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There are little data on the putative association between factors in the metabolic syndrome (MetS) and risk of bladder cancer. In the

Metabolic Syndrome and Cancer project (Me-Can), measurements of height, weight, blood pressure and circulating levels of glucose,

cholesterol, and triglycerides had been collected from 578,700 subjects in cohorts in Norway, Austria, and Sweden. We used Cox

proportional hazard models to calculate relative risks (RRs) of bladder cancer by exposures divided into quintiles, in categories

according to the World Health Organisation (WHO) and as a continuous standardized variable (z-score with mean5 0 and standard

deviation5 1) for each separate component and its standardized sum, a composite MetS score. RRs were corrected for random error in

measurements. During a mean follow-up of 11.7 years (SD5 7.6), 1,587 men and 327 women were diagnosed with bladder cancer.

Significant associations with risk were found among men per one unit increment of z-score for blood pressure, RR5 1.13 (95% CI

1.03–1.25), and the composite MetS score, RR5 1.10 (95% CI 1.01–1.18). Among women, glucose was nonsignificantly associated

with risk, RR5 1.41 (95% CI 0.97–2.06). No statistically significant interactions were found between the components in the MetS in

relation to bladder cancer risk. Hypertension and a composite MetS score were significantly but modestly associated with an increased

risk of bladder cancer among men and elevated glucose was associated with a nonsignificant increase in risk among women.

Every year, around 360,000 men and women are diagnosed
with bladder cancer, and the highest incidence is found in
Europe and North America,1 continents with high prevalence
of the metabolic syndrome (MetS).2,3 MetS is a constellation
of factors related to insulin resistance including obesity,
impaired glucose tolerance, dyslipidemia, and hypertension4

and has consistently been associated with an increased risk of
cardiovascular diseases and diabetes type 25,6 and also
recently to risk of cancer at some sites.7–10

There are little data on the association between the MetS
and risk of bladder cancer, for separate components as well
as for MetS factors combined.7,9,11–28 The association between
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body mass index (BMI) and bladder cancer has been incon-
sistent. Some studies have shown an increased risk for high
levels of BMI,16,18,24 one study reported a decreased risk16

and several studies have reported no significant associa-
tion.7,11,12,17,19,21,23,24,27 A few smaller studies (n cases < 500)
on hypertension,14,22 cholesterol,15,20,25 and bladder cancer
risk have reported inconsistent associations. Two large studies
have investigated glucose levels in relation to risk of bladder
cancer, one reported an association with fatal bladder cancer
among men (no data reported for women),9 whereas a recent a
study from the Me-Can project showed an association between
high glucose and risk of bladder cancer among women.10

The aim of this study was to investigate the association
between components in the MetS, in single and jointly, with
risk of bladder cancer in a large prospective cohort.

Material and Methods
Study population

This study was conducted within the Metabolic syndrome
and Cancer project (Me-Can), which has recently been
described in detail.29 In brief, the Me-Can project consists of
seven different cohorts, from Norway; the Oslo study I
cohort (Oslo), Norwegian Counties Study (NCS), Cohort of
Norway (CONOR) and Age 40-program (40-y), Sweden;
Västerbotten Intervention Project (VIP) and Malmö Preven-
tive Project (MPP) and Austria; Vorarlberg Health Monitor-
ing and Prevention Programme (VHM & PP). In total,
578,700 subjects were included in the study with prospec-
tively collected data on body mass index (BMI, weight/
height2; kg/m2), systolic and diastolic blood pressure, and cir-
culating levels of glucose, cholesterol, and triglycerides from
one or several health examination(s). The study was
approved by a Research Ethics Committee in each country.

Endpoints

Incident cancers were identified through linkages with each
National Cancer Registry. The International Classification of
Diseases, seventh revision (ICD-7) code 181 was used for
identification of bladder cancer. The cause of death was
obtained by linkage to each National Cause of Death Regis-
try. In Norway and Sweden, data were also linked to the
Registry of Total Population and Population Changes for
assessment of vital status (data not available in Austria). To
reduce the probability of reverse causation, we excluded sub-
jects with a cancer diagnosis before the baseline examination,
and follow-up in all risk calculations started at the date of
1 year after baseline examination.

Statistical methods

Risk was analysed with Cox proportional hazards regression
with age as time scale. Subjects were followed until the date of
event, that is, cancer diagnosis or cancer death, or until censor-
ing at the date of death from any cause, emigration, or end of

follow-up, whichever occurred first. Hazard ratios calculated
from the regression analysis are denoted as relative risks (RRs).

We calculated RRs for quintiles of exposure, for prede-
fined categories according to the World Health Organisation
(WHO)30,31 as well as for exposures transformed to standard
scores (z-scores).

BMI and blood pressure were divided into quintiles sepa-
rately for cohort and sex, whereas glucose, triglycerides, and
cholesterol were divided into quintiles separately for cohort,
sex, and fasting time. Fasting time before the health examina-
tion was categorized into the following groups; less than 1
hour, 1–2 hours, 2–4 hours, 4–8 hours, and more than 8 hours.
RRs for each exposure in quintiles were calculated with the
lowest quintile as reference. We used the mean value within
each quintile in tests of linear trend and treated the means as a
continuous variable in the Cox model. Quintile analyses were
stratified by cohort and adjusted for smoking status (current,
non, or exsmoker), five categories of birth date (before 1927,
1927–1929, 1930–1932, 1933–1938, 1939 and later), age at
measurement and BMI in quintiles (except for BMI).

We also calculated RRs in groups according to cut-offs as
defined by WHO32,33 for BMI (overweight � 25 kg/m2, obe-
sity � 30 kg/m2), systolic blood pressure (hypertension �
140 mmHg), and diastolic blood pressure (hypertension �90
mmHg). We assessed the proportion of subjects who had
glucose levels defined as impaired fasting glucose (6.1–6.9
mmol/l) and diabetes (� 7.0 mmol/l) among subjects who
had fasted > 8 hours prior to blood draw, and subsequently
selected the same proportions of subjects among those who
had shorter fasting time, to use the full data set. In this anal-
ysis, and the analyses of WHO categories, we stratified and
adjusted the Cox models as in the quintile analysis.

To convert the exposures to the same scale, we trans-
formed the original values to standardized variables (z-scores)
with zero as mean and one as standard deviation. The
z-score was calculated as: z ¼ (x � l)/r, where l is the
mean, r is the standard deviation, and x is the actual level of
the exposure. BMI and blood pressure were transformed into
z-scores separately for cohort and sex, and glucose, triglycer-
ides, and cholesterol were transformed to z-scores separately
for cohort, sex, and fasting time. As the distribution of glucose
and triglycerides was skewed, natural logarithm was applied
before z-score transformation. We stratified the Cox model by
cohort and adjusted for smoking status, five categories of birth
date and age at measurement. As a second approach we ana-
lysed a model additionally adjusted for all individual z-scores.
Blood pressure was calculated by (systolic þ diastolic blood
pressure)/2, to avoid colinearity in the model. A composite
MetS variable was finally computed, separately within each
cohort, sex, and fasting time, as the transformed sum of all
z-scores. The MetS variable was used in a separate Cox model
stratified for cohort and adjusted for smoking, five categories
of birth date, and age at measurement.

The proportional hazard assumption was tested with
Schoenfeld residuals for all covariates including date of birth
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(five categories, before 1927, 1927–1929, 1930–1932, 1933–1938,
1939 and later), categories of smoking (current/non/exsmoker)
and age at measurement in addition to all exposure variables as
z-scores, and we found no violation of the assumption.

We used the Wald test to test for interaction between pair
wise exposures and between exposures and smoking, for both
incident and fatal bladder cancer as endpoint. In these tests,
we adjusted the significance level for multiple testing with
the Bonferroni correction.32 To further investigate smoking
as an effect modifier, we analysed z-scores in strata of smok-
ing status.

Correction for random errors

We corrected RRs for random error, that is, measurement
error and within-person variability, by use of methods based
on regression dilution ratio (RDR), similar to those described
by Wood et al.33 We used two methods for correction; direct
adjustment of the estimated parameter using the estimated
RDR and regression calibration. The calculations were based
on data from subjects who had undergone repeated measure-
ments in Me-Can, in total data from 133,820 subjects and
406,364 health examinations.

RDR was estimated as the regression coefficient in the
regression models with the repeated measurement as depend-
ent variable and the baseline measurement as independent
variable. Age at baseline, fasting time, smoking status, sex,
birth year, BMI, time from date of baseline examination were
included as fixed effects in the model and cohort was
included as random effect. We used RDR in analysis of quin-
tiles, WHO categories and for univariate analysis of z-scores.
In our data set, RDR was for BMI 0.90, for systolic blood
pressure 0.53, for diastolic blood pressure 0.51, for glucose
(log) 0.28, for cholesterol 0.66, and for triglycerides (log)
0.51. Thus, measurements of BMI had a much smaller ran-
dom error than the other exposures in accordance with pre-
vious observations.34–36 The correction was applied by divid-
ing the regression coefficient computed by the Cox model
with RDR for the exposure, RRcorrected ¼ elog(RRoriginal)/RDR.

In the multivariate analysis of z-scores, we replaced the
original z-score with a calibrated z-score calculated by regres-
sion calibration in a similar mixed linear model.37 As the
Cox model included adjustment for all individual z-scores,
except the composite MetS z-score, the model used for pre-
diction was additionally adjusted for these z-scores as fixed
independent variables. RDR and regression calibration were
predicted at half of the mean follow up time, that is, 6 years
after baseline examination.

All statistical tests in the study were two-sided, and p-val-
ues lower than 0.05 were considered as statistically signifi-
cant. Calculations were performed with STATA version 10.1,
and R version 2.7.2 was used for random error calculations.

Results
Mean age at baseline examination was 44 years (SD ¼ 11.7),
11% of the study subjects were obese (BMI � 30kg/m2) and

32% had hypertension (systolic blood pressure � 140 mmHg
or diastolic blood pressure � 90 mmHg) (Table 1). Half of
the subjects had fasted more than 8 hours prior to blood
draw (n ¼ 278,300), 8% of men and 6% of women among
those subjects had impaired fasting glucose according to the
WHO definition (6.1–6.9 mmol/l), 4% of men and 3% of
women had glucose levels in the diabetic range (� 7.0 mmol/l).
The percentages of current smokers were 30% among men and
25% among women. During a mean follow up time of 12 years
(SD ¼ 7.6), bladder cancer was diagnosed in 1,587 men and
327 women, and 216 men and 58 women died of bladder
cancer.

In analyses of the exposures in quintiles, we found a sig-
nificant trend for an increase in risk by increasing levels of
systolic blood pressure among men, top vs. bottom quintile
RR ¼ 1.31 (95% CI 0.95–1.80, ptrend ¼ 0.02) and diastolic
blood pressure RR ¼ 1.29 (95% CI 0.90–1.85, ptrend ¼ 0.03)
(Table 2). Among women, no statistically significant associ-
ation with risk for any of the exposures was found
(Table 3).

In analyses of the exposures in categories according to the
WHO, increases in risk were found among men for systolic
blood pressure, above vs. below 140 mmHg, RR ¼ 1.42 (95%
CI 1.15–1.74), and diastolic blood pressure, above vs. below
90 mmHg, RR ¼ 1.29 (95% CI 1.04–1.60). We also found an
association with risk for men with impaired fasting glucose
levels, RR ¼ 1.96 (95% CI 1.14–3.36), uncorrected RR ¼ 1.22
(95% CI 1.04–1.43) but no increased risk for men with dia-
betic levels of glucose, RR ¼ 0.58 (95% CI 0.24–1.43).
Among women, we found an increase in risk for diabetic lev-
els of glucose, RR ¼ 6.94 (95% CI 1.67–28.75), that uncor-
rected was RR ¼ 1.77 (95% CI 1.16–2.68). In contrast, a non-
significant decrease was observed for women with impaired
glucose levels, RR ¼ 0.55 (95% CI 0.12–2.54).

In analyses for exposures transformed to z-scores, calcu-
lated per one unit increase, blood pressure, RR ¼ 1.13 (95%
CI 1.03–1.25) and the composite MetS score, RR ¼ 1.09
(95% CI 1.01–1.18) were associated with risk among men,
and among women the strongest risk factor was glucose, RR
¼ 1.41 (95% CI 0.97–2.06), in the multivariate approach tak-
ing all single factors into account in the model (Table 4).

In analysis, the 274 cases of fatal bladder cancer as end-
point, the multivariate approach of z-scores resulted in a sig-
nificant association among men for blood pressure with risk,
RR ¼ 1.34 (95% CI 1.06–1.69). No other factor was signifi-
cantly associated with the risk of fatal bladder cancer.

Current smokers had a strongly increased risk compared
to nonsmokers, both for men, uncorrected RR ¼ 2.74 (95%
CI 2.38–3.17) and for women, RR ¼ 3.51 (95% CI 2.67–
4.61). The risk was also increased for ex-smokers, among
men RR ¼ 2.56 (95% CI 1.33–1.83), and among women RR
¼ 2.38 (95% CI 1.69–3.34). We found no difference in risk
for the single exposures or the composite MetS score in strata
of smoking status and formal test showed no significant
interaction across strata. Among separate exposures, we

E
pi
de
m
io
lo
gy

1892 Metabolic syndrome and risk of bladder cancer

Int. J. Cancer: 128, 1890–1898 (2011) VC 2010 UICC



Table 1. Baseline characteristics for subjects in metabolic syndrome and cancer project (Me-Can)

Men N (%) Women N (%)

Subjects 289,866 (50.1) 288,834 (49.9)

Person-years (incident cancer) 3,325,710 2,892,451

Cohort

Norway:

Oslo 1,676 (5.8) 0 (0)

NCS 25,952 (9.0) 25,072 (8.7)

CONOR 52,181 (18.0) 57,687 (20.0)

40-y 60,676 (20.9) 68,211 (23.6)

Austria:

VHM&PP 73,213 (25.3) 86,671 (30.0)

Sweden:

VIP 38,843 (13.4) 40,669 (14.1)

MPP 22,241 (7.7) 10,524 (3.6)

Age at measurement (years)

<40 82,913 (28.6) 85,92 (29.8)

40–44 101,476 (35.0) 101,609 (35.2)

45–49 43,136 (14.9) 27,661 (9.6)

50–54 18,521 (6.4) 21,262 (7.4)

�55 43,82 (15.1) 52,382 (18.1)

Smoking status

Never smoker 113,496 (39.2) 144,815 (50.1)

Ex-smoker 86,086 (29.7) 72,600 (25.1)

Smoker 89,419 (30.9) 70,721 (24.5)

BMI (kg/m2)1

Normal 131,167 (45.3) 170,535 (59.0)

Overweight 127,846 (44.1) 82,869 (28.7)

Obese 30,853 (10.6) 35,430 (12.3)

Blood pressure (mmHg)2

Normal 179,497 (61.9) 212,968 (73.7)

Hypertension 110,369 (38.1) 75,866 (26.3)

Glucose levels (mmol/l) and fasting status3

Fasting �8 hours 151,279 (52.2) 149,121 (51.6)

Fasting >8 hours, Normal 122,841 (42.4) 127,524 (44.2)

Fasting > 8 hours, Impaired fasting glucose 10,594 (3.7) 8,149 (2.8)

Fasting > 8 hours, Diabetes 5,152 (1.8) 4,040 (1.4)

Follow-up (years)

1–4 37,814 (13.1) 37,673 (13.1)

5–9 113,016 (39.2) 123,798 (43.1)

10–14 65,677 (22.8) 74,278 (25.9)

15–20 18,888 (6.6) 22,853 (8.0)

>20 52,675 (18.3) 28,718 (10.0)

1Definitions according to WHO overweight 25–30 kg/m2, obese >30 kg/m2. 2Systolic blood pressure
�140 mmHg or diastolic blood pressure �90 mmHg. 3Impaired fasting glucose � 6.1 mmol/l, diabetes
� 7.0 mmol/l.
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found no significant pair-wise interactions after Bonferroni
adjustment of the significance level.

Discussion
In this prospective cohort with almost 2,000 incident bladder
cancer cases, high blood pressure and a composite MetS
score including BMI, blood pressure, glucose, cholesterol, and
triglycerides, were significantly although modestly associated
with an increased risk among men. Among women, our data
suggested that high levels of glucose levels were associated
with risk. We found no evidence for synergy between factors
in the MetS on the association with bladder cancer.

Among men, high blood pressure was consistently associ-
ated with risk in all three statistical approaches. Previous
studies were based on much smaller study populations,14,22,38

the largest study to date was based on 69 cases and reported
no association.14 Little is known about possible pathways
between hypertension and cancer.39

Among women, the strongest risk factor was elevated
glucose levels, although our findings were borderline signif-
icant. Previous cohort studies have investigated the associa-
tion between glucose levels and risk,9,10,40 one study did
not report results for women,9 another study found a sig-
nificant increase in risk for diabetic women.40 The third
study was conducted within the Me-Can project and

Table 2. Relative risks of bladder cancer for quintiles of exposures among men in the metabolic syndrome and cancer project (Me-Can)

Exposure Quintile Mean (SD) n cases RR (95% CI) Ptrend

BMI 1 21.5 (1.3) 269 1.00 0.35

2 23.8 (0.8) 302 1.06 (0.89–1.28)

3 25.4 (0.8) 316 1.06 (0.88–1.26)

4 27.1 (0.9) 303 0.97 (0.80–1.16)

5 30.8 (2.8) 334 1.13 (0.94–1.35)

Systolic Blood Pressure 1 112.2 (6.2) 225 1.00 0.02

2 122.8 (3.5) 205 0.88 (0.62–1.27)

3 129.7 (4.0) 325 0.94 (0.68–1.31)

4 138.7 (3.9) 307 1.04 (0.74–1.45)

5 157.1 (13.3) 458 1.31 (0.95–1.80)

Diastolic Blood Pressure 1 66.4 (5.2) 211 1.00 0.03

2 74.3 (3.4) 283 0.99 (0.69–1.41)

3 80.2 (2.7) 320 0.99 (0.69–1.41)

4 86.2 (3.4) 338 1.26 (0.88–1.81)

5 97.0 (7.7) 370 1.29 (0.90–1.85)

Glucose 1 4.2 (0.5) 268 1.00 0.22

2 4.8 (0.3) 280 1.18 (0.65–2.17)

3 5.1 (0.3) 260 1.02 (0.55–1.90)

4 5.5 (0.4) 355 1.45 (0.81–2.59)

5 6.9 (2.0) 359 1.36 (0.76–2.45)

Cholesterol 1 4.3 (0.5) 212 1.00 0.93

2 5.1 (0.3) 315 1.23 (0.94–1.60)

3 5.7 (0.3) 288 0.92 (0.70–1.20)

4 6.3 (0.3) 326 0.99 (0.76–1.29)

5 7.4 (0.8) 382 1.08 (0.83–1.40)

Triglycerides 1 0.8 (0.2) 238 1.00 0.36

2 1.2 (0.2) 290 1.09 (0.78–1.54)

3 1.5 (0.3) 317 1.15 (0.82–1.62)

4 2.1 (0.4) 321 1.15 (0.82–1.62)

5 3.7 (1.7) 323 1.20 (0.85–1.70)

Cox regression models were adjusted for smoking, five categories of birth year, age at measurement and quintiles of BMI (except for BMI)
and stratified for cohort. Regression dilution ratio was used for random error correction, could be transformed back to original data by:
RRoriginal ¼ elog(RRcorrected)*RDR. RDR for BMI ¼ 0.902, systolic blood pressure ¼ 0.525, diastolic blood pressure ¼ 0.513, glucose (log) ¼ 0.278,
cholesterol ¼ 0.657, and triglycerides (log) ¼ 0.505.E
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reported a statistically significantly increased risk among
women, RR ¼ 1.45 (1.05–2.01) per mmol increment of glu-
cose.10 Compared to our current data set, a slightly differ-
ent selection of data was used in that study, as one of the
Norwegian cohorts was entirely excluded because of restric-
tions of the Norwegian data. Previously, a meta-analysis41

and some cohort studies13,19,27,42 have investigated the
association between prevalent diabetes and bladder cancer.
All these studies reported an increased risk for both men
and women, but only in some of these studies did the
results reach statistical significance. A possible pathway
between diabetes and bladder cancer risk is the increased

incidence of urinary tract infections among diabetic sub-
jects, in particular among women.43,44

We found no significant associations between serum lev-
els of cholesterol and triglycerides and risk. These expo-
sures have previously been studied in much smaller
cohorts.15,20,25 The largest study to date (303 cases)
reported a small nonsignificant decrease in risk for high
cholesterol levels.15 To the best of our knowledge, no previ-
ous studies have examined triglyceride levels in relation to
bladder cancer risk, but triglyceride levels have been linked
to risk of cancer at other sites in some studies, for example,
colon and breast.45

Table 3. Relative risks of bladder cancer for quintiles of exposures among women in the metabolic syndrome and cancer project (Me-Can)

Exposure Quintile Mean (SD) n cases RR (95% CI) Ptrend

BMI 1 20.0 (1.2) 51 1.00 0.34

2 22.3 (0.8) 60 1.00 (0.66–1.51)

3 24.1 (0.8) 70 1.00 (0.67–1.50)

4 26.4 (1.0) 56 0.67 (0.44–1.03)

5 31.7 (3.6) 72 0.87 (0.58–1.32)

Systolic Blood Pressure 1 103.9 (5.7) 30 1.00 0.94

2 114.2 (3.3) 47 1.14 (0.48–2.74)

3 122.5 (3.0) 64 1.46 (0.63–3.36)

4 133.2 (4.8) 66 1.11 (0.47–2.60)

5 155.7 (16.1) 101 1.12 (0.48–2.60)

Diastolic Blood Pressure 1 61.3 (4.8) 42 1.00 0.85

2 70.1 (3.1) 48 0.77 (0.33–1.78)

3 77.1 (3.5) 72 0.78 (0.35–1.71)

4 82.8 (4.7) 71 0.93 (0.42–2.05)

5 92.8 (8.4) 75 0.81 (0.37–1.81)

Glucose 1 4.1 (0.5) 47 1.00 0.19

2 4.6 (0.3) 44 0.90 (0.21–3.98)

3 5.0 (0.3) 58 0.82 (0.21–3.29)

4 5.3 (0.3) 68 1.94 (0.50–7.46)

5 6.5 (1.6) 91 1.86 (0.51–6.77)

Cholesterol 1 4.2 (0.4) 38 1.00 0.80

2 4.9 (0.2) 43 0.77 (0.39–1.50)

3 5.5 (0.3) 55 0.76 (0.40–1.45)

4 6.1 (0.3) 69 0.78 (0.42–1.45)

5 7.3 (0.9) 103 0.92 (0.50–1.67)

Triglycerides 1 0.6 (0.1) 51 1.00 0.55

2 0.9 (0.1) 39 0.26 (0.11–0.60)

3 1.1 (0.1) 60 0.48 (0.22–1.01)

4 1.5 (0.2) 64 0.42 (0.20–0.90)

5 2.5 (1.1) 89 0.62 (0.30–1.31)

Cox regression models were adjusted for smoking, five categories of birth year, age at measurement and quintiles of BMI (except for BMI) and
stratified for cohort. Regression dilution ratio was used for random error correction, could be transformed back to original data by: RRoriginal ¼
elog(RRcorrected)*RDR. RDR for BMI ¼ 0.902, systolic blood pressure ¼ 0.525, diastolic blood pressure ¼ 0.513, glucose (log) ¼ 0.278, cholesterol ¼
0.657, triglycerides (log) ¼ 0.505. E
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Häggström et al. 1895

Int. J. Cancer: 128, 1890–1898 (2011) VC 2010 UICC



No association was found between increasing levels of BMI
and risk. Previous studies on BMI and bladder cancer risk
have yielded inconsistent results, some studies have shown an
increased risk,16,18,24 one study reported a decreased risk28 and
several studies have reported no significant associa-
tion.7,11,12,17,19,21,23,24,27 The largest study to date, a cohort of
US male veterans with 20,000 cases of bladder cancer, reported
a significantly but modestly increased risk among white obese
men but not among black obese men. However, in that study
no adjustment was done for smoking.24 Studies on the associa-
tion between obesity and risk of fatal bladder cancer have
reported no statistically significant associations.7,11

We found a significantly increased risk of bladder cancer
for men with a high score of the composite variable MetS,
whereas no such association was observed among women. Our
study includes 30 times as many cases as the previous study
on MetS and bladder cancer risk26 and that study included 60
cases and compared incidence rates for subjects with the MetS
defined by use of antihypertensive, serum lipid lowering, and
antidiabetic drugs, and reported nonsignificantly increased risk
among men, and no increased risk among women.

Smoking is an established risk factor for bladder cancer
and we found a more than two-fold increase in risk for
smokers in line with previous findings,46 but formal test of
interaction indicated no differences across strata of smoking
status. We also adjusted for smoking status in our multivari-

ate analyses of metabolic factors and bladder cancer risk.
However, as a result of the crude classification of smoking,
which was grouped as current, ex-smokers, or never-smokers,
some residual confounding likely remained.47

We corrected risk estimates for random errors in analysis
of exposures in quintiles, in categories defined by the WHO,
and in z-scores. BMI is measured with a small random error
whereas blood pressure, glucose, cholesterol, and triglycerides
all have high random error in measurements.34,36 If random
errors are not accounted for, risk estimates will be underesti-
mated for these factors because of regression dilution. By
transforming the exposures to z-scores, we were able to com-
pare them with each other on the same scale. We used the
z-scores as continuous variables assuming a linear increase in
risk for increasing metabolic dysregulation, and also to take
advantage of the full spectrum of each exposure. By taking
all factors into account in the model, we could analyse which
single exposure that made the largest contribution to risk.

The main strength of our study is the large data set from
seven prospective cohorts, repeated measurements of exposures
in a large proportion of the subjects, data from high quality can-
cer registries with almost complete coverage of cases,40,48,49 and
data from cause of death registries that gave us high power to
detect even quite modest associations. We tested our hypothesis
using three different statistical models; in quintiles, in categories
according to definitions by the WHO, and by use of standard
scores with the same range for all exposures. Analyses included
adjustment for smoking status and the large number of repeated
measurements allowed us to correct for random error for each
exposure. Our study also had some weaknesses. The slight dif-
ferences in measurement methods in the cohorts29 is a limita-
tion that we tried to overcome by using cohort specific cut-
points in analysis of exposures by quintiles and by standardiza-
tion with z scores, and we also stratified for cohort in our analy-
ses. The crude classification of smoking status is another limita-
tion that likely resulted in some residual confounding.

In conclusion, in this large prospective study, a composite score
of the MetS was associated with a significant although modest
increase in risk of bladder cancer in men. Among separate compo-
nents in MetS, high blood pressure was significantly associated
with risk among men and for high glucose there was a nonsignifi-
cant increase in risk among women. Our data suggest that meta-
bolic aberrations related to the MetS, which are known to increase
risk of several other types of cancer, also modestly increase the
risk of bladder cancer. We found no indication of a synergetic
effect between factors in the MetS on risk of bladder cancer.
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Table 4. Relative risks of bladder cancer for z-scores of exposures
separately and combined among men and women in the metabolic
syndrome and cancer project (Me-Can)

RR (95% CI)1 RR (95% CI)2

Men

BMI 1.03 (0.97–1.09) 0.97 (0.90–1.05)

Blood pressure 1.15 (1.05–1.26) 1.13 (1.03–1.25)

Glucose (log) 1.03 (0.86–1.24) 0.97 (0.80–1.18)

Cholesterol 1.02 (0.94–1.10) 0.97 (0.88–1.06)

Triglycerides (log) 1.11 (1.00–1.23) 1.11 (0.97–1.26)

MetS 1.10 (1.01–1.18)

Women

BMI 0.90 (0.79–1.04) 0.86 (0.73–1.01)

Blood pressure 0.89 (0.72–1.10) 0.87 (0.69–1.09)

Glucose (log) 1.36 (0.95–1.96) 1.41 (0.97–2.06)

Cholesterol 0.91 (0.76–1.09) 0.91 (0.75–1.11)

Triglycerides (log) 1.03 (0.82–1.30) 1.08 (0.81–1.43)

MetS 0.95 (0.79–1.14)

1Cox regression models were adjusted for smoking, five categories of
birth year, age at measurement, and stratified for cohort. Regression
dilution ratio was used for random error correction, could be
transformed back to original data by: RRoriginal ¼ elog(RRcorrected)*RDR. RDR
for BMI ¼ 0.902, Blood Pressure ¼ 0.544, Glucose (log) ¼ 0.278,
Cholesterol ¼ 0.657, Triglycerides (log) ¼ 0.505, MetS ¼ 0.688. 2Cox
regression models were adjusted for all single exposures, smoking, five
categories of birth year, age at measurement, and stratified for cohort
using z-scores corrected for random errors by regression calibration.
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