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Research Article

Adherence to the Mediterranean Diet and Risks of
Prostate and Bladder Cancer in the Netherlands
Cohort Study
Maya Schulpen1 and Piet A. van den Brandt1,2

Abstract

Background: Prostate cancer and urinary bladder cancer are
frequently occurring cancers with few risk factors identified.
We examined the relation of Mediterranean diet (MD) adher-
ence with risks of prostate and bladder cancer in the Nether-
lands Cohort Study (NLCS).

Methods: Data were available for 58,279 men and 62,573
women, who completed a baseline questionnaire on diet and
other cancer risk factors. Multiple MD scores, including the
alternate Mediterranean diet score without alcohol (aMEDr),
were calculated to assess MD adherence. After 20.3 years of
follow-up, 3,868 prostate cancer cases (advanced: 1,256) and
1,884 bladder cancer cases could be included in multivariable
Cox proportional hazards analyses.

Results: aMEDr was not associated with advanced prostate
cancer risk [hazard ratio (HR)per 2-point increment (95%confidence
interval, 95% CI) ¼ 1.06 (0.96–1.17)]. In contrast, higher

aMEDr values were associated with a significantly increased
risk of nonadvanced prostate cancer (Ptrend ¼ 0.04). For
bladder cancer risk, no association was observed with aMEDr
[HRper 2-point increment (95% CI) ¼ 1.00 (0.92–1.09)]. Absolute
scores based on the World Cancer Research Fund/American
Institute for Cancer Research (WCRF/AICR) dietary recommen-
dationswere not associatedwith prostate or bladder cancer risk.

Conclusions: MD adherence, measured by aMEDr or other
MD scores, was not associatedwith decreased risks of advanced
prostate cancer andbladder cancer in theNLCS.Higher levels of
care-seeking behavior, screening attendance, and prostate can-
cer awareness in higher educated men with healthier lifestyles
could potentially explain the positive associations observed for
nonadvanced prostate cancer risk.

Impact: MD adherence does not seem to reduce the risk of
(advanced) prostate cancer or bladder cancer.

Introduction
Worldwide, cancers of the prostate and urinary bladder were

estimated to be the second and tenth most commonly diag-
nosed cancer types in 2018 (1). Together, these cancer types
were responsible for over half a million deaths in this year (1).
So far, only advancing age, African-American race, family
history of prostate cancer, and genetic predisposition have
been identified as established risk factors for prostate can-
cer (2, 3). Tobacco smoking is the most important risk factor
for bladder cancer (4). Other bladder cancer risk factors include
Schistosoma haematobium infection, environmental and occupa-
tional exposure to chemicals, and exposure to arsenic in drink-
ing water (5). The high incidences, slow disease development
and progression (prostate cancer), and high recurrence rates

(bladder cancer), make prostate and bladder cancer suitable
targets for preventive approaches (6–8).

The traditional Mediterranean dietary pattern (MD) is mainly
based on plant foods. Intakes of vegetables, legumes, fruits, nuts,
whole grains, fish, andmonounsaturated fatty acids (MUFA, from
olive oil) are high in the MD, whereas animal foods (e.g., meats
and dairy products) are consumed in limited amounts. Typically,
alcohol is consumed in moderation and usually in the form of
wine during meals (9–11).

Prostate cancer is a disease with a heterogeneous nature.
Advanced and more aggressive prostate tumors may etiologically
differ from early, screening-detected forms that otherwise might
never have become clinically relevant (2). Risk factors for prostate
cancer subtypes (defined by grade, stage, or survival)may differ as
they may exert their effect via different biological pathways (12).
Therefore, effects of potential risk factors on advanced prostate
cancer risk are of primary interest. Up until now, two prospective
cohort studies from the United States have evaluated the relation
of a priori defined MD adherence with advanced prostate cancer
risk and did not observe an association (13, 14). In contrast to the
results for advanced prostate cancer, the prospective evidence
suggests that MD adherence might be associated with a reduced
risk of (invasive) bladder cancer/urothelial cell carcinoma (UCC;
refs. 15, 16). However, the inverse associations were not statis-
tically significant.

In this analysis of the Netherlands Cohort Study (NLCS), we
examined associations between a priori defined MD adherence
and risks of prostate and urinary bladder cancer. Associations
were compared for subtypes of the investigated cancer sites
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classified by stage at diagnosis (prostate cancer) or malignancy
grade (bladder cancer). In addition, the effect of exclusion of
alcohol from the MD scores was evaluated and performances of
the relative MD scores were compared with those of absolute
scores based on the dietary recommendations to prevent cancer
issued by theWorld Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR).

Materials and Methods
Study population and cancer follow-up

The prospective NLCS includes 58,279 men and 62,573 wom-
en, ages 55 to 69 years (17–20). Study participants consented to
participate by completing a self-administered baseline question-
naire on diet and other cancer risk factors in September 1986. A
case-cohort approach was applied to process and analyze the data
efficiently (17, 20, 21). A subcohort (N ¼ 5,000) was randomly
drawn just after baseline to estimate accumulated person-years at
risk, whereas cases originated from the entire cohort. Subcohort
members were followed-up biennially for vital status. The NLCS
was approved by the institutional review boards fromMaastricht
University and the Netherlands Organization for Applied Scien-
tific Research, and was conducted in accordance with the Decla-
ration of Helsinki.

Incident cancer cases were detected annually for 20.3 years of
follow-up (baseline until 31 December 2006) through record
linkage with the Netherlands Cancer Registry and the nationwide
Dutch Pathology Registry (PALGA; ref. 18). In total, 3,978 pros-
tate cancer cases (ICD-O-3 code C61), 2,049 bladder cancer cases
(ICD-O-3 code C67), and 4,084 subcohort members (men:
2,057, women: 2,027) were eligible for inclusion in the present
analyses (Supplementary Figs. S1 and S2). Prostate cancer cases
were classified as nonadvanced (N ¼ 2,397, stages T1/T2, N0,
and M0) or advanced (N ¼ 1,294, stages T3/T4 or Nþ or M1) at
diagnosis, whereas bladder cancer cases were categorized
in noninvasive (N ¼ 1,053, malignancy grade 2) and invasive
(N ¼ 996, malignancy grade 3) subtypes. All included cases
were microscopically confirmed. Furthermore, eligible cases and
subcohort members did not have prevalent cancer at baseline
(except skin cancer), and had complete and consistent data
available on diet, alcohol, and MD adherence.

Exposure assessment
At baseline, participants were asked about their usual dietary

intake during the previous year via a validated, 150-item, semi-
quantitative food frequency questionnaire (FFQ; refs. 19, 22).
Nutrient intakes were derived from the FFQ data utilizing the
1986 Dutch food composition (NEVO) table (23).

Mediterranean diet adherence
The alternate and modified Mediterranean diet scores (aMED

and mMED, respectively) were calculated to estimate the relative
level of MD adherence (24–26). These scores are adaptations
of the traditional Mediterranean diet score (tMED) created by
Trichopoulou and colleagues (27, 28) andare each composedof 9
dietary components. For aMED (24, 26), 1 point (and 0 other-
wise) is assigned tomean daily intakes at or above the sex-specific
median of vegetables (excluding potatoes), legumes, fruits,
nuts, whole grains, fish, and the ratio of MUFA to saturated fatty
acids (SFA). Inverse scoring is applied to red and processed
meats. Finally, 1 point can be obtained for a moderate alcohol

consumption, defined as 5 to 25 g/day (24, 26). mMED (25)
differs from aMED as follows: fruits and nuts are combined, total
intakes of cereal andmeat are considered, dairy intake is included
(1 point if below sex-specific median), and the ratio of unsatu-
rated fatty acids (MUFA þ polyunsaturated fatty acids) to SFA
replaces theMUFA:SFA ratio. Furthermore, other cut-offs are used
to define moderate alcohol consumption (men: 10–50 g/day,
women: 5–25 g/day; ref. 25). Before calculation of theMD scores,
food intakes were standardized to daily energy intakes of 2,000
kcal (women) and 2,500 kcal (men; refs. 26, 27). aMED and
mMED range from 0 to 9 points (lowest to highest MD adher-
ence). Because alcohol consumption has been associated with
increased risks of several types of cancer (29), we also created
aMEDandmMEDvariants without alcohol (aMEDr andmMEDr,
respectively) ranging from 0 to 8 points.

Statistical analyses
We evaluated relations between MD adherence and risks of

prostate and bladder cancer (subtypes) using Cox proportional
hazards models with duration of follow-up as time scale to
estimate hazard ratios (HR) and 95% confidence intervals
(95% CI). Person-years at risk in the subcohort were calculated
from baseline until prostate or bladder cancer diagnosis, death,
emigration, loss to follow-up or end of follow-up, whichever
came first. Sampling from the cohort introduces additional var-
iance. Therefore, standard errorswere calculated using theHuber–
White sandwich estimator (30). The proportional hazards
assumption was checked by scaled Schoenfeld residuals tests and
visual inspection of –ln(–ln) survival plots (31).

We tested associations of MD adherence with risks of pros-
tate and bladder cancer (subtypes) in age- (and sex-)adjusted
and fully adjusted analyses, in which MD scores were modelled
both categorically [low: 0–3, middle: 4–5, high: 6–8(9)] and
continuously (per 2-point increment; refs. 25, 26). Men and
women were combined in the models for bladder cancer,
because there was no statistically significant interaction by sex.
The fully adjusted models concerning prostate cancer risk were
adjusted for the following predefined confounders: age at
baseline, body mass index (BMI), alcohol consumption (except
for models containing MD scores including alcohol), total daily
energy intake, highest level of education, and family history of
prostate cancer. For bladder cancer risk, sex and cigarette
smoking behavior (status, frequency, and duration) were also
listed as predefined confounders. Additionally, these analyses
were adjusted for family history of bladder cancer instead of
prostate cancer. Other confounders considered, but not includ-
ed (removal resulted in <10% change in the effect estimate of
the MD score), were cigarette smoking status (prostate cancer
only), non-occupational physical activity, history of diabetes,
height (prostate cancer only), tea consumption, and coffee
consumption (bladder cancer only). Sex-specific median MD
score values in the subcohort were appointed to each adherence
category and fitted continuously in Cox regression models to
perform trend tests. A competing risks procedure was applied to
test for heterogeneity across the prostate and bladder cancer
subtypes (32). Standard errors for the observed differences were
estimated using a bootstrapping method specifically designed
for the case-cohort approach (33).

Model fits of the various MD scores considered (aMEDr and
mMEDr, with and without alcohol) were compared using
Akaike's InformationCriterion (AIC; ref. 34). Because of the equal
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or better performance of aMEDr compared with mMEDr in both
the current and previous NLCS analyses (35–37), the Results
section of this article mainly focuses on associations with aMEDr
and subgroup analyses were only performed using this score. We
preferred the aMED variant without alcohol (aMEDr), because
alcohol consumption is a risk factor for several types of
cancer (29).

Potential effect modification by sex (bladder cancer only),
cigarette smoking status (bladder cancer only), alcohol con-
sumption, BMI, educational level, and family history of pros-
tate/bladder cancer was explored by testing the statistical sig-
nificance of interaction terms between these factors and aMEDr.
In addition, HRs were estimated for strata of the potential effect
modifying factors. For prostate cancer risk, we estimated asso-
ciations with the MD scores within time periods before (1986–
1994) and after (1995–2006) the introduction of PSA testing in
clinical practice in the Netherlands. Furthermore, the effect of
excluding the first 2 years of follow-up was evaluated.

Because of the use of cohort-specific cut-offs, the MD scores
used measure relative levels of MD adherence. Therefore, we
also evaluated associations of prostate and bladder cancer
(subtypes) with an absolute score based on the dietary part
of the 2007 cancer prevention recommendations published by
the WCRF/AICR (38). The WCRF/AICR score used in this study
includes the recommendations concerning intakes of foods and
drinks that promote weight gain, plant foods, red and pro-
cessed meats, alcohol, and salt. When possible, recommenda-
tions were operationalized as in the European Prospective
Investigation into Cancer and Nutrition (EPIC) cohort (39, 40).
For a detailed description of the scoring method and the
absolute cut-offs used we refer to a previous NLCS article (35).
The resulting sum score ranged from 0 to 5 points (lowest to
highest adherence). In addition, we created a variant of the
WCRF/AICR score without the alcohol recommendation that
ranged from 0 to 4 points. Fully adjusted HRs and 95% CIs
were estimated per SD increase in WCRF/AICR score. For
comparison, we also estimated HRs and 95% CIs per SD-
increment for the aMED variables (with and without alcohol).
Finally, AIC was used to compare model fits of the WCRF/AICR
score and aMED variables. All analyses were performed using

Stata version 15. Two-sided P values <0.05 were considered
statistically significant.

Results
Baseline characteristics of NLCS of subcohort and cases of
prostate and bladder cancer

Table 1 compares baseline characteristics of subcohort
members with those of prostate and bladder cancer cases. The
mean level of MD adherence was similar for cases and sub-
cohort members, except for the slightly lower mean aMEDr
value in female noninvasive bladder cancer cases. Compared
with subcohort members, prostate cancer cases were less often
current smokers, higher educated (particularly nonadvanced
prostate cancer), more physically active (particularly nonad-
vanced prostate cancer), and more likely to have a family
history of prostate cancer. When comparing nonadvanced with
advanced cases at diagnosis, nonadvanced cases more fre-
quently had a high level of education and were slightly more
active. Bladder cancer cases were more often current smokers,
consumed higher amounts of alcohol, and reported more
commonly a family history of bladder cancer than subcohort
members. Patterns were mostly comparable for noninvasive
and invasive bladder cancer cases.

Mediterranean diet adherence and risks of prostate andbladder
cancer

Fully adjusted associations of MD adherence with prostate
and bladder cancer incidence are presented in Tables 2 and 3,
respectively. For age- (and sex-)adjusted associations we refer to
Supplementary Tables S1 (prostate) and S2 (bladder). The num-
ber of subjects included in the Coxmodels is slightly smaller than
the number of eligible participants due to missing values in
covariates.

Prostate cancer.Higher MD adherence, measured by aMEDr, was
associated with an increased risk of prostate cancer [HRper 2-point

increment (95% CI): 1.09 (1.01–1.17); Table 2], although this
positive association was mainly present in nonadvanced cases.

Table 1. Baseline characteristics of subcohort members, and cases of prostate and bladder cancer in the Netherlands Cohort Study

Men Women
Prostate cancer cases Bladder cancer cases Bladder cancer cases

Subcohort Nonadvanced Advanced Noninvasive Invasive Subcohort Noninvasive Invasive
N ¼ 2,057 N ¼ 2,397 N ¼ 1,294 N ¼ 913 N ¼ 831 N ¼ 2,027 N ¼ 140 N ¼ 165

aMEDr 3.9 (1.6) 4.1 (1.6) 4.0 (1.6) 3.9 (1.6) 3.8 (1.6) 4.0 (1.6) 3.7 (1.5) 4.0 (1.6)
mMEDr 4.0 (1.5) 4.1 (1.5) 4.0 (1.5) 4.0 (1.5) 3.9 (1.5) 4.0 (1.5) 4.0 (1.3) 4.0 (1.4)
Age (years)a 61 (7) 62 (7) 62 (7) 62 (7) 62 (6) 61 (7) 61 (7) 62 (7)
Current cigarette smokers (%) 35.1 30.1 30.8 41.1 45.0 21.3 35.7 28.5
Cigarette smoking frequency (cig/day)a,b 15 (10) 15 (10) 15 (10) 15 (10) 20 (15) 10 (13) 12 (15) 12 (14)
Cigarette smoking duration (years)a,b 36 (17) 34 (19) 34 (18) 39 (16) 40 (15) 30 (20) 35 (19) 35 (19)
Higher vocational education or university (%) 19.3 24.4 20.9 20.1 19.3 9.5 7.1 8.5
Alcohol consumption (g/day)a 9.7 (20.9) 10.3 (21.3) 10.5 (20.1) 12.1 (21.7) 12.6 (23.9) 1.6 (7.8) 2.5 (8.7) 2.1 (11.1)
Daily energy intake (kcal) 2162 (501) 2162 (483) 2164 (492) 2154 (475) 2161 (482) 1687 (392) 1621 (357) 1662 (366)
Body mass index (kg/m2) 24.9 (2.6) 24.9 (2.5) 25.0 (2.5) 25.1 (2.6) 24.9 (2.5) 25.0 (3.5) 25.1 (3.6) 25.1 (3.8)
Non-occupational physical activity (min/day)a 62.1 (67.1) 66.4 (62.1) 64.3 (65.7) 62.5 (64.3) 63.6 (67.1) 54.3 (52.9) 53.6 (60.0) 55.7 (60.0)
Family history of prostate cancer (%) 2.4 3.6 3.4 NA NA NA NA NA
Family history of bladder cancer (%) 0.7 NA NA 0.9 1.0 1.4 2.9 1.8

NOTE: The %missing values in the total eligible population was <5% for all variables included in this table, with the exception of cigarette smoking frequency in men.
Mean (SD) values are reported unless otherwise specified.
aMedian (IQR) values are reported.
bMedian (IQR) values for frequency and duration of smoking were based on former and current smokers.
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For nonadvanced prostate cancer risk, the HR (95% CI) compar-
ing high to low aMEDr values was 1.22 (1.01–1.48) with a
significant test for trend (P ¼ 0.04). However, aMEDr was not
significantly associated with the risk of advanced prostate cancer
[HRper 2-point increment (95% CI): 1.06 (0.96–1.17)]. Despite this
difference between the prostate cancer subtypes, tests for hetero-
geneity were not statistically significant. Associations of similar
directions were observed whenMD adherence was assessed using
mMEDr and inclusionof alcohol in theMDscores didnot notably
change the results. Comparison of model performances showed
equal or better (nonadvanced prostate cancer) fits for aMEDr
compared with mMEDr (Table 2). In addition, model fits were
generally better for scores with alcohol than scores without
alcohol.

Associations of aMEDr with risks of nonadvanced and
advanced prostate cancer did not significantly differ across
strata of potential effectmodifiers (Table 4).Nevertheless, increas-
ing aMEDr was associated with a significantly increased risk
of both prostate cancer subtypes among men in the highest
education category, whereas there was no clear evidence of
an association in the other education categories. Results
were comparable after exclusion of the first 2 years of follow-
up [HRper 2-point increment in aMEDr: 1.09 (total), 1.13 (nonad-
vanced), 1.06 (advanced)]. In addition, the strength of the asso-
ciations did not significantly differ before (1986–1994) and after
(1995–2006) the introduction of PSA testing in clinical practice in
the Netherlands (Table 4). However, the positive association
between aMEDr and nonadvanced prostate cancer risk was only
statistically significant in the late period (1995–2006).

Bladder cancer. MD adherence was not significantly associated
withbladder cancer risk, regardless of theMDscoreused (Table 3).

HRs (95% CIs) per 2-point increase in aMEDr were 1.00 (0.92–
1.09), 1.01 (0.92–1.12), and 0.99 (0.89–1.09) for total, nonin-
vasive, and invasive bladder cancer, respectively. In contrast to the
fully adjusted analyses, inverse trends (not always significant)
seemed to be present between MD adherence and risks of total
and invasive bladder cancer in age- and sex-adjusted analyses (P¼
0.04 for mMED and invasive bladder cancer; Supplementary
Table S2). Comparable performances were observed for models
containing aMEDr and mMEDr (Table 3). Furthermore, MD
scores without alcohol fitted equally or better than their equiva-
lents including alcohol.

There was no evidence of effect modification by sex, cigarette
smoking status, alcohol consumption, educational level, and
family history of bladder cancer (Table 5). Higher aMEDr values
seemed to be associated with a nonsignificantly decreased risk
of bladder cancer in subjects with a normal BMI, but not in
overweight or obese subjects [Pinteraction ¼ 0.026 (total),
0.037 (noninvasive), 0.128 (invasive)]. Associations did not
essentially change after exclusion of the first 2 years of follow-
up [HRper 2-point increment in aMEDr: 1.01 (total), 1.02 (noninvasive),
1.00 (invasive)].

Dietary WCRF/AICR recommendations and risks of prostate
and bladder cancer

Because values of aMED indices are population-dependent, we
compared these indices to absolute WCRF/AICR scores (Table 6).
The WCRF/AICR scores were not significantly associated with
prostate and bladder cancer risk, but as with the aMED indices,
associations with prostate cancer risk were in the positive direc-
tion. For prostate cancer risk, WCRF/AICR scores had worse
model fits compared with aMED indices, particularly when con-
sidering the nonadvanced subtype (Supplementary Table S3).

Table 2. Fully adjusted associations of aMED and mMED (including and excluding alcohol) with prostate cancer risk in the Netherlands Cohort Study

Prostate cancer
All Nonadvanced Advanced

PYsubcohort Cases HR (95% CI)a AIC Cases HR (95% CI)a AIC Cases HR (95% CI)a AIC

aMEDr
0–3 12,637 1,473 1.00 854 1.00 497 1.00
4–5 13,363 1,713 1.09 (0.96–1.24) 1,048 1.14 (0.99–1.31) 545 1.03 (0.88–1.21)
6–8 4,817 682 1.14 (0.96–1.36) 55,789 427 1.22 (1.01–1.48) 33,513 214 1.08 (0.87–1.35) 18,198
Ptrend 0.139 0.037 0.483
Continuous, per 2 pts 30,816 3,868 1.09 (1.01–1.17) 55,780 2,329 1.12 (1.04–1.22) 33,505 1,256 1.06 (0.96–1.17) 18,195

aMEDb

0–3 9,833 1,156 1.00 666 1.00 392 1.00
4–5 13,722 1,661 1.03 (0.89–1.18) 1,008 1.07 (0.92–1.25) 528 0.97 (0.81–1.15)
6–9 7,261 1,051 1.19 (1.02–1.40) 55,778 655 1.28 (1.08–1.53) 33,505 336 1.14 (0.93–1.39) 18,192
Ptrend 0.065 0.012 0.376
Continuous, per 2 pts 30,816 3,868 1.09 (1.01–1.17) 55,777 2,329 1.12 (1.04–1.21) 33,503 1,256 1.07 (0.98–1.17) 18,192

mMEDr
0–3 11,536 1,329 1.00 790 1.00 437 1.00
4–5 14,176 1,857 1.10 (0.97–1.26) 1,111 1.11 (0.96–1.28) 614 1.12 (0.95–1.32)
6–8 5,104 682 1.10 (0.92–1.31) 55,790 428 1.17 (0.97–1.41) 33,519 205 1.01 (0.81–1.26) 18,196
Ptrend 0.285 0.111 0.889
Continuous, per 2 pts 30,816 3,868 1.07 (0.99–1.16) 55,787 2,329 1.11 (1.02–1.21) 33,511 1,256 1.02 (0.92–1.13) 18,197

mMEDb

0–3 8,128 955 1.00 571 1.00 310 1.00
4–5 14,828 1,817 1.00 (0.87–1.16) 1,069 0.99 (0.84–1.16) 612 1.05 (0.87–1.26)
6–9 7,860 1,096 1.12 (0.95–1.32) 55,788 689 1.18 (0.99–1.41) 33,512 334 1.07 (0.87–1.31) 18,197
Ptrend 0.122 0.034 0.577
Continuous, per 2 pts 30,816 3,868 1.07 (1.00–1.16) 55,784 2,329 1.11 (1.02–1.20) 33,509 1,256 1.04 (0.95–1.14) 18,195

Abbreviation: PYsubcohort, person-years in the subcohort.
aAdjusted for age at baseline (years), bodymass index (kg/m2), alcohol consumption (g/day), daily energy intake (kcal), highest level of education (primary school or
lower vocational, secondary school or medium vocational, higher vocational or university), and family history of prostate cancer (no, yes).
bNot adjusted for alcohol consumption.

Mediterranean Diet and Risks of Prostate and Bladder Cancer

www.aacrjournals.org Cancer Epidemiol Biomarkers Prev; 28(9) September 2019 1483

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/28/9/1480/1919865/1480.pdf by M

aastricht U
niversity user on 25 O

ctober 2022



Comparable model performances were observed for bladder
cancer risk (Supplementary Table S3).

Discussion
In the large prospective NLCS, a priori defined MD adherence

(aMEDr) was associated with a significantly increased risk of
nonadvanced prostate cancer. In contrast, no association was
observed with advanced prostate cancer risk. MD adherence was
not associated with risks of total, noninvasive, and invasive
bladder cancer. Model fits were equal or better for aMEDr com-
pared with mMEDr. In addition, inclusion of alcohol in the MD
scores resulted in generally better model fits for prostate cancer
risk, whereas the opposite was observed for bladder cancer risk.
Finally, adherence to the dietary WCRF/AICR recommendations
was not associated with risks of both prostate and bladder cancer.

Previously conducted cohort studies in the United States and
Europe consistently found no association between a priori defined
MD adherence and prostate cancer risk (13, 14, 41, 42). Similar
results were obtained when focusing on advanced cases of pros-
tate cancer specifically (13, 14). Case–control studies showed less
consistent results. One study observed a significant inverse asso-
ciation between a priori defined MD adherence and prostate
cancer risk, whereas no relation was present in another
study (43, 44). The vulnerability of the case–control design to
several types of bias, including recall and selection biases, could
potentially explain this inconsistency. Furthermore, prospective
cohort studies may also have some limitations. For example,
reliance on a single assessment of dietary intake at baseline may
lead to exposure misclassification and attenuated associations.

Although exposure misclassification could have contributed to
the nullfindings of the previously conducted cohort studies, some
cohorts did have updated dietary information available during
follow-up (14, 42).

Results of this study were partially in concordance with
results of previous cohort studies. We found higher MD adher-
ence to be significantly associated with an increased risk of
nonadvanced prostate cancer, whereas there was no evidence of
an association with advanced prostate cancer risk. Prostate
cancer is a heterogeneous disease with potentially etiologically
different subtypes that may differ in risk factors (2, 12, 45). The
subgroup of nonadvanced cancers at diagnosis mainly encom-
passes relatively nonaggressive forms of prostate cancer that
progress slowly and might never have become clinically rele-
vant. Approximately half of the diagnosed prostate cancers
were estimated to not have caused any harm if they had
remained undiagnosed and untreated (45). The prevalence of
undiagnosed prostate cancer in elderly men is high, in 47.3% of
US White and European men above the age of 80 years incident
prostate cancer was detected at autopsy (45). Because of the
often indolent nature of nonadvanced prostate cancers,
advanced prostate cancer is the subtype of our primary interest.
In this study, MD adherence was not significantly associated
with advanced prostate cancer risk.

The significant positive associations that we observed between
MD adherence and nonadvanced prostate cancer risk could
potentially be explained by differences in care-seeking behavior,
screening attendance, and prostate cancer awareness related to
education and lifestyle. Male NLCS subcohort members with
higher MD adherence overall seemed to have a healthier lifestyle

Table 3. Fully adjusted associations of aMED and mMED (including and excluding alcohol) with bladder cancer risk in the Netherlands Cohort Study

Bladder cancer
All Noninvasive Invasive

PYsubcohort Cases HR (95% CI)a AIC Cases HR (95% CI)a AIC Cases HR (95% CI)a AIC

aMEDr
0–3 24,302 790 1.00 398 1.00 392 1.00
4–5 28,005 796 0.95 (0.82–1.09) 418 0.98 (0.83–1.17) 378 0.91 (0.76–1.08)
6–8 11,055 298 1.00 (0.83–1.21) 28,540 156 1.02 (0.81–1.28) 14,711 142 0.98 (0.77–1.24) 13,840
Ptrend 0.931 0.898 0.783
Continuous, per 2 pts 63,362 1,884 1.00 (0.92–1.09) 28,540 972 1.01 (0.92–1.12) 14,709 912 0.99 (0.89–1.09) 13,840

aMEDb

0–3 20,107 646 1.00 316 1.00 330 1.00
4–5 28,038 795 0.90 (0.78–1.05) 422 0.98 (0.81–1.17) 373 0.84 (0.70–1.00)
6–9 15,217 443 0.99 (0.83–1.18) 28,544 234 1.05 (0.85–1.29) 14,712 209 0.93 (0.75–1.16) 13,840
Ptrend 0.591 0.850 0.279
Continuous, per 2 pts 63,362 1,884 1.00 (0.93–1.08) 28,546 972 1.03 (0.94–1.14) 14,710 912 0.97 (0.88–1.07) 13,843

mMEDr
0–3 22,721 725 1.00 360 1.00 365 1.00
4–5 30,384 882 0.98 (0.85–1.13) 465 1.04 (0.87–1.23) 417 0.92 (0.77–1.10)
6–8 10,256 277 0.90 (0.74–1.09) 28,539 147 0.94 (0.74–1.19) 14,710 130 0.85 (0.67–1.09) 13,839
Ptrend 0.273 0.645 0.182
Continuous, per 2 pts 63,362 1,884 0.97 (0.89–1.06) 28,539 972 1.00 (0.90–1.11) 14,709 912 0.95 (0.85–1.06) 13,839

mMEDb

0–3 17,618 531 1.00 265 1.00 266 1.00
4–5 30,953 888 0.91 (0.78–1.06) 462 0.95 (0.78–1.14) 426 0.87 (0.72–1.05)
6–9 14,791 465 0.95 (0.80–1.14) 28,545 245 0.99 (0.80–1.23) 14,712 220 0.91 (0.73–1.13) 13,842
Ptrend 0.730 0.954 0.533
Continuous, per 2 pts 63,362 1,884 0.99 (0.91–1.08) 28,546 972 1.03 (0.93–1.13) 14,710 912 0.96 (0.87–1.07) 13,842

Abbreviation: PYsubcohort, person-years in the subcohort.
aAdjusted for age at baseline (years), sex (men, women), cigarette smoking status (never, former, current), cigarette smoking frequency (cigarettes smoked per day,
centered), cigarette smoking duration (years, centered), body mass index (kg/m2), alcohol consumption (g/day), daily energy intake (kcal), highest level of
education (primary school or lower vocational, secondary school or medium vocational, higher vocational or university), and family history of bladder cancer
(no, yes).
bNot adjusted for alcohol consumption.

Schulpen and van den Brandt

Cancer Epidemiol Biomarkers Prev; 28(9) September 2019 Cancer Epidemiology, Biomarkers & Prevention1484

D
ow

nloaded from
 http://aacrjournals.org/cebp/article-pdf/28/9/1480/1919865/1480.pdf by M

aastricht U
niversity user on 25 O

ctober 2022



judged by lower levels of smoking and alcohol consumption, and
higher levels of physical activity, and were higher educated (36).
Higher educated men with a more health-conscious lifestyle may
be more aware of prostate cancer and more prone to seek care or
attend screenings, resulting in a larger number of nonadvanced
prostate cancer diagnoses in this group, part ofwhich neverwould
have become clinically relevant and otherwise would have
remained undiagnosed. Nonadvanced prostate cancer cases in
our study were more physically active and higher educated than
advanced cases and subcohort members, implying a healthier
lifestyle. Furthermore, the positive association between MD
adherence and nonadvanced prostate cancer risk was strongest
and only statistically significant in the highest education category,
which fits our hypothesis that nonadvanced prostate tumors are
more likely to be detected in highly educatedmen. Finally, results
of our stratified analyses by follow-up period showed that the
positive association between MD adherence and nonadvanced
prostate cancer risk only reached statistical significance in the
period after the introduction of PSA testing in clinical practice in
the Netherlands (1995–2006).

Similar to our findings for bladder cancer risk, a priori defined
MD adherence was not significantly associated with total UCC
risk in the prospective EPIC and Melbourne Collaborative
Cohort Study (MCCS) cohorts (15, 16). Although not statisti-
cally significant, HR estimates for risks of total, nonaggressive,
and aggressive UCC in EPIC were suggestive of an inverse
association with MD adherence (15). In addition, higher MD
adherence seemed to be associated with a decreased risk of

invasive UCC (P ¼ 0.06), but not superficial UCC, in the
Australian MCCS (16). HR estimates in our study were much
closer to unity. Residual confounding by cigarette smoking,
which is the most important bladder cancer risk factor (4),
could (partially) explain the nonsignificant inverse associations
between MD adherence and (invasive) UCC risk that were
observed in the previously conducted prospective studies. The
adjustment for cigarette smoking seemed to be less compre-
hensive in these studies compared with this study and the
inverse associations were restricted to (former and) current
smokers. Besides, we also observed (non-significant) inverse
associations with invasive bladder cancer risk when we only
adjusted our models for age and sex. Very recently, a pooled
analysis of 13 prospective cohorts showed that MD adherence
was associated with a significantly decreased risk of total, non-
muscle-invasive, and muscle-invasive bladder cancer (46).
However, this study did not sufficiently adjust for smoking
behavior. Finally, an Italian hospital-based case-control study
found higher MD adherence to be associated with a signifi-
cantly decreased UCC risk (47).

In this study, BMI significantly modified the association
betweenMDadherence and risks of total andnoninvasive bladder
cancer, with nonsignificant inverse associations being observed
among subjects with a normal BMI, but not among overweight or
obese subjects. An inverse associationhasbeen suggestedbetween
BMI and levels of urinary 8-hydroxydeoxyguanosine, a marker of
oxidative DNA damage, particularly in smokers (48). Therefore,
subjectswith anormal BMI potentially benefitmost from thehigh

Table 4. Fully adjusted associations of aMEDr (per two-point increment) with prostate cancer risk for various subgroups in the Netherlands Cohort Study

Prostate cancer
All Nonadvanced Advanced

Cases HR (95% CI)a,b Cases HR (95% CI)a,b Cases HR (95% CI)a,b

Overall 3,868 1.09 (1.01–1.17) 2,329 1.12 (1.04–1.22) 1,256 1.06 (0.96–1.17)
Alcohol consumptionc

0 g/day 488 1.11 (0.91–1.35) 291 1.10 (0.89–1.37) 154 1.22 (0.93–1.61)
>0–<15.0 g/day 1,891 1.15 (1.03–1.28) 1,135 1.20 (1.06–1.36) 628 1.08 (0.94–1.24)
�15.0 g/day 1,489 1.02 (0.90–1.16) 903 1.07 (0.93–1.22) 474 0.99 (0.85–1.15)
Pinteraction

d 0.484 0.506 0.387
Body mass indexe

�18.5–<25.0 kg/m2 2,054 1.08 (0.97–1.20) 1,256 1.12 (1.00–1.25) 646 1.07 (0.94–1.22)
�25.0 kg/m2 1,804 1.10 (0.98–1.23) 1,067 1.14 (1.01–1.29) 608 1.05 (0.92–1.21)
Pinteraction

d 0.699 0.623 0.897
Highest level of educationf

Primary school or lower vocational 1,572 1.03 (0.92–1.17) 929 1.07 (0.93–1.22) 525 0.97 (0.84–1.13)
Secondary school or medium vocational 1,405 1.06 (0.95–1.20) 827 1.12 (0.98–1.27) 470 1.05 (0.91–1.22)
Higher vocational or university 891 1.24 (1.04–1.47) 573 1.26 (1.04–1.52) 261 1.27 (1.01–1.60)
Pinteraction

d 0.235 0.362 0.188
Family history of prostate cancerg

No 3,731 1.10 (1.02–1.18) 2,244 1.14 (1.05–1.24) 1,214 1.07 (0.97–1.18)
Yes 137 0.85 (0.53–1.38) 85 0.84 (0.50–1.41) 42 0.85 (0.47–1.54)
Pinteraction

d 0.191 0.164 0.363
Follow-up period
1986–1994 985 1.06 (0.96–1.18) 455 1.08 (0.95–1.24) 397 1.09 (0.95–1.25)
1995–2006 2,883 1.09 (1.01–1.19) 1,874 1.13 (1.04–1.24) 859 1.05 (0.94–1.17)
Pinteraction

d 0.611 0.456 0.440
aAll HRs were estimated per two-point increment in aMEDr.
bAdjusted for age at baseline (years), bodymass index (kg/m2), alcohol consumption (g/day), daily energy intake (kcal), highest level of education (primary school or
lower vocational, secondary school or medium vocational, higher vocational or university), and family history of prostate cancer (no, yes).
cNot adjusted for alcohol consumption.
dP-values for interaction were obtained by testing the statistical significance of interaction terms between aMEDr and the stratifying covariates in fully adjusted
models.
eNot adjusted for body mass index.
fNot adjusted for highest level of education.
gNot adjusted for family history of prostate cancer.
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antioxidant content (e.g., vitamins and polyphenols) of the
MD (49, 50). However, this interaction could also be a chance
finding. The interaction with BMI was not detected in the EPIC
cohort (15) and requires attention in future research. The asso-
ciation of MD adherence with bladder cancer risk did not signif-
icantly differ across strata of other potential effect modifiers
including sex and smoking status.

A major strength of the NLCS is its prospective design and the
nearly complete follow-up of 20.3 years. The large number of
prostate and bladder cancer cases allowed subtype-specific
analyses based on tumor stage/invasiveness at diagnosis, exten-
sive adjustment for confounding, and stratified analyses for
potential effect modifying factors. Despite the comprehensive
adjustment for cigarette smoking habits in the analyses con-
cerning bladder cancer risk, residual confounding by smoking
(bladder cancer) or unmeasured factors (prostate and bladder
cancer) could still have affected our results. For example, we
had no information about PSA testing. Nevertheless, associa-
tions of MD adherence with prostate cancer risk did not

statistically significantly differ in time periods before and after
the introduction of PSA testing in the Netherlands, making a
relevant effect on our results unlikely. Moreover, we were not
able to adjust the analyses concerning bladder cancer risk for
environmental and occupational exposures to chemicals or
exposure to arsenic in drinking water. A final strength of our
study includes the high quality of the dietary data. The single
baseline measurement of the NLCS-FFQ was shown to perform
adequately when compared with 9-day dietary records and
dietary habits were reproducible for over at least 5 years (19, 22).
However, changes in dietary habits and confounding factors
after baseline as well as measurement errors may have atten-
uated associations. The population-dependent assignment of
scores is a weakness of the MD scores that we used to assess MD
adherence. Therefore, high MD score values may not necessarily
represent a truly Mediterranean way of eating, especially in the
Netherlands and other non-Mediterranean countries. Nonethe-
less, largely similar results were obtained when we used abso-
lute scores based on the WCRF/AICR dietary recommendations

Table 5. Fully adjusted associations of aMEDr (per two-point increment) with bladder cancer risk for various subgroups in the Netherlands Cohort Study

Bladder cancer
All Noninvasive Invasive

Cases HR (95% CI)a,b Cases HR (95% CI)a,b Cases HR (95% CI)a,b

Overall 1,884 1.00 (0.92–1.09) 972 1.01 (0.92–1.12) 912 0.99 (0.89–1.09)
Sexc

Men 1,593 1.01 (0.92–1.11) 840 1.04 (0.93–1.16) 753 0.98 (0.87–1.10)
Women 291 0.94 (0.79–1.10) 132 0.86 (0.69–1.08) 159 1.00 (0.81–1.25)
Pinteraction

d 0.472 0.091 0.622
Cigarette smoking statuse

Never 271 0.99 (0.82–1.18) 137 0.93 (0.73–1.18) 134 1.05 (0.83–1.33)
Former 855 1.09 (0.97–1.22) 457 1.10 (0.96–1.27) 398 1.07 (0.92–1.24)
Current 758 0.93 (0.80–1.08) 378 0.98 (0.82–1.16) 380 0.89 (0.74–1.07)
Pinteraction

d 0.206 0.457 0.151
Alcohol consumptionf

0 g/day 234 1.00 (0.82–1.22) 111 0.91 (0.69–1.20) 123 1.09 (0.86–1.38)
>0–<15.0 g/day 888 1.01 (0.90–1.13) 475 1.03 (0.89–1.18) 413 0.98 (0.85–1.14)
�15.0 g/day 762 0.96 (0.84–1.11) 386 1.00 (0.84–1.18) 376 0.93 (0.78–1.11)
Pinteraction

d 0.988 0.807 0.661
Body mass indexg

�18.5–<25.0 kg/m2 1,019 0.92 (0.82–1.03) 513 0.91 (0.79–1.05) 506 0.92 (0.80–1.06)
�25.0 kg/m2 857 1.10 (0.97–1.24) 455 1.12 (0.97–1.30) 402 1.07 (0.92–1.26)
Pinteraction

d 0.026 0.037 0.128
Highest level of educationh

Primary school or lower vocational 816 0.91 (0.80–1.04) 410 0.94 (0.80–1.11) 406 0.87 (0.74–1.03)
Secondary school or medium vocational 728 1.03 (0.90–1.16) 384 1.01 (0.87–1.18) 344 1.04 (0.89–1.21)
Higher vocational or university 340 1.20 (0.97–1.48) 178 1.20 (0.92–1.57) 162 1.20 (0.92–1.56)
Pinteraction

d 0.056 0.303 0.055
Family history of bladder canceri,j

No 1,862 1.01 (0.93–1.09)
Yes 22 0.34 (0.05–2.34)
Pinteraction

d 0.094
aAll HRs were estimated per two-point increment in aMEDr.
bAdjusted for age at baseline (years), sex (men,women), cigarette smoking status (never, former, current), cigarette smoking frequency (cigarettes smoked per day,
centered), cigarette smoking duration (years, centered), body mass index (kg/m2), alcohol consumption (g/day), daily energy intake (kcal), highest level of
education (primary school or lower vocational, secondary school or medium vocational, higher vocational or university), and family history of bladder cancer (no,
yes).
cNot adjusted for sex.
dP-values for interaction were obtained by testing the statistical significance of interaction terms between aMEDr and the stratifying covariates in fully adjusted
models.
eNot adjusted for cigarette smoking status.
fNot adjusted for alcohol consumption.
gNot adjusted for body mass index.
hNot adjusted for highest level of education.
iThe analyses stratified by family history of bladder cancerwere only performed for total bladder cancer risk because of the lownumber of caseswith a positive family
history.
jNot adjusted for family history of bladder cancer.
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to prevent cancer. In addition, aMED-containing models per-
formed equally well or better than models containing WCRF/
AICR scores in our study population.

In conclusion, high adherence to the MD was not associated
with decreased risks of advanced prostate cancer as well as total,
noninvasive, and invasive bladder cancer in the NLCS. The
positive associations that we observed between MD adherence
and nonadvanced prostate cancer risk potentially resulted from
higher levels of care-seeking behavior, screening attendance, and
prostate cancer awareness in higher educated men with healthier
lifestyles, causing a larger number of nonadvancedprostate cancer
diagnoses in this group. Therefore, we recommend that future
studies on dietary factors and prostate cancer risk also report
results specifically for advanced prostate cancer.
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