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Umeå University, Umeå, Sweden, cDepartment of Public Health and Primary Health-
care, University of Bergen, Bergen, dNorwegian Institute of Public Health, Bergen,
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Objectives: Brain tumour has few established
determinants. We assessed to which extent risk of brain
tumour was related to metabolic syndrome factors in
adults.

Methods: In the Me-Can project, 580 000 individuals from
Sweden, Austria, and Norway were followed
for a median of 10 years after baseline measurement.
Data on brain tumours were obtained from national
cancer registries. The factors of metabolic syndrome
(BMI, SBP and DBP, and blood levels of glucose,
cholesterol, and triglycerides), separately and
combined, were analysed in quintiles and for transformed
z-scores (mean transformed to 0 and standard deviation to
1). Cox proportional hazards multivariate regression
models were used, with corrections for measurement
error.

Results: During follow-up, 1312 primary brain tumours
were diagnosed, predominantly meningioma (n¼ 348)
and high-grade glioma (n¼436). For meningioma, the
hazard ratio was increased for z-scores of SBP [hazard
ratio¼ 1.27 per unit standard deviation, 95% confidence
interval (CI) 1.03–1.57], of DBP (hazard ratio¼1.29, 95%
CI 1.04–1.58), and of the combined metabolic syndrome
score (hazard ratio¼ 1.31, 95% CI 1.11–1.54). An
increased risk of high-grade glioma was found for DBP
(hazard ratio¼1.23, 95% CI 1.01–1.50) and triglycerides
(hazard ratio¼1.35, 95% CI 1.05–1.72). For both
meningioma and high-grade glioma, the risk was more
than double in the fifth quintiles of DBP compared to the
lowest quintile. For meningioma this risk was even larger
for SBP.

Conclusion: Increased blood pressure was associated with
risk of brain tumours, especially of meningiomas.

Keywords: blood pressure, cohort study, epidemiology,
high-grade glioma, meningioma, metabolic syndrome,
primary brain tumour, risk factors

Abbreviations: CI, confidence interval; IQR, interquartile
range; Me-Can, Metabolic syndrome and Cancer Project;
MetS, metabolic syndrome; RDR, regression dilution ratio
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INTRODUCTION
P
rimary brain and central nervous system tumours
have an incidence of about 19 per 100 000 person-
years in the USA. The most common types are

meningiomas and gliomas, which each account for
approximately one-third of all brain tumours [1]. The pros-
pects are poor for patients with brain cancer, with 5-year
survival rates of less than a third [2]. There are indications
that the incidence of glioma and meningioma has increased
in the past few decades [3], although part of this trend might
be explained by changes in diagnostic procedures and
medical care facilities. It is also unclear to what extent
the few available data for international comparisons of
brain tumour incidence are distorted by variations in diag-
nostic and reporting practices [4].

Brain tumour has few established determinants. To date,
there are little data on the relationship between factors in
metabolic syndrome (MetS) and risk of these tumours.
One study found a significant association between blood
glucose and incident brain cancer among men: a reduced
risk with increasing levels of glucose [5]. In other studies
investigating glucose or diabetes as a risk factor of brain
tumour, the results are inconclusive [6–10]. Results for
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DOI:10.1097/HJH.0b013e32834e9176

Volume 30 � Number 2 � February 2012

mailto:Hanno.Ulmer@i-med.ac.at
mailto:Hanno.Ulmer@i-med.ac.at


Metabolic syndrome and brain tumour risk
overweight and hypertension have also been ambiguous
[10–15]. However, this may be due to methodological
problems such as case–control design and restricted num-
bers of cancer events. We had sound data available to study
the effects of factors in MetS and the risk of brain tumour. In
addition, the data allowed, to our knowledge for the first
time, investigation of the combined effects of MetS factors.

Metabolic syndrome is estimated to have a prevalence of
about 15% among nondiabetic adult Europeans [16], and
the occurrence of some of the factors has been increasing
[17], compatible with the apparent increases in incidence of
glioma and meningioma.

In this large, population-based cohort study of almost
580 000 adults we aimed to investigate to what extent MetS
factors are related to risk of primary brain tumours.

METHODS

Study population
The study group consisted of participants in the Metabolic
Syndrome and Cancer Project (Me-Can), which has been
described before [18]. In brief, information was gathered
from 578 462 participants, ranging from 15 to 99 years of age
at baseline (between 1972 and 2005), in seven population-
based cohorts in Austria, Norway, and Sweden. Data were
collected on height, weight, SBP and DBP, and circulating
levels of glucose, total cholesterol, and triglycerides, as well
as on fasting time (less than 4h, 4–8 h, or more than 8h)
and smoking status (never, former, or current smoker). For
this and other studies in Me-Can, each individual’s baseline
data were taken from the first (or only) health examination
with complete or near-complete data. The current study
differs from theothers in theMe-Canproject in that it includes
benign as well as malignant brain tumours. Nationwide
cancer and cause-of-death registries were used to follow-
up participants. The research ethical committees in the
respective countries gave their approval of the project.

Statistical analysis
The starting point of the follow-up period for analysis was
set to 1 year after baseline, to reduce the possibility of
reverse causation. For blood pressure we also performed
sensitivity analyses by disregarding the first 5 years after
baseline. The study endpoint was diagnosis of the first
primary brain tumour. Follow-up ended at diagnosis of
first cancer or brain tumour, emigration, death, or the end of
the study period (31 December 2003 in the Austrian, 2005 in
the Norwegian, and 2006 in the Swedish cohorts), which-
ever came first.

Cox proportional hazards regression was used to esti-
mate hazard ratios and the accompanying 95% confidence
intervals (CIs), with age as the time variable and models
stratified by cohort. This stratification was especially done
to account for differences in measurement procedures
between cohorts. The proportionality assumption was
assessed by plotting the estimated hazards on a log scale;
no important deviations were found. All models were
adjusted for sex, birth year (in decades), baseline age,
and smoking status. For the quintiles analyses, the cut-
points were determined sex-specifically within the cohorts,
so for each sex and cohort combination a quintile
Copyright © Lippincott Williams & Wilkins. Unauth
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distribution was established. For glucose, cholesterol,
and triglycerides the cut-points were also determined
within categories of fasting time. The lowest quintile of
the exposure variable was used as the reference. In the
quintiles analyses an extra adjustment was made for BMI.
To allow the determinants to be compared on the same
scale, the exposure variables were additionally transformed
to standardized z-scores with a mean of 0 and a standard
deviation of 1, when glucose and triglycerides were first
transformed with natural logarithm because of their skewed
distributions. A combined MetS score was constructed by
adding the separate z-scores (with the mean of SBP and
DBP transformed to one standardized z-score) and then
standardizing the sum. Standardization was performed
separately within each of the sexes and cohorts, and glu-
cose, cholesterol, triglycerides, and MetS score were also
standardized within the fasting time categories. In the
z-score analyses, we also constructed extended models
adjusting for the same variables as in the basic models
but also for the other metabolic variables.

Exposure measurements are subject to measurement
error and within-person variability, which may lead to a
regression dilution bias of risk associations. We used the
repeated measurements available for 133 820 of the partici-
pants to estimate regression dilution ratios [19,20] or
regression calibration [21], both based on linear mixed-
effect models. The regression dilution ratio method was
applied when only one of the covariates in the model was
subject to variability. When several covariates were cor-
rected for random error, the calibration method was used.

The statistical analyses were performed with Stata/MP
10.1, except that the estimates necessary for random error
correction were calculated with R 2.7.2.

RESULTS
The median age at baseline was 41 years [inter-quartile
range (IQR) 39–49 years]. More than half of the participants
were current or former smokers, nearly half were over-
weight (BMI �25 kg/m2), and nearly a third had hyperten-
sion (Table 1). The median follow-up time was 9.6 years
(IQR 6.9–14.3 years), totalling 6 789 618 person-years in all.
During follow-up 1312 primary brain tumours were diag-
nosed at a median age of 56 years (IQR 47–65 years). In
total, a third of the cases were diagnosed as high-grade
glioma and 8% as low-grade glioma. In the Swedish and
Norwegian cohorts, where the diagnostic coding was avail-
able, meningioma constituted 29% of all brain tumours
(Table 2).

In the quintiles analysis, BMI, cholesterol, and triglycer-
ides were not related to brain tumours (Table 3). For
glucose, the fifth quintile, compared to the reference,
showed a risk reduction of a half. In contrast, for blood
pressure the highest quintile was associated with respective
risk increases of 45% for SBP and 84% for DBP. Although
the results for the other quintiles of DBP were not statisti-
cally significant, the risk estimates did rise with every
next quintile.

When the meningiomas and gliomas were analysed
separately, there were clear associations with blood pres-
sure for meningioma and for high-grade glioma (Table 4).
orized reproduction of this article is prohibited.
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TABLE 1. Baseline characteristics of the study participants

Number of participants Follow-up (person-years)

Cohort
Oslo study I (Norway 1972–2005) 16 768 (3%) 443 687

Norwegian Counties Study (Norway 1974–2005) 51 033 (9%) 1 351 108

Cohort of Norway (Norway 1995–2005) 109 773 (19%) 774 984

Age 40 Programme (Norway 1994–2005) 128 812 (22%) 1 081 685

Vorarlberg Health Monitoring and Prevention Programme (Austria 1988–2003) 159 884 (28%) 1 659 511

Västerbotten Intervention Project (Sweden 1985–2006) 79 446 (14%) 742 718

Malmö Preventive Project (Sweden 1974–2006) 32 746 (6%) 735 925

Sex
Female 288 675 (50%) 3 177 185

Male 289 787 (50%) 3 612 433

Year of birth
1929 or earlier 67 036 (12%) 1 067 617

1930–1939 95 042 (16%) 1 701 132

1940–1949 89 705 (16%) 1 179 251

1950–1959 221 914 (38%) 1 997 014

1960 or later 104 765 (18%) 844 603

Age at baseline (years)
�29 60 311 (10%) 736 220

30–39 108 501 (19%) 1 449 979

40–49 273 782 (47%) 3 317 789

50–59 73 459 (13%) 766 589

60–69 41 550 (7%) 371 990

�70 20 859 (4%) 147 052

Smoking status
Never 258 212 (45%) 2 889 650

Former 158 592 (27%) 1 732 316

Current 160 097 (28%) 2 149 053

Unknown 1561 (0%) 18 599

BMI (kg/m2)
<25 301 604 (52%) 3 747 155

25-<30 210 619 (36%) 2 385 080

�30 66 239 (11%) 657 382

Hypertension (SBP �140 and/or DBP �90 mmHg)
No 392 306 (68%) 4 455 210

Yes 185 255 (32%) 2 324 130

Unknown 901 (0%) 10 277

Edlinger et al.
For patients in the highest quintile of SBP, risk of menin-
gioma was increased four-fold, compared to the lowest
quintile, and intermediate quintiles had lesser but still large
Copyright © Lippincott Williams & Wilkins. Unaut

TABLE 2. Follow-up data on duration and on brain tumour types
of the study participants

Number of
subjects

Follow-up
(person-years)

Follow-up (years)
<5 78 930 (14%) 262 592

5-<10 236 630 (41%) 1 859 150

10-<15 139 872 (24%) 1 709 023

15-<25 55 637 (10%) 980 788

�25 67 393 (12%) 1 978 065

Type of primary brain tumour (ICD-7 code 193)
Austrian cohorta

Low-grade glioma 23 (19%) 133

High-grade glioma 69 (58%) 467

Other 27 (23%) 151

All brain tumours 119 (100%) 750

Norwegian and Swedish cohorts
Meningioma 348 (29%) 3938

Low-grade glioma 86 (7%) 746

High-grade glioma 367 (31%) 4375

Other 392 (33%) 3939

All brain tumours 1193 (100%) 12 999

aNo information on meningioma available in the Austrian cohort.
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increases. Patients in the highest quintile of DBP had more
than double increased risks of both meningioma and high-
grade glioma. Other quintiles of DBP also had doubled risks
of high-grade glioma. Although not statistically significant,
the risk estimate for high-grade glioma was reduced in the
fifth quintile of glucose and there was a striking contrast in
estimates between the second and fifth quintiles of trigly-
cerides (hazard ratio¼ 0.53, 95% CI 0.25–1.11 versus haz-
ard ratio¼ 1.48, 95% CI 0.75–2.91). For low-grade glioma
we did not observe clear associations with any of the factors
of metabolic syndrome.

In the risk analysis based on z-scores, increased DBP was
related to a higher risk of all brain tumours (Table 5). This
positive relationship was strongest for meningioma, with a
hazard ratio of 1.29 per standard deviation unit in the
extended model (95% CI 1.04–1.58). The risk estimate
was similar for SBP and meningioma (hazard ratio¼ 1.27
per unit, 95% CI 1.03–1.57). Two other associations with
meningioma risk, of BMI and glucose, were significant in
the basic models, but these disappeared after adjustment
for additional factors in the extended models. For the total
MetS score we found an increased risk of meningioma with
a hazard ratio of 1.31 per unit (95% CI 1.11–1.54). High
levels of triglycerides was associated with an increased risk
of high-grade glioma, which remained significant after
horized reproduction of this article is prohibited.
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TABLE 3. Risk of incident brain tumour for metabolic factors (quintiles)

Exposurea

All brain tumours

Q Mean (SD) No. of participants HRb 95% CI

BMI (kg/m2) 1 21 (1.5) 227 1.00 (reference)

2 23 (1.1) 229 0.92 0.75 to 1.13

3 25 (1.0) 243 0.93 0.76 to 1.14

4 27 (1.0) 262 0.97 0.80 to 1.19

5 31 (3.3) 275 1.03 0.85 to 1.26

SBP (mmHg) 1 109 (7.3) 199 1.00 (reference)

2 119 (5.5) 221 1.18 0.82 to 1.71

3 127 (5.1) 249 1.35 0.94 to 1.94

4 136 (5.3) 259 1.17 0.82 to 1.68

5 157 (14.8) 305 1.45 1.01 to 2.09

DBP (mmHg) 1 65 (5.5) 176 1.00 (reference)

2 73 (4.2) 210 1.22 0.81 to 1.83

3 79 (3.5) 261 1.37 0.92 to 2.02

4 84 (4.3) 273 1.66 1.12 to 2.46

5 95 (8.0) 313 1.84 1.24 to 2.72

Glucose (mmol/l) 1 4.1 (0.52) 257 1.00 (reference)

2 4.7 (0.32) 247 0.75 0.41 to 1.36

3 5.1 (0.32) 236 0.63 0.34 to 1.15

4 5.5 (0.35) 259 0.79 0.44 to 1.43

5 6.8 (1.85) 232 0.52 0.28 to 0.96

Cholesterol (mmol/l) 1 4.2 (0.46) 232 1.00 (reference)

2 5.0 (0.28) 225 0.83 0.62 to 1.09

3 5.6 (0.29) 233 0.80 0.61 to 1.06

4 6.2 (0.34) 266 0.92 0.70 to 1.21

5 7.4 (0.85) 279 0.90 0.68 to 1.19

Triglycerides (mmol/l) 1 0.7 (0.17) 228 1.00 (reference)

2 1.0 (0.21) 231 1.06 0.71 to 1.58

3 1.3 (0.29) 233 1.00 0.67 to 1.48

4 1.8 (0.42) 251 1.13 0.76 to 1.68

5 3.1 (1.54) 259 1.18 0.79 to 1.78

CI, confidence interval; HR, hazard ratio; Q, quintile; RDR, regression dilution ratio; SD, standard deviation.
aFollow-up time varied, due to incomplete data, between 6 073 947 (triglycerides) and 6 213 221 person-years (BMI).
bHazard ratio from Cox proportional hazards regression model with attained age as time scale, stratified by cohort, and adjusted for sex, birth year (in decades), baseline age, smoking
status, and quintiles of BMI (except in the analysis of BMI itself); HRs are corrected for random error, in which conversion into uncorrected HR¼ exp((ln(HR))�RDR), with RDR¼ 0.902 for
BMI, RDR¼0.525 for SBP, RDR¼0.497 for DBP, RDR¼0.294 for glucose, RDR¼0.657 for cholesterol, and RDR¼0.465 for triglycerides.

Metabolic syndrome and brain tumour risk
adjustment for the other metabolic factors (hazard
ratio¼ 1.35 per unit, 95% CI 1.05–1.72). High DBP also
was related to an increased risk of high-grade glioma
(hazard ratio¼ 1.23 per unit, 95% CI 1.01–1.50). As in
the quintile analysis, no relationships were found between
z-scores of metabolic factors and low-grade glioma.

To further check up the possibility of reverse causation,
we re-analysed the blood pressure data after exclusion of
the first 5 years of follow-up (data not shown). There was
no material differences between these estimates and those
presented above, which excluded only the first year of
follow-up.

DISCUSSION
In this large pooled cohort study, increased blood pressure
was related to the risk of primary brain tumour, particularly
of meningioma and high-grade glioma. Risk of meningioma
was elevated two to four-fold in three SBP quintiles com-
pared to the lowest quintile. Meningioma risk was also
positively related to the combined MetS score, although
blood pressure appeared to be the decisive factor in this
relationship. Risk of high-grade glioma was particularly
related to DBP, with more than doubled risks in the three
highest quintiles compared to the lowest quintile. In
addition, risk of high-grade glioma was reduced, although
Copyright © Lippincott Williams & Wilkins. Unauth
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not significantly, with higher glucose, suggesting a possible
protective effect of high levels of circulating glucose. There
is support for a role of energy balance in glioma carcino-
genesis [22]. Finally, the risk of high-grade glioma was
positively related to triglycerides.

To our knowledge, no previous studies on brain tumours
have examined the various MetS factors simultaneously.
There are two large cohorts in which brain cancer risks have
been studied, the Cancer Prevention Study II cohort with
nearly 1900 brain cancer deaths [6,11] and the Swedish
Construction Worker Cohort with 918 incident brain cancer
cases [12], but the factors investigated were restricted to self-
reported diabetes mellitus and BMI; the associations were
not significant. Arterial hypertension, in a case–control
study of 306 patients with symptomatic meningioma, had
a significant odds ratio of 2.23 in the restricted subgroup of
60–69-year-old women, but hypertension was not defined,
the analysis did not permit any adjustments for confound-
ers, and the design did not allow any clear conclusions [13].
Three smaller cohort studies, each with many years of
follow-up, found no significant associations between blood
pressure and brain cancer [14,15,23]. However, these stud-
ies suffered from various limitations like limited amount of
statistical power, restrictions regarding age, only containing
either men or women, incomplete blood pressure measure-
ments, and a large amount of loss to follow-up. In another
orized reproduction of this article is prohibited.
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TABLE 4. Risk of incident meningioma, low-grade glioma, and high-grade glioma for metabolic factors (quintiles)

Exposurea Q

Meningiomab Low-grade glioma High-grade glioma

n HRc 95% CI n HRc 95% CI n HRc 95% CI

BMI (kg/m2) 1 58 1.00 (reference) 21 1.00 (reference) 65 1.00 (reference)

2 55 0.87 0.58 to 1.32 16 0.69 0.33 to 1.42 72 0.98 0.68 to 1.43

3 65 1.01 0.68 to 1.49 21 0.90 0.46 to 1.77 82 1.06 0.73 to 1.52

4 70 1.05 0.71 to 1.56 24 1.00 0.51 to 1.95 99 1.23 0.87 to 1.75

5 90 1.39 0.96 to 2.03 16 0.66 0.31 to 1.38 92 1.14 0.80 to 1.64

SBP (mmHg) 1 36 1.00 (reference) 19 1.00 (reference) 62 1.00 (reference)

2 59 2.58 1.17 to 5.71 13 0.45 0.12 to 1.74 74 1.34 0.70 to 2.55

3 79 3.60 1.68 to 7.70 17 0.74 0.21 to 2.61 87 1.69 0.90 to 3.18

4 61 1.93 0.87 to 4.30 25 1.28 0.39 to 4.15 91 1.30 0.69 to 2.44

5 101 4.26 1.98 to 9.17 24 1.37 0.40 to 4.73 96 1.29 0.68 to 2.46

DBP (mmHg) 1 48 1.00 (reference) 16 1.00 (reference) 47 1.00 (reference)

2 47 0.75 0.33 to 1.69 16 1.17 0.29 to 4.80 71 1.90 0.90 to 4.01

3 59 0.95 0.44 to 2.07 21 1.14 0.30 to 4.30 93 2.07 1.01 to 4.23

4 77 1.47 0.70 to 3.11 25 2.28 0.62 to 8.43 91 2.27 1.10 to 4.70

5 105 2.33 1.13 to 4.85 20 1.27 0.31 to 5.22 108 2.67 1.29 to 5.50

Glucose (mmol/l) 1 61 1.00 (reference) 14 1.00 (reference) 88 1.00 (reference)

2 70 1.13 0.35 to 3.66 21 3.93 0.39 to 39.37 78 0.60 0.21 to 1.69

3 61 0.75 0.22 to 2.53 21 4.22 0.42 to 42.55 84 0.70 0.25 to 1.94

4 71 1.05 0.32 to 3.38 23 5.85 0.60 to 57.07 81 0.60 0.21 to 1.68

5 73 1.12 0.35 to 3.62 19 3.28 0.30 to 35.65 77 0.45 0.16 to 1.29

Cholesterol (mmol/l) 1 51 1.00 (reference) 22 1.00 (reference) 73 1.00 (reference)

2 51 0.92 0.51 to 1.67 17 0.66 0.25 to 1.75 76 0.85 0.52 to 1.38

3 67 1.27 0.72 to 2.23 16 0.59 0.22 to 1.62 83 0.87 0.54 to 1.42

4 83 1.63 0.94 to 2.82 21 0.88 0.34 to 2.28 85 0.83 0.51 to 1.35

5 86 1.52 0.87 to 2.66 22 0.89 0.34 to 2.34 92 0.83 0.51 to 1.36

Triglycerides (mmol/l) 1 58 1.00 (reference) 18 1.00 (reference) 76 1.00 (reference)

2 66 1.50 0.70 to 3.23 16 0.85 0.20 to 3.64 58 0.53 0.25 to 1.11

3 69 1.34 0.62 to 2.87 16 0.85 0.19 to 3.67 79 0.94 0.47 to 1.87

4 63 0.99 0.45 to 2.19 28 2.87 0.77 to 10.72 83 0.99 0.49 to 1.96

5 72 1.18 0.53 to 2.60 15 0.79 0.17 to 3.75 102 1.48 0.75 to 2.91

CI, confidence interval; HR, hazard ratio; n, number of participants; Q quintile.
aFollow-up time varied, due to incomplete data, between 4 581 928 (triglycerides) and 4 712 797 person-years (BMI) for meningioma as endpoint, and between 6 073 947 (triglycerides)
and 6 213 221 person-years (BMI) for the other endpoints.
bMeningioma data in the Norwegian and Swedish cohorts only.
cHazard ratio from Cox proportional hazards regression model: see footnote of Table 3 for details.

Edlinger et al.
cohort study, the Reykjavı́k Study, 99 brain cancer cases
were diagnosed, during up to 27 years of follow-up [10].
DBP on a continuous scale was associated with a risk
increase among females, but this result was significant only
in an analysis that adjusted for age alone. After adjustment
for other risk factors DBP did not have a significant effect,
nor were significant associations found for SBP, hyperten-
sion, or hypertensive drug use. Again, we believe this study
also was limited by the small number of study events. All in
all, the current study seems to be the first to investigate both
blood pressure and other MetS factors in a cohort study
large and valid enough to ascertain relationships with brain
tumour occurrence.

For the analysis of blood pressure in quintiles, separate
cut-points were used according to sex and cohort, in order
to account for differences between men and women and in
measurement methods, temporal trends, and so on in the
seven cohorts. As a result, the quintile groups had some
overlap in absolute levels of blood pressure. As illustration
of the distribution of blood pressure values, in the first
quintile of SBP the middle 80% of patients had values
between 100 and 118 mmHg, compared to between 142
and 178 mmHg in the fifth quintile. The corresponding
values for DBP were 59–70 mmHg and 87–105 mmHg,
respectively. As noted above, there were strong risk associ-
ations such as the four-fold increase in risk of meningioma
Copyright © Lippincott Williams & Wilkins. Unaut
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in the fifth quintile of SBP compared to the reference (see
Table 4). In addition, the z-score results can also be directly
related to blood pressure increase, since 1 standard devi-
ation of SBP is equivalent to 18 mmHg and of DBP to
11 mmHg. Thus, for example, for DBP the risk of high-
grade glioma was elevated by 23% per 11 mmHg increase
(see Table 5).

Our study had a prospective, population-based cohort
design with a large number of participants and is, to the best
of our knowledge, the only study to date with enough valid
information to investigate the relation between MetS factors
and risk of brain tumours. With nearly seven million per-
son-years of follow-up time and more than 1000 brain
tumour endpoints, the statistical power was large, enabling
us to detect even relatively modest risk effects, to examine
associations for each of the major tumour types, and to
minimize possible reverse causation by excluding cases
diagnosed early after baseline measurement. The follow-
up was fairly complete due to high-quality registries for
endpoint determination and due to little loss to follow-up of
patients. In addition, information on several confounders
was available, and repeated measurements of the exposure
variables allowed handling of regression dilution bias,
leading to better risk estimates.

Our study does, however, have some limitations. We had
no information on brain tumour types other than
horized reproduction of this article is prohibited.
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TABLE 5. Risk of incident brain tumour and subtypes for metabolic factors (z-scores)

Exposurea mb

All brain tumours Meningiomac Low-grade glioma High-grade glioma

HRd 95% CI HRd 95% CI HRd 95% CI HRd 95% CI

BMI I 1.03 0.97 to 1.10 1.12 1.00 to 1.26 0.87 0.68 to 1.11 1.09 0.98 to 1.21

II 0.99 0.91 to 1.08 1.01 0.87 to 1.17 0.79 0.57 to 1.07 1.04 0.90 to 1.20

SBP I 1.09 0.97 to 1.21 1.41 1.16 to 1.78 1.08 0.72 to 1.61 1.02 0.85 to 1.24

III 1.08 0.96 to 1.21 1.27 1.03 to 1.57 1.07 0.70 to 1.64 1.03 0.84 to 1.26

DBP I 1.18 1.05 to 1.32 1.43 1.16 to 1.78 1.03 0.68 to 1.57 1.23 1.01 to 1.50

III 1.16 1.04 to 1.30 1.29 1.04 to 1.58 0.97 0.64 to 1.48 1.23 1.01 to 1.50

ln(Glucose) I 0.94 0.77 to 1.16 1.44 1.01 to 2.07 1.30 0.65 to 2.61 0.80 0.55 to 1.15

II 0.92 0.74 to 1.15 1.35 0.91 to 1.99 1.56 0.76 to 3.18 0.71 0.48 to 1.06

Cholesterol I 1.01 0.92 to 1.10 1.14 0.97 to 1.35 0.94 0.68 to 1.29 1.01 0.87 to 1.18

II 0.97 0.87 to 1.07 1.11 0.91 to 1.34 1.03 0.71 to 1.49 0.89 0.75 to 1.07

ln(Triglycerides) I 1.08 0.97 to 1.21 1.09 0.88 to 1.36 1.02 0.67 to 1.54 1.28 1.05 to 1.55

II 1.08 0.93 to 1.24 0.87 0.67 to 1.14 1.00 0.60 to 1.67 1.35 1.05 to 1.72

MetS scoree I 1.07 0.98 to 1.16 1.31 1.11 to 1.54 1.03 0.75 to 1.42 1.10 0.94 to 1.28

CI, confidence interval; HR, hazard ratio; ln, natural logarithm (base e); m, model; MetS, metabolic syndrome; RDR, regression dilution ratio.
aFollow-up time varied, due to incomplete data, between 4 564 553 (MetS score) and 4 712 797 person-years (BMI) for meningioma as endpoint, and between 6 054 079 (MetS score)
and 6 213 221 person-years (BMI) for the other endpoints.
bModel I adjusted for sex, birth year (in decades), baseline age, and smoking status; model II adjusted like model I and for all the separate z-score factors (blood pressure factor is mean
of SBP and DBP); model III like model II but without the combined blood pressure factor.
cMeningioma data in the Norwegian and Swedish cohorts only.
dHazard ratio from Cox proportional hazards regression model with attained age as time scale, stratified by cohort, and adjusted for the confounders; HRs in model I corrected for
random error, in which conversion into uncorrected HR¼ exp((ln(HR))�RDR), with RDR¼ 0.902 for BMI, RDR¼ 0.525 for SBP, RDR¼0.497 for DBP, RDR¼0.278 for ln(glucose),
RDR¼0.657 for cholesterol, RDR¼0.505 for ln(triglycerides), and RDR¼ 0.688 for MetS score; HRs in models II and III corrected for random error with regression calibration.
eThe MetS score: standardization of the sum of all the separate z-scores (blood pressure factor is mean of SBP and DBP).

Metabolic syndrome and brain tumour risk
meningioma and high and low-grade glioma. In addition,
meningioma events had not been registered in one cohort,
leading to some distortion in the overall data. On the
contrary, meningioma and high-grade glioma did not give
the same results, making it questionable whether one can
really group them together into one ‘all brain tumours’
category. Another limitation is the lack of data on further
covariates such as comorbidity and use of medication,
particularly hypertension drugs. Apart from the potential
residual confounding, long-term antihypertensive use
reduces blood pressure levels, whereas its effect on risk
of brain tumour is unclear. There have been claims of
negative, no, and positive associations between various
types of such drugs and cancer [24–26]. Furthermore, with
individuals who have high blood pressure, one can expect
eventually more neurological examinations to be per-
formed, including brain imaging, because of vascular
manifestations, which might again result in earlier detection
of a possible tumour. Finally, it must be stressed that
although we found various associations, causation cannot
be claimed; further research is needed.

In conclusion, in this large cohort study we found that
increased blood pressure was associated with an increased
brain tumour risk, with the relationship strongest for men-
ingioma risk. DBP and triglycerides were related to an
elevated risk of high-grade glioma.
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