1.9 for
CHD event or CHD death, with method-
ologically superior studies tending to
report higher values (Powell et al., 1987).
The relative risk associated with low
(compared with high) fitness is some-
what higher (Blair et al., 1996), possibly
because measuring fitness reduces mis-
classification. Thus the magnitude of the
increase in CHD risk associated with
physical inactivity and low fitness is of the
same order of magnitude as that conferred
by smoking, hypertension and hypercho-
lesterolaemia (Powell et al., 1987).

The relationship between activity or
fitness and CHD risk is dose-related
(Morris et al., 1990; Blair et al., 1996),
has been observed in populations world-
wide (for review see Morris et al., 1990),
is independent of other major risk fac-
tors, including BMI (Figure 30) (Morris et
al., 1990; Haapanen etal., 1997b) and is
evident among women (Lemaitre et al.,
1995; Manson et al., 1999; Haapanen-
Niemi et al., 2000) as weil as men. Most
information, however, relates to white

Europeans and North Americans.
Everyday activities such as regular

walking and cycling are associated with
CHD risk. Among British civil servants,
those who rated their regular walking
as fast (over 6.4 km/hl or who did
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Figure 30 Rate of coronary hear! disease attacks (1976-1986) in male executive-grade civil
servants (rates per 1000 man-years) and levels of vigorous aerobic exercise, at different SMI (adapt-

ed from Morris et aL., 1990).

considerable amounts (~ 40 km/week) of
cycling experienced less than half the
fatal and non-fatal CHD of the other
men (Morris et al., 1990). Among women
who did not engage in vigorous exercise,
those who walked the equivalent of three
or more hours per week at a brisk
pace had a multivariate relative risk of
0.65 (95 % CI 0.47-0.91) compared with
those who walked infrequently (Manson
et al., 1999).

Evidence from cohort studies, with
follow-up periods of between five and 26
years, shows a lower risk of stroke in
physically active men and women, but
data are less extensive and less consis-
tent than for CHD. ln the US Nurses'
Health Study (n == 72 500 women), there
was an inverse gradient of risk with
volume of activity assessed as MET x h
per week (a measure of 'volume' of phys-
ical activity) (p for trend = 0.003) (Hu et
al., 2000): this was primarily due to the
relation with ischaemic (thromboem-

bolytic) stroke, women in the highest
activity category exhibiting only half the
risk of the least active. Among male
Harvard alumni, total stroke incidence
was inversely associated with energy
expenditure in physical activity after
adjustment for confounding factors but,
as in some other studies, there was an
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indication that this relationship might be
U-shaped (Lee & Paffenbarger, 1998).
Ali studies have related a single baseline
measure of activity to incidence of stroke
some or many years later. No studies of
physical fitness are available.

Regular physical activity decreases
the risk of developing hypertension. ln a
representative sam pie of the Finnish

population, age-adjusted rates were

60-70% higher for sedentary men th an
for the most active men (estimated total
energy expenditure) (Haapanen et al.,
1997b). Participation in vigorous sports
was associated with a 35% lower risk
among Harvard alumni, but chiefly
among men who were overweight
(Paffenbarger et al., 1983). Information
on women and on dose-response
issues is lacking.

Intervention studies show that physi-
cal training decreases resting arterial
blood pressure. A meta-analysis of more
th an 40 randomized, controlled trials
found that decreases are greater in
hypertensive subjects (defined as ~ 140
mm Hg systolic or ~ 90 mm Hg diastolic)

(mean negative values 7.4/5.8 mm Hg)
th an in normotensives (mean value

2.6/1.8 mm Hg) (Fagard, 1999). These
findings may in part reflect the acute
effects of exercise, Le., 'post-exercise

hypotension'. Blood pressure is reduced
following a single session of exercise for
up to 16 hours. ln hypertensive men,

mean arterial pressure was lowered by
an average of 8 mm Hg for more than 12
hours after cycling for 30 minutes than
on control days when only normal daily
activities were performed (Pescatello et
al., 1991). This is a low-threshold

phenomenon and has been noted after
exercise at only 40% of maximal oxygen
uptake. Like other acute effects, it may
be enhanced in people who are regularly
active at a high level because they gen-
erally expend more energy in a session

(Haskell, 1994).

Type 1/ diabetes
A relationship between risk of type Il dia-
betes and physical activity level has
been demonstrated in a number of

prospective studies. Helmrich et al.
(1991) assessed the physical activity lev-
els of some 6000 male alumni of the
University of Pennsylvania by question-
naire in 1962 and again in 1976.

Age-adjusted incidence rates declined
as energy expenditure in exercise
increased. This relationship remained

significant after adjustment for current
BMI, history of hypertension and

parental history of diabetes. Low

physical fitness has also been associ-
ated with increased risk. Among

American men who had attended a
preventive medicine clinic, the least fit
20% had a 3.7-fold higher risk of becom-
ing diabetic during a six-year follow-up

than the most fit 40% (Wei et al., 1999).
ln both these studies, the protective

effect was strongest in men at high risk
because of overweight, hypertension
and a parental history of diabetes. It was
evident for non-vigorous as weil as

vigorous exercise, when the total energy
expended was high. Among women
participating in the US Nurses' Health
Study who did not report engaging in vig-
oro us exercise (Hu et al., 1999b), the
risk of developing type Il diabetes was
inversely related to the volume of walking
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(MET x h per week), even after ad just-
ment for potential confounders (including
BMI) (p for trend = 0.01). Faster usual

walking pace was also independently

associated with lower risk.

Hip fracture
Physical activity decreases the risk of hip
fracture. Among 9516 healthy white
women of average age 72 years, risk of
hip fracture during a four-year follow-up
was 30% lower in those who reported
regularly walking for exercise than in
those who did not walk regularly
(Cummings et al., 1995). Risk tended to
decrease as the distance walked

increased and the effect remained signif-
icant even after adjustment for physical
frailty and the presence of other chronic
diseases. ln a case-control study,

increased daily activity (including stand-
ing, walking, climbing stairs, carrying,
housework and gardening) protected
against fracture in elderly men and
women (Cooper et al., 1988). This effect
was not greatly affected by controlling for
BMI, smoking, alcohol consumption,

history of stroke and use of cortico-
steroids.

Most hip fractures are precipitated by
a fall and regular physical activity may
decrease the risk of falling by improving
balance and/or lower limb strength. ln
premenopausal women, a 1.5-year pro-
gramme of high-impact exercise (three
times per week) increased bone minerai
density at the femoral neck, compared
with the control group (Heinonen et al.,
1996); muscle power and dynamic bal-
ance were also improved. ln another ran-
domized controlled trial over one year
(Nelson et al., 1994), postmenopausal
women (50-70 years) performed high-
intensity strength exercises on two days
per week. Not only was bone minerai
density at the femoral neck and lumbar
spine increased but muscle mass, mus-
cle strength and dynamic balance were
increased in exercisers and decreased in
controls. A meta-analysis of data from
seven randomized, controlled trials con-

cluded that exercise programmes alone
appear to reduce the risk of fa Ils by 10%;
combining these programmes with
balance training reduced the risk by a
further 7% (Province et al., 1995).

Other health outcomes
Several studies have found a lower inci-
dence of gallbladder disease in physi-
cali y active individuals. Among women in
the US Nurses' Health Study, for exam-
pie, physical activity was inversely asso-
ciated with the risk of cholecystectomy
(Leitzmann et al., 1999). Compared with
women in the lowest quintile of activity,
women in the highest quintile had a mul-
tivariate relative risk of 0.69 (95% Ci
0.61-0.78). Adjusting for BMI and weight
change in the previous two years attenu-
ated the association only slightly (multi-
variate relative risk 0.79). Not ail studies
have observed an association between
physical activity level and gallbladder

disease, however. After adjustment for
potential confounders, no association

was found among 16785 men participat-
ing in the Harvard Alumni Study (Sahi et
al., 1998).

High levels of physical activity main-
tain functional capacities such as muscu-
lar strength, endurance and mobility
(Figure 31). Among aider persons, this
improves measures of quality of
life (King et al., 2000), is associated with

a reduced likelihood of hospitalization for
cardiovascular disease (LaCroix et al.,
1996) and helps maintain a capacity
for independent living. Even the frail
elderly can achieve important (::100%)

gains in muscle strength through regular
chair-based exercises (Fiatarone et al.,
1994). These gains were associated with
significant increases in gait velocity and
stair-climbing power.

Physical activity is related ta

psychological health. It is an effective
treatment for mild-to-moderate depres-

sion and may reduce symptoms of

anxiety (Martinsen & Stephens, 1994).

Cross-sectional, population-based

studies have shown significant positive
associations between physical activity
and general well-being and mood

and negative associations with depres-
sion and anxiety (Stephen s, 1988).

Umited evidence from prospective
studies supports these findings. For
example, in a Canadian study with a
seven-year follow-up of some 2500
people, baseline physical activity level
was predictive of mental health at follow-
up (Martinsen & Stephens, 1994).

These analyses took into account age,
sex, educational level, physical health
and baseline psychological status and
so constitute strong evidence that
physical activity is predictive of future
mental health. ln one of a number of

Figure 31 Physical activity may decrease the appetite, especially in obese individuals. Physical
activity at a moderate rate does not increase the appetite. ln some situations, the appetie will
actually decrease. Research indicates that the decrease in appetite after physical activity is
greater in individuals who are obese than in individuals who are at their desirable body weighL.
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randomized, controlled intervention
trials, moderate-intensity training

improved anxiety levels and perceived
ability ta cope with stress (Moses et al.,
1989).

Effects on surrogate markers
Lipids
Regular physical activity leads to
changes in blood Iipids, particularly
increases in HDL cholesterol and
decreases in triglyceride levels. Cross-
sectional comparisons of endurance

athletes with sedentary men and women
have typically found HDL cholesterol
more than 20% higher in athletes
(Durstine & Haskell, 1994). Differences

have been related to distance run in both
men and women, suggesting a dose-
dependence. Among men, every 16-km
increment in weekly distance run (up to
64 to 79 km/week) was associated with
significant increases in HDL cholesterol

(Williams, 1997). These findings may be
confounded by genetic and/or other
lifestyle characteristics, especially a
lower total body and abdominal fat mass.
Randomized intervention studies, mainly
of moderate-intensity exercise (3-5 days
per week, ;? 30 minutes per session),
have yielded less consistent results,
from a decrease of 5.8% to an increase
of about 25%, with a mean increase of
4.6%. Changes tend to be greater when
weight loss accompanies training
(Tran & Weltman, 1985). Other reasons

for this variability probably include

genetic predisposition, inadequate

control of dietary habits (energy value
and diet composition), blood volume

changes, proximity of last exercise

session and, in women, phase of the
menstrual cycle.

Acute effects of exercise may

contribute to the more favourable blood
lipid characteristics of physically active
people. One session of exercise

markedly reduces both fasting and post-
prandial triglyceride levels (Gill &

Hardman, 2000), possibly by enhancing
clearance of triglyceride-rich lipopro-
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teins. This effect appears to depend on
the energy expended in exercise, rather
than on its intensity or pattern. Thirty
minutes of brisk walking decreased

day-long plasma triglyceride levels in
sedentary men and women (compared
with an inactive day), whether this was
performed in one session before break-

fast or in three 10-minute sessions

(Murphy et al., 2000b). Faster clearance
of triglycerides probably leads to higher
HDL cholesteroL.

Insulin sensitivity

The mechanisms underlying the
enhanced insulin sensitivity in active
people were discussed in Chapter 4.
Insulin sensitivity appears to increase in
relation to the volume of training under-
taken (Mayer-Davis et al., 1998), but the
benefit of exercise is lost within a few
days when training is interrupted. For
example, middle-aged men and women
who were regularly active in moderate
exercise showed a marked deterioration
in their response to an oral glucose

tolerance test after just three days with-
out exercise (King et al., 1995). This
suggests that the acute effects of
exercise may account for some of the
difference in insulin sensitivity in trained
individuals.

Coagulation
Several aspects of haemostasis may be
influenced in a beneficial manner by
physical activity. Cross-sectional obser-
vational studies have consistently found
an inverse relationship between plasma
fibrinogen and physical activity and/or
physical fitness. For example, in men
from ten general practices in the United
Kingdom, plasma fibrinogen decreased
with the frequency of reported participa-
tion in vigorous exercise (Connelly et al.,
1992). This epidemiological finding could
partly explain the lower risk of CHD in
active persons, but has not been repro-
duced consistently in randomized inter-
vention trials. One reason may be that
study designs have seldom taken proper

account of the acute effects of the last
exercise session.

People who are physically active do
not experience the platelet activation and
platelet hyperreactivity se en in sedentary
individuals (Kestin et al., 1993). A possi-
ble reason is the less marked cate-

cholamine response to exercise in habit-
ually active people.

Flow-mediated dilatation
Physical activity may also influence the
acute phase of cardiovascular disease
by reducing endothelial dysfunction.
Among asymptomatic men known ta
exhibit features of the metabolic

syndrome, 12 weeks of training
significantly increased flow-mediated

dilatation measured at rest in the
brachial artery (Lavrencic et al., 2000).
ln men with coronary artery disease, a
brief (four-week) period of exercise

training improved endothelium-depen-

dent vasodilatation in bath epicardial

coronary vessels and in resistance
vessels (Hambrecht et al., 2000).
Both studies were randomized,
controlled trials.

Sone minerai density
Physical activity may influence the risk
of osteoporotic fracture through effects
on bone minerai density, the microarchi-
tecture of bone and/or the risk of falls.
Bone minerai density at age 70 years is
determined both by peak bone mass
accumulated in youth and the
subsequent rate of bone loss. Athletes,
particularly those whose sports are
associated with high impact, are consis-
tently reported to have higher bone min-
erai density than sedentary counterparts

(for review, see Suominen, 1993). This
effect is a local response ta localloading
and may be most pote nt during growth.
Bone minerai density in arm sites
showed significantly greater side-to-side
differences (higher in playing arms) in
female tennis and squash players than
in sedentary controls (Kannus et al.,
1995). The difference was four to five
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times greater in those who started their
playing careers before or at menarche
than in those who started more than 15
years after menarche.

Prospective studies show that
physical activity is a determinant of peak
bone mass. ln US college-aged women
participating in recreational sports

followed up for up to five years, physical
activity was monitored at six-month

intervals (Recker et al., 1992). Level of
activity was positively related to the rate
of increase in spinal bone minerai

density. Bone may be particularly sensi-
tive to mechanical loading during the

adolescent growth spurt (Haapasalo et
al., 1998).

Randomized intervention trials show
that physical activity can be effective in
maintaining bone mass in pre-

menopausal women and substantially
decreasing bone loss in postmenopausal
women. The effect is small (typically
about 1 % per year) and seen in both the
lumbar spine and femoral neck.
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Chapter 7

Carcinogenicity

Human studies
As reviewed in Chapter 5, the associa-
tions between cancer risk and bath

overweight and physical activity suggest
that weight control and physical activity
generally offer benefits in terms of
cancer risk rather th an hazards.

The observational epidemiology of
the relationship between BMI and cancer
risk is sufficient to describe the possible
adverse effects of lifetime weight control.
Studying the consequences of inten-
tional weight loss on cancer risk among
persons who are overweight or obese
has been more diffcult because few
people in the population have lost

substantial amounts of weight and
maintained that weight loss over time.
The limited evidence available does
not suggest an adverse effect of inten-
tional weight loss on cancer risk, how-
ever. ln addition, short-term studies of

weight loss show that intermediate mark-
ers of cancer risk, such as estrogen

levels, are affected in directions that

would be likely to reduce long-term

cancer risk.
Epidemiological studies that have

examined long-term associations
between changes in body weight in
adulthood and ove rail mortality risk have
not shown increased cancer risk from
intentional weight loss (Williamson &
Pamuk, 1993). Weight fluctuation result-
ing from repeated attempts to lose

weight, a common finding among those
who are overweight, is associated with
increased risk for heart disease, stroke,
diabetes and hip fracture, but has not
been found ta be consistently associated
with increased risk of cancer (Lindblad et
al., 1994; French et al., 1997).

For some cancer sites for which there
is an inverse association between

adiposity and cancer risk, factors such
as alcohol, tobacco and/or pre-existing
illness are likely to confound the

associations. For example, overweight
is associated with reduced risk for lung
cancer and for cancers of the head and
neck largely because those who abuse
tobacco or alcohol are bath less obese
and at increased cancer risk due ta
their tobacco and alcohol habits.
Reduced body weight can also be a
sign of pre-existing cancer or of

illnesses that increase cancer risk.
Weight loss due to occult malignancies
can be substantial for months or years
before cancer diagnosis, and chronic

conditions such as cirrhosis and
chronic lung disease can lead ta both

chronic weight loss and increased risk
for cancers at sites such as the lung,

oral cavity and liver.
Among premenopausal women, there

is an inverse association between BMI
and breast cancer risk (see Chapter 5).
The mechanisms responsible for this
association are uncertain, but may weil
be related to the anovulation that accom-
panies excess weight. Reducing the

prevalence of overweight among
premenopausal women in the population
by avoiding excess weight gain and/or

by maintaining weight loss might

improve the anovulation associated with
overweight and thereby result in
increased rates of premenopausal

breast cancer.

The existing evidence on the relation-
ship between physical activity and can-
cer risk shows either benefits or no asso-
ciation in nearly ail studies. Evidence for

an adverse effect of physical activity is
seen rarely in epidemiological studies

(for example, Mink et al., 1996).

Experimental models
While no evidence was available to the
Working Group that either energy restric-
tion or conditions of physical activity are
capable of inducing cancer per se, con-
ditions of restriction and exercise have
been reported ta increase the carcino-
genic response in some defined model
systems of chemical induction of cancer.

Weight control
Energy restriction, but not restriction of
total diet, in the range of 10-40% of ad-
libitum intake, wh en imposed chronically,
is associated with inhibition of tumour
development in most but not ail experi-
mental model systems in which it has
been evaluated. On the other hand,

there are several reports that when

energy restriction was interrupted with
periods of refeeding, loss of the protec-
tive effect against cancer and/or

enhancement of tumour development

occurred in model systems for breast,
colon and liver cancer (Pollard et al.,
1984; Lagopoulos et al., 1991; Mehta et
al., 1993; Harris et al., 1995; Tagliaferro

et al., 1996). Studies showing enhance-
ment of tumours or of tumour markers

are summarized in Table 53. Such exper-
imental protocols have been referred ta
as energy cycling, patterned calorie
restriction or cyclic food restriction, and
such patterns of eating have parallels in
human populations. ln these studies, ail
of which involved the promotion phase of
tumorigenesis, a va ri et y of cyclic feeding
patterns were investigated, but invariably
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Carcinogenicity

led ta loss of protective activity against

cancer relative to that which was

observed in chronically restricted con-
trois. ln other fields of inquiry, a similar

pattern of energy cycling is referred to as
weight cycling. Rodent models have
been used to study the effects of weight
cycling on propensity for obesity, devel-
opment of insulin resistance, effects on
diabetes and cardiovascular disease (Lu

et al., 1995; Lauer et al., 1999; Sea et al.,
2000).

Physical activity
While physical activity protocols have
resulted in inhibition of experimentally

induced carcinogenesis, certain proto-
cols have led to enhancement of the car-
cinogenic response (Table 54).

Thompson et al. (1988) investigated
the effects of low-intensity, short-duration
treadmill running on induction of mam-
mary carcinogenesis. Female Sprague-
Dawley rats were maintained on a 5%
(w/w) corn oil diet (AIN-76A) from 21 ta
64 days of age. At 50 days of age, they
received either 5 mg 7,12-dimethyl-

benz(aJanthracene (DMBA) or the vehi-
cie. Fourteen days after DMBA intuba-
tion, they were randomized into three
groups: 5% fat (w/w) , sedentary; 24.6%
fat (w/w) , sedentary; or 24.6% fat (w/w),
exercised on a motor-driven treadmill at
a belt speed of 20 m/min and a 10 incline
for 15 min per day on five days per week
for 18 weeks (moderate exercise).
Animais fed the high-fat diet had higher
incidence and multiplicity of breast can-
cers than the law-fat group. Moderate

treadmil exercise increased the inci-

dence and number of cancers and short-
ened latency in comparison with the
sedentary high-fat and low-fat diet
groups. Body composition was not
altered by the exercise regime imposed,
although the exercised animais weighed
more than either sedentary group.

To control better for the non-training

effects of treadmill running, Thompson et
al. (1989b) fed female Sprague-Dawley
rats a purified 5% fat diet (AIN-76A) from
21 ta 64 days of age. At 50 days of age,
they were administered 5 mg DMBA
intragastrically. Fourteen days later, they
were divided into three diet groups: 5%
fat as corn oil, 24.6% fat as corn oil, or
24.6% fat as a mixture of palm (21.8%)
and corn oil (2.8%). The combination of
palm and corn oil provided the same
amount of linoleic acid per gram as the
5% corn oil diet. Half of the animais
receiving each diet were exercised on a
treadmill at a speed of 20 m/min with a
10 incline for 15 min per day on five days
per week, and were designated as the
moderate-intensity treadmill exercise

group. The remaining half were exer-
cised at a speed of 2 m/min with a 10

incline for 15 min per day on five days
per week, and were designated as a low-
intensity sham control. The experiment
was terminated 154 days after DMBA
treatmen!. The median tumour-free time
was significantly shortened by moderate-
intensity exercise in rats receiving the
24.6% fat, corn oil-formulated diet in
comparison with the sham-treated rats
receiving the same diet (43 days versus
62 days, p = 0.028). Similarly, tumour
appearance was more rapid in rats that

exercised at moderate intensity and
consumed the low-fat corn oil diet th an in
the law-fat diet-fed sham-exercised

group (57 days versus 67 days, p =

0.046). Exercise exerted no effect on the
rate of tumour appearance in rats that
received the 24.6% palm and corn oil
mixture. Mean body weight gains were
similar in ail groups, although moderate-
intensity exercised rats consistently

weighed more than sham-exercised rats
consuming the same die!. Gross carcass
composition was unaffected by either the
level of exercise or the amount of dietary
fat consumed.

ln another study, female Sprague-

Dawley rats were subjected to an exer-
cise protocol (treadmil18 m/min at 15%
incline for 60 min per day five times per
week) from 21 to 50 days of age and
given one injection of 37.5 mg/kg bw N-
methyl-N-nitrosourea (MNU) at 50 days
of age. At 22 weeks after MNU treat-
ment, the tumour incidence, multiplicity
and latency period were not different, but
the growth rate of tumours in the exer-
cise group was significantly greater th an
in the sedentary group (0.107 :! 0.025
versus 0.043 :! 0.009 g/day) and the final
tumour weights were greater after exer-
cise (3.2 :! 0.74 versus 1.2 :! 0.34 g)
(Whittal-Strange et al., 1998).

Using a different model system,
Craven-Giles et al. (1994) investigated
the modulation of pancreatic foci, an
intermediate biomarker for pancreatic
cancer, by treadmil running. As reported
in Chapter 5, the burden of pancreatic

foci was increased by treadmill running.
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Chapter 8

Other adverse affects of weight control and
physical activity

Health eftects
Human studies
Weight control and weight loss
Data on effects of weight control in
humans have been considered mainly in
Chapter 6, in which risk modification due
to BMI status and weight change was
reviewed for ali-cause mortality, other
chronic diseases and surrogate markers.
Keeping BMI within the normal range
and weight stability over lifetime seem ta
constitute the optimal approach.

Adverse effects need ta be
considered in relation to various aspects
of weight control, such as weight stabil-
ity, small constant lasses over time and
heavy los ses due to energy restriction.
Not ail of these aspects are relevant ta
each of the following sections. The

induction of weight cycling deserves

particular attention in connection with
unsuccessful weight reduction. Long-

term weight cycling has often been found
to be associated with increased risk

(Chapter 6). However, neither the
reasons for increased risk in connection
with weight cycling in the observational
setting nor the underlying biological

mechanisms are weil understood.

Osteoporosis and fractures
Many studies have examined relation-
ships of BMI or other measures of fat-
ness in adult Iife to bone minerai density

(Holbrook & Barrett-Connor, 1993;
Mussolino et al., 1998; Kroke et al.,
2000) and subsequent risk of fractures

(Meyer et al., 1995; Ensrud et al., 1997a;
Joakimsen et al., 1998; Owusu et al.,
1998; Kata et al., 2000; Margolis et aL.,

2000). Increased BMI has usually been

found to be associated with improved

bone minerai density and decreased risk
of fracture. Of particular interest are
studies that looked at the effect of weight
change in adult Iife on risk of osteoporo-
sis and fractures. Most of these found
that weight gain is associated with a

decreased risk of hip fracture (Grisso et
al., 1994; Cummings et al., 1995; Meyer
et al., 1995; Langlois et al., 1996; Ensrud
et al., 1997b; French et al., 1997;

Joakimsen et al., 1998; Langlois et al.,
1998; Meyer et al., 1998) and that weight
loss increases risk for hip fracture.
However, further evaluation is needed of
whether the increased fracture risk
affects ail bone sites similarly, whether
mild weight losses and intentional weight
reduction are associated with a substan-
tial risk for fracture and whether exer-
cise-induced weight reduction has

effects different from those achieved by
dietary weight reduction. For example,
Ensrud et al. (1997b) found in a cohort
study of 6754 non-black women that
weight loss of more than 10% in the pre-
ceding six years induced higher risk of
frailty fractures such as those of the
proximal femur, pelvis and proximal

humerus among thin women and those
with unintentional weight loss. Intentional
loss and mild losses were not linked with
higher fracture risk in this study.

However, intervention studies for weight
reduction with middle-aged and older
women have also showed a decrease in
bone minerai density (Compston et al.,
1992; Jensen et al., 1994; Chao et al.,
2000). ln connection with weight reduc-

tion, the beneficial effect of exercise as a
means to reduce weight also needs to be
taken into account.

Weight cycling is also Iinked ta
increased risk for hip fracture (Meyer et
al., 1998: RR = 2.1 (95% Ci 1.2-3.5) in
Norwegian women and 2.7 (95% Ci
1.2-5.9) in men; French et al., 1997: 1.6
(95% Ci 0.96-2.8) in Iowa women). This
observation from prospective cohort
studies is supported by results of a
cross-sectional survey of 169 pre-
menopausal women in Finland
(Fogelholm et al., 1997), which indicated
that lower bone minerai density after
weight cycling significantly affects the
lumbar spine and distal radius (data
adjusted for weight and age at
menarche). Other bones such as the
femoral neck and trochanter were not
significantly affected in this study. These
observations are consistent with those

from another cross-sectional study on
1043 older white men and women, with
particular emphasis on site-specifie
effects (Holbrook & Barrett-Connor,

1993). There is currently no plausible
biological explanation for the lowering

effect of weight cycling on weight-

adjusted bone minerai density. This
association contrasts with the fact that
weight cycling is often linked with

subsequent increase in weight, a weil
established protective factor.

Eating disorders
Epidemiological studies of anorexia

nervosa, bulimia nervosa, binge-eating

disorder and other eating disorders in
different populations are hampered by
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inadequate reporting and case definition.
Anorexia nervosa seems to affect 0.5%
of young women and bulimia nervosa
2% in western societies (Hsu, 1996). The
male-to-female ratio of anorexia nervosa
is one to ten. Although anorexia and

bulimia nervosa are still uncommon dis-
orders, they are among the most com-
mon psychiatrie disorders affecting
young women in developed countries. ln
these societies, a preoccupation with

thinness and sociocultural pressures to
diet have often been regarded as playing
an etiological role in the pathogenesis of
anorexia nervosa (Hsu, 1997). However,
even in developing countries where

obesity is socially acceptable, the preva-
lence of anorexia nervosa has been

reported to be within the range seen in
western countries (Hoek et al., 1998).
Severe dieting in adolescents is a
predictor of anorexia nervosa and should
be discouraged (Patton et al., 1999).
There are no indications that recommen-
dations to maintain BMI within the range
of 18.5 and 25 kg/m2 and moderate and
graduai weight gain in adults who are
already overweight induce the onset of
eating disorders.

Sarcopenia
ln the context of weight control and par-
ticular weight-reduction programmes

addressed to the general population, the
effect of age on body composition needs
to be considered. The ratio of body fat
mass to lean body mass gradually
changes with age and fat is redistributed
towards the abdominal cavity (Seidell &
Visscher, 2000). At aider ages, weight

loss often particularly involves lean body
mass, so that the percentage of fat
increases (Poehlmann et al., 1995).
While the reason for such changes is
poorly understood, nutritional inade-
quacy and sarcopenia (Ioss of muscle)
are clearly a problem in the oldest age
groups (Baumgartner, 2000). Older

adults with inadequate energy intake are
more likely to develop acute illness and
chronic disease (Mowe et al., 1994;
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Naber et al., 1997). There is also evi-
dence that unintentional weight loss in
elderly subjects is often caused by acute
or chronic diseases (Fischer & Johnson,
1990). It is not known whether such
changes of body composition with age
may be responsible for the finding in
some prospective observational studies,
often comprising older age groups, that
weight loss was associated with
increased ali-cause mortality and dis-
ease risk.

Gal/stones
Obesity is a risk factor for gallstones in
women (Iess so in men) and this risk
increases with weight loss and weight

cycling. It is unclear what mechanisms in
gallstone formation are responsible for
the increased risk associated with weight
changes; the fat and total energy con-
tents of a weight-Ioss diet seem to have
an important role. ln the Nurses' Health
Study 1 (Syngal et al., 1999) including
47 153 women, the relative risk for
cholecystectomy was 1.2 (95% Ci
0.96-1.5) among light weight cyclers
(5-9 Ib (2.3-4.1 kg) weight loss and gain
within a 16-year period), 1.3 (95% Ci
1.0-1.6) among moderate cyclers
(10-19 Ib (4.5-8.6 kg) weight gain and
loss) and 1.7 (95% Ci 1.3-2.1) among
severe cyclers (~20 Ib (9.1 kg) weight
loss and gain). Weight gainers had an
increased risk for cholecystectomy (RR
= 1.1; 95% Ci 0.92-1.4), as did weight
losers (RR = 1.6; 95% Ci 1.2-2.1 ), com-
pared with weight maintainers (who com-
prised only 11 % of the population).

Several clinical studies of obese individ-
uals who achieved rapid weight loss with
very low-energy diets have shown that
up ta one fourth of weight lasers develop
new gallstones after beginning a super-
vised very low-energy diet (Everhart,
1993). A third of these were sympto-

matic. ln about half of the asymptomatic
individuals, gallstones spontaneously

disappeared within 1-2 years. The main
risk factors for gallstone development
were high BMI and high rate of weight

loss (caused by a very low-energy diet).
One study compared two different very
low-energy diets (with 3.0 9 and 12.2 g of
fat/day) and reported that new (asympto-
matic) galistones developed in 55% of
subjects following the lower-fat diet, but
in none with the higher-fat diet (Festi et
al., 1998). Relatively high fat content of
very low-energy diets may prevent gall-
stone formation by maintaining adequate
gallbladder emptying, which counterbal-
ances possible lithogenic mechanisms
during weight loss.

Nutritional deficiencies
Dietary changes to lose weight can be
associated with nutrient deficiencies.
Elderly persons are particularly vulnera-
ble to this (Mowe et al., 1994; Naber et
al., 1997). Older versions of very low-
energy diets have resulted in extreme
malnutrition with some deaths reported.
Modern very low-energy diets include
sufficient amounts of nutrients during
weight reduction under supervised con-
ditions.

Drug treatment of obesity
Some drugs can help to promote weight
loss and prevent weight regain in obese
patients The most frequent adverse

effects of orlistat are gastrointestinal (for
example, oily stools, faecal urgency and
faecal spotting) (Sjöström et al., 1998).
These side-effects usually appear early
during treatment and are mild and tran-
sient. Consumption of a diet rich in fat
markedly increases the risk of these
side-effects. Mean plasma levels of vita-
mins A, D, E and K and ß-carotene are
reduced, but remain within the reference
range during-prolonged orlistat treat-
ment. Sibutramine may increase heart
rate and blood pressure. Other common
adverse effects are dry mouth, nausea
and insomnia (Lean, 1997; James et al.,
2000). Fenfluramine and dexfenflu-
ramine have been reported to be associ-
ated with heart valve abnormalities, and
these drugs were withdrawn from the

market in 1997. One post hoc study



Olher adverse effecls

suggests that prior use of dexfenflu-

ramine or phentermine/fenfluramine may
be associated with higher prevalence of
aortic regurgitation compared with
untreated matched controls (Gardin et
al., 2000).

Weight loss and cigarette smoking
The weight loss that is often associated
with cigarette smoking is accompanied
by increased risk for ail of the many
tobacco-related diseases including
cardiovascular disease and cancer,

although this cannot be regarded as an
adverse effect of weight loss per se.

Conclusion
Weight loss can have adverse effects on
bone that may be counteracted by

increased physical activity. Other adverse
effects of weight loss include eating

disorders, Joss of muscle mass (if physi-
cal activity is not sufficient), nutritional

deficiencies and gallstones. For the few
individuals for whom drug therapy is
indicated, there are adverse effects that
range from mild ta severe or even life-
threatening.

Physical activity
Ordinary physical activities, for example
walking for personal transportation or
climbing stairs, are seldom associated
with adverse effects (at least in persans
of 'healthy', 'normal' or 'acceptable'

weight) (Figure 32). Adverse effects are
mainly incurred during participation in
structured exercise to improve fitness or
through sports participation.

Cardiovascular risks
Although the absolute level of risk is
small (for example, one sudden death
per 1.5 million episodes of vigorous

exercise in the US Physicians' Health

Study (Albert et al., 2000)), the risk of
heart attack or sudden cardiac death is
increased during exercise. Specifically,
the risk during vigorous exercise (2 6

METs) (or up to one hour after it) is
between two times greater (Willich et al.,

1993) and six times greater (Mittleman et
al., 1993) than during less strenuous

activities or no activity. ln these studies,
both with around 1200 subjects, of whom
some 70% were men, the excess risk
was, however, mostly limited to persons
who did not exercise regularly. Among
those who exercised at least four or five
times per week, there was little or no
excess risk during exercise, compared
with ail other times. As reviewed in

Chapter 6, however, the protective effect
of regular exercise is very strong and
appears to outweigh the transient
increase during vigorous exercise.

Exercise, even strenuous exercise, is
not harmful to the healthy cardiovascular
system. Studies of young persons (-: 30
years) dying during exercise have

invariably found structural, usually con-
genital, cardiovascular disease (Maron
et al., 1996). Among older persans,

severe atherosclerotic coronary artery
disease is found in the majority of cases
of exercise-related sudden death (Waller
& Roberts, 1980). The increases in heart
rate and blood pressure during exercise
may give rise ta haemodynamic shear
stresses that disrupt a vulnerable

plaque, setting in motion a chain of
events (including platelet activation) cul-
minating in acute infarction. An important
factor may be the intensity of exercise,
because moderate levels do not
increase platelet adhesion and coagula-
bility (Wang et al., 1994; Weiss et al.,
1998). To minimize the risks of acute
exercise, sedentary people should

progress gradually from light to moder-
ate exercise and avoid sudden,
unaccustomed heavy exertion (US
Department of Health and Human
Services, 1996).

Figure 32 Older adulls can benefit from regular physical activity, which needs no! ta be

strenuous 10 achieve heal!h benefis
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Injuries
Injuries associated with exercise fall into
two categories, ove ruse and acute trau-
matic. Incidence rates for acute sport

and exercise-related injuries are proba-
bly rather low in the general population.

For example, about 5% of adults who
participated in a telephone survey

reported an injury in the previous month

(Uitenbroek, 1996). Rates are higher, of
course, among sportsmen and women.
For example, about half of 1391 sur-
veyed participants in sports (Australian
football, field hockey, basketball, netball)
reported sustaining one or more injuries
over a five-month winter season

(Stevenson et al., 2000). At Groningen
University Hospital in the Netherlands,

sports injuries comprised about one fifth
of ail injuries treated over a seven-year
period, making these the second highest
cause of accidental injuries after home
and leisure accidents (Dekker et al.,
2000).

The majority of sports injuries are of
low severity (Stevenson et al., 2000), but
a minority (9% in the Groningen study
(Dekker et al., 2000)) require hospitaliza-
tion. Injuries are mainly musculoskeletal,
the majority to the lower Iimb (e.g., liga-
ment sprains, meniscus tear) (Baquie &
Brukner, 1997), but cervical spinal
injuries are occasionally incurred in

sports such as rugby, trampolining, gym-
nastics and horse-riding (Silver, 1993).
Two out of three sports injuries occur
during team sports (Ytterstad, 1996),
with soccer/football giving ri se to a high

number of injuries, even when corrected
for exposure (Ytterstad, 1996;
Stevenson et al., 2000).

Injuries to a lower limb are common
in runners. Based on a review of 10 sur-
veys, between 24% and 65% of runners
sustained one or more injuries during a
year (Hoeberigs, 1992). Fifty to 75% of
injuries appear to be due to ove ruse,
Le., constant repetition of the same
movement (van Mechelen, 1992).
Weekly distance run is the most impor-
tant determinant of these injuries, for
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women as weil as for men (Hoeberigs,
1992). Other predisposing factors are
probably high intensity, a rapid increase
in training distance or intensity (impact
forces increase with running speed),

running on hard surfaces and in poor

shoes. ln beginners, the frequency of

injuries increases when the duration of
running sessions exceeds 30 minutes

(Colbert et al., 2000b). Impact forces are
much lower during walking, so the risk of
injury is lower for walking than running
(Colbert et al., 2000b). Even among
older persons, walking for exercise

carries a low risk for injury; among 21
men and women aged 70-79 years
walking briskly for three sessions

per week, increasing ta 45 min per
session, only one injury was sustained
over 13 weeks (4.8%) (Pollock et al.,
1991 ).

Bicycling (including on-road and off-
road cycling) is associated with signifi-
ca nt morbidity and mortality. Head

injuries account for three quarters of
deaths related ta bicycling (Rivara et al.,
1997a). Injuries during swimming -
another common aerobic activity - are
few, but deaths do occur from drowning
in swimming pools, mainly among young
children (Rivara et al., 1997b).

There is considerable inter-individual
variation in predisposition to exercise-
related illnesses such as hypothermia
or hyperthermia and these may be
exacerbated by environmental
conditions, according ta the fitness level
of the individual. For example, slow
runners and swimmers may experience
net heat loss in conditions where those
who can achieve a faster pace maintain
thermal balance. Increased ventilation
of the lungs during exercise increases

the risk of exposure to environmental

pollutants and can trigger environ men-
tally-induced asthma (Utell & Looney,
1995). Exercise in a cold environ ment,
particularly running, can also provoke
asthma in susceptible individuals
(Giesbrecht, 1995).

Osteoarthritis
The risk of articular surface damage or
degeneration associated with repetitive
stresses during exercise depends largely
on the rate of loading and the number of
loading cycles. The prevalence of

osteoarthritis is increased among ath-
letes in a number of sports disciplines,
mainly those involving high loading

(most bail games and competitive run-
ning) (Buckwalter & Lane, 1997).

Performing more than three ta four hours
per day of heavy physical activity signifi-
cantly increases the risk of developing

osteoarthritis of the knee and running at
least 20 miles per week increases the
risk of osteoarthritis of the hip or knee
(Vuori, 2001). Moderate levels of physi-
cal activity have not been found to be
associated with risk.

Prior sports-related injuries may

predispose to osteoarthritis. One study
of 1321 former medical students with
36-year follow-up found that the risks of
developing osteoarthritis of the knee or
hip were ;: 5-fold and 3.5-fold higher in
those reporting injury on the
corresponding joint at entry or during

follow-up, compared with those
not reporting injury (Gelber et al.,
2000).

Athletic amenorrhoea and IOW bone
mineraI density
Menstrual dysfunction can be induced by
strenuous aerobic exercise, particularly
in individuals with low levels of body fat-
ness who undergo a rather sudden
increase in training load. There is no
evidence to suggest adverse effects on
fertility in the long term.

However, young women with athletic
amenorrhoea have been reported to
have lower vertebral bone minerai

density th an their normally-menstruating
peers (Cann et al., 1984). It was subse-
quently reported that this effect is not lim-
ited to the vertebra, but is evident at

many skeletal sites (Rencken et al.,
1996). Cross-section al studies suggest
an inverse relationship between lumbar



Other adverse effects

spine minerai density and the degree of
menstrual disorder (Drinkwater et al.,
1990). As 64% of 97 young female

athletes studied experienced one or
more episodes of amenorrhoea lasting
for more th an six months (Drinkwater et
al., 1990), many individuals may be at
increased risk for running-related stress
fractures and subsequent osteoporosis.

it is not known whether vertebral

bone loss is reversible. Vertebral bone
minerai density has been observed to
remain low in formerly oligo/amenor-

rhoeic athletes despite several years of
normal menses or use of oral contracep-
tives (Keen & Drinkwater, 1997).

Amenorrhoeic athletes exhibit higher
bone minerai density than anorexies,

however (Marcus et al., 1985), presum-
ably because the osteogenic effect of the
exercise offsets the adverse effects of
low estrogen levels.

Upper respira tory tract infection
Unusually high incidence rates for
upper respiratory tract infections have
been reported among individu ais partici-
pating in large volumes of vigorous exer-
cise (Nieman, 1994), as reviewed in

Chapter 4.

Experimental studies
Weight control
ln general, overnutrition resulting in obe-
sity and undernutrition resulting in mal-
nutrition are associated with increased
morbidity and mortality. However, some
investigators have coined the phrase
'undernutrition without malnutrition' ta
describe a degree of energy restriction
associated with health benefits, including
a reduction in the risk for cancer.

While such an eating pattern has
many potential health benefits, there are
some possible drawbacks, such as the
potential toxicity of glucocorticoids that
are elevated with underfeeding and with
administered micronutrient intake in
dietary restriction protocols that reduce
intake of ail constituents.

Several studies have suggested that
elevated glucocorticoid hormone levels
in underfed rodents may contribute ta the
effect of underfeeding on cancer preven-
tion (see Chapter 5). Elevated levels of
primary glucocorticoid hormones in mice

(Yaktine et al., 1998), rats (Morimoto et
al., 1977) and humans (Chiappelli et al.,
1991; Kennedy et al., 1991) have been
reported and many studies have sug-
gested that glucocorticoid hormones

may have cancer-preventive potentiai.
However, they also have weil known

toxic effects, including reduced bone
minerai content (Weiler et al., 1995) and
blockage of cell cycle (Rhee et al.,
1995). The blockage of cell cycle may be
beneficial in relation to the prevention of
cancer, but cell cycle blockage of normal
cells could be detrimental.

Other effects of dietary restriction with
uncertain health impacts include smaller
heart, (Oscai & Holloszy, 1970), brady-

cardia, decreased rate of cardiac con-
traction and relaxation (Hilderman et al.,
1996) and impaired cold thermoregula-
tion (Banu et al., 1999). Dietary restric-
tion can also lead to reduced cortical
bone mass and mineralization (Banu et
al., 1999).

Reducing food intake has the poten-
tial ta reduce consumption of health-pro-
moting dietary constituents. Evidence

that diet restriction by reducing ail dietary
components may not optimize cancer
prevention, reported by Birt et al. (1991),
is presented in Chapter 5.

Physical activity
Studies in humans have indicated vari-
ous potential adverse effects of exces-
sive exercise training programmes, as
reviewed above, but none of these

effects have been studied in animal mod-
els under conditions of exercise that
have been shown ta prevent the devel-
opment of cancer in an experimental

tumour model system. (The Working

Group noted that the available data from
experimental studies do not permit gen-

eralizable conclusions about conditions
of exercise (duration, intensity, and fre-
quency) that are clearly protective
against cancer in most model systems
used to study the genesis of cancer and
its prevention.)

Reproductive and develop-
mental effects
Human studies
Excessive leanness (as indicated by a
very low BMI, Le., below 18.5 kg/m2) and
large weight loss have been associated
with increased likelihood of anovulatory
menstrual cycles or a shortened luteal
phase. Women with very low or high BMI
have been found to have reduced con-
ception rates under controlled circum-
stances (Zaadstra et al., 1993). These
disruptions are due to hypothalamic dys-
function. Frisch (1987) proposed that a
minimum ratio of fat to lean mass is nor-
mally necessary for menarche, fitness
and fertility. Weight gain usually restores
fertility in underweight women.

Weight
Severe weight loss can result in func-
tional hypogonadotropic hypogonadism,
which plays a major part in the amenor-
rhoea that is characteristic of anorexia
nervosa. The plasma levels of follcle-
stimulating hormone, luteinizing
hormone (LH), estradiol and urinary
gonadotropins are low, as is the plasma
level of leptin. Adult women can develop
pubertal and even pre-pubertal patterns
of LH secretion (Marshall & Kelch, 1979).
ln addition, the gonadal response to
gonadotropin-releasing hormone (GnRH)
is a function of body-weight loss

(Beumont et al., 1976). ln men with
anorexia nervosa, LH and testosterone
levels are low and can be in the
pre-pubertal range. Fasting reduces LH
pulse amplitude (Veldhuis et al., 1993)
and increases response to exogenous

GnRH. This may indicate a decrease
in this pituitary hormone (Rojdmark,

1987).
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Physical activity
Amenorrhoea in marathon runners and
delayed menarche in ballet dancers, fig-
ure skaters and gymnasts have been
reported (Constantini & Warren, 1994).
When the activity is interrupted (e.g., by
an injury), menarche may occur even
before body composition changes signif-
icantly (Warren, 1990).

Heavy training before puberty can
lead to blunted growth velocity and

stunted leg length growth, suggesting

that it can decrease ultimate height

(Lindholm et al., 1994). Although in the
general population scoliosis is associ-
ated with earlier menarche, in a study of
ballet dancers, there were both delayed
puberty and scoliosis (Goldberg et al.,
1993).

Experimental studies
Weight
The effect of dietary restriction in block-
ing the ability of female mice to breed
has long been known (Nelson et al.,
1982). The major effect is on GnRH, with
attendant decreases in circulating levels
of LH and estrogen. When body weight
in mice was lowered by 10-30% com-
pared with controls, there was a
decrease in numbers of pups per male

and of implants per female in a dose-
related manner (Chapin et al., 1993).
Female Sprague-Dawley rats had a 20%
decrease in the number of corpora lutea
at 30% dietary restriction and had lower
ovarian weight. The percentage of motile
sperm in males was decreased by

dietary restriction of approximately 10%.

Physical activity (exercise)
Given the level of interest in the effects of
exercise on reproductive end-points in
humans, surprisingly Iittle work has been
done in animal models.

Moderate exercise reduced ovarian
steroid levels and disrupted vaginal

cycles in rats (Axelson, 1987). Also in

rats, plasma testosterone levels were
reduced by exhausting acute exercise,
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with little change in LH. ln chronic tread-
mil training, there were inconsistent

effects on testosterone levels, but the
capacity of interstitial cell suspensions in
vitro to produce testosterone after stimu-
lation by gonadotropin increased by 20%

(Harkonen et al., 1990).

Genetic eftects
There have been no studies on induction
of heritable damage by dietary restriction
or weight loss. A few studies have exam-
ined the reduction of DNA damage
resulting from dietary restriction.
However, if there is an increase in for-
mation of oxidative radicals, it may be
presumed that this willead to increased
potential to attack the genome (Marnett,
2000) .

Human studies
Treadmill exercise ta exhaustion

increased measurable DNA damage in
human lymphocytes (Hartmann et al.,
1994).

Experimental studies
Weight
A few studies have indicated that either
dietary or energy restriction decreases
the amount of oxidative damage prod-
ucts in organs such as the liver or heart
of rodents (see the discussion of mecha-
nisms in Chapter 5). This effect appears
to be reversible with feeding ad libitum
(Forster et al., 2000). Additionally, long-
term dietary restriction appears to lead to
lower levels of oxidative products in mus-
cle in old monkeys (Zainal et al., 2000).

However, little is known on the total
amount of damage in diet-restricted ani-
mais. Taylor et al. (1995) found signifi-
cantly increased levels of oxidative dam-
age (8-hydroxydeoxyguanosine and

8-hydroxyguanine) in the urine of diet-
restricted mice compared with mice fed
ad libitum. There is evidence that
enzymes which protect against free radi-
cal damage, such as superoxide dismu-
tase, glutathione peroxidase, catalase

and haem oxygenase are induced and
the activities of these enzymes appear to
increase (Feuers et al., 1995; Taylor et
al., 1995; and Chapter 5).lnducible DNA
repair is also elevated in rodents (see
Chapter 5). Some endogenous factors,
such as increased oxidative damage, are
possibly inducing these enzymes.

Studies of spontaneous mutation

rates in transgenic mice (presumably

driven by oxidative processes) showed
Iittle change due to dietary restriction
(Stuart et al., 2000). However mutation
rate is a result of both genetic damage
and the fixation of that damage through
replication and 40% dietary restriction
(with supplementation) significantly
inhibits cellular replication (Lu et al.,
1993). Diet-restricted animais increase
their level of activity by more th an 50%
around feeding time (Duff et al., 1989,
1990a, b). This increased activity
(see below) may be important in the
generation of increased oxidative dam-
age.

Physical activity
Exercise results in increased oxygen uti-
Iization and it is not unexpected that it
also leads to increased oxygen-related

damage, especially in the mitochondria
(Radak et al., 2000).

With forced training, elevated mito-
chondrial reactive species (i.e., oxidative
damage) and increased lipid peroxida-
tion were found in rat muscle (Bejma &
Ji, 1999), consistent with the elevated

glutathione levels found earlier (Kim et
al., 1996). Increased carbonyl deriva-

tives were found in rat mitochondria,

compared with cytosol, after swimming
(Radak et al., 2000).

Since muscle is considered non-

replicative, a focus on muscle provides
little information on heritable effects.
However, with increased metabolism

and oxidation throughout the body, the
effects of oxygen-related damage on
tissues that replicate remain an open
question.



Chapter 9

Summary of data

Characteristics, occurrence,
trends and analysis of weight
and physical activity
The prevalence of overweight (body

mass index (BMI) between 25 and 30
kg/m2) and obesity (BMI of 30 kg/m2 or

higher) is increasing rapidly worldwide.

ln many countries overweight and obe-
sity co-exist with undernutrition. The

increase in prevalence is especially rapid
in developing countries undergoing an
economic transition to a market econ-
omy. Obesity is largely preventable
through changes in lifestyle. The funda-
mental causes of the obesity epidemic
are societal, resulting from an environ-
ment that promotes sedentary Iifestyles
and over-consumption of energy.

These changes in Iifestyle and the
resulting positive energy balance leading
to weight gain and increased rates of
obesity are ail implicated in the changing
patterns of morbidity, that usually start
with a rapid increase in diseases such as

type Il diabetes mellitus and cardiovascu-
lar diseases, followed later by an increase
in rates of various types of cancer such as
cancer of the breast and colon.

The BMI provides the most widely
accepted measure of the degree of over-
weight and obesity. it can be used to
estimate the prevalence of obesity within
a population and ta estimate the health
risks associated with it. However, the
BMI may represent different levels of fat-
ness and body fat distribution depending
on age, sex and ethnicity.

Accumulation of body fat in the

abdominal area (abdominal fat distribu-
tion) represents a particular risk for many
of the metabolic consequences of

obesity. Therefore, measurement of the

waist circumference provides a simple

and practical method, in addition ta
BMI, to identify individuals and popula-
tions at risk for obesity-associated

illness.
The classification of overweight and

obesity by BMI categories is complicated
in children and adolescents by rapid

changes of height and weight during

growth. There is an emerging consensus
on how to use BMI in children and ado-
lescents, but there is stilliittie comparable
information on prevalence. Despite the
methodological problems, the available
cross-sectional and longitudinal data sug-
gest that the prevalence of overweight

and obesity are also rapidly increasing in
these age-groups ail over the world.

There are many ways ta assess phys-
ical activity, ranging from precise tech-
niques such as calorimetry and direct
observation, to electronic monitoring

devices. However, usually only job clas-
sification has been used to describe
physical activity behaviours in large, rep-
resentative populations. Job classifica-
tions of employed adults, however, are of
limited value when misclassification is
known to exist, or in populations where
work-related energy expenditure is not
very prevalent, as in developed coun-
tries. Recall surveys for occupational,

leisure-time and household activity have
been devised with a variety of
time-frames from one week to a lifetime.
Such surveys range in complexity from
global attributions of activity and other
single-item reports of general activity
participation, to detailed quantitative

histories.
Elucidation of the associations of

physical activity with disease risk and

with weight control depends crucially on
having reliable valid measures of the
major types of physical activity in its var-
ious contexts. It is known that strenuous
physical activity is recalled with greater
accuracy than light or moderate activity,
while recall of recent activities is more
accu rate than that of activities at an ear-
lier point in time.

Data on the prevalence and time-

trends in physical activity patterns and
sedentary behaviour are available
mainly from affuent industrialized soci-
eties. These data focus mainly on
participation in leisure-time physical

activity. For the vast majority of countries
worldwide, notably most developing

nations, population data on physical

activity participation are unavailable. ln
these countries, economic transition
involves large numbers of people moving
away from traditionally active rural
lifestyles to cities and other urban
environments. ln such settings, they are
likely ta be much less physically active.
Such changes in physical activity are
affecting an increasing proportion of the
world's population.

Intervention trials aimed at promoting
weight reduction or physical activity have
so far yielded disappointing results in

terms of long-term changes, probably

because of the complex range of social
and behavioural factors that interact in
determining the relevant habits. However,
it is generally agreed that prevention of
overweight and obesity and promotion of
physical activity should receive high pri-
ority in the public health area. Prevention
of overweight and obesity and promotion
of physical activity should begin early in
life and require individual action and
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responsibility, but also structural

changes in the physical, economic, polit-
ical and socioeconomic environments.

At present, our Iimited understanding
of variation in susceptibility to obesity is
a powerful justification for the develop-
ment of strategies which are population-
based rather than selectively targeted at
high-risk individuals.

Metabolic consequences of
overweight and physical
activity
Human studies
Weight reduction and physical activity have
strong and independent effects on vanous
metabolic factors related to cancer nsk.

These effects vary somewhat by age,
gender and menopausal status. Further-
more, physical activity has effects that are
unrelated ta those of body weight. Most
studies have been conducted in Caucasian
persons residing in western countries.

SMI
BMI is positively associated with insulin
and inversely with IGFBP-1 and IGFBP-
2 levels, in men and in both pre- and
postmenopausal women. However, a BMI
above 30 kg/m2 ("obesity") is associated
with a mild decrease in absolute IGF-I

concentrations, compared with normally
nourished but non-obese subjects. BMI is
positively related ta plasma-free IGF-I,

unbound ta any IGF-binding protein.
ln both men and women, BMI is

inversely related to plasma levels of sex-
hormone-binding globulin (SHBG).

However, the relationships of BMI to total
and bioavailable androgens and estro-
gens depend on gender and meno-

pausai status. ln men and postmeno-
pausai women, BMI correlates directly
with estrone and with total and bioavail-
able estradiol levels. ln premenopausal
women, it is also related to higher
estrone concentrations, but not to total or
bioavailable estradiol levels. ln men,
increasing SMI is associated with

decreased levels of total plasma testos-
terone, and a BMI above 30 kg/m2 is also
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associated with a decrease in bioavail-
able testosterone, unbound to SHBG. ln
women, BMI shows no clear association
with plasma total testosterone, except in
women with polycystic ovary syndrome
(PCOS), in whom obesity increases total
plasma androgen levels. However, BMI
is positively associated with free testos-
terone concentrations in both pre- and
postmenopausal women.

Weight reduction
Weight reduction in overweight and

obese men and women has consistently
been shown to lead to reduced insulin
and glucose levels and ta improve insulin
sensitivity; it is accompanied by a rise in
SHSG levels. Such findings were
observed in both men and women and
whatever method was used to reduce
weight (Iow-energy or very low-energy

diets, other changes in dietary composi-
tion, exercise, drugs or by-pass surgery).
ln obese women with PCOS, weight loss
is usually associated with reduced

plasma concentrations of total and
bioavailable androgens (androstene-

dione, testosterone) as weil as estrone.

However, inconsistent effects on andro-
gens and estrogens have been observed

with weight reduction in normo-andro-

genic premenopausal women.

Physical activity
Most studies on the effects of physical
activity on hormone concentrations have
addressed the short-term consequences

(0-2 hours after exercise). Strenuous
aerobic exercise acutely decreases

plasma insulin and increases serum
SHBG and total and free testosterone
concentrations. ln the longer term, an
increase in physical activity lowers fast-
ing plasma insulin concentration and
improves insulin sensitivity, but long-term
effects on SHBG and total or bioavail-
able sex steroids are less clear. Exercise
acutely increases absolute concentra-

tions of IGF-I and IGFBP-1, while the
longer-term effects of increased regular
exercise are unclear.

Experimental models
Physiological, metabolic and hormonal
changes occur in experimental systems
when energy balance is modulated

either by altering energy intake using
dietary approaches or by increasing

energy expenditure through modulation
of physical activity.

Metabolic syndrome - important to acton !

'Metabolic syndrome' occurs commonly in middle-aged men. It is
variously defined as a combination of elevated blood glucose,

elevated triglycerides, low levels of HOL cholesterol, systolic or dias-
tolic hypertension,and obesity. Other characteristics included inthe
definition are centra.1 .obesity (waist circumference or. waisthip
circumference ratio). and. elevated levels of insulin. (liyperinsuli-
naemia).

This 'metabolic syndrome' is important, as this clustering of risk
factors is associated with increased risk of the development of coro-
nary heartdisease, type " diabetes and certain types of cancer. The
. favourable trends in the reduction in the rate of heart attack and stroke
over the past 30years in western countries may ultimately be reversed
as the consequences of the increase in diabetes andobesity become
manifest in middle-aged and older adults.



Summary of data

Weight control
Physiological changes associated with
lowering dietary intake include a lower

body weight with lower adiposity or
fat mass, extended mean and maximal
Iife-span, increased water consumption,
decreased urinary output, decreased
average body temperature, improved
tolerance of high temperatures,

decreased ability to withstand cold,
decreased blood pressure with brady-
cardia and delayed puberty. Metabolic
effects include lower activity of the
enzymes involved in glycolysis, an
increase in enzymes involved in
gluconeogenesis and changes in fatty
acid metabolism. Endocrine effects
include reduced levels of growth

hormone, prolactin and sex-steroids,
inhibition of sex-specific cytochrome

P450s and elevated levels of gluco-
corticoids.

Physical activity
Physiological changes accompanying
increased physical activity include loss of
body weight and adiposity, reduced
blood pressure, a relative increase in
heart size as body weight decreases and
delayed puberty.

Metabolic effects include inhibition of
glycolysis in trained animais, and
increased plasma levels of fatty acids
and protein. Endocrine effects include
alterations in growth hormone
dependent on type of activity, acute
increases in catecholamines and

glucocorticoids, reductions in sex
steroids (dependent on the intensity and
duration of the activity), increased gluco-
corticoids and catecholamines and
reduced sex steroids (with exhausting
exercise).

A lack of long-term studies evaluating
combinations of controlled dietary intake
and controlled physical activity is noted.
This is especially important since

combinations of physical activity and
dietary restriction may influence mortality
rates.

Cancer-preventive effects
Human studies
Body weight
Colon cancer. Both case-ontrol and
cohort studies have shown positive
associations between various measures
of adiposity and risk of colorectal neopla-
sia. Studies have been consistent in
many, mostly developed, countries. The
association is much less evident for rec-
tal cancer than for colon cancers. There
is an approximately linear trend of colon
cancer risk from BMI23 to 30 kg/m2, with
a risk increase across this range of about
25% among women and about 50%
among men. A similar relationship is
seen also for colon adenomas, the pre-
cursor lesions for colon cancer, but the
association is stronger for larger adeno-
mas than for smaller adenomas. The
association is similar for time periods

early and late in adulthood and is largely
independent of other known risk factors
for colon cancer. These patterns suggest
an effect of factors related to adiposity on
the promotion of colon cancer.

Premenopausal breast cancer. ln popu-
lations with a high incidence of breast
cancer, the overall association between
BMI and breast cancer risk among
premenopausal women is inverse. This
has been documented in numerous

cohort and case-ontrol studies that
have carefully controlled for many
reproductive and Iifestyle factors. This
reduction in risk with overweight is

modest and does not appear to be
observed until a BMI of 28 kg/m2.

Despite this reduced breast cancer inci-
dence risk, however, the breast cancer
mortality rate is not lower among heavier
premenopausal women.

Postmenopausal breast cancer. More

th an 100 studies over nearly 30 years in
populations in many countries have
established that increased body weight
increases breast cancer risk among

postmenopausal women. Nearly ail of

these studies have shown that this asso-
ciation is largely independent of a wide
va ri et y of reproductive and lifestyle risk
factors, and recent studies have

indicated that it is independent of the
effect of physical activity. The associa-
tionbetween overweight and breast
cancer appears to increase in a stepwise
fashion with advancing age after the
menopause.

The large majority of cohort and
case-control studies have shown posi-
tive associations, although the increase
in risk with BMI has been somewhat
modest. Above a BMI of 24 kg/m2,

breast cancer incidence rates increase
among postmenopausal women, with the
greatest slope of increase in risk across
higher BMllevels being seen in low- and
moderate-risk countries. This suggests
that increases in BMI now being

observed in countries previously at low
risk for breast cancer may be a major
factor contributing to future increases in
breast cancer rates in those countries.
Further, while risk ratios have levelled
off at BMI levels near 28 kg/m2 in

high-risk countries, this is not the case in
low- to moderate-risk countries, where
risk has continued to increase across a
wider range of body weight. The

association between BMI and breast
cancer is stronger among women who
have never used postmenopausal
hormone replacement therapy, suggest-
ing that the increased breast cancer

risk from overweight may be mediated
by the elevations in endogenous

estrogen production among heavier
women.

Adult weight gain has been shown ta
be a strong and consistent predictor of
postmenopausal breast cancer risk. As
with the studies on BMI and breast
cancer, adjustment for many breast
cancer risk factors, including physical
activity, does not weaken this associa-
tion, which is particularly strong among
women who have never used hormone
replacement therapy.
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Endometrial cancer. A positive associa-
tion of endometrial cancer with body

weight has been observed in nearly ail of
25 epidemiological studies, including in
studies conducted in Asia, Europe and
North America, and among pre- and
postmenopausal women. Overweight or
obese women appear to be at a 2-3-fold
increased risk of endometrial cancer.

Adult weight gain appears to be a better
predictor of risk than current weight and
to be associated with risk in a linear
dose-dependent fashion.

Prostate cancer. Among more than 25
studies that have examined the associa-
tion between body weight and prostate
cancer, no consistent pattern of associa-
tion has emerged. These studies have
included a variety of populations in North
America, Europe and Asia, and consid-
ered weight at different life periods and
body fat distribution. Some studies also
focused on the more aggressive forms of
the disease which may be less subject to
screening detection bias. ln sum, the
absence of a clear pattern of association
across many studies suggests the
absence of an important association
between body weight and the risk of
prostate cancer.

Kidney cancer. Nearly ail studies of
renal-cell cancer (17 out of 19) have
observed a more than twofold higher risk
among obese men and women
compared with persons of normal

weight. This association is not seen in
studies of cancer of the renal pelvis. The
studies have been conducted in
Australia, China, Europe and the United
States. Obesity has been consistently
observed to be associated with
increased renal cancer risk in a dose-
related manner among both men and
women, with an approximately 2-3-fold
increase in risk among those with BMI of
30 kg/m2 or greater.

Lung cancer. Body weight has been

observed to be inversely associated with
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lung cancer. However, in most studies,
this association is substantially con-

founded by cigarette smoking history,
and in some studies this inverse associ-
ation was less consistently shown

among never-smokers. Thus, the inverse
association between body weight and
lung cancer risk is dificult to interpret as
causal because of the interrelationships
between weight and the use of tobacco
and tobacco-related chronic lung disease.

Oesophageal cancer. Obesity has been
shown ta be associated with increased
risk for adenocarcinomas of the lower
oesophagus and of the gastric cardia.
There have been few such studies, but
their findings have been consistent, sug-
gesting a two-fold or greater increased

risk for those with BMI over 25 kg/m2.

Thyroid cancer. Obesity has been sug-
gested to be associated with a modest
increase in risk for cancer of the thyroid
in a majority of 13 studies, mostly con-
ducted among women.

Other cancers. There is a paucity of epi-
demiological data on body weight and
cancers of the ovary, testis, liver,
pancreas, gallbladder, head and neck
cancers, and cancers at many other
sites. The evidence from studies
conducted in various countries for these
sites is inconsistent and does not
allow any conclusion to be drawn on
possible associations with overweight or
obesity.

Intervention trials with intermediate-

effect biomarkers. Weight reduction in
postmenopausal women has been
shown ta be associated with reduction of
dense areas in mammograms in one
clinical trial of a low-fat diet with minimal
weight loss.

Physical activity
Colorectal cancer. Approximately 50
studies have examined the association
between physical activity and colon

cancer and some of these examined

both colon and rectal cancer. These
studies have almost uniformly shown

that increasing levels of activity are asso-
ciated with an approximately 40% reduc-
tion in risk of colon cancer, independent
of BMI. Studies including rectal cancer
indicate much weaker associations.
Considerable consistency in associa-
tions has been detected using different
methods for estimation of activity in
many different populations, in America,
Asia and Europe. Increasing levels of
activity, whether in intensity, frequency or
duration, seem to be associated with

greater reduction in risk. It appears that
activities performed at a more intense
levels and sustained over many
years are associated with the greatest
risk reduction. The precise amount of
activity needed to reduce colon cancer
risk is not c1ear, however, due to the
variety of methods used to estimate

activity. It has been estimated that at
least 30 minutes per day of more than
moderate-Ievel physical activity might be
needed to see the greatest effect in risk
reduction.

Breast cancer. Most of the more th an 30

epidemiological studies, conducted in
Asia, Europe and North America,

demonstrated lower breast cancer risk
among the most physically active
women. ln 8 of 14 cohort studies and in
14 of 19 case-control studies, lower
breast cancer risk was seen among
women who were most active. The
decrease in risk of breast cancer was, on
average, about 20-40%. Evidence for a
linear trend in effect of increasing activity
with decreasing risk of breast cancer
was found in most of the studies that
examined the dose-response relation-
ship. These associations were observed
for both occupational and recreational
activity, among pre- and postmeno-
pausai women, for activity measured at
different periods in Iife and for different
levels of intensity of activity. Activity that
is sustained throughout Iietime, or at a
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minimum performed after menopause,
may be particularly beneficial in reducing
breast cancer risk. Although there are
only limited data on the effect of physical
activity in different ethnic and racial
groups, it appears that physical activity
does have similar effects within different
populations. An effect of physical activity
on breast cancer risk is biologically plau-
sible since physical activity has a direct
effect on the prevention of weight gain
and postmenopausal obesity, both
established breast cancer risk factors,
but physical activity seems to have an
effect on breast cancer risk independent
of that of body weight. It has been esti-
mated that breast cancer risk reduction
begins at levels of 30-60 minutes per
day of moderate-intensity to vigorous

activity in addition to the usual levels of
occupational and household activity of
most women. Although lifetime physical
activity is desirable, beginning recre-

ational physical activity after menopause
can probably be beneficial for bath
weight control and breast cancer risk
reduction.

Endometrial cancer. Ten studies of pop-
ulations in Asia, Europe and North

America have been quite consistent in
suggesting a moderately strong protective
effect of physical activity on endometrial
cancer. ln most studies, this effect
appeared ta be independent of the asso-
ciation with body weight. An effect of
physical activity on endometrial cancer is
biologically plausible since it has a direct
effect on the prevention of weight gain,
an established risk factor for this disease.

Prostate cancer. About twenty epidemio-
logical studies conducted in North

America, Europe and Asia were consid-
ered in assessing the relationship of
physical activity to prostate cancer.

Although the data are inconsistent, a
majority of studies found an inverse

association with physical activity. The
observed effect has been moderately

strong and sometimesobserved only in

subgroups. Although additional data are
needed, the available evidence suggests
that physical activity may protect against
prostate cancer.

Kidney cancer. The results of studies
regarding the association between phys-
ical activity and renal-cell cancer are
inconsistent for both occupational and
leisure physical activity.

Lung cancer. Five of seven studies of
physical activity and lung cancer demon-
strated a decreased risk of lung cancer
among the most physically active sub-
jects. This effect could weil be
confounded by smoking and/or by
chronic lung disease, as these factors
both tend ta reduce physical activity and
are associated with increased lung

cancer risk. Given these factors, and the
limited amount of data available, the
evidence for an association between

physical activity and lung cancer is
inconclusive.

Other cancers. The few epidemiological
data on physical activity and cancers of
the ovary, testis, liver, oesophagus, pan-
creas, gall-bladder and other cancer
sites are inconsistent and do not allow
any conclusion to be drawn on possible
associations with physical activity.

Intervention trials with intermediate effect
biomarkers. The data on effects of
physical activity on intermediate effect
markers for cancer from intervention
studies are Iimited. Results of several

intervention studies on training effects on
menstrual and reproductive factors in
girls and young women have been
published. Most were very small and
uncontrolled studies. ln general, it
appears that a greater effect of training is
observed when body weight is
decreased and when exercise is
strenuous and prolonged. Data on

exercise effects on other biomarkers of
cancers from intervention studies are not
available.

Population attributable risk
The proportions of some common
cancers that are attributable to elevated
body weight and to inadequate physical
activity are substantial. The population
attributable risk estimates for elevated
BMI and for inadequate physical activity
are derived from relative risk estimates
that have been adjusted using multi-
variate methods, with many of the rela-
tive risks for elevated BMI having been
adjusted for physical activity, and most of
the physical activity estimates having

been adjusted for BMI. To the extent that
the measures of BMI and physical
activity are accu rate, those attributable
risks should be largely independent, sa
that the attributable risk estimates for

BMI and physical activity can be approx-
imately summed to express an estimate
of their joint impact on cancer risk. If
physical activity is imprecisely

measured, the amount of cancer risk
attributable to physical activity wil be
underestimated, and residual con-
founding is possible. Nevertheless, the
sum of the effects of elevated body
weight and inadequate physical activity
for many cancer sites is clearly substan-
tial. For colon cancer, for which

approximately 11 % is attributable to BMI
and 13-14% to physical inactivity, the
combined effect of these two factors
accounts for about a quarter of the
cases. For postmenopausal breast

cancer, for which 9-11 % is attributable to
BMI and 11% to physical inactivity, the
combined effects account for about one
fifth of the cases. Although the risks

attributable to physical activity have not
been quantitatively estimated for
endometrial cancer, it is likely that with a
39% attributable risk for BMI alone, the
combined effects might weil account for
approximately half of the cases. The

attributable risks for BMI alone are 25%
for kidney cancer and 37% for
oesophageal cancer. Therefore, for
many of the cam mon cancers, between
one quarter and one third of the cases
may be attributable to the combined

239



IARC Handbooks of Cancer Prevention, Volume 6: Weight Control and Physical Activity

effects of elevated body weight and inad-
equate physical activity.

Experimental studies
Weight control
Cancer and premalignant lesions
Restriction of energy intake in the range
of 10-0% of the amount consumed by

control animais fed ad libitum inhibited
the development of cancer in the major-
ity of experimental model systems for
carcinogenesis, including spontaneous
and chemically induced cancers of the
mammary gland, Iiver and pituitary
gland, chemically induced cancers of the
colon and skin, as weil as spontaneous
and genetically induced Iymphomas.

However, some types of tumour were not
inhibited by energy restriction,
including chemically induced ductular
carcinomas of the pancreas. Limited evi-
dence of cancer prevention was avail-
able for chemically induced tumours of
the prostate and spontaneous and

chemically induced tumours of the acinar
pancreas. The inhibitory activity in these
models has been reported ta be
proportional to the duration and magni-
tude of the restriction imposed. It is
important to note that cancer-preventive
activity generally coincided with a slower
rate of growth or the absence of weight
gain rather than with weight loss. While
some evidence implies a role of body fat
in accounting for these effects, other
results suggest that the effects are not
due ta body fat per se. Thus, in terms of
the cancer-preventive effects of weight
control, the role of energy restriction is
prominent. Both the initiation and the
post-initiation stages of chemically

induced mammary carcinogenesis have
been reported to be inhibited by energy
restriction. However, the protective

effects of energy restriction maintained

during the post-initiation stage of
carcinogenesis are greater in magnitude
and have been most consistently
observed in a wide spectrum of model

systems. The effects of dietary restriction
on carcinogenesis closely parallel the
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effects of energy restriction observed for
the mammary gland, acinar pancreas
and Iiver. Further, energy restriction, irre-
spective of whether fat or carbohydrate
is reduced, is more effective than a
simple reduction in fat intake at constant
energy intake in preventing mammary
and skin carcinogenesis. However,

feeding a high-fat restricted diet
generally dampens prevention by under-
feeding of cancer at these sites. Overall,
the available evidence indicates that a
reduced rate of growth and a
sm aller size for age as achieved by
restricting energy intake prevent the
development of cancer in laboratory ani-
mai models.

Intermediate biomarkers
The effects of energy restriction on inter-
mediate biomarkers have been investi-
gated for colon, liver, pancreas and
mammary gland. Markers studied
included cell proliferation, aberrant crypt
foci, glutathione S-transferase-positive

foci, pancreatic acinar foci and epidermal
growth factor. ln general, changes in
these markers paralleled the reported
effects of energy restriction on cancer
end-points.

Physical activity
Cancer and premalignant lesions.
Investigations of the effect of physical

activity on cancer prevention in chemi-
cally induced or spontaneous tumour

models have relied primarily on providing
animais with access to an activity wheel

(voluntary activity) or on exercising

animais using a treadmill (involuntary
activity). The effects of such activity on
tumour development have varied, with
reports of inhibition, no effect and
enhancement of the carcinogenic
response. Chemically induced rat
mammary tumour induction was
inhibited by voluntary but not involuntary
activity. Colon tumour yield was reduced
by voluntary activity in rats in two

studies. Spontaneous intestinal tumours
in Min mice were not affected by in

voluntary activity. ln one study, rat liver
tumour induction was clearly inhibited by
involuntary exercise. Pancreatic ductular
tumour induction was not inhibited by
voluntary exercise. ln general, when
physical activity has been shown to
protect against cancer, the magnitude of
the effect has been modest. Studies of
voluntary activity have more commonly
reported protection than studies in which
treadmill running was investigated.
However, c1ear-cut exercise dose effects
have not been shown. Thus, from

experimental studies, the type of

physical activity and the conditions of
exercise intensity, duration and

frequency that consistently and repro-
ducibly inhibit tumour development have
yet to be defined.

Intermediate biomarkers
The effects of two types of physical activ-
ity, free access to an activity wheel and
treadmill running, on intermediate

biomarkers for Iiver, pancreatic or mam-
mary gland cancer have been investi-
gated. The markers studied include glu-
tathione S-transferase-positive hepatic

foci, pancreatic acidophilc and

basophilie foci and cell prolieration and
development in the mammary gland.
Whereas changes in marker activity gen-
erally reflected a protective effect of

access ta a running wheel against liver
cancer, marker responses in pancreas

and mammary gland failed to provide
clear evidence for protection by physical
activity in these organs.

Mechanisms of cancer prevention
Weight control
Humans
One major class of mechanisms that
may form a physiological and causallink
between excess body weight, physical
inactivity and cancer risk is alterations in
endogenous hormone metabolism.

Obesity and lack of physical activity
are causes. of insulin resistance and

chronic hyperinsulinaemia. Chronic

hyperinsulinaemia, in turn, is related to a
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host of metabolic alterations including
elevated blood glucose levels, decreased
levels of IGF-binding proteins (IGFBP-1
and -2) and of SHBG, and increases in
free plasma IGF-I unbound ta IGF-

binding proteins and bioavailable andro-
gens and estrogens unbound to SHBG.
ln addition, adiposity leads to increased
peripheral formation of estrogens from
androgen precursors, and hence to
higher absolute estrogen concentrations

in men and postmenopausal women. ln
some premenopausal women,
hyperinsulinaemia may lead ta ovarian
overproduction of androgens and, in
extreme cases, ta chronic anovulation

and a drop in ovarian progesterone

production.
This global pattern of obesity-associ-

ated endocrine alterations, or specifie
aspects of it, may be causally related to
increased risk of cancers of the

endometrium and breast. The most

firmly established epidemiological

evidence is for a relationship between

bioavailable estrogens in postmeno-

pausai women and breast cancer risk. ln
addition, there is substantial evidence

that elevated estrogen concentrations

also increase endometrial cancer risk in
postmenopausal women. Before
menopause, endometrial cancer risk
appears to be increased especially in
women with severe ovarian hyperandro-
genism, who have frequent anovulatory
cycles and hence low ovarian
progesterone production. The roles of
endogenous sex hormones in the etiol-
ogy of premenopausal breast cancer,
and of endogenous hormones in general
in relation to ovarian cancer, are less
clear. Current evidence shows no clear
relationship between total and bioavail-
able plasma androgens and risk of
prostate cancer, nor with anthropometric
indices of adiposity.

Exogenous hormones for post-
menopausal replacement therapy have
been generally found to increase breast
cancer risk, but may either increase or

decrease risk of endometrial cancer,

depending on the type of hormone

preparation used. This, combined with
favourable hormonal changes observed
after weight loss, strongly suggests that
weight loss in obese postmenopausal

women may decrease the risk of these
cancers.

There is some evidence that chronic
hyperinsulinaemia may increase the risk
of colon cancer, and chronically elevated
insu lin levels may also contribute ta the
development of endometrial cancer.
Furthermore, there is indirect evidence
to suggest that chronic hyperinsuli-
naemia and related metabolic alterations
may also increase risk of cancers of the
pancreas and kidney.

Relatively independently of obesity,
elevations in circulating IGF-I, either as
absolute concentrations or relative to
levels of IGFBP-3, its major plasmatic
binding protein, appear to be related ta
increased risk of prostate cancer and
premenopausal breast cancer, and

possibly cancers of the colorectum and
lung. Although prolonged fasting and
energy malnutrition cause a dramatic

drop in total IGF-I levels, obesity is not
related to an increase, but rather also ta
a mild decrease in IGF-I, compared with
the normally nourished non-obese

state.
Frequent gastro-oesophageal reflux,

which is often related to obesity, may
increase the risk of Barretts oesophagus
and its progression towards oesopha-

geai adenoma.

Experimental studies
Energy restriction has been reported ta
inhibit the initiation and post-initiation

(promotion/progression) stages of car-

cinogenesis, although in some model
systems it is without protective activity.
Energy restriction modulates the activity
of proteins in both phase 1 and phase Il
drug-metabolizing systems as weil as the
processes involved in DNA repair.
Collectively, these effects are likely ta

work in concert to account, at least in
part, for the inhibitory effects of energy
reduction du ring carcinogenic initiation.
ln the majority of model systems evalu-
ated, energy restriction modulates the
post-initiation stages (promotion/pro-

gression) of carcinogenesis. Mechanisms
likely to account for protective activity
include inhibition of cell proliferation

and/or the induction of apoptosis.

Candidate molecules that may mediate
these effects include sex steroids, gluco-
corticoids and insulin-like growth factors
and their binding proteins. The signal
transduction pathways and the specifie
components of cell cycle and cell death
machinery involved in these processes
are beginning ta be elucidated. Limited
information is available on the role of

angiogenesis or modulation of the

immune function in relation ta the protec-
tive activity of energy restriction.

Physical activity
Humans
Mechanisms by which weight loss due
to physical activity could have cancer-
preventive effects have been described
above. Other proposed mechanisms

through which especially physical
activity might decrease cancer risk, but
for which there is no direct epidemiolog-
ical evidence, include enhanced

immune function, decreased intestinal
transit time and effects on bile acid
metabolism.

Experimental studies

While physical activity has been shown
to inhibit the development of cancer in
several model systems, the number of
mechanistic investigations is limited.
Areas investigated include modulation of
immune function and endocrine status,
but results are inconclusive. While other
mechanisms have been hypothesized,
relevant data from studies under

experimental conditions of physical

activity shown to inhibit tumour develop-
ment were not available.
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Other beneficial effects
Weight control
Ali-cause mortality
Studies on ali-cause mortality in relation
ta BMI are associated with methodological
problems. ln the general population, the
association between BMI and ali-cause
mortality follows a U-, J- or reverse J-

shaped relationship. ln studies with good
control for confounding, BMI in the nor-
mal range showed the lowest risk. The
current observational data do not indi-
cate that weight loss lowers risk of all-
cause mortality.

Cardiovascular disease

High BMI and weight gain increase risk
for cardiovascular diseases. Umited evi-
dence exists from observational studies
that weight loss decreases risk of cardio-
vascular disease. This is supported by
the proven benefits of weight reduction in
intervention trials among high-risk
individuals.

Effects on morbidity
Both BMI status and weight gain
increase risks of hypertension, type Il
diabetes, insulin resistance, dyslipi-
daemia and numerous other overweight-
related conditions. Intentional weight

loss of 5-10% resulting from lifestyle
changes improves surrogate markers of
cardiovascular diseases and reduces the
risk of hypertension and type Il diabetes
in overweight high-risk individuals.
Maintained weight loss also reduces

risks of many other obesity-related
diseases and quality of Iife.

Physical activity
Physical activity has important health
benefits above and beyond improved
weight control. The level of physical

activity is inversely associated with all-
cause mortality rates in middle-aged and
older men and women. This relationship
is Iinear, at least up ta an energy expen-
diture in activity of about 14.7 MJ (3500
kcal) per week, with little further benefit
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at higher levels. This is equivalent to

brisk walking at 6.4 km/h for about 8.5 h.
Physical inactivity and low levels of
fitness are also associated with higher
rates of coronary heart disease, stroke,
type Il diabetes, hypertension and (in a
smaller number of studies) gallbladder
disease.

The compelling evidence related to
coronary heart disease from studies pub-

lished over more than 50 years in differ-
ent populations is buttressed by

evidence of plausible mechanisms. The
relationship between level of physical

activity or fitness is strong, graded and
independent of other risk factors.
Moderate-intensity activities such as
cycling and brisk or fast walking decrease
coronary heart disease risk, but more

vigorous exercise probably confers more
benefit. The dose-response relationships
for the other health outcomes mentioned
above are less c1ear. ln women, physical
activity may decrease the risk of hip
fracture through effects on bone minerai
density and/or through decreasing the

risk of falls.

Carcinogenicity
Weight control
Human studies
The associations between cancer risk
and both overweight and physical activity
suggest generally that weight control and
physical activity offer benefits in terms of
cancer risk rather than hazards

(see above). Although the observational
epidemiology of the relationship between
BMI and cancer risk is sufficient ta
conclude no adverse effects of lifetime
weight control on cancer risk, there have
been insufficient studies of the
consequences on cancer risk of major
intentional weight loss ta estimate either
the benefits or the risks. For
some cancer sites for which an inverse
association has been observed between
adiposity and cancer risk, factors such
as alcohol, tobacco and/or pre-existing
iIness probably confound the

associations. Among premenopausal
women, there is an inverse association
between BMI and breast cancer
risk, perhaps induced by mechanisms
related to anovulation. Reducing the

prevalence of overweight among pre-
menopausal women improves the
anovulation associated with overweight

and might thereby result in increased
rates of premenopausal breast cancer.

Experimental studies
Loss of cancer-preventive activity and/or
frank enhancement of the carcinogenic
response has been observed in model

systems for the breast, colon and liver
with some cyclic feeding protocols, in
which periods of restricted energy intake
were alternated with periods of ad libitum
feeding.

Physical activity
Humans
No clear evidence is available of any
increase in cancer risks directly
associated with physical activity.

Experimental studies
While physical activity has generally
been reported to either inhibit or have
no effect on carcinogenesis in experi-
mental models, conditions of treadmill
running have been reported to increase
the carcinogenic response in the mam-
mary gland and the level of intermediate
biomarkers in the pancreas.

Other adverse effects
Health effects
Weight control
Human studies
Adverse effects of weight loss include
risk of gall-stones, eating disorders, mal-
nutrition and sarcopenia, in addition to
adverse effects specifie ta use of weight-
loss drugs. Obesity and weight gain

seem to protect against loss of bone
minerai density, and weight loss
decreases bone minerai density and
may increase fracture risk.
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Experimental studies
Few potential adverse conditions have
been identified to be associated with

underfeeding experimental animais to
control weight gain. However, animais in
these protocols have elevated glucocor-

ticoid hormone levels that may nega-
tively affect bone minerai density and cell
cycle of normal cells. Furthermore, in
some dietary restriction studies, animais
exhibited bradycardia, leukopenia and
an inability to tolerate cold. However, it
is unclear if these observations are

due to reduced energy intake or the
reduction of other dietary constituents

with these protocols. Dietary restriction
may reduce intake of cancer-protective
constituents ta an extent that diminishes
the cancer-preventive effect of the

energy restriction.

Physical activity
Human studies
Most of the risks from physical activity
are evident only when people engage in
high volumes and/or intensities of
exercise. Strenuous exercise can trigger
myocardial infarction, but the short-term
increase in risk during and soon after a
session is largely restricted to individu-
ais who are unaccustomed to this. The
risk of orthopaedic injury seems to be
related to volume and intensity of exer-
cise. Prior sports-related injuries may
predispose to the development of

osteoarthritis of the knee and hip.
Exercise, particularly running in a cold

environment, may trigger exercise-
induced asthma in susceptible individu-
ais. Among young women,intensive

training may lead to menstrual dysfunc-
tion characterized by oligomenorrhoea.

Women reporting extended periods of
oligomenorrhoea or amenorrhoea have
lower vertebral bone minerai density

which may increase their
subsequent risk of osteoporotic fracture.
The extent to which these changes are
reversible is not known.

Experimental studies
None of the adverse effects of exercise
training noted in humans has been stud-
ied in animal models under conditions of
exercise that have been shown to
prevent the development of cancer in an
experimental tumour model system.

Reproductive and developmental
effects
Weight control
Human studies
A minimum ratio of fat to lean mass is
normally necessary for menarche and
the maintenance of female reproduction.
Excessive leanness (as indicated by a
BMI below 18.5 kg/m2) has been associ-
ated with a decreased likelihood of
fecundity due to anovulatory menstrual

cycles or a shortened luteal phase.

Experimental studies
ln mice, dietary restriction can make
female mice enter anestrus, by decreas-

ing gonadotropin-releasing hormone

with consequent decreases in the
hormones it stimulates. Lower levels of
dietary restriction can inhibit fertility in
male and female mice. Higher levels are
needed to depress fertility in rats.

Physical activity
Human studies
Physical activity can result in women
becoming amenorrhoeal and pubert

can be delayed. ln men, heavy exercise

can lead ta drops in the reproductive axis
hormones in the short-term, and in
chronic exercisers there is also some
evidence of a decrease.

Experimental studies
ln rats, moderate exercise can disrupt
estrous cycling. ln male rats, the results
for chronic effects are inconsistent.

Genetic and re/ated effects
There are no data on effects of either
weight control and/or exercise in
inducing mutations or other genetic

end-points. There is some evidence
that, although specific organs can have
lower levels of oxidative damage,

plasma and urine measures of oxidative
damage can be increased by dietary
restriction in rats. Also, increased

mitochondrial DNA damage and lipid
peroxidation have been found after
training ta exhaustion in humans and in
chronic training in rats.
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Chapter 10

Recommandations

Recommandations for research
Critically evaluate existing and new methods for assessment of body composition, physical activity and diet.

. Physical activity. Oevelop standard-

ized, validated methods to assess
physical activity that wil capture

different dimensions of activity, such
as duration, frequency and intensity,
to allow comparisons between epi-
demiological and population studies.

. Body composition: Develop stan-

dardized, validated methods to mea-
sure body composition and evaluate

the need for ethnie-specifie and age-
specific BMI and waist cut-points.

. Oiet develop methods ta assess

aspects of dietary habits that

influence weight gain. This includes

development of biomarkers and

questionnaires that capture aspects
such as macronutrient composition,
energy density, glycaemic index,
dietary patterns, palatability and por-
tion sizes.

Maintain and enhance systems for monitoring trends in body composition and physical activity in various
populations

. Develop national surveilance pro-

grammes that allow global monitoring
of indicators of body composition and
physical activity in men and women.

. Oevelop methods to study environ-

mental factors (physical, economic
and socio-cultural) that determine
behaviour in populations undergoing
various stages of economic develop-
ment.

. Develop strategies for using data

from population monitoring to evaluate
potential changes in physical activity
and dietary patterns resulting from
interventions and policy initiatives.

Conduct observational epidemiological studies using improved and standardized measures of physical activity
and indicators of body composition and fat distribution in diverse populations (by age, sex and ethnicity) of
sufficient sam pie size to assess cancer risk

. Study the relationship between differ-

ent indicators of body composition

and fat distribution and cancer risk.
. Study the relationship between

physical activity patterns and cancer
risk.

. Study the interactions between physi-

cal activity and dietary habits and

body composition in relation ta can-
cer risk.

. Study the interactions between

genetic variation and physical activity
patterns in relation to weight gain and
body composition.

. Study the effect of voluntary weight

reduction on cancer risk in over-

weight and obese individuals in dif-
ferent subgroups of sex and age.

. Establish the association between

putative cancer biomarkers with can-
cer risk. The Iink between a bio-
marker and cancer should be firmly
established before testing interven-
tion effects on the biomarkers.
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Conduct long-term clinical intervention studies in subgroups of age, sex and ethnicity to alter behavioural
patterns (dietary and physical activity) which may influence weight gain. Specific circumstances of high
risk for weight gain (such as smoking cessation and pregnancy) should be addressed in interventions.

. Conduct long-term (more than one

year) intervention studies on dietary

modification (e.g., changing macro-
nutrient composition, energy density,
glycaemic index, dietary patterns,
palatability and portion sizes) in rela-
tion to weight gain.

. Conduct long-term (more than one

year) intervention studies on chang-
ing physical activity patterns (modu-

lations of intensity, frequency and
duration of various sorts of physical

activity) in relation to weight gain.
. Conduct long-term (more th an one

year) intervention studies on the
interaction between dietary modifica-
tion and physical activity in relation ta
weight gain.

. Conduct long-term (at least 1-2

years) intervention studies of dietary

modification and physical activity ta
prevent excessive weight gain and to
treat obesity, in relation to cancer
risk.

. Conduct intervention studies to deter-
mine whether hormonal, biochemical
and molecular mechanisms identified
in animais are similarly affected by
energy intake, physical activity and
their interaction in humans.

Conduct community intervention studies to prevent weight gain and promote physical activity

. Establish the effectiveness and effi-

CÎency of various community strate-
gies to prevent weight gain and pro-
mote physical activity.

. Develop effective strategies for the
prevention of overweight and obesity
at three levels: community (directed
at everyone in the population); selec-
tive (directed at subgroups of the
populations with above-average risk

of developing obesity); targeted
(directed at high-risk individuals with

existing weight problems but who are
not yet obese).

. Determine the characteristics of sub-

stantial and sustainable interventions
to promote physical activity. For
example, a comprehensive interven-
tion to promote bicycle use for trans-
portation might be tested with multiple

components such as bicycle paths,
relief of taxes on bicycle purchases,
secure bicycle storage and other

measures.
. Determine whether physical activity

and weight control strategies can be
replicated under different situations
and in different populations.

Carry out studies in humans to establish the mechanisms by which weight gain and physical activity are related to
cancer development (at least for ail sites reviewed in this volume)

. Conduct studies of the effects of

physical activity on menarche, men-
strual cycle characteristics and endo-
genous sex hormones in girls and
young women.

· Evaluate the acute versus chronic
effects of physical activity on

mechanistic pathways related to
cancer, especially for moderate-

intensity activity, the level most likely

to be adopted by individuals.
. Carry out mechanistic studies to

identify physiological processes that
can be used as biomarkers of energy
status in relation to cancer prevention.

· Identify surrogate end-point markers
for cancer risk that are modulated by
either the level of energy intake

and/or the level of physical activity,
such as polyps or breast density.

. Study the long-term effects of physi-

cal activity and weight control on sex
hormones and insulin-like growth
factor 1 (IGF-1).

· Study the role of prostaglandins in
the mediation of the association

between physical activity and weight
gain and as intermediate indicators
of cancer development.

Conduct experimental and mechanistic studiesrelevant to the circumstances of human activity to clarifythe
mechanisms by which weight gain and lack of physical activity lead to cancerdevelopment in animal models.

. Develop animal models, including

genetically modified animais, that
replicate patho-physiological pro-

cesses related to cancer in humans
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such as pre- and postmenopausal

breast cancer.

· Use existing and new animal models
to explore the hormonal, biochemical,

and molecular mechanisms of can-
cer prevention by maintaining body
weight through energy intake, physi-
cal activity and their interactions.



Recommendations

. Conduct research with animal mod-

els to establish the components of
exercise such as duration, frequency
and intensity that inflUence cancer

end-points.
. Develop biomarkers for evaluating

the interactions between reducing

energy intake (via dietary restriction)
and increasing energy expenditure

(by physical activity) in various com-
binations.

. Examine whether antagonistic inter-

Recommendations for public health 1
Obesity cannot be prevented or
managed, nor physical activity promoted,
solely at the level of the individu aL.

Governments, the food industry, interna-
tional agencies, the media, communities
and individuals ail need to work together
ta modify the environment so that it is
less conducive ta weight gain.

A number of recommendations assume
a certain level of infrastructure which

may not exist in developing countries.
However, the underlying targets to
improve dietary quality and ensure
appropriate levels of physical activity for
healthy weight are relevant for develop-
ing countries and should be incorporated
into strategies to prevent the situation
from worsening.

The health consequences and eco-
nomic costs of weight gain and physical

inactivity are enormous. Thus, substan-
tial public investment is both appropriate
and necessary in order to have a major
impact on these problems.

Most current weight guidelines
indicate a desirable BMI range of 18.5 to
25 kg/m2, based primarily on the
relationships of body weight to risks of
cardiovascular diseases, diabetes and
total mortality. The benefits of maintain-
ing weight in this range clearly extend to
reduced risks of important cancers.

This relatively wide range of BMI is
used because the ratio of fat ta lean
mass can vary among individuals of the
same weight. However, within this range
of BMI, the degree of adiposity varies
substantially and is influenced

by metabolic abnormalities. Most

individu ais will experience lower risks of

Governmental and non-governmental organizations

. Public education should provide

timely and accu rate information on

the epidemic of obesity and inactivity,
and on ways this can be addressed.

. Governments at local and national
levels should ensure that school-

children at ail stages have proper
access at school to healthy meals

and to recreation and sports facilities.
. Governments at local and national

levels, as weil as non-governmental
organizations, should provide

adequate funding for effective
physical education programmes in
schools.

. Communities and buildings should

be designed to encourage use of

stairs and walking. A proportion of
transportation budgets should be
allocated for development of bicycle

actions exist between reducing

energy intake via dietary restriction
and increasing energy expenditure

by physical activity that could nullify
the beneficial effects of either type of
intervention for cancer prevention.

cardiovascular disease and diabetes if
they maintain their weight within the
lower part of this range.

For persans who are already
overweight or obese, most current
recommendations first emphasize that
additional weight gain should be
avoided, and then that weight reductions
of 5 to 10% are desirable. Direct
evidence does not exist at present that
weight reduction wil lead to reduced

risks of cancer. However, hormonal

changes produced by weight loss seem
likely to reduce risks of some cancers,
and epidemiological evidence suggests
that loss of weight even late in life would
favourably affect the risks of breast and
endometrial cancer.

and pedestrian facilities, notably in
urban areas.

. ln developing countries there are

dietary traditions, behavioural pat-
terns and infrastructures that poten-
tially could aid programmes for pre-
vention of weight gain. Efforts should
be made to prevent the loss of cul-
tural traditions that promote healthy
diets and physical activity.

1 ln general, the following recommendations are relevant to adults up to the age of 75 years, though this age limit may rise as populations improve

in their Iifetime adherence to healthy lifestyles. Where relevant, they have been drawn from a number of source documents (e.g. World Cancer
Research Fund, 1997; WHO Consultations on Obesity, 1998).
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Worksites and schools

. Employers should encourage
physical activity and weight control
by ail employees. Methods can

include provisions for exercise areas
at work, showers, financial incentives
ta walk, bicycle or use public

Health professionals and educators

. Health professionals should counsel

individuals about a healthy range of
body weight. For persons currently
within the healthy range, it is recom-
mended that weight gain during adult
life should not exceed 5 kg.

. Medical schools and other health sci-

ence professional programmes should
make the study of food, nutrition and
physical activity and their relation ta
health and disease an integral part of

Familes and individuals

. Prevention of overweight and obesity

should begin early in life. It should be
based on the development of Iife-
long healthy eating and physical

activity patterns. However, it is never
too late to benefit from starting to be
more active.

. Individuals should be encouraged to

maintain physical activity in order to
promote energy balance and weight
control. The primary goal should be
to perform continuous physical activity
on most days of the week. At total of
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transportation rather th an cars.
· School curricula should include ade-

quate teaching on food, nutrition and
health, and on the importance of

active living.

the training of health professionals.
. Physicians and health-care providers

should counsel their patients on the
need for an active lifestyle for the
prevention of cancer and other non-
communicable diseases.

· Health-care providers and educators

should set a personal example by

engaging in regular physical activity
and controllng their weight ta the
best of their ability.

one hour per day of moderate-inten-

sity activity such as walking may be
needed to maintain a healthy body
weight, particularly for people with
sedentary occupations. More vigor-
ous activity, such as fast walking,

several times per week may give
some additional benefits regarding
cancer prevention. Therefore, planned
vigorous activities such as sports
should be undertaken according to
individual interests and capabilities.

. Individuals should where possible

. Schools should include one hour of

physical education on most days.

. Health-care providers and and

teachers should take an active role in
their communities ta support regular
physical activity and weight control.

. Maternai and child-health pro-
grammes can provide a suitable con-
text for promoting awareness of the
need for physical activity and pre-
venting weight gain, particularly in
developing countries.

give priority to the more active alter-
natives in their daily lives.

. Parents and individuals should limit
the purchase and availability at home
of high-energy foods and beverages
with low nutritional value, such as
soda beverages and baked snacks

and instead provide healthy foods, in
particular an abundant supply of
fruits and vegetables and whole grain
products.



Chapter 11

Evaluation
Cancer~preventive activity

Humans

There is sufficient evidence in humans for a cancer-preven-
tive effect of avoidance of weight gain. This evidence has
been obtained for cancers of the colon, breast (post-
menopausal), endometrium, kidney (renal-cell) and oeso-
phagus (adenocarcinoma).

For premenopausal breast cancer, the available
evidence on the avoidance of weight gain suggests lack of
a cancer-preventive effect.

For ail other sites, the evidence is inadequate.
There is inadequate evidence in humans for a cancer-

preventive effect of intentional weight loss for any cancer
site.

There is suffcient evidence in humans for a cancer-
preventive effect of physical activity. This has been obtained
for cancers of the colon and breast.

For cancers of the endometrium and prostate, there is
/imited evidence for a cancer-preventive effect of

physical activity.
For ail other sites, the evidence is inadequate.

Experimental animaIs

There is suffcient evidence in experimental animais for a
cancer-preventive effect of avoidance of weight gain by
restriction of dietary energy intake. This evidence has been
obtained for spontaneous and chemically induced cancers of
the mammary gland, liver and pituitary gland (adenoma), for
chemically induced cancers of the colon and the skin (non-
melanoma) and for spontaneous and genetically induced
Iymphoma.

For chemically induced cancers of the prostate, and for
spontaneous and chemically induced cancers of the acinar
pancreas, there is /imited evidence in experimental animais
for a cancer-preventive effect of avoidance of weight gain by
restriction of dietary energy intake.

There is /imited evidence in experimental animais for a
cancer-preventive effect of avoidance of weight gain by phys-
ical activity for spontaneous mammary tumours and for
chemically( induced mammary and colon cancers. For ail
other cancer sites, the evidence is inadequate.

There are data in experimental animais indicating that diet
restriction (reduction of ail dietary components but with
vitamin supplements) gives rise to a decrease in the sponta-
neous incidence of tumours in lung, testis, thyroid follcular
cells, preputial and clioral gland, and of adrenal phaeo-
chromocytomas.
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OveraJI evaluation

The prevalence of overweight and obesity in adults and children has increased rapidly over the last two decades in most coun-
tries. ln many developed countries half or more of the adult population is now overweight or obese, and similar
prevalence rates have been reached in urban areas of some developing countries.

· Decreased levels of overall physical activity are a major
contributor ta the rise in rates of overweight and obesity.

· Epidemiological studies, animal experiments and mech-

anistic investigations ail support a beneficial effect of
weight control and physical activity in the prevention of
cancer.

· Umiting weight gain during adult life, thereby avoiding
overweight and obesity, reduces the risk of post-
menopausal breast cancer, and cancers of the colon,
uterus (endometrium), kidney (renal cell) and

oesophagus (adenocarcinoma).

· Weight loss among overweight or obese persons pas si-
bly reduces risks of these cancers, but no firm conclu-
sion can be drawn because of the sparsity of the epi-
demiologicalevidence.

· Regular physical activity reduces the risk of breast and
colon cancer, and possiblyreduces risk of uterine
(endometrial) and prostate cancers. These effects seem
to be in part independent of that of weight control.
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Taken together, excess body weight and physical inac-
tivity account for approximately one fourth to one third of
breast cancer, and cancers of the colon, endometrium,
kidney (renal cell) and oesophagus (adenocarcinoma).
Thusadiposity and inactivity appear to be the most
important. avoidable causes of postmenopausal breast
cancer, endometrial cancer, renal-cell cancer, and ade-
nocarcinoma of the oesophagus, and among the most
important avoidable causes of colon cancer.

· ln addition ta the important reductions in cancer

incidence, weight control and regular physical

activity wil lead to substantial decreases in cardiovas-
cular disease, type Il diabetes, and other chronic

diseases.

· Control of the obesity epidemic will require the

participation of ail segments of society and
substantial investments, particularly in public education,
community environments that promote walking ana
otherphysical activities, work-site and school
programmes that include at least one hour of

physicalactivity on most days, and transportation
systems that encourage walking and use of
bicycles.
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Glossa
Weight control

Body mass index

Healthy weight

Overweight

Obesity

Energy

Energy balance

Basal metabolic rate

Fat-free body mass

Physical activity

Maximal oxygen
consumption

Maximal heart rate

Metabolic equivalent
(MET)

Physical activity

Physical fitness

Weight control is widely defined as approaches to maintain body weight, including both prevention
of weight gain and weight loss.

Body mass index (BMI) is a measure of body mass relative to height, calculated as weight (kg)
divided by height squared (m2).

A healthy weight level for adults is defined as a body mass index within the range 18.5 to 24.9
kg/m2 (WHO Expert Committee, 1995).

A body mass index within the range 25.0-29.9 kg/m2 (WHO Expert Committee, 1995).

An increase in body weight beyond the Iimits of skeletal and physical requirements, as a result of
excessive accumulation of fat in the body. A person is defined as obese if he or she has a body
mass index of 30.0 kg/m2 or over (WHO Expert Committee, 1995).

Energy is measured in kilojoules and usually expressed as the quantity consumed or expended in
a 24-hour period. Energy was previously expressed as calories (1 cal = 4.2 J).

Energy balance corresponds to the equivalence between the energy consumed in diet and the
energy expended to maintain basal metabolism, physiological functions of the body and physical
activities. This is operationally defined as stable body composition.

The amount of energy (in kilojoules per 24 hours) required to maintain the essential body func-
tions in absolute resting and fasting conditions.

The portion of body weight that is not adipose tissue, consisting primarily of
muscle, bone and water.

Any bodily movement that is produced by contraction of skeletal muscle and that increases ener-
gy expenditure above resting levels.

The highest rate of oxygen consumed during exercise. It is usually expressed as multiples of rest-
ing oxygen consumption, in MET (see below).'

The highest heart rate achieved during maximal exercise. An estimate can be obtained using the
formula 220 minus age.

Represents the metabolic rate associated with seated rest and is set at 3.5

milllitres of oxygen consumed per kilogram body mass per minute.

Physical inactivity or sedentary behaviour is astate in which body movement is minimal and ener-
gy expenditure approximates resting metabolic rate.

A set of attributes that people have or achieve that relates ta the ability to perform physical activity.
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Intensity of physical
activity

Light physical activity

Moderate physical
activity

Vigorous physical
activity

Meal feeding

Cyclic feeding

Diet restriction

Food restriction

Energy restriction
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The energy cost of the level of physical activity that is performed. This has been defined in three
ways:

· Absolute intensity pertains ta the rate of oxygen consumption (or energy expenditure) associ-
ated with participation in activity. This can be defined as axygen consumed during the activity,
and is often expressed as multiples of METs.

· Relative intensity compares the oxygen consumption associated with an activity relative to an
individual's maximal oxygen consumption. An activity entailing a given oxygen consumption
wil have a higher relative intensity for persons with lower maximal consumption. For example,
the relative intensity would be higher among older adults compared with younger adults
because of the decline in maximal oxygen consumption associated with age.

· Subjective intensity is based on an individual's perception of physiological eues such as

increased breathing, heart rate and sweating, each of which can increase with increasing
metabolic demands of physical activity.

Activity of an intensity of about 25-44% relative to a person's maximal oxygen consumption or
30-49% of maximal heart rate. Examples include walking at a normal pace for a woman aged 30
years but, because of his lower maximal oxygen consumption, walking slowly for a man aged 65
years (US Department of Health and Human Services, 1996).

Activity of an intensity of about 45-59% relative to a person's maximal oxygen consumption or
50-69% of maximal heart rate. Examples include carrying and stacking wood for a man aged 25
years, but fast walking for a woman aged 45 years (DHHS, 1996).

Activity of an intensity of at least 60% relative to a person's maximal oxygen

consumption or 70% of maximal heart rate. Examples include jogging for a woman aged 35 years,
but brisk walking for a man aged 65 years (US Department of Health and Human Services, 1996).

A laboratory animals 24-hour allotment of food, divided into two or more portions. Each portion is
provided to the animal at a specified time during a 24 hour period.

An experimental design in which animais are provided a limited amount of diet for a speci-fied
time, usually days or weeks, followed by a period during which the animais are given access to
food ad libitum. This pattern of feeding may be repeated. This feeding regimen has also been
referred to as energy cycling or patterned calorie restriction.

Feeding experimental animais with Jess of the control diet and therefore reducing ail constituents
of the diet. These diets are sometimes supplemented with some of the micronutrients that the
investigator does not want to reduce. Such diets can be semi-purified or cereal-based. it is not
possible to supplement ail minor constituents in a cereal-based diet because they are not defined.

Identical to diet restriction (see above).

A dietary protocol in which energy intake is selectively reduced while protein and ail micro-con-
stituents (including micronutrients) are fed at the same level in the control and energy-restricted
groups. Energy restriction is generally accompJished by selectively removing carbohydrate
and/or fat, and is often referred to as calorie restriction.



Sources of Figures
Figure 1

Figure 2

Figure 3

Figure 4
Figure 5

Figure 6

Figure 7
Figure 8

Figure 9

Figure 10

Figure 11

Figure 12
Figure 13

Figure 14
Figure 15

Figure 16

Figure 17
Figure 18

Figure 19

Figure 20
Figure 21

Figure 22
Figure 23
Figure 24
Figure 25
Figure 26
Figure 27
Figure 28
Figure 29
Figure 30
Figure 31

Figure 32

Page 206.

Working Group
Working Group
Working Group
Working Group
IARC
SIPA Press, Paris, France
Working Group
Permission from Antero Aaltonen, Kerava, Finland

SIPA Press, Paris, France
SIPA Press, Paris, France
Working Group
Working Group
Working group

Working Group
Working Group
Permission from Antero Aaltonen, Kerava, Finland

Permission from Antero Aaltonen, Kerava, Finland

Working Group
Working Group
Working Group
Permission from Antero Aaltonen, Kerava, Finland

SIPA Press, Paris, France
NIEHS, USA
NIEHS, USA
SIPA Press, Paris, France
Working Group
Working Group (Permission from JNCI)
Working Group
Working Group
Working Group
SIPA Press, Paris, France
Permission from Zhaogang Wang, China

SIPA Press, Paris, France

Coyer ilustrations
Permission trom Zhaogang Wang, China, Antero Aaltonen, Finland and Eric Lucas, IARC

307



Working Procedures for the lARe Handbooks of
Cancer Prevention

The prevention of cancer is one of the
key objectives of the International
Agency for Research on Cancer (IARC).
This may be achieved by avoiding expo-
sures to known cancer-causing agents,

by increasing host defences through

immunization or chemoprevention or by
modifying lifestyle. The aim of the series
of IARC Handbooks of Cancer
Prevention is to evaluate scientific infor-
mation on agents and interventions that
may reduce the incidence of or mortality
from cancer.

Scope
Cancer-preventive strategies embrace
chemical, immunological, dietary and

behavioural interventions that may
retard, block or reverse carcinogenic

processes or reduce underlying risk fac-
tors. The term 'chemoprevention' is used
to refer to interventions with pharmaceu-
ticals, vitamins, minerais and other
chemicals to reduce cancer incidence.
The IARC Handbooks address the effi-
cacy, safety and mechanisms of cancer-
preventive strategies and the adequacy
of the available data, including those on
timing, dose, duration and indications for
use.

Preventive strategies can be applied
across a continuum of: (1) the general
population; (2) subgroups with particular
predisposing host or environ mental risk
factors, including genetic susceptibility
to cancer; (3) persons with precancer-

ous lesions; and (4) cancer patients at
risk for second primary tumours. Use of
the same strategies or agents in the
treatment of cancer patients to control
the growth, metastasis and recurrence

of tumours is considered to be patient
management, not prevention, although

data from c1inical trials may be relevant
when making a Handbooks evaluation.

Objective
The objective of the Handbooks pro-

gramme is the preparation of critical
reviews and evaluations of evidence for
cancer-prevention and other relevant
properties of a wide range of potential
cancer-preventive agents and strategies
by international working groups of
experts. The resulting Handbooks may
also indicate when additional research is
needed.

The Handbooks may assist national
and international authorities in devising
programmes of health promotion and
cancer prevention and in making bene-
fit-risk assessments. The evaluations of
IARC working groups are scientific
judgements about the available evi-
dence for cancer-preventive efficacy and
safety. No recommendation is given with
regard to national and international reg-
ulation or legislation, which are the
responsibility of individu al governments
and/or other international authorities.

Working Groups
Reviews and evaluations are formulated
by international working groups of
experts convened by the IARC. The
tasks of each group are: (1) to ascertain
that ail appropriate data have been col-
lected; (2) to select the data relevant for
the evaluation on the basis of scientific
merit; (3) ta prepare accu rate sum-

maries of the data to enable the reader
to follow the reasoning of the Working
Group; (4) to evaluate the significance of
the available data from human studies
and experimental models on cancer-pre-
ventive activity, and other beneficial

effects and also on adverse effects; and

(5) to evaluate data relevant to the
understanding of the mechanisms of
preventive activity.

Approximately 13 months before a
working group meets, the topics of the
Handbook are announced, and partici-
pants are selected by IARC staff in con-
sultation with other experts.
Subsequentiy, relevant c1inical, experi-
mental and human data are collected by
the IARC from ail available sources of
published information. Representatives
of producer or consumer associations
may assist in the preparation of sections
on production and use, as appropriate.

Working Group participants who
contributed to the considerations and

evaluations within a particular Handbook
are listed, with their addresses, at the
beginning of each publication. Each
participant serves as an individual scien-
tist and not as a representative of any
organization, government or industry. ln
addition, scientists nominated by nation-
al and international agencies, industrial
associations and consumer and/or
environ mental organizations may be
invited as observers. IARC staff involved
in the preparation of the Handbooks are
listed.

About eight months before the meet-
ing, the material collected is sent to

meeting participants to prepare sections
for the first drafts of the Handbooks.
These are th en compiled by IARC staff
and sent, before the meeting, to ail par-
ticipants of the Working Group for
review. There is an opportunity to return
the compiled specialized sections of the
draft to the experts, inviting preliminary

comments, before the complete first-
draft document is distributed to ail mem-
bers of the Working Group.
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Data for Handbooks
The Handbooks do not necessarily cite
ail of the Iiterature on the agent or strat-
egy being evaluated. Only those data
considered by the Working Group to be
relevant to making the evaluation are

included. ln principle, meeting abstracts
and other reports that do not provide

sufficient detail upon which to base an
assessment of their quality are not
considered.

With regard to data from toxicologi-
cal, epidemiological and experimental

studies and from clinical trials, only
reports that have been published or
accepted for publication in the openly
available scientific literature are
reviewed by the Working Group. ln
certain instances, government agency
reports that have undergone peer

review and are widely available are
considered. Exceptions may be made
on an ad-hoc basis to include unpub-
lished reports that are in their final form
and publicly available, if their inclusion is
considered pertinent to making a final
evaluation. ln the sections on chemical
and physical properties, on production,
on use, on analysis and on human ex po-
sure, unpublished sources of informa-

tion may be used.
The available studies are summa-

rized by the Working Group. ln general,
numerical findings are indicated as they
appear in the original report; units are
converted when necessary for easier
comparison. The Working Group may
conduct additional analyses of the
published data and use them in their
assessment of the evidence. Important
aspects of a study, directly impinging on
its interpretation, are brought to the
attention of the reader.

Criteria for selection of topics
for evaluation
Agents, classes of agents and interven-
tions to be evaluated in the Handbooks
are selected on the basis of one or more
of the following criteria.
· The available evidence suggests
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potential for significantly reducing

the incidence of cancers.
· There is a substantial body of

human, experimental, c1inical and/or
mechanistic data suitable for evalua-
tion.
The agent is in widespread use and
of putative protective value, but of

uncertain efficacy and safety.
The agent shows exceptional
promise in experimental studies but
has not been used in humans.
The agent is available for further
studies of human use.

Evaluation of cancer-
preventive agents
A wide range of findings must be taken
into account before a particular agent
can be recognized as preventing cancer
and a systematized approach to data

presentation has been adopted for
Handbooks evaluations.

Characteristics of the agent or
intervention
Chemical identity and other definitive
information (such as genus and species
of plants) are given as appropriate. Data
relevant to identification, occurrence and
biological activity are included.

Technical products of chemicals, includ-
ing trade names, relevant specifications
and information on composition and

impurities.
Preventive interventions can be

broad, community-based interventions,
or interventions targeted ta individuals

(counselling, behavioural, chemopre-
ventive) .

Occurrence, trends, analysis
Occurrence
Information on the occurrence of an
agent in the environ ment is obtained
from monitoring and surveillance in
occupational environments, air, water,
soil, foods and animal and human
tissues. When available, data on the
generation, persistence and bioaccumu-
lation of the agent are included. For

interventions, data on prevalence are
supplied. The data on the prevalence of
a factor (e.g., overweight) in different
populations are collected as widely as
possible.

Production and use
The dates of first synthesis and of first
commercial production of a chemical or
mixture are provided, the dates of first
reported occurrence. ln addition, meth-
ods of synthesis used in past and pre-
sent commercial production and meth-

ods of production that may give ri se to
various impurities are described. For
interventions, the dates of first mention
of their use are given.

Data on the production, international
trade and uses and applications of
agents are obtained for representative
regions. ln the case of drugs, mention of
their therapeutic applications does not
necessarily represent current practice,
nor does it imply judgement as to their
therapeutic efficacy.

If an agent is used as a prescribed
or over-the-counter pharmaceutical

product, then the type of person

receiving the product in terms of health

status, age, sex and medical condition
being treated are described. For

non-pharmaceutical agents, particularly
those taken because of cultural
traditions, the characteristics of use or
exposure and the relevant populations
are described. ln ail cases, quantitative
data, such as dose-response relation-
ships, are considered to be of special

importance.

Metabolism of and metabolic
responses to the agent or metabolic
consequences of an intervention
ln evaluating the potential utility of a
suspected cancer-preventive agent or
strategy, a number of different proper-
ties, in addition to direct effects upon
cancer incidence, are described and

weighed. Furthermore, as many of the
data leading to an evaluation are

expected to come from studies in
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experimental animais, information that
facilitates interspecies extrapolation is
particularly important; this includes

metabolic, kinetic and genetic data.
Whenever possible, quantitative data,
including information on dose, duration

and potency, are considered.
Information is given on absorption,

distribution (including placental

transfer), metabolism and excretion in
humans and experimental animais.
Kinetic properties within the target
species may affect the interpretation and
extrapolation of dose-response relation-
ships, such as blood concentrations,

protein binding, tissue concentrations,

plasma half-Iives and elimination rates.
Comparative information on the relation-
ship between use or exposure and

the dose that reaches the target site
may be of particular importance for
extrapolation between species. Studies
that indicate the metabolic pathways

and fate of an agent in humans and

experimental animais are summarized,

and data on humans and experimental
animais are compared when possible.
Observations are made on inter-individ-
ual variations and relevant metabolic

polymorphisms. Data indicating long-
term accumulation in human tissues are
included. Physiologically based pharma-
cokinetic models and their parameter
values are relevant and are included

whenever they are available.
Information on the fate of the compound
within tissues and cells (transport, role
of cellular receptors, compartmentaliza-
tion, binding to macromolecules) is

given.
The metabolic consequences of

interventions are described.
Genotyping will be used increasing-

Iy, not only to identify subpopulations at
increased or decreased risk for cancers
but also to characterize variation in

the biotransformation of and responses
to cancer-preventive agents.This sub-

section can include effects of the com-
pound on gene expression, enzyme
induction or inhibition, or pro-oxidant

status, when such data are not
described elsewhere. It covers data
obtained in humans and experimental

animais, with particular attention to
effects of long-term use and exposure.

Cancer-preventive effects
Human studies
Types of study considered
Human data are derived from experi-
mental and non-experimental study
designs and are focused on cancer,

precancer or intermediate biological
end-points. The experimental designs
include randomized controlled trials and
short-term experimental studies;
non-experimental designs include
cohort, case-ontrol and cross-sectional

studies.
Cohort and case-control studies

relate individual use of, or exposure ta,
the agent or invervention under study to
the occurrence of cancer in individuals
and provide an estimate of relative risk

(ratio of incidence or mortality in those
exposed to incidence or mortality in
those not exposed) as the main mea-
sure of association. Cohort and

case-control studies follow an observa-
tional approach, in which the use of, or
exposure to, the agent is not controlled
by the investigator.

Intervention studies are experi-

mental in design - that is, the use of, or
exposure ta, the agent or intervention is
assigned by the investigator. The
intervention study or c1inical trial is the
design that can provide the strongest

and most direct evidence of a protective
or preventive effect; however, for

practical and ethical reasons, such
studies are Iimited to observation of the
effects among specifically defined
study subjects of interventions of 10

years or fewer, which is relatively short
when compared with the ove rail lifes-

pan.
Intervention studies may be under-

taken in individuals or communities and
may or may not involve randomization to
use or exposure. The differences

between these designs is important in
relation to analytical methods and inter-
pretation of findings.

ln addition, information can be
obtained from reports of correlation
(ecological) studies and case series;
however, limitations inherent in these
approaches usually mean that su ch
studies carry limited weight in the

evaluation of a preventive effect.

Qualíy of studies considered
The Handbooks are not intended to
summarize ail published studies. The
Working Group considers the following
aspects: (1) the relevance of the study;
(2) the appropriateness of the design

and analysis ta the question being

asked; (3) the adequacy and complete-
ness of the presentation of the data; and

(4) the degree to which chance, bias and
confounding may have affected the
results.

Studies that are judged to be inade-
quate or irrelevant to the evaluation are
generally omitted. They may be
mentioned briefly, particularly when the
information is considered to be a useful
supplement to that in other reports or
when it provides the only data available.
Their inclusion does not imply
acceptance of the adequacy of the study
design, nor of the analysis and interpre-
tation of the results, and their limitations
are outlined.

Assessment of the cancer-preventive
effect at different doses and
durations
The Working Group gives special
attention to quantitative assessment of
the preventive effect of the agent under
study, by assessing data from studies at
different doses. The Working Group
also addresses issues of timing and

duration of use or exposure. Such quan-
titative assessment is important to
c1arify the circumstances under which a
preventive effect can be achieved, as
weil as the dose at which a toxic effect
has been shown.
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Criteria for a cancer-preventive
effect.
After summarizing and assessing the

individual studies, the Working Group
makes a judgement concerning the
evidence that the agent or intervention
in question prevents cancer in humans.
ln making the judgement, the Working

Group considers several criteria for
each relevant cancer site.

Evidence of protection derived from
intervention studies of good quality is
particularly informative. Evidence of a
substantial and significant reduction in
risk, including a 'dose'-response

relationship, is more likely to indicate a
real effect. Nevertheless, a small

effect, or an effect without a
dose-response relationship, does not
imply lack of real benefit and may be
important for public health if the cancer
is common.

Evidence is frequently available from
different types of study and is evaluated
as a whole. Findings that are replicated
in several studies of the same design or
using different approaches are more
Iikely to provide evidence of a true
protective effect than isolated observa-
tions from single studies.

The Working Group evaluates possi-
ble explanations for inconsistencies

across studies, including differences in
use of, or exposure to, the agent, differ-
ences in the underlying risk of cancer
and metabolism and genetic differences
in the population.

The results of studies judged to be of
high quality are given more weight. Note
is taken of both the applicabilty of pre-
ventive action to several cancers and of
possible differences in activity, including
contradictory findings, across cancer
sites.

Data from human studies (as weil as
from experimental models) that suggest
plausible mechanisms for a cancer-pre-
ventive effect are important in assessing
the overall evidence.

The Working Group may also
determine whether, on aggregate, the
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evidence from human studies is consis-
tent with a lack of preventive effect.

Experimental models
Experimental animaIs
Animal models are an important compo-
nent of research into cancer prevention.
They provide a means of identifying
effective compounds, of carrying out
fundamental investigations into their
mechanisms of action, of determining
how they can be used optimally, of
evaluating toxicity and, ultimately, of
providing an information base for devel-
oping intervention trials in humans.
Models that permit evaluation of the
effects of cancer-preventive agents on
the occurrence of cancer in most major
organ sites are available. Major groups
of animal models include: those in
which cancer is produced by the

administration of chemical or physical

carcinogens; those involving genetically
engineered animais; and those in which
tumours develop spontaneously. Most

cancer-preventive agents investigated
in such studies can be placed into one
of three categories: compounds that
prevent molecules from reaching or
reacting with critical target sites (block-
ing agents); compounds that decrease
the sensitivity of target tissues to
carcinogenic stimuli; and compounds
that prevent evolution of the neoplastic

process (suppressing agents). There is
increasing interest in the use of
combinations of agents as a means of
improving efficacy and minimizing toxic-
ity. Animal models are useful in evaluat-
ing such combinations. The develop-

ment of optimal strategies for human
intervention trials can be facilitated by
the use of animal models that mimic the
neoplastic process in humans.

Specific factors to be considered in
such experiments are: (1) the temporal
requirements of administration of the
cancer-preventive agents; (2) dose-

response effects; (3) the site-specificity
of cancer-preventive activity; and (4) the
number and structural diversity of

carcinogens whose activity can be
reduced by the agent being evaluated.

An important variable in the evalua-
tion of the cancer-preventive response
is the time and the duration of adminis-
tration of the agent or intervention in

relation ta any carcinogenic treatment,
or in transgenic or other experimental

models in which no carcinogen is
administered. Furthermore, concurrent

administration of a cancer-preventive

agent may result in a decreased

incidence of tumours in a given organ
and an increase in another organ of the
same animaL. Thus, in the se
experiments it is important that multiple
organs be examined.

For ail these studies, the nature and
extent of impurities or contaminants pre-
sent in the cancer-preventive agent or

agents being evaluated are given when
available. For experimental studies of
mixtures, consideration is given to the

possibility of changes in the physico-
chemical properties of the test
substance du ring collection, storage,

extraction, concentration and delivery.
Chemical and toxicological interactions
of the components of mixtures may

result in nonlinear dose-response

relationships.
As certain components of commonly

used diets of experimental animais are
themselves known ta have cancer-pre-
ventive activity, particular consideration
should be given to the interaction
between the diet and the apparent effect
of the agent or intervention being

studied. Likewise, restriction of diet may
be important. The appropriateness of

the diet given relative to the composition
of human diets may be commented on
by the Working Group.

Qualiative aspects. An assessment of
the experimental prevention of cancer

involves seve rai considerations of quali-
tative importance, including: (1) the

experimental conditions under which the
test was performed (route and schedule
of exposure, species, strain, sex and
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age of animais studied, duration of the
exposure, and duration of the study);
(2) the consistency of the results, for
example across species and target
organ(s); (3) the stage or stages of the
neoplastic process, from preneoplastic

lesions and benign tumours to
malignant neoplasms, studied and

(4) the possible role of modifying factors.
Considerations of importance to the

Working Group in the interpretation and
evaluation of a particular study include:

(1) how clearly the agent was defined
and, in the case of mixtures, how

adequately the sam pie composition was
reported; (2) the composition of the diet
and the stabilty of the agent in the diet;

(3) whether the source, strain and
quality of the animais was reported;

(4) whether the dose and schedule of
treatment with the known carcinogen

were appropriate in assays of combined
treatment; (5) whether the doses of the
cancer-preventive agent were adequate-
Iy monitored; (6) whether the agent(s)
was absorbed, as shown by blood con-
centrations; (7) whether the survival of
treated animais was similar ta that of
controls; (8) whether the body and organ
weights of treated animais were similar
to those of controls; (9) whether there

were adequate numbers of animais, of
appropriate age, per group; (10) whether
animais of each sex were used, if appro-
priate; (11) whether animais were allo-
cated randomly to groups; (12) whether
appropriate respective contrais were

used; (13) whether the duration of the
experiment was adequate; (14) whether
there was adequate statistical analysis;
and (15) whether the data were
adequately reported. If available, recent
data on the incidence of specifie tumours
in historical controls, as weil as in con-
current controls, are taken into account
in the evaluation of tumour response.

Quantiative aspects. The probability
that tumours willoccur may depend on
the species, sex, strain and age of the
animais, the dose of carcinogen (if any),

the dose of the agent and the route and
duration of exposure. A decreased inci-
dence and/or decreased multiplicity of
neoplasms in adequately designed

studies provides evidence of a cancer-

preventive effect. A dose-related

decrease in incidence and/or multiplicity
further strengthens this association.

Statistical analysis. Major factors consid-
ered in the statistical analysis by the
Working Group include the adequacy of
the data for each treatment group: (1)
the initial and final effective numbers of
animais studied and the survival rate; (2)
body weights; and (3) tumour incidence
and multiplicity. The statistical methods
used should be clearly stated and should
be the generally accepted techniques

refined for this purpose. ln particular, the
statistical methods should be appropri-
ate for the characteristics of the

expected data distribution and should
account for interactions in multifactorial
studies. Consideration is given as to

whether the appropriate adjustment was
made for differences in survival.

ln-vitro models
Cell systems in vitro contribute ta the
early identification of potential cancer-
preventive agents and to elucidation of
mechanisms of cancer prevention. A
number of assays in prokaryotic and
eukaryotic systems are used for this pur-
pose. Evaluation of the results of such
assays includes consideration of: (1) the
nature of the cell type used; (2) whether
primary cell cultures or celllines (tumori-
genic or nontumorigenic) were studied;

(3) the appropriateness of controls; (4)
whether toxic effects were considered in
the outcome; (5) whether the data were
appropriately summated and analysed;
(6) whether appropriate quality controls
were used; (7) whether appropriate con-
centration ranges were used; (8)
whether adequate numbers of indepen-
dent measurements were made per
group; and (9) the relevance of the

end-points, including inhibition of

mutagenesis, morphological transforma-
tion, anchorage-independent growth,

cell-cell communication, calcium toler-
ance and differentiation.

Intermediate biomarkers
Other types of study include experi-
ments in which the end-point is not can-
cer but a defined preneoplastic lesion or
tumour-related intermediate biomarker.

The observation of effects on the
occurrence of lesions presumed to be
preneoplastic or the emergence of
benign or malignant tumours may aid in
assessing the mode of action of the
presumed cancer-preventive agent or
intervention. Particular attention is given
to assessing the reversibility of these
lesions and their predictive value in rela-
tion to cancer development.

Mechanisms of cancer prevention
Data on mechanisms can be derived
from both human studies and
experimental models. For a rational
implementation of cancer-preventive
measures, it is essential not only to
assess protective end-points but also ta
understand the mechanisms by which
the agents or interventions exert their
anticarcinogenic action. Information on
the mechanisms of cancer-preventive
activity can be inferred from relation-
ships between chemical structure and
biological activity, from analysis of inter-
actions between agents and specifie
molecular targets, from studies of

specific end-points in vitro, from studies
of the inhibition of tumorigenesis in vivo,
from the effects of modulating intermedi-
ate biomarkers, and from human
studies. Therefore, the Working Group
takes account of data on mechanisms in
making the final evaluation of cancer
prevention.

Several classifications of mecha-
nisms have been proposed, as have

several systems for evaluating them.

Cancer-preventive agents may act at

several distinct levels. Their action may
be: (1) extracellular, for example,
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inhibiting the uptake or endogenous for-
mation of carcinogens, or forming com-
plexes with, diluting and/or deactivating
carcinogens; (2) intracellular, for exam-
pie, trapping carcinogens in non-target

cells, modifying transmembrane trans-
port, modulating metabolism, blocking

reactive molecules, inhibiting cell replica-
tion or modulating gene expression or

DNA metabolism; or (3) at the level of the
cell, tissue or organism, for example,

affecting cell differentiation, intercellular

communication, proteases, signal trans-
duction, growth factors, cell adhesion
molecules, angiogenesis, interactions
with the extracellular matrix, hormonal

status and the immune system.
Many cancer-preventive agents are

known or suspected to act by several
mechanisms, which may operate in a
coordinated manner and allow them a
broader spectrum of anticarcinogenic
activity. Therefore, multiple mechanisms
of action are taken into account in the
evaluation of cancer-prevention.

Beneficiai interactions, generally

resulting from exposure to inhibitors that
work through complementary mecha-

nisms, are exploited in combined

cancer-prevention. Because organisms
are naturally exposed not only to
mixtures of carcinogenic agents but also
to mixtures of protective agents, it is
also important to understand the mecha-
nisms of interactions between inhibitors.

Other benefieial effeets
An expanded description is given, when
appropriate, of the efficacy of the agent
in the maintenance of a normal healthy
state and the treatment of particular
diseases. Information on the mecha-
nisms involved in these activities is
described. Reviews, rather than individ-
ual studies, may be cited as references.
. The physiological functions of

agents such as vitamins and micronutri-
ents can be described briefly, with
reference to reviews. Data on the the ra-
peutie effects of drugs approved for clin-
ical use are summarized.
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Toxie effeets

Toxic effects are of particular importance
in the case of agents or interventions

that may be used widely over long
periods in healthy populations. Data are
given on acute and chronic toxic effects,
such as organ toxicity, increased cell
proliferation, immunotoxicity and
adverse endocrine effects. Some agents
or interventions may have both carcino-
genic and anticarcinogenic activities. If
the agent has been evaluated within the
IARC Monographs on the Evaluation of
Carcinogenic Risks ta Humans, that
evaluation is accepted, unless
significant new data have appeared that
may lead the Working Group to
reconsider the evidence. If the agent

occurs naturally or has been in clinical
use previously, the doses and durations
used in cancer-prevention trials are
compared with intakes from the diet, in
the case of vitamins, and previous

clinical exposure, in the case of drugs
already approved for human use. When
extensive data are available, only
summaries are presented; if adequate
reviews are available, reference may be
made to these. If there are no relevant
reviews, the evaluation is made on the
basis of the same criteria as are applied
to epidemiological studies of cancer.

Differences in response as a conse-
quence of species, sex, age and

genetic variability are presented when
the information is available.

Data demonstrating the presence or
absence of adverse effects in humans
are included; equally, lack of data on
specific adverse effects is stated clearly.

Information is given on carcinogenicity,
immunotoxicity, neurotoxicity, cardiotoxi-
city, haematological effects and toxicity
ta other target organs. Specific case

reports in humans and any previous clin-
ical data are noted. Other biochemical
effects thought to be relevant to adverse
effects are mentioned.

The results of studies of genetic and
related effects in mammalian and non-
mammalian systems in vivo and in vitro

are summarized. Information on whether
DNA damage occurs via direct interac-
tion with the agent or via indirect mech-
anisms (e.g. generation of free radicals)
is included, as is information on other

genetic effects such as mutation, recom-
bination, chromosomal damage,
aneuploidy, cell immortalization and

transformation, and effects on cell-cell
communication. The presence and toxi-
cological significance of cellular recep-
tors for the cancer-preventive agent are
described.

Structure-activity relationships that
may be relevant ta the evaluation of the
toxicity of an agent are described.

Summary of data
ln this section, the relevant human and
experimental data are summarized.

Inadequate studies are generally
not included but are identified in the
preceding text.

Reeommendations
During the evaluation process, it is likely
that opportunities for further research

wil be identified. These are clearly stat-
ed, with the understanding that the

areas are recommended for future
investigation. It is made clear that these
research opportunities are identified in
general terms on the basis of the data
currently available.

Recommendations for public health
action are listed, based on the analysis
of the existing scientific data.

Evaluation
Evaluations of the strength of the

evidence for cancer-preventive activity
and carcinogenic effects from studies in
humans and experimental models are
made, using standard terms. These
terms may also be applied ta other
beneficial and adverse effects, when indi-
cated. When appropriate, reference is
made to specifie organs and populations.

It is recognized that the criteria for
these evaluation categories, described

below, cannot encompass ail factors
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that may be relevant to an evaluation of
cancer-preventive activity. ln consider-
ing ail the relevant scientific data, the

Working Group may assign the agent or
intervention to a higher or lower
category th an a strict interpretation of
these criteria would indicate.

Cancer-preventive activity
The evaluation categories refer ta the
strength of the evidence that an agent or
intervention prevents cancer. The evalu-
ations may change as new information
becomes available.

Evaluations are inevitably limited to
the cancer sites, conditions and levels of
exposure and length of observation
covered by the available studies. An
evaluation of degree of evidence,

whether for an agent or intervention, is
limited to the materials tested, as

defined physically, chemically or
biologically, or to the intensity or
frequency of an intervention. When
agents are considered by the Working
Group to be sufficiently c10sely related,
they may be grouped for the purpose of
a single evaluation of degree of

evidence.
Information on mechanisms of

action is taken into account when

evaluating the strength of evidence in
humans and in experimental animais, as
weil as in assessing the consistency of

results between studies in humans and
experimental models.

Cancer-preventive activity in
humans
The evidence relevant ta cancer preven-
tion in humans is c1assified into one of
the following categories.

. Suffcient evidence of cancer-

preventive activity
The Working Group considers that a
causal relationship has been estab-
Iished between use of the agent or inter-
vention and the prevention of human
cancer in studies in which chance, bias

and confounding could be ruled out with
reasonable confidence.

. Límited evidence of cancer-

preventive activity
The data suggest a reduced risk for can-
cer with use of the agent or intervention
but are Iimited for making a definitive
evaluation either because chance, bias
or confounding could not be ruled out
with reasonable confidence or because
the data are restricted to intermediary

biomarkers of uncertain validity in the
putative pathway to cancer.

Inadequate evidence of cancer-
preventive activity

The available studies are of insufficient
quality, consistency or statistical power
to permit a conclusion regarding a

cancer-preventive effect of the agent or
intervention, or no data on the preven-
tion of cancer in humans are available.

· Evidence suggesting lack of

cancer-preventive activity
Several adequate studies of use or

exposure to the agent or intervention are
mutually consistent in not showing a
preventive effect.

The strength of the evidence for any
carcinogenic effect is assessed in
parallel.

Bath cancer-preventive activity and
carcinogenic effects are identified and,
when appropriate, tabulated by organ
site. The evaluation also cites the
population subgroups concerned, speci-

fying age, sex, genetic or environmental
predisposing risk factors and the

relevance of precancerous lesions.

Cancer-preventive activity in
experimental animaIs
Evidence for cancer prevention in exper-
imental animais is c1assified into one of
the following categories.

· Sufficient evidence of cancer-
preventive activity

The Working Group considers that a
causal relationship has been
established between the agent or inter-
vention and a decreased incidence

and/or multiplicity of neoplasms.

Límited evidence of cancer-

preventive activity
The data suggest a cancer-preventive

effect but are limited for making a defin-
itive evaluation because, for example,
the evidence of cancer prevention is
restricted to a single experiment, the
agent or intervention decreases the inci-
dence and/or multiplicity only of benign
neoplasms or lesions of uncertain neo-
plastic potential or there is conflicting

evidence.

· Inadequate evidence of cancer-

preventive activity
The studies cannot be interpreted as
showing either the presence or absence
of a preventive effect because of major
or quantitative limitations (unresolved

questions regarding the adequacy of
the design, conduct or interpretation of
the study), or no data on cancer preven-
tion in experimental animais are

available.

· Evidence suggesting lack of

cancer-preventive activity
Adequate evidence from conclusive
studies in several models shows
that, within the Iimits of the tests used,
the agent or intervention does not

prevent cancer.

Overall evaluation
Finally, the body of evidence is
considered as a whole, and summary
statements are made that emcompass
the effects of the agent or intervention

in humans with regard to cancer-
preventive activity and other beneficial
effects or adverse effects, as appro-

priate.
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