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Abstract
Background.  Glioma comprises a heterogeneous group of mostly malignant brain tumors, whereof glioblastoma 
(GBM) represents the largest and most lethal subgroup. Body height and body mass index (BMI) are risk factors for 
other cancers, but no previous study has examined anthropometric data in relation to different glioma subgroups.
Methods. This prospective cohort study includes 1.8 million Norwegian women and men between ages 14 and 
80 years at baseline. Body weight and height were measured, and incident cases of glioma were identified by link-
age to the National Cancer Registry. Cox regression analyses were performed to evaluate risk for different glioma 
subgroups in relation to anthropometric measures.
Results.  During 54 million person-years of follow-up, 4,382 gliomas were identified. Overweight and obesity were 
not associated with risk for any glioma subgroup. Height was positively associated with risk for GBM and all 
other gliomas (hazard ratio [HR] per 10 cm increase: 1.24; 95% confidence interval [CI], 1.17–1.31 and 1.18; 95% CI, 
1.09–1.29) but not with the proxy for isocitrate dehydrogenase (IDH)-mutant glioma (HR, 1.09; 95% CI, 0.98–1.21). 
In further subgroup analyses, the effect of height on glioma risk varied significantly with positive associations for 
oligoastrocytoma (HR, 1.74; 95% CI, 1.20–2.53) and malignant glioma not otherwise specified (NOS) (HR, 1.42; 95% 
CI, 1.16–1.76, but not with diffuse astrocytoma (WHO grades II and III) or oligodendroglioma.
Conclusion. This epidemiologic study consolidates height as a risk factor for GBM and other gliomas. It further 
indicates that this association is not universal for gliomas but may differ between different glioma subgroups.
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Intracranial gliomas represent a heterogeneous group of pri-
mary brain tumors that arise from glial or precursor cells, and 
the most common histological subgroups in adults include 
GBM, diffuse astrocytoma, oligodendroglioma, and malignant 

glioma NOS.1 GBM is the most common malignant brain tumor 
in adults and represents >50% of all intracranial gliomas.1 
The prognosis of GBM is devastating in spite of all treatment 
efforts, with a median overall survival of 10–15  months.1–4 
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Understanding the genetic basis of brain tumorigenesis has 
clearly improved over the last decades. A paradigm change 
was recently introduced in the updated 2016 WHO diagnos-
tic criteria for brain tumors.5 For the first time, molecular 
factors such as the isocitrate dehydrogenase (IDH) muta-
tion status in gliomas were incorporated into the classifica-
tion of CNS tumor entities with the aim of achieving more 
homogenous diagnostic entities and improving diagnostic 
accuracy. In contrast, the etiology of glioma is still poorly 
understood, and evidence is mostly derived from epide-
miologic studies that have explored associations between 
potential risk factors and the heterogeneous group of all 
gliomas without considering different glioma subtypes. As 
such, height has been demonstrated to be associated with 
glioma risk in several studies,6–13 but whether or not this 
association is consistent across the different glioma sub-
groups is unclear.

The aim of this prospective population-based cohort 
study was to assess whether body mass index (BMI) or 
body height are associated with risk for GBM and other 
glioma subgroups, including subdivision into proxies for 
IDH mutation status as well as the other 4 most common 
glioma subgroups of intracranial diffuse astrocytoma 
WHO grades II and III, oligodendroglioma, oligoastrocy-
toma, and malignant glioma NOS in adolescent and adult 
women and men.

Materials and Methods

Ethical Statement

This study was approved by the Regional Committee for 
Ethics in Medical Research and by the Norwegian Data 
Inspectorate.

Study Population

This study cohort consisted of adolescent and adult 
women and men between ages14 and 80 years who 
participated in a nationwide Norwegian health survey 
performed by the National Mass Radiography Service 
between 1963 and 1975. The health survey, which had 
a participation rate of 83%, was part of the last national 
screening campaign for tuberculosis that was car-
ried out in 17 of the 19 counties in Norway.14 Trained 

personnel measured the body height and weight of 
participants at baseline. Participants with incomplete 
anthropometric data (3,380; 0.2%), ongoing pregnancy 
(5,855; 0.3%), or age >80 years (24,469; 1.3%) were 
excluded from the analyses. Also, participants with a 
prevalent cancer diagnosis (including benign and malig-
nant CNS tumors) prior to the baseline screening were 
excluded (22,283; 1.2%).

Linkage of Databases

In 1961, a unique 11-digit ID number was introduced in 
Norway for every resident, which has since been used uni-
versally for personal identification. Since 1951, reporting 
to the Norwegian Cancer Registry has been mandatory for 
clinicians and pathology departments. Subsequent intrac-
ranial glioma was identified by linkage of the study cohort 
to the Norwegian Cancer Registry using participants’ ID 
numbers.

Outcome Characteristics

Based on the International Classification of Diseases for 
Oncology, Third Edition (ICD-O-3), glioma subgroups were 
defined as follows: glioblastoma: 9440–9442 (also as proxy 
for IDH-wildtype); glioma other than GBM: 9380–9384, 
9391–9460, exclusive of 9440–9442; diffuse astrocytoma 
(WHO grade II and III): 9400, 9401, 9410, 9411, 9420; oligo-
dendroglioma (WHO grades II and III): 9450, 9451, 9460; 
oligoastrocytoma: 9382; diffuse astrocytoma (WHO grades 
II and III), oligodendroglioma, and oligoastrocytoma as 
proxy for IDH mutation status positive: 9382, 9400, 9401, 
9410, 9411, 9420, 9450, 9451, 9460; and malignant glioma-
NOS: 9380. To define intracranial location, morphology 
codes were combined with topography codes 193.0–193.2 
and 195.3–195.5 based on the International Classification of 
Diseases, Seventh Revision (ICD-7).

Categorization of Independent Variables

Height and weight of study participants were measured 
by trained personnel at baseline. BMI was calculated as 
weight divided by height squared (kg/m2) and categorized 
as <20, 20–24.9, 25–29.9, and ≥30  kg/m2 as well as per 
5 kg/m2 increase in BMI. Overweight was defined as BMI 
25–29.9 kg/m2, obesity as BMI ≥ 30 kg/m2, underweight as 

Importance of the study
Glioblastoma (GBM) represents the largest subgroup of 
gliomas and is the most common malignant brain tumor 
in adults. The etiology of glioma is largely unknown, and 
no previous study has assessed overweight, obesity, or 
height in regard to risk for different glioma subgroups. 
This study reports the association between anthro-
pometric measures and risk for the 5 most common 
glioma subgroups: GBM, diffuse astrocytoma (WHO 

grades II and III), oligodendroglioma, oligoastrocytoma, 
and malignant glioma not otherwise specified (NOS). 
While overweight and obesity were not associated with 
either of the glioma subgroups, there was heterogene-
ity in the association between height and different gli-
oma subgroups. This epidemiologic study consolidates 
height as a risk factor for GBM but raises doubt that this 
association is universal for all gliomas.
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BMI <20  kg/m2, and BMI 20–24.9  kg/m2 was used as the 
reference category in the statistical analyses. Participants’ 
birth years were used for categorization into 4 cohorts: 
before 1911; 1911–1925, 1926–1941, and after 1941. 
Participants were further categorized into the following age 
groups: <30, 30–44, 45–59, and ≥60 years. Body height was 
categorized according to quartiles for men and women, 
and per 10 cm increase.

Definition of Follow-up Time

Follow-up time was calculated as person-years from the 
time of the study’s baseline (the date of height and weight 
measurement) until the date of glioma diagnosis, any 
other cancer diagnosis, date of emigration, date of death 
from any cause, or the end of follow-up at December 15, 
2011, whichever occurred first.

Statistical Analysis

Cox proportional hazard regression, using attained age at 
study baseline as the time axis, adjusted for birth cohort 
and sex, was performed to calculate hazard ratios (HRs) 
with 95% confidence intervals (CIs). Stratified analy-
ses were performed by sex and in different age groups. 
Sensitivity analysis was performed to minimize the like-
lihood of reverse causality of BMI by excluding partici-
pants with ≤ 5 years of follow-up. The proportional hazard 
assumptions were tested by plotting the logarithm of 
the integrated hazards (log-log survival plots) and by 
Schoenfeld tests and were found to be satisfied. The dif-
ference between HR estimates was assessed by test of 
interaction, as previously described.15 Power calculations 
for Cox proportional hazard regression models were per-
formed for each tumor subgroup by utilizing the individual 
probability of failure as well as the standard deviation and 
squared multiple correlation coefficients of height and 
BMI, respectively.16 Two-sided probability with a signifi-
cance level of 0.05 was used throughout. Statistical analy-
ses were performed with STATA/SE statistics software 
Version 14.0 (StataCorp).

Results

Characteristics of the Study Population

In total, 1,855,333 women and men between ages14 and 
80  years were eligible for analysis. Forty-eight percent 
of the study cohort were men, and 28% were < 30 years 
of age at baseline. Median follow-up time was 33  years 
(interquartile range: 19–42). During follow-up of > 54 mil-
lion person-years, 3,102 GBMs and 1,280 gliomas other 
than GBM were identified. Further division into glioma 
subgroups identified 485 diffuse astrocytomas (WHO 
grades II and III), 269 oligodendrogliomas, 73 oligoas-
trocytomas, and 234 malignant gliomas NOS. The proxy 
group for IDH mutation status positive, including diffuse 
astrocytoma (WHO grades II and III), oligodendroglioma, 

and oligoastrocytoma comprised 827 cases. Details of the 
baseline characteristics are provided in Table 1.

Body Mass Index and Risk for Glioma Subgroups

Overweight and obesity were not associated with risk for 
GBM or glioma other than GBM in the total population 
or in stratified analyses by sex (Tables 2 and 3). In further 
subgroup analyses, there was no association between 
overweight or obesity and risk for the proxy group for 
IDH mutation status positive (Table  5) or the other gli-
oma subgroups (Table  4). For underweight, there was 
an increased risk for oligodendroglioma (HR, 1.53; 95% 
CI, 1.08–2.15) and a decreased risk for malignant glioma 
NOS (HR, 0.58; 95% CI, 0.34–1.00) (Table 4). BMI as con-
tinuous variable and per 5  kg/m2 increase in BMI were 
:not associated with risk for any of the glioma subgroups 
(Tables 2–5).

Height and Risk for Glioma Subgroups

Height per 10  cm increase and as a continuous variable 
was associated with risk for GBM and gliomas other than 
GBM in the total population (HR, 1.24; 95% CI, 1.17–1.31; 
P =  .001 and HR, 1.18; 95% CI, 1.09–1.29; P < 001, respec-
tively). In separate analyses for women and men, height 
per 10 cm increase was significantly associated with risk 
for GBM and glioma other than GBM in both sexes with-
out a difference in effect size (GBM: HR, 1.27; 95% CI, 
1.15–1.40 for women; HR, 1.22; 95% CI, 1.14–1.32 for men; 
test of interaction P =.52; glioma other than GBM: HR, 1.20; 
95% CI, 1.04–1.38 for women; HR, 1.17; 95% CI, 1.05–1.31 
for men; test of interaction P =.39). When comparing the 
highest to the lowest quartile in height, the risk for GBM 
increased by 34% in women and 48% in men (Table 2) and 
for gliomas other than GBM by 34% in women and 33% in 
men (Table 3).

Height per 10  cm increase or as continuous variable 
was not associated with risk for the proxy group of IDH 
mutation status positive glioma, comprising diffuse astro-
cytoma (WHO grades II and III), oligodendroglioma, or 
oligoastrocytoma in the total population (HR, 1.09; 95% 
CI, 0.98–1.21) (Table 4). Furthermore, in separate analyses 
for the 4 most common histology subgroups of intracra-
nial glioma, there was no association between height and 
risk for diffuse astrocytoma (WHO grades II and III) and oli-
godendroglioma, either plotted as a continuous variable 
or per 10 cm increases in height (Table 5). Yet, height was 
associated with risk for malignant gliomas NOS and oli-
goastrocytomas (HR per 10 cm increase, 1.41; 95% CI, 1.16–
1.76 and 1.74; 95% CI, 1.20–2.53, respectively) (Table 5).

Power Calculation

Power calculations for Cox proportional hazard regres-
sion models (performed for each tumor subgroup) con-
firmed a power of at least 80% for assessment of BMI per 
5 kg/m2 in association with tumor risk (assuming a hazard 
ratio of 1.3with the exception of oligoastrocytoma [power 
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37%]). For height per 10  cm increase and an assumed 
hazard ratio of 1.3, the power was >99% for GBM, >99% 
for gliomas other than GBM, >99% for the proxy group 
of IDH mutation status positive gliomas, 95% for diffuse 
astrocytomas (WHO grades II and III), 79% for oligoden-
drogliomas, 73% for malignant gliomas NOS, and 30% for 
oligoastrocytomas.

Body Mass Index, Height, and GBM Risk in 
Different Age Groups

GBM risk was not associated with either overweight and 
obesity or underweight in any of the different age groups 
but was consistently associated with height (see supple-
mentary table S1). Furthermore, separate analyses for 
women and men in different age groups demonstrated 
consistency of the association between height and GBM 
risk throughout all subgroups, as demonstrated by forest 
plots in Figure 1.

Sensitivity Analysis

Sensitivity analyses, excluding participants with ≤5 years 
of follow-up, did not change the risk estimates for BMI in 
association with the different tumor subgroups (data not 
shown).

Discussion

Height and Glioma Risk

In this prospective cohort study, body height in women 
and men was positively associated with risk for GBM and 
gliomas other than GBM, but this association differed sig-
nificantly when assessing different subgroups of gliomas 
more specifically.

Other studies have reported a positive association 
between height and risk for glioma6–8,11–13,17,18 and recently 
confirmed by results based on this study cohort study 
(HR per 10  cm increase, 1.22; 95% CI, 1.17–1.28) (M.K.H. 
Wiedmann, unpublished manuscript). However, glioma 
comprises a heterogeneous group of pathologies, and 
consistency of the association across glioma subgroups 
is uncertain. To our knowledge, only 4 other studies have 
assessed the association of anthropometric measures 
and GBM risk in particular but not for other glioma sub-
groups.7,13,17,18 Of those, Helseth et al. reported data from a 
large case-control study with measured height and weight 
at baseline and found a significant association between 
each 15 cm increase in height and GBM risk in males (HR, 
1.36; 95% CI, 1.10–1.69) but not in females (HR, 1.18; 95% 
CI, 0.90–1.54).17 In another case-control study including 
women and men between ages 50 and 71 years, current 
height and weight were self-reported in addition to height 
and weight at ages 18, 35, and 50 years.7 In this study, an 
association for each 10 cm increase in height and glioma 
risk in men and women (HR, 1.18; 95% CI, 1.02–1.36 and HR, 
1.30; 95% CI, 1.02–1.67, respectively) was reported, which 
remained evident for GBM (data not presented).7 Kitahara Ta
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Table 2  Hazard ratios (95% confidence intervals) for body mass index, height, and glioblastoma risk

Gender

Women and men

Time at risk (years) 54,869,912

GBM No 3102

BMI per 5 kg/m2 increase 1.00 (0.95–1.06); P = 96

Height per 10 cm increase 1.24 (1.17–1.31); P < 001

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 0.90 (0.78–1.04) Ref 0.98 (0.90–1.06) 0.96 (0.82–1.11)

Women

Time at risk (years) 29,539,250

GBMs No 1331

BMI per 5 kg/m2 increase 0.98 (0.91–1.05); P =.52

Height per 10 cm increase 1.27 (1.15–1.40); P < 001

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 0.89 (0.73–1.08) Ref 0.89 (0.78–1.01) 0.92 (0.76–1.11)

Height in quartiles 1. 2. 3. 4.

HR (95% CIs) Ref 1.03 (0.87–1.21) 1.20 (1.02–1.40) 1.34 (1.14–1.57)

Men

Time at risk (years) 25,330,662

GBM No 1771

BMI per 5 kg/m2 increase 1.04 (0.96–1.13); P =.38

Height per 10 cm increase 1.22 (1.14–1.32); P < 001

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 0.90 (0.73–1.11) Ref 1.04 (0.94–1.15) 0.96 (0.75–1.24)

Height in quartiles 1. 2. 3. 4.

HR (95% CIs) Ref 1.34 (1.16–1.54) 1.36 (1.17–1.58) 1.48 (1.28–1.70)

Cox regression model with age as the time axis, including sex (where not stratified), height, BMI and birth year cohort; all P values derived from  
BMI or height as continuous variables. 
Abbreviations: CI s, confidence intervals; HR, hazard ratio; Ref, reference group.

et al. presented results from a pooled case-control study 
based on 15 different databases, of which only 3 included 
measured height and weight, while this information was 
self-reported in the other studies.13 Overall, GBM risk was 
associated with each 5 cm increase in height in men and 
women in this study (odds ratio, 1.06; 95% CI, 1.00–1.14).13 
Furthermore, a recent prospective cohort study with meas-
ured weight and height of school children between ages 
7 and 13  years demonstrated a significant association 
between increased height in boys (HR at age 13, 1.28; 95% 
CI, 1.12–1.47 per one standard deviation difference) but not 
in girls (HR, 0.87; 95% CI, 0.73–1.03).18

In our study, height was significantly associated with 
GBM risk in women and men, without differences in risk 
estimates. It has been previously hypothesized that height 
in childhood, rather than adult height, may be a bet-
ter proxy for early exposures that may influence glioma 
development.18 In our study, data for participants aged 
< 14  years were not available, but associations between 
height and GBM risk were consistent in all 4 age groups 
including further exploratory analysis for a young age 
group between ages 14 and 20  years (data not shown). 
Thus, we did not find that height in young age altered the 

association with GBM risk, which likely reflected the corre-
lation of ultimate adult height with height in childhood and 
young adulthood.7,19 To our knowledge, no previous study 
has reported height in relation to risk for other glioma sub-
groups. Overall, risk for all gliomas other than GBM was 
associated with height in our study. However, the more 
homogeneously defined subgroup of diffuse astrocytomas 
(WHO grades II and III), oligodendrogliomas, and oligoas-
trocytomas, which we thought would be more in keeping 
with the updated 2016 CNS WHO definition5 and could thus 
be considered a proxy for positive IDH mutation status, 
was not associated with height. Also, assessing different 
glioma subgroups defined by phenotypic criteria, as was 
standard practice until recently,5,20 indicated significant dif-
ferences in the association between height and tumor risk.

Plausible Mechanisms

Although the biological mechanisms underlying the dif-
fering associations between height and glioma sub-
groups remain unknown, the insulin-like growth factor 
(IGF) pathway may represent a link between height and 
glioma risk. IGFs are important determinants of body 
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height attained during childhood and adolescence and 
have previously been linked to cancer development.21,22 
Growth hormone (GH) is a key factor in IGF expression 
in postnatal life and is influenced by the supply of die-
tary energy and protein.23 Circulating levels of IGFs are 

highest during puberty and decrease rapidly in the third 
decade of life but seem to stay consistently higher in taller 
adults.22,24 Insufficiency in GH and IGFs during childhood 
and adolescence leads to reductions in body height and 
bone mineral density and increases in body fat mass.25

Table 4  Hazard ratios (95% confidence intervals) for body mass index, height, and risk for diffuse astrocytoma (WHO grades II and III),  
oligodendroglioma, and oligoastrocytoma as proxy for IDH-mutant glioma in women and men

Diffuse astrocytoma (WHO grade II and III), oligodendroglioma, oligoastrocytoma

Time at risk (years) 54,817,758

Glioma No 827

BMI per 5 kg/m2 increase 0.93 (0.83–1.04); P =.20

Height per 10 cm increase 1.09 (0.98–1.21); P =.10

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 1.18 (0.96–1.45) Ref 1.02 (0.86–1.21) 0.94 (0.67–1.33)

Cox regression model with age as the time axis, including sex, height, BMI and birth year cohort; all P values derived from BMI or height as continu-
ous variables.
Abbreviations: CIs, confidence intervals; HR, hazard ratio; Ref = reference group.

Table 3  Hazard ratios (95% confidence intervals) for body mass index, height, and risk for gliomas other than glioblastomas

Gender

Women and Men

Time at risk (y) 54,826,767

Glioma No 1,280

BMI per 5 kg/m2 increase 0.96 (0.88–1.05); P = 38

Height per 10 cm increase 1.18 (1.09–1.29); P <.001

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HRs (95% CIs) 1.10 (0.92–1.30) Ref 0.99 (0.87–1.14) 0.92 (0.70–1.21)

Women

Time at risk (years) 29,520,716

Glioma No 586

BMI per 5 kg/m2 increase 0.95 (0.85–1.07); P =.41

Height per 10 cm increase 1.20 (1.04–1.38); P =.013

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 0.97 (0.76–1.24) Ref 0.96 (0.77–1.18) 0.83 (0.58–1.18)

Height in quartiles 1. 2. 3. 4.

HR (95% CIs) Ref 1.14 (0.88–1.48) 1.16 (0.89–1.50) 1.34 (1.04–1.71)

Men

Time at risk (years) 25,306,052

Glioma No 694

BMI per 5 kg/m2 increase 1.01 (0.88–1.15); P =.91

Height per 10 cm increase 1.17 (1.05–1.31); P =.004

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 1.21 (0.94–1.55) Ref 1.04 (0.87–1.24) 1.18 (0.78–1.78)

Height in quartiles 1. 2. 3. 4.

HR (95% CIs) Ref 1.16 (0.92–1.46) 1.26 (0.99–1.59) 1.33 (1.06–1.66)

Cox regression model with age as the time axis, including sex (where not stratified), height, BMI, and birth year cohort; all P values derived from  
BMI or height as continuous variables. 
Abbreviations: BMI, body mass index; CIs, confidence intervals; HR, hazard ratio; Ref, reference group.
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Table 5  Hazard ratios (95% confidence intervals) for body mass index, height, and risk for different subgroups of glioma in women and men

Subgroup of glioma

Diffuse astrocytoma (WHO grade II and III)

Time at risk (years) 54,810,267

Astrocytoma No 485

BMI per 5 kg/m2 increase 0.98 (0.85–1.13); P =.78

Height per 10 cm increase 1.07 (0.93–1.23); P =.35

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 1.08 (0.82–1.44) Ref 1.05 (0.84–1.31) 1.02 (0.66–1.57)

Oligodendroglioma

Time at risk (years) 54,804,528

Oligodendroglioma No 269

BMI per 5 kg/m2 increase 0.86 (0.71–1.04); P =.13

Height per 10 cm increase 1.00 (0.83–1.20); P =.99

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 1.53 (1.08–2.15) Ref 1.02 (0.75–1.38) 0.95 (0.52–1.73)

Oligoastrocytoma

Time at risk (years) 54,801,928

Oligoastrocytoma No 73

BMI per 5 kg/m2 increase 0.87 (0.58–1.30); P =.49

Height per 10 cm increase 1.74 (1.20–2.53); P =.003

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 0.75 (0.37–1.55) Ref 0.83 (0.44–1.55) 0.39 (0.05–2.89)

Malignant glioma NOS

Time at risk (years) 54,804,131

Glioma NOS No 234

BMI per 5 kg/m2 increase 1.07 (0.88–1.29); P =.50

Height per 10 cm increase 1.42 (1.16–1.76); P =.001

BMI category (kg/m2) <20 20–24.9 25–29.9 ≥30

HR (95% CIs) 0.58 (0.34–1.00) Ref 0.92 (0.68–1.26) 1.07 (0.63–1.83)

Cox regression model with age as the time axis, including sex, height, body mass index, and birth year cohort; all P values derived from BMI  
or height as continuous variables. 
Abbreviations: BMI, body mass index; CIs, confidence intervals; HR, hazard ratio; Ref = reference group.

Expression of insulin-like growth factor binding protein-2 
(IGFBP-2) in glial cells is important for brain development 
in utero but decreases significantly after birth.26 IGFBP-2 
has been shown to be overexpressed in > 80% of GBMs 
and to be one of the strongest biomarkers of aggressive 
behavior.27,28 Recent data from animal studies further indi-
cate that IGFBP-2 inhibition leads to a significant decrease 
in tumor progression and prolonged survival and thus 
may represent a target for treatment.28 In contrast, IGFBP-2 
has largely been undetectable in low-grade astrocytic and 
oligodendroglial tumors,29 while upregulation of IGFBP-2 
was found to be a consistent and distinct gene expres-
sion change in different classes of gliomas.30 Furthermore, 
IGFBP-2 overexpression appeared when tumor progression 
in astrocytomas and oligodendrogliomas occurred and was 
shown to be a key oncogenic signal in tumorigenesis.31

The IGF pathway may thus present a link between 
height and glioma risk, and its level of engagement may 
explain differences in the association between height and 

glioma subgroups. Information about the IGFBP-2 expres-
sion (shown to be an important oncogene defining more 
aggressive glioma phenotypes) may help to elucidate this 
hypothetical pathway in future studies.28

Definition of Glioma Subgroups

The definition of glioma subgroups requires some con-
sideration. Until recently, the definition of glioma and 
its subgroups has been based on concepts of histogen-
esis including microscopic features, immunostaining, 
and ultrastructure characterization.5 Thus, tumors with an 
astrocytic phenotype were grouped separately from those 
with an oligodendroglial phenotype, and mixed glioma or 
oligoastrocytoma constituted a diagnostic category that 
was difficult to define and had significant interobserver 
variability.5 The 2016 update of the CNS WHO classification 
system has refined the definition of glioma subgroups 
including genotypic parameters such as IDH mutation 
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or 1p/19q codeletion status, leading to a more objective 
definition of diffuse glioma subgroups and regrouping 
astrocytomas and oligodendrogliomas in regard to differ-
ent growth patterns and prognosis.5 Thus, about 90% of all 
GBMs are IDH-wildtype, corresponding largely with the 
clinical diagnosis of primary or de novo GBMs, while IDH-
mutant GBM corresponds closely to secondary GBM aris-
ing from lower WHO grade diffuse glioma.5 Furthermore, 
diffusely infiltrating gliomas are now grouped together, 
whether they are of astrocytic or oligodendroglial origin, 
based on shared driver mutations in IDH genes and their 
growth pattern. As this new classification system has not 
yet been applied to our study cohort, we defined 2 proxy 
groups in which the first consisted of GBMs (the major-
ity being IDH-wildtype) and the second of diffuse astrocy-
tomas, oligodendrogliomas, or oligoastrocytomas (WHO 
grades II and III), of which the majority can be considered 
to be IDH-mutation status positive. In comparing the 2 
groups, height was significantly associated with the proxy 
group for IDH-wildtype, but not with the proxy group for 
IDH mutation status positive. As of the recent 2016 CNS 
WHO update including the new concept of glioma clas-
sification, (which has not yet been applied to epidemio-
logical studies), we also considered the 5 largest glioma 
subgroups based on the established phenotypical criteria 
comprising GBMs, diffuse astrocytomas (WHO grades 
II and III), oligodendrogliomas, oligoastrocytomas, and 
malignant gliomas NOS.20 There was significant heteroge-
neity in the association between height and risk for the dif-
ferent glioma subgroups, with GBMs, malignant gliomas 
NOS, and oligoastrocytomas being associated with height 
but not diffuse astrocytomas (WHO grades II and III) or 

oligodendrogliomas. However, a type II error could not be 
ruled out with high certainty for oligodendrogliomas if the 
effect size of height on tumor risk was much less than a HR 
of 1.3. The subgroup of malignant gliomas NOS also needs 
to be considered critically. Obviously, it does not repre-
sent a homogenous subgroup of gliomas but, according 
to data from the Cancer Registry of Norway, comprises a 
variety of diagnoses such as malignant gliomas with high 
cellularity from limited biopsy material as well as glio-
sarcomas. However, the prognosis of malignant gliomas 
NOS was comparably poor, as was the group of GBMs, in 
contrast to diffuse glioma WHO grades II and III (unpub-
lished data from the Cancer Registry of Norway).

Body Mass Index and Glioma Risk

Overweight or obesity was not associated with risk for 
GBMs or other glioma subgroups in this study.

A recent meta-analysis did not report an association 
between overweight, obesity, or BMI per 5 kg/m2 increase 
and glioma risk32 and has been further confirmed for gli-
oma by results from this study cohort (M.K.H. Wiedmann, 
unpublished manuscript). In regard to GBMs, 2 other stud-
ies have reported no association between tumor risk and 
overweight or obesity.17,18 However, Moore et al. found a > 
3-fold increase of GBM risk in study participants who were 
obese at the age of 18 years (RR, 3.53; 95% CI, 1.72–7.24).7 
This could not be confirmed in our study when assess-
ing young age groups only, including participants <aged 
30 years, or in exploratory analysis in a subgroup of par-
ticipants aged ≤ 20 years (data not shown). In the study by 

Fig. 1  Glioblastoma risk in relation to body mass index and height, stratified by sex and different age groups. Hazard ratio (HR) and 95% confi-
dence intervals (CI).
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Moore et al., participants aged 50–70 years recalled their 
BMI at the age of 18 years. Recall bias may thus have con-
tributed to the association found.7

Underweight was associated with a decreased risk for 
gliomas in a recent meta-analysis (HR, 0.71; 95% CI, 0.58–
0.88).32 Interestingly, our study found a decreased risk for 
malignant gliomas NOS and an increased risk for oligoden-
drogliomas but without a dose response relation between 
BMI and tumor risk otherwise. This result,therefore, may 
have been due to chance.

External Validity

At the time of recruitment, 99% of the eligible study pop-
ulation was Caucasian. This study included > half of the 
Norwegian women and men in the age group > 13 years 
and may therefore be considered representative for simi-
lar populations (but may differ for other ethnicities due 
to known differences in glioma incidences).33 However, a 
large study comparing Australasian (Caucasian) and Asian 
populations in regard to body height and risk for a large 
number of different cancers did not find differing associa-
tions for height and cancer risk in the 2 populations of dif-
ferent ethnicities.34 This remains to be confirmed for height 
and risk for glioma subgroups in populations of different 
ethnicities.

Study Limitations

This study has several limitations:

•	 Other potential confounding factors could not be in-
cluded in the analyses. This applies most significantly to  
allergic conditions, which is the only factor besides radi-
ation that is consistently associated with glioma risk.35–37 

•	 The socio-economic status for participants of our study 
was not known. Socio-economic status is associated 
with height and body weight38 and may thus confound 
the effect on glioma risk, yet previous cohort studies 
based on the Norwegian population never indicated an 
association between socio-economic status and risk for 
CNS tumor,11,39 (consistent with other studies,6,7,13 but 
not all).40 

•	 BMI usually increases slightly with aging, and BMI in 
adolescence and young adulthood is only moderately 
associated with BMI at higher ages.41 As for the long 
follow-up time, changes in BMI could influence glioma 
risk but remain unnoticed if the effect size is small.

•	 No recent pathology review of the study cohort was per-
formed to formally apply the latest update of the 2016 
WHO CNS criteria for glioma diagnosis.

Study Strengths

The main strengths of this study are:

•	 its large size, including women and men in a wide range 
of ages (14–80 years)

•	 measurement of height and weight at baseline

•	 virtually complete follow-up by linkage to the Cancer 
Registry of Norway

•	 the high quality of incidence data from a national cancer 
registry.42

Conclusion

This is the first epidemiologic study to assess height and 
BMI in relation to different glioma subgroups. Height was 
positively associated with risk for GBMs and gliomas other 
than GBM. However, risk for the proxy of IDH-mutant gli-
oma was not associated with height, and there was signifi-
cant heterogeneity in the association between tumor risk 
and height among the 5 largest intracranial glioma sub-
groups. This provides novel epidemiologic evidence indi-
cating that height may not be universally associated with 
glioma risk. Genotypic parameters should be included in 
future studies for defining glioma subgroups, which may 
contribute to a more clear indication of the association 
with molecular pathways.
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Supplementary material is available at Neuro-Oncology  
online.
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