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Absence of excess body fatness

2.2.18 Primary tumours of the brain and
central nervous system

Primary tumours of the brain are a relatively
uncommon group of heterogeneous neoplastic
diseases with variable natural histories from
benign to malignant. There are about 130 histo-
logical types arising from the many cell types
that support and line the brain tissue and the
central nervous system. Primary brain tumours
occur across the age spectrum, from childhood
through adulthood. The most common type,
which arises from the glial cells, is called glioma
and accounts for approximately 30% of all brain
tumours in adults (Wiedmann et al., 2013). In
turn, gliomas are of at least three types — astro-
cytoma, oligodendroglioma, and ependymoma
— and are graded into four grades (1 and 2 are
low-grade; 3 and 4, also known as glioblastoma
multiforme, are high-grade) (Ricard et al., 2012).

The next most common group is menin-
gioma, which accounts for approximately 20%
of brain tumours. Many of these are benign and
slow-growing, but — as occurs with other brain
tumour types — benign tumours can undergo
malignant transformation.

Established risk factors for brain tumours
include hereditary conditions, such as neuro-
fibromatosis, and ionizing radiation.

In 2001, the Working Group of the IARC
Handbook on weight control and physical activity
(IARC, 2002) concluded that the evidence of an
association between avoidance of weight gain
and brain cancers, including meningioma, was
inadequate.

(a)  Cohort studies of tumours of the brain and
central nervous system combined

Essentially all of the evidence of associations
between measures of body fatness and primary
brain tumours applies to tumours in adulthood.

Five large prospective cohort studies reported
associations between BMI and cancers of the

brain and central nervous system in terms of
incidence or mortality without specifying the
histological type (Table 2.2.18a; Calle et al., 2003;
Oh et al., 2005; Samanic et al., 2006; Reeves et al.,
2007; Bhaskaran etal., 2014). There is consistently
no evidence of associations between BMI and the
development of all brain tumours. [This observa-
tion was robust when restricting the analyses to
non-smokers only (Reeves et al., 2007; Bhaskaran
et al., 2014).]

(b)  Cohort studies of glioma

Five cohort studies (all in European and
North American populations) (Benson et al.,
2008; Moore et al., 2009; Michaud et al., 2011;
Edlinger et al., 2012; Wiedmann et al., 2013)
reported on associations between baseline BMI
and the development of glioma (Table 2.2.18a).
There is consistently no evidence of associations
between BMI and the development of glioma.
One study stratified by low- and high-grade
glioma and reported no difference.

The NIH-AARP cohort study (Moore
etal., 2009) reported on the associations between
recalled BMI at age 18 years and the development
of glioma later in life and noted a positive asso-
ciation (P = 0.003) [the numbers of cases in the
upper BMI categories were small; n = 11 for BMI
of 30-34.9 kg/m?, and no cases in the highest
category of BMI > 35 kg/m?].

(c)  Cohort studies of meningioma

Five cohortstudies (allin European and North
American populations) (Jhawar et al., 2003;
Benson et al., 2008; Johnson et al., 2011; Michaud
et al., 2011; Wiedmann et al., 2013) reported
on associations between baseline BMI and the
development of meningioma (Table 2.2.18a). All
reported statistically significant or borderline
significant positive associations, with increased
risks ranging from 1.4 to 2.13.
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Two cohort studies (Johnson et al., 2011;
Michaud et al., 2011) reported on associations
between baseline waist circumference and
meningioma incidence. In both, significant posi-
tive associations were noted.

(d)  Case-control studies

See Table 2.2.18b.

Two case-control studies (Cabaniols et al.,
2011; Little et al., 2013) examined relationships
between BMI and risk of glioma, and no asso-
ciations were found. Two further case-control
studies, one in women only (Claus et al., 2013)
and the other in men only (Schildkraut et al.,
2014), examined relationships between BMI and
meningioma and found positive associations in
both studies, similar to those found in the cohort
studies.

A meta-analysis (Niedermaier et al., 2015),
including 2982 meningioma cases from 12 cohort
and case—control studies reported positive asso-
ciations with meningioma: with normal weight
as the reference group, the relative risk was 1.21
(95% CI, 1.01-1.43) for overweight and 1.54 (95%
CI, 1.32-1.79) for obesity.

402



1304

Table 2.2.18a Cohort studies of measures of body fatness and cancers of the brain and central nervous system

Reference Total number of Organ site Exposure categories Exposed  Relative risk Covariates Comments
Cohort subjects or subtype cases (95% CI)
Location Sex (ICD code)
Follow-up period Incidence/
mortality
Brain and central nervous system combined
Calle et al. (2003 404 576 Brain BMI Age, education level,
Cancer Prevention Men 18.5-24.9 370 1.00 smoking, physical
Study II population- Mortality 25-29.9 461 0.98 (0.85-1.13) activity, alcohol
based cohort 30-34.9 68 0.79 (0.61-1.03) consumption,
USA 35-39.9 - - marital status, race,
1982-1998 [P, enal [0.14] aspirin use, fat
495 477 Brain BMI intake, vegetable
Women 18.5-24.9 467 1.00 intake; in women,
Mortality 25-29.9 213 1.02 (0.87-1.21) also adjusted for
30-34.9 64 1.10 (0.84-1.44) HRT use
35-39.9 12 0.74 (0.42-1.32)
>40 - -
[Pendl [0.96]
Oh et al. (2005 781 283 Brain BMI Age, smoking
Korean civil servants Men <185 4 1.07 (0.39-2.93) status, alcohol
and teachers from the  Incidence 18.5-22.9 105 1.00 consumption,
Korea National Health 23.0-24.9 69 1.09 (0.79-1.50) frequency of regular
Insurance Corporation 25.0-26.9 32 0.84(0.55-1.28) exercise, family
Republic of Korea 27.0-29.9 21 1.47 (0.90-2.38) history of cancer,
1992-2001 > 30 3 1.79 (0.57-2.66) area of residence
[Prend [0.241]
Samanic et al. (2006) 362 552 Brain BMI Age, year, smoking
Swedish Construction =~ Men ICD-7:193.0 18.5-24.9 519 1.00
Worker Cohort Incidence 25-29.9 353 1.03 (0.89-1.18)
Sweden >30 46 0.86 (0.63-1.16)
1971-1999 [P,..]) [>0.5]
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Table 2.2.18a (continued)

Reference Total number of Organ site Exposure categories Exposed  Relative risk Covariates Comments
Cohort subjects or subtype cases (95% CI)
Location Sex (ICD code)
Follow-up period Incidence/
mortality
Reeves et al. (2007 1.2 million Brain BMI Age, region, SES, Similar results
Million Women Study  Women ICD-10: C71 <22.5 113 1.14 (0.95-1.38) reproductive when restricting to
United Kingdom Incidence 22.5-24.9 133 1.00 (0.84-1.19) history, never-smokers or
1995-2005 25.0-27.4 143 1.27 (1.08-1.50) smoking, alcohol excluding the first
27.5-29.9 83 1.19(0.96-1.47) consumption, 2 yr of follow-up
>30 99 1.08(0.88-1.32) physical activity
per 10 kg/m? 1.01 (0.81-1.26) Where appropriate:
1.2 million BMI time since
Women <225 123 1.17 (0.98-1.40) menopause, HRT
Mortality 22.5-24.9 143 1.00 (0.85-1.18) use
25.0-27.4 158 1.29 (1.10-1.51)
27.5-29.9 90 1.18 (0.96-1.45)
> 30 131 1.31 (1.10-1.56)
per 10 kg/m? 1.17 (0.95-1.43)
Bhaskaran et al. (2014)  5.24 million Brain and BMI 2974 Age, diabetes status, Very similar risk
United Kingdom Men and women central per 5 kg/m? 1.04 (0.99-1.10) smoking, alcohol estimates for never-
Clinical Practice Incidence nervous consumption, smokers (n = 1359
Research Database system calendar year, SES incident cases)
United Kingdom
1987-2012
Glioma
Benson et al. (2008) 1184 225 Glioma BMI Height, SES,
Million Women Study  Women ICD-O: <25 259 1.00 smoking, alcohol
United Kingdom Incidence 9380-9481 25-29.9 241 1.20 (1.01-1.44) intake, parity, age
1996-2001 > 30 106 1.07 (0.84-1.34) (yr) at first birth,
[P, ondl [0.10] duration of OC use,
physical activity,
study region
Moore et al. (2009) 270 395 Glioma BMI Age at baseline, age
NIH-AARP cohort Men and women ICD-0O-3: < 18.5 4 1.66 (0.59-4.64) squared, sex, race,
USA Incidence 9380-9460 18.5-24.9 82 1.00 highest level of
(8.2 years) 25-29.9 95 0.90 (0.67-1.22) education, marital
30-34.9 46 1.29 (0.89-1.86) status
> 35 9 0.74 (0.37-1.48)

[Plrend]

[0.95]
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Table 2.2.18a (continued)

Reference Total number of Organ site Exposure categories Exposed  Relative risk Covariates Comments
Cohort subjects or subtype cases (95% CI)
Location Sex (ICD code)
Follow-up period Incidence/
mortality
Moore et al. (2009 BMI at age 18 yr No significant
(cont.) <18.5 26 0.69 (0.45-1.05) associations
18.5-24.9 175 1.00 observed with BMI
25-29.9 24 1.04(0.67-1.59) at age 35 yr or at age
30-34.9 11 3.74 (2.03-6.90) 50 yr
> 35 - -
[P, ond] [0.003]
Michaud et al. (2011) 380 775 Glioma BMI Age, country, sex,
EPIC cohort Men and women ICD-0-2: <20 13 1.08 (0.60-1.92) education level
From 1999 (8.4 years) Incidence 9380-9460, 20-24.9 125 1.00
9505 25-29.9 147 1.04 (0.81-1.34)
> 30 55 1.06 (0.76-1.48)
[Py [0.80]
WC, quartiles Age, country, sex,
Q1 73 1.00 education level,
Q2 82 0.90 (0.65-1.24) height
Q3 73 0.82(0.59-1.16)
Q4 90 0.97 (0.69-1.35)
[Py [0.81]
Edlinger et al. (2012 578 462 Low-grade BMI, quintiles Year of birth (in
Metabolic Syndrome ~ Men and women glioma Q1 21 1.00 decades), cohort,
and Cancer Project Incidence ICD-7: 193 Q2 16 0.69 (0.33-1.42) smoking status
(Me-Can) Q3 21 0.90 (0.46-1.77)
Austria, Norway, Q4 24 1.00 (0.51-1.95)
Sweden Q5 16 0.66 (0.31-1.38)
1972-2005 High-grade  BMI, quintiles
glioma Q1 65 1.00
ICD-7: 193 Q2 72 0.98 (0.68-1.43)
Q3 82 1.06(0.73-1.52)
Q4 99 1.23 (0.87-1.75)
Q5 92 1.14 (0.80-1.64)
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Table 2.2.18a (continued)

Reference Total number of Organ site Exposure categories Exposed  Relative risk Covariates Comments
Cohort subjects or subtype cases (95% CI)
Location Sex (ICD code)
Follow-up period Incidence/
mortality
Wiedmann et al. 74 242 Glioma BMI Age, sex
(2013) Men and women ICD-0-3: <20 6 0.67 (0.29-1.56)
Nord-Trondelag Incidence 9380-9480  20-24.9 79 1.00
Health Study (HUNT 25-29.9 49 0.88 (0.61-1.27)
1 Study) >30 14 1.04 (0.58-1.85)
Norway [P, enal [0.87]
From 1991 (23.5 yr)
Meningioma
hawar et al. (2003) 121 700 Meningioma BMI Age, menopausal
Nurses’ Health Study Women (self- <22 22 1.00 status,
USA Incidence reported) 22-24.9 31 1.10(0.61-1.97) postmenopausal
1.2 million person- >25 58 1.61(0.96-2.70) HRT use
years [P, ondl [0.06]
Benson et al. (2008) 1184 225 Meningioma BMI Height, SES,
Million Women Study  Women <25 154 1.00 smoking, alcohol
United Kingdom Incidence 25-29.9 120 1.01 (0.79-1.29) intake, parity, age
1996-2001 > 30 84 1.40 (1.08-1.87) (yr) at first birth,
[P, enal [0.03] duration of OC use,
physical activity,
study region
Johnson et al. (2011) 27791 Meningioma BMI Age BMI at age 18 yr
Iowa Women’s Health ~ Women ICD-9: 18.5-24.9 41 1.00 and at age 30 yr not
Study Incidence 192.1,192.3, 25-29.9 36 0.92(0.59-1.44) associated with risk
USA 225.2,2254, 30-34.0 35 2.14 (1.36-3.36)
291 021 person-years 237.6 >35 13 1.99 (1.06-3.71)
[Pyrendl [0.0007]
WC (in)
<30.25 22 1.00
30.26-33.50 20 0.92(0.50-1.69)
33.51-37.75 35 1.56 (0.92-2.67)
> 37.75 44 2.13(1.28-3.56)

[Plrend]

[0.0006]
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Table 2.2.18a (continued)

Reference Total number of Organ site Exposure categories Exposed  Relative risk Covariates Comments
Cohort subjects or subtype cases (95% CI)
Location Sex (ICD code)
Follow-up period Incidence/
mortality

Michaud et al. (2011) 380 775 Meningioma BMI Age, country, sex,
EPIC cohort Men and women <20 7 1.00 (0.46-2.19) education level
From 1999 (8.4 yr) Incidence 20-24.9 70 1.00

25-29.9 87 1.34(0.97-1.86)

=30 39 1.48(0.98-2.23)

[Pirend] [0.05]

Meningioma WGC, quartiles Age, country, sex,

Q1 32 1.00 education level,

Q2 45 1.18 (0.73-1.88) height

Q3 41 1.06 (0.65-1.72)

Q4 66 1.71(1.08-2.73)

[Pyrenal [0.01]
Wiedmann et al. 74 242 Meningioma BMI Age, sex When stratifying
2013) Men and women ICD-0-3: <20 6 0.82(0.35-1.92) by sex, positive
Nord-Trendelag Incidence 9530-9539  20-24.9 59 1.00 associations
Health Study (HUNT 25-29.9 51 1.22(0.83-1.80) (borderline
1 Study) >30 22 1.48(0.89-2.45) significant)
Norway [P endl [0.08] observed in women
23.5yr only

L0V

BMI, body mass index (in kg/m?); CI, confidence interval; EPIC, European Prospective Investigation into Cancer and Nutrition; HRT, hormone replacement therapy; ICD, International
Classification of Diseases; NIH-AARP, National Institutes of Health-A ARP Diet and Health Study; OC, oral contraceptive; SES: socioeconomic status; WC, waist circumference; yr,

year or years
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Table 2.2.18b Case-control studies of measures of body fatness and cancers of the brain and central nervous system

Reference Total number of cases Exposure categories Exposed cases Relative risk Adjustment for confounding
Study location Sex (95% CI)
Period Source of controls
Glioma
Cabaniols et al. (2011) 122 BMI in recent past Age, sex
France Men and women <25 1.00
2005 Hospital =25 49 0.70 (0.41-1.18)
Little et al. (2013 643 BMI in adulthood, recent past Age, race, education level, state
USA Men <185 8 2.47 (0.63-9.70) of residence
2004-2012 Population 18.5-24.9 133 1.00
25-29.9 311 1.26 (0.94-1.69)
=30 191 1.26 (0.91-1.75)
[Pigendl [0.67]
460 BMI in adulthood, recent past
Women <18.5 10 0.80 (0.34-1.87)
Population 18.5-24.9 203 1.00
25-29.9 136 0.95 (0.70-1.29)
> 30 111 1.11 (0.98-1.03)
[Pond] [0.63]
643 BMI at age 21 yr
Men <18.5 34 0.67 (0.41-1.09)
Population 18.5-24.9 391 1.00
25-29.9 182 1.16 (0.89-1.52)
>30 29 0.77 (0.45-1.31)
[Pyend [0.054]
460 BMI at age 21 yr
Women <18.5 69 0.68 (0.48-0.96)
Population 18.5-24.9 324 1.00
25-29.9 39 1.39(0.85-2.27)
=30 23 1.66 (0.85-3.23)

[Ptrend]

[0.004]
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Table 2.2.18b (continued)

Reference Total number of cases Exposure categories Exposed cases Relative risk Adjustment for confounding
Study location Sex (95% CI)
Period Source of controls
Meningioma
Claus et al. (2013) 1127 BMI Race, education level,
USA Women <234 303 1.00 menopausal status, age at
2006-2011 Population 23.4-26.6 237 1.06 (0.83-1.35) menopause, age at menarche,
26.6-30.9 269 1.13 (0.89-1.45) number of full-term
>30.9 308 1.29 (1.01-1.65) pregnancies, age at first live
[P, .nal [0.04] birth, ever use of OC, ever use
of HRT, ever use of fertility
medications, smoking, alcohol
consumption, breastfeeding,
geographical location
Schildkraut et al. (2014) 456 BMI Age, race
USA Men <25 84 1.00
2006-2012 Population 25-29.9 206 1.66 (1.17-2.34)
30-34.9 102 1.92 (1.28-2.90)
=35 58 1.64(1.02-2.64)

BMI, body mass index (in kg/m?); CI, confidence interval; HRT, hormone replacement therapy; OC, oral contraceptive; yr, year or years
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