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Abstract

The association between the use of calcium channel blockers (CCB) and cancer has received ample attention, but is still con-
troversial. In this study, we have tested the hypothesis that the observed association between CCB and cancer in earlier studies

could be explained by residual confounding or by misclassification of exposure because of the use of cross-sectional data on drug
use. Data from the Rotterdam Study, a prospective population-based cohort study in the municipal area Ommoord, were used. The
study population consisted of a cohort of 3204 participants aged 71 years or older who were followed from a baseline interview in

the period 1991–1993 for the occurrence of incident cancer. Data on drug use were gathered at baseline and through the seven
community pharmacies which served the Ommoord region during the study period between 1 January 1991 and 1 January 1999.
Incident cancer events were gathered from a nationwide registry of hospitalisation data and from a specialised cancer centre in the
Rotterdam region. We performed three analyses. First, we followed the method, and adjusted for the same risk factors, as in the

earlier studies. In the second analysis, we included all risk factors that were univariately associated with cancer in the Rotterdam
Study. In the third analysis, we included exposure to CCBs as time-varying co-variates, while adjusting for potential confounders.
The relative risk (RR) of cancer associated with CCB was 1.4 (95% Confidence Interval (CI): 0.9–2.0) in the first analysis and

lowered to 1.2 (95% CI: 0.8–1.8) upon adjustment for the different co-variates in the second. In both analyses, however, verapamil
was significantly associated with cancer with RRs of 2.1 (95% CI: 1.1–4.0) and 2.0 (1.01–3.9), respectively, whereas no associations
were found with the other CCB in this study, i.e. diltiazem and nifedipine. A significantly increased risk of cancer was found for

intermediate daily doses of verapamil and diltiazem. Intake of other antihypertensives such as b-blocking agents, diuretics and
ACE-inhibitors was not associated with cancer. In the third analysis with exposure to CCB as time-varying co-variates, the risk
increase was non-significant for use of 2 years or less, 1.0 (95% CI: 0.7–1.5), and for use for a cumulative period of more than 2

years, 1.3 (95% CI: 0.8–2.0). However, in all models the hazard ratio was statistically significantly increased for verapamil, but not
for diltiazem and nifedipine. On the basis of these analyses, we found no increase in cancer in users of diltiazem and nifedipine, nor
in users of other antihypertensives. In line with earlier studies, however, we found an increased risk of cancer in users of verapamil.
At variance with the conclusions from several other studies, we think that it is too early to conclude that CCB are not associated

with cancer.
# 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Calcium channel blockers (CCB) are widely prescribed
for the treatment of hypertension and symptomatic

coronary artery disease. In 1996, concern arose about
the association between long-term use of CCB in
humans and cancer [1–7]. The hypothesised biological
mechanism behind this suspicion was that CCB may
inhibit the programmed death of premalignant cells by
apoptosis, and may thereby promote tumour growth [4–7].
Others, however, have questioned this mechanism. The
first epidemiological study on the association between
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CCB and cancer was published by Pahor and colleagues
who performed a study in a cohort of 5052 people aged 71
years or more. Baseline data on drug exposure were col-
lected in 1988 and cancer events were ascertained between
1988 and 1992. This first paper has led to an extensive
correspondence that focused on potential selection bias,
and misclassification of smoking and drug exposure.
Since then, some epidemiological studies reported an
increased risk [5,6,8], while others did not demonstrate
an association between CCB and cancer [9–15].

Because the first study made use of cross-sectional
data on drug exposure, we anticipated that mis-
classification of exposure could be one of the reasons
for a spurious association between CCB and cancer.
Moreover, some potential confounders might not have
been present in the first study, or might have been classi-
fied in a way that left room for residual confounding.
Therefore, we tested our prior hypothesis that CCB are
not associated with an increased risk of cancer. Hereto, we
compared the analysis used in the initial study by Pahor
and colleagues with two alternative approaches for the
analysis of the association between CCB and cancer.

2. Patients and methods

2.1. Setting

The Rotterdam Study is a prospective population-
based cohort study of neurological, cardiovascular,
locomotor and ophthalmological diseases in the elderly
[16]. In brief, all inhabitants of Ommoord aged 55 years
or older who were living in this municipal area of Rot-
terdam were invited in 1990–1993 to participate in the
study. Of the 10 275 eligible subjects, 7983 (78%) parti-
cipated and were interviewed at home. During this visit,
trained interviewers administered an extensive ques-
tionnaire covering, among other topics, socio-economic
background, food intake, medical history and current
medication use (at day of interview). Baseline interviews
were repeated in a second (1994–1996) and third (1997–
1999) cross-sectional measurement. Additionally, as of
1991 all hospital admissions (coded according to the
International Classification of Diseases (ICD)-9CM) of
these patients are available in automated form. All
patients obtain their prescribed medicines through seven
pharmacies which serve the Ommoord region and sur-
roundings, and which are fully automated and served by
one common network. Over a 5-year-period, approxi-
mately 98% of the study population obtained at least
one prescription through one of these pharmacies.

2.2. Study cohort and period

The potential study period consisted of the 8-year
period between 1 January 1991 and 1 January 1999. We

excluded all patients with a history of cancer before
1991. As we assumed that any tumour-inducing or pro-
moting effect of calcium-antagonists would require an
induction plus latent period of at least 1 year, we also
excluded all patients who had a tumour which was
diagnosed between 1 January 1991 and 1 January 1992
or who had filled a prescription for cytostatic agent
before 1 January 1992. Furthermore, we excluded all
participants below 71 years of age at study entry and all
patients who were not registered with one of the phar-
macies. The remaining population was followed from
baseline until one of the following events: a registration
of malignant cancer (ICD-9CM codes 140–208), death,
transfer to another area, or end of the study period,
whichever of the events occurred earliest.

2.3. Exposure definition

In order to study the effects of CCB on the estimated
risk of cancer, we used two exposure definitions. In the
first two analyses, we assessed exposure to CCB with
data from the baseline interview in 1991, during which
we collected information on all currently used drugs. At
that time, patients were asked to show containers for all
prescription drugs taken over the past 2 weeks before
interview. In the third analysis, we applied time-varying
cumulative exposure variables on the basis of pharmacy
records over the entire study period as this facilitates
adjustment for the duration of use as a risk factor. The
pharmacy records contain automated information on all
dispensed prescriptions since 1 January 1991 and
include the product name, international non-proprietary
name, the Anatomical Therapeutic Chemical (ATC) code
(17), number of filled tablets/capsules or other dosage
forms, the date of delivery, the prescribed daily number,
the dosage and the legend duration (prescription length).
For dosage comparisons, we expressed the prescribed
daily dosages in defined daily doses (DDD). The DDD
is a standardised dosing unit that was defined by the
World Health Organization as the recommended daily
dose of the drug for the main indication in an adult [17].

2.4. Outcome definition

Data on hospital admissions and discharge diagnoses
for each subject were collected through a nationwide
registry of hospitalisation data—which includes all
admissions to all academic and general hospitals in the
Rotterdam area—and from the Daniël den Hoed clinic
which is a specialised cancer-referral centre in the Rot-
terdam region. For every admission, one mandatory
main diagnosis and up to nine optional diagnoses are
registered and stored in an automated database. As
outcome, we used the first occurrence during the study
period of a registration of malignant cancer (ICD-9CM
codes 140–208).
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2.5. Co-factors

The following co-factors and risk indicators poten-
tially related to the outcome cancer were collected at
baseline: age, gender, hypertension (systolic blood pres-
sure 5160 and/or diastolic blood pressure 595 mmHg,
or the use of blood pressure lowering drugs with the
indication hypertension), ischaemic heart disease (myo-
cardial infarction verified by a cardiologist, or general
practitioner and electrocardiogram (ECG), coronary
bypass (number of coronary bypasses), PTCA, history
of stroke (number of strokes), angina pectoris, periph-
eral artery disease, heart failure (defined as use of both,
digoxin and a diuretic), diabetes mellitus, medication use
(other antihypertensives, diuretics, b-blocking agents,
ACE-inhibitors, corticosteroids for systemic use, anti-
inflammatory and antirheumatic products, sex hormones
and modulators of the genital system, antilipidemics and
HMG-CoA-reductase inhibitors), age at menopause,
number of general practioner (GP) visits and hospital
admissions before baseline, health complaints, socio-
economic status (highest education, current/last occu-
pation), body mass index (kg/m2), cholesterol (total
cholesterol and high density lipoprotein (HDL) choles-
terol in mmol/l), smoking (in general, current smoking,
ever smoked, past cigarette smoker, number of cigar-
ettes currently smoked per day, number of cigarette
packs per day multiplied by the total number of years of
smoking for former smokers), alcohol (528.35 g/day,
assessed by self-reported frequency). Moreover, we used
the data from an extensive food questionnaire regarding
the intake of energy, total fat, dietary fibre, vitamins C
and E, b-carotene and flavonoids.

2.6. Analysis

The aim of the study was to investigate whether
inclusion of additional or better-defined potential con-
founders or a more detailed exposure assessment would
take away the initially reported association between the
use of CCBs and the occurrence of cancer. Therefore,
we conducted three different analyses. The first analysis
(model 1) exactly followed the methods of the initial
study by Pahor and colleagues [4] and included the same
potential confounders in the model. We assessed the
rate of cancer in elderly (571 years) users and non-
users of CCB at baseline by means of a Cox-propor-
tional hazard regression model, while adjusting for age,
gender, current smoking status, number of hospital
admissions during follow-up, heart failure and alcohol
intake. Since the prevalence of risk factors for cancer
may differ between the Rotterdam study and the cohort
that was used in the first study, we conducted a second
analysis (model 2) in which we assessed the associations
between all potential risk factors and the outcome can-
cer. All estimations were adjusted for age and gender.

Subsequently, we included in our second model all factors
that were univariately associated with cancer (P<0.10)
and caused a change in the age- and gender-adjusted
point estimate for exposure that was more than 5%. In
both analyses, we additionally conducted stratified analyses
for individual CCBs and doses across different CCB,
ranking the dose as low (0.0–0.74 DDD), intermediate
(0.75–1.24 DDD) and high (>1.24 DDD) [18]. In our
third analysis (model 3, including all factors that were
univariately associated with cancer (P<0.10), diuretics,
b-blocking agents and ACE-inhibitors), we calculated
the relative risks of cancer with a Cox proportional
hazards model in which exposure to CCB was obtained
from pharmacy records and included as time-varying
variables. As even chronically used drugs are often
taken intermittently, we used dummy variables for the
duration of use in these models. We constructed dummy
variables for the duration of use since 1 January 1991,
and distinguished exposure into two mutually exclusive
groups of 42 years and > 2 years cumulative exposure,
as the median of use in days was found to be close to 2
years. For Cox proportional hazard models, the
assumption of proportionality was assessed by log
minus log plots and by testing for interaction of expo-
sure and co-variates with time, respectively. Adjustment
for the effects of missing data was provided by addi-
tional indicator variables for almost all co-variates. For
comparisons of proportions, we used w2-statistics or a
Fisher’s exact test whenever the expected cell counts
were less than 5. Comparisons between continuous data
were performed with a Student’s t-test or Mann–Whitney
test in case of an abnormal distribution. All statistical
tests were two-sided with a rejection of the null
hypothesis at a P value of <0.05.

3. Results

The original cohort consisted of 7983 elderly persons.
From this population, we excluded 17 persons who were
not registered with one of the pharmacies in the area of
Ommoord, and 787 persons who died or had a history
of cancer or use of cytostatics before 1 January 1992 or
who had a follow-up (and thus medication history) of
less than 6 months (n=36). Furthermore, we excluded
69 persons with a diagnosis of cancer, but without fur-
ther specification. The remaining study population
comprised 7074 persons, of whom 29 had to be excluded
because they had an index date before the study entry.
Finally, similar to the study of Pahor and colleagues, we
excluded 3841 individuals below 71 years of age leaving
a cohort of 3204 participants for our analyses.

As expected, the 262 participants taking CCB were
significantly more likely to suffer from cardiovascular
diseases, diabetes mellitus and a history of stroke than
the 2942 non-users. They also more frequently used
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antilipidemic agents, cardiovascular drugs and systemic
corticosteroids. Finally, they reported more health
complaints and had more hospital admissions. Several
other potential risk factors did not differ significantly
between the index and reference cohorts (Table 1).
During 16 640 person-years of follow-up (mean 5.2
years), 302 persons developed malignancies. The age-
specific incidence rates per 100 000 person years were
1437.7 for women and 2639.4 for men of 71–75 years,
respectively (Table 2). Apparently, the cancer rate
declined with advancing age. The most frequent cancers
concerned the colon, prostate, skin, lung and a combi-
nation of the bladder, ureter and kidney (Table 3). In 29

users (mean follow-up time 4.7 years) and in 273 non-
users of CCB (mean follow-up time of 5.2 years) cancer
was diagnosed (Table 4).

In our model 1, which was identical to that used in the
study of Pahor and colleagues, the risk of cancer among
CCB users was non-significantly increased by 36%,
after adjustment for age, gender, heart failure (defined
as the use of diuretics and digoxin), current smoking
status (number of cigarettes currently smoked per day),
number of hospital admissions (before the qualifying
event or before the end of follow-up) and alcohol intake
(528.35 g/day, assessed by self-reported frequency). In
subsequent models, we used model 1 as a starting point,

Table 1

Characteristics of the study population at baseline (n=3204)

Characteristic Users of CCB (%) (n=262) Non-users of CCB (n=2942) P value

Mean age (S.E.) 79.2 (0.37) 79.3 (0.12) 0.76

Women 64.5 67.9 0.26

Hypertension 20.2 22.7 0.25

Ischaemic heart disease 29.8 12.4 <0.001
Coronary bypass (1–5 events) 4.6 1.8 0.004

PTCA (1–5 events) 2.7 0.4 0.001

History of stroke 7.3 5.4 0.25

Angina pectoris 21.0 6.9 <0.001
Peripheral artery disease 26.7 22.0 0.12

Diabetes mellitus 19.1 12.9 0.01

Heart failure 11.1 4.9 <0.001

Co-medication

Diuretics 39.7 23.3 <0.001

b-Blocking agents 25.2 14.1 <0.001

ACE inhibitors 13.0 6.2 <0.001
Antilipidemics (all) 3.8 1.0 0.001

HMG-CoA-reductase-inhibitors 3.4 0.7 0.001

Corticosteroids for systemic use 5.0 2.4 0.01

Body mass index (kg/m2)

<20 2.7 3.4 Reference

20—25 26.3 26.8 0.58

25—30 35.5 36.3 0.59

>30 17.9 12.4 0.14

Alcohol, self-reported

528.35 g/day 4.2 4.7 0.7

Current smoking

Non-smokers 83.6 79.7 Reference

Smoking 1–19 cigarettes/day 10.3 9.8 0.99

520 cigarettes/day 1.5 2.7 0.23

Smoking (in general)

Current 13.0 15.1 Reference

Former 38.9 33.7 0.15

Never 44.3 44.7 0.49

Hospital admissions

None 59.9 61.1 Reference

1 admission 16.8 18.6 0.63

2 admissions 7.6 10.2 0.26

3 admissions 5.7 4.8 0.47

54 admissions 9.9 5.3 0.004

Highest education

Primary school 40.8 37.7 Reference

Lower vocational school/lower secondary school 29.0 28.1 0.76

Intermediate vocational school/general secondary school 19.5 20.1 0.54

Higher vocational school/university 7.3 5.2 0.34

S.E. standard error.
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but included stepwise all factors which were associated
with cancer in the Rotterdam cohort. An association
with cancer (P<0.10) was found for ischaemic heart
disease, total cholesterol (mmol/l), diabetes (yes/no) and
age at menopause in women, but not for any of the
other factors, including those from the food ques-
tionnaire. No association with cancer (P<0.10) was
found for any of the smoking variables as given in the
methods. Inclusion of the univariately associated factors
in the multivariate analysis hardly changed the point
estimate of the relative risk (RR) and the results are not
shown here. In the analysis with the second model in
which we only included potential risk factors which
were univariately associated with cancer in the Rotter-
dam Study and other antihypertensives, we found a
non-significantly increased RR of 1.2 (Table 4). In both
models, there was no association between b-blocking
agents, ACE inhibitors, and diuretics and cancer
(Table 4). Adjustment of models 1 and 2 for concurrent
use of these antihypertensives hardly changed the point
estimates. In our study population, almost all users of
CCB used either verapamil, diltiazem or nifedipine. In
separate analyses with models 1 and 2, the association

was significantly increased for verapamil, but not for
diltiazem and nifedipine (Table 4). Further separate
adjustment for use of ACE inhibitors, b-blocking agents
and diuretics did not change the increased risk estimate
for verapamil. When stratified by daily dosage, the
increased risk of cancer was mainly found for inter-
mediate daily doses (0.75–1.24 DDD) of verapamil with
a RR of (2.7 (95% Confidence Interval (CI): 1.02–7.4)
while a daily dose below 0.75 DDD was associated with
a non-significant RR of 1.7 (95% CI: 0.7–4.2). A sig-
nificant risk increase was also seen for intermediate
doses of diltiazem with a RR of 2.1 (95% CI: 1.05–4.3),
but not for nifedipine. The high dosages for verapamil
and diltiazem were not analysable because there were no
cases in these strata (data not shown).

Because the cancer rates declined with age, we did a
stratified analysis in two age groups: 71–79 years and
580 years as was also performed in the study by Pahor
and colleagues. The RR of cancer associated with the
use of CCB in participants aged 71–79 years (n=1817)
was 1.8 (95% CI: 1.2–2.8) in this age stratum, but in
participants aged 80 years and over the RR was 0.7
(95% CI: 0.3–1.5). Further stratification according to

Table 2

Age- specific incidence rates per 100 000 person-years for cancer

Age at entry (years) Incidence rates in women (95% CI) Incidence rates in men (95% CI)

71–75 1437.7 (1092.4–1782.9) 2639.4 (2034.1–3244.7)

76–80 1075.0 (717.9–1432.0) 3597.8 (2744.4–4451.3)

81–85 1738.6 (1222.7–2254.5) 2739.3 (1645.4–3833.3)

86–90 1564.5 (904.7–2224.3) 1272.6 (64.5–2480.7)

95% CI, 95% Confidence Intervals.

Table 3

Use of calcium channel blockers and their relationship with specific cancer sites

Type of cancer (ICD-9 code) Cancer events (%) Crudea RR (95% CI) Model 1a RR (95% CI) Model 2a RR (95% CI)

Stomach (151) 11 (3.6) – – –

Colon (153) 43 (14.2) 1.3 (0.5–3.7) 1.4 (0.5–3.8) 1.2 (0.4–3.5)

Rectum (154) 16 ( 5.3) 1.8 (0.4–7.8) 2.0 (0.5–8.8) 1.5 (0.3–6.7)

Liver, gallbladder, pancreas (155–157) 10 ( 3.3) 3.1 (0.7–14.7) 3.1 (0.6–14.9) 2.5 (0.5–12.4)

Lung (162) 24 (7.9) 1.0 (0.2–4.4) 1.3 (0.3–5.5) 0.8 (0.2–3.5)

Skin (172–173) 26 (8.6) 2.83 (1.1–7.5) 2.7 (1.03–7.3) 2.4 (0.8–6.6)

Breast (174) 20 (12.8b) – – –

Uterus, adnexa (182–183) 11 (7.1b) 1.4 (0.2–10.8) 1.8 (0.2–13.8) 1.1 (0.1–9.0)

Prostate (185) 32 (21.9b) 0.8 (0.2–3.2) 0.7 (0.2–3.2) 0.8 (0.2–3.3)

Bladder, ureter, kidney (188–189) 26 (8.6) 1.5 (0.5–5.1) 1.5 (0.5–5.1) 1.5 (0.4–5.1)

Lymphatic, haematopoietic (200–208) 15 (5.0) 1.8 (0.4–8.3) 2.0 (0.4–8.9) 2.0 (0.4–9.0)

Relative Risk.
a Crude RRs are adjusted for age and gender; model 1 is adjusted for age, gender, heart failure, current smoking status, number of hospital

admissions as continuous and alcohol intake (according to Pahor and colleagues [4]); model 2 is adjusted for age, gender, ischaemic heart disease,

total cholesterol (mmol/l), diabetes mellitus (forward stepwise multivariate analysis with variables which are univariately associated at a P

value<0.1).
b Percent of gender-specific cancer sites.
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gender, diabetes mellitus, smoking, ischaemic heart dis-
ease, alcohol intake, cholesterol, or age at menopause in
women gave largely similar results to the multivariate
analyses and no effect modification was seen (data not
shown). Individual cancer sites were analysed according
to the ICD-9CM codes for malignant cancers (140–208).
In the age- and gender-adjusted model and model 1,
only the hazard ratios of skin cancer associated with the
CCB were statistically significantly increased. No sig-
nificant risk estimates were found for rectum, lung,
prostate and the other cancer sites (Table 3). In general,
the risk estimates differed from those found by Pahor and
colleagues. The risk of specific cancers associated with
verapamil use compared with other CCB was generally
higher, but only statistically significantly increased for
cancers of the lymphatic and haematopoietic organs
(RR: 7.84, 95% CI 1.66–37.0).

In the model with the analysis of cumulative exposure
to CCB into two mutually exclusive groups of 42 years
and >2 years, we found non-significantly increased
risks for exposure of less than 2 years and more than 2
years of cumulative exposure (Table 5). Additional
adjustment of the crude analysis and model 3 for con-
current use of other antihypertensives (diuretics, beta-
blocking agents and ACE-inhibitors) hardly changed
the point estimates. However, a significantly increased
risk of cancer was found for more than 2 years of
cumulative exposure to verapamil. None of the hazard
ratios to nifedipine, diltiazem and amlodipine, defined
as time-varying cumulative exposure was statistically
significant.

4. Discussion

In this study, we tested the hypothesis that CCB are not
associated with an increased risk of cancer. We hypothe-
sised that the results from an earlier study might be

Table 4

Use of antihypertensives and their association with cancer in the study population

Antihypertensives Cancer events Crudea RR (95% CI) Model 1a RR (95% CI) Model 2a RR (95% CI)

b-Blocking agents

Users 52 1.1 (0.8–1.5) 1.2 (0.9–1.7) 1.1 (0.8– 1.5)

Non-users 250 Reference – –

ACE inhibitors

Users 19 1.0 (0.6–1.6) 1.0 (0.6–1.6) 0.9 (0.6–1.4)

Non-users 283 Reference – –

Diuretics

Users 69 1.2 (0.9–1.5) 1.3 (0.9–1.8) 1.2 (0.9– 1.5)

Non-users 233 Reference – –

Calcium antagonists

Users 29 1.3 (0.9–1.9) 1.4 (0.9–2.0) 1.2 (0.8–1.8)

Non-users 273 Reference – –

Verapamil 9 1.9 (0.96–3.6) 2.1 (1.1–4.0) 2.0 (1.01–3.9)

Diltiazem 10 1.4 (0.8–2.7) 1.5 (0.8–2.9) 1.3 (0.7–2.4)

Nifedipine 9 1.00 (0.5–1.9) 0.9 (0.5–1.8) 0.8 (0.4–1.6)

a Crude RRs are adjusted for age and gender; model 1 is adjusted for age, gender, heart failure, current smoking status, number of hospital

admissions as continuous and alcohol intake (according to Pahor and colleagues [4]); model 2 is adjusted for age, gender, ischaemic heart disease,

total cholesterol (mmol/l), diabetes mellitus (forward stepwise multivariate analysis with variables which are univariately associated at a P

value<0.1) and additionally for calcium channel blockers, verapamil, diltiazem, nifedipin adjusted for diuretics, ACE-inhibitors and beta-blockers.

Table 5

The association between CCB as time-varying exposures and cancer

compared with non-use

Cumulative time

of exposure

Crude analysis

RR (95% CI)

Model 3a

RR (95% CI)

All CCB

42 years 1.1 (0.8–1.6) 1.0 (0.7–1.5)

>2 years 1.4 (0.9–2.1) 1.3 (0.8—2.0)

Verapamil

42 years 1.5 (0.9–2.5) 1.4 (0.8–2.5)

>2 years 2.4 (1.2–5.0) 2.4 (1.2–4.9)

Diltiazem

42 years 1.1 (0.7–1.9) 1.0 (0.6–1.7)

>2 years 0.7 (0.3–2.0) 0.7 (0.2–1.8)

Nifedipine

42 years 0.9 (0.5–1.6) 0.8 (0.4–1.5)

>2 years 1.4 (0.8–2.7) 1.3 (0.7–2.5)

Amlodipine

42 years 0.4 (0.1–1.7) 0.4 (0.1–1.6)

>2 years 0.7 (0.1–5.3) 0.7 (0.1–5.3)

a Model 3: adjusted for age, gender, ischaemic heart disease, total

cholesterol (mmol/l), diabetes mellitus, diuretics, beta-blocking agents

and ACE-inhibitors.
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explained by residual confounding or exposure mis-
classification. As the Rotterdam study has much informa-
tion on potential confounders and drug exposure data on a
daily basis for all cohort members, we expected that addi-
tional adjustment with these data would take away the
association. In fact, we found results, which were largely
similar to the study by Pahor and colleagues [4].
Although we found a lower risk estimate for any CCB, in
our study verapamil was also associated with a 2-fold and
significant risk increase after adjustment for all known
independent risk factors for cancer. This increase was
dose-dependent. Furthermore, also in our study CCB
were associated with an increased risk of cancer in the
71–79 years age group. At variance with the study by
Pahor and colleagues, we did not find a risk increase in
those aged 80 years and over. This might be explained by
the fact that the incidence rate of cancer decreases in the
very old, while their chance of receiving third-line treatment
with CCB because of cardiovascular morbidity increases.
Consequently, in this age group, the competing risk of
cardiovascular events may reduce the relative contribution
of cancer to mortality. In addition, in the analysis with
time-varying exposure to verapamil, we observed a risk
increase with increasing cumulative duration of therapy.

Our study has some potential limitations. First, like
other epidemiological studies selection bias, information
bias or confounding may have played a role. As the
Rotterdam Study is a prospective population-based
cohort study with a 78% participation rate, however,
substantial selection bias is unlikely. The chance that we
missed symptomatic cases of cancer is small, as cancer
will eventually lead to a hospital admission or registra-
tion at a specialised cancer centre. Information bias is
also unlikely as all data on drug use were gathered
before the disease onset, and the pharmacy data are
automatically stored without prior knowledge of any
research hypotheses. Some misclassification of outcome
may have occurred, but seems unlikely as most cancer is
verified by extensive diagnostic procedures and classifi-
cation of tumour pathology. In addition, the cancer
incidences in our study are comparable to the age-spe-
cific incidence rates documented by the Netherlands
Cancer Registry for 1996 that show an increase of can-
cer incidence in the age group 70–85 years followed by a
decrease above 85 years for both men and women [19].
By excluding cases of cancer during the first year of the
study, we reduced the chance that the onset of the
malignancy preceded the use of CCB. In our models 1
and 2, we deliberately analysed the data with cross-sec-
tional drug data from interview to facilitate the com-
parison with the first study by Pahor and colleagues.
The analyses with the use of continuous data from
pharmacies in variables for cumulative exposure data,
were in line with the finding that verapamil may be
associated with an increased risk of cancer. Even so, the
medical history of drug use in our study population may

be too short to study the association between drugs and
cancer, which may have a very long induction and latent
period. In our analysis, we tried to adjust for con-
founding by adjustment for all known risk factors.
Despite an extensive comparison between cases and
non-cases, only a few variables were univariately asso-
ciated with cancer. Unfortunately, we could not fully
adjust for some dietary factors and some other factors
because of missing values in up to 50% of the study
population. Second, because of low numbers our study
may suffer from a lack of precision. Some of the con-
fidence intervals are wide. Another disadvantage of the
low numbers was that it was difficult to study the asso-
ciation between CCB and individual tumour types.

Earlier studies on the association between CCB use
and cancer have added different viewpoints on this
issue. Some studies including three cohort studies [4–6]
and one case–control study [8] found a significantly
increased risk of cancer related to CCB use, primarily
with the use of verapamil [4,5,8]. The risk estimate for
diltiazem use was correspondingly increased, but non-
significant [4,5,9,13]. On the other hand, five case–con-
trol studies [10,11,13,15,20] and several cohort studies
[9,12,14,21–24] and an analysis of verapamil use within
a randomised controlled trial [25] suggested no associ-
ation between CCBs and cancer. However, a major
limitation of most of these studies is the exposure
assessment at baseline without detailed information on
continuous drug use [5,6,8–12,14,21–23]. This may have
led to a misclassification of exposure. In addition, con-
founder adjustment was found to be insufficient in most
of studies mentioned [8,22,24], also due to the limi-
tations of registrations [9,15]. Continuous exposure to
CCB with a drug prescription history of several years
and detailed use pattern is needed to investigate the
association with cancer and is provided in only a few
studies [13,15,24].

The biological mechanism is basically unknown.
Some authors have suggested that CCB may have a
negative influence on apoptosis, programmed cell death,
which has been under investigation regarding its role in
oncogenesis [26]. Transmembrane calcium signals influ-
ence and cause cell differentiation and apoptosis [27,28].
Therefore, CCB are suspected to promote cancer
growth by inhibiting apoptosis [29]. In addition, it has
been suggested that CCB, such as verapamil, might alter
drug/xenobiotic accumulation in cells through the inhi-
bition of the energy-dependent P-glycoprotein which
has a physiological protective function by secreting
various toxins and xenobiotics [30,31].

In conclusion, we were unable to confirm our prior
hypothesis that CCB are not associated with cancer and
that the observed association between CCB and cancer
in the first study on this subject could be explained by
methodological pitfalls. In particular, we confirmed the
positive association with verapamil that has been found
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in several other studies. However, our numbers were too
low to study the association with different tumour types.
We think that it is too early to conclude that the asso-
ciation between CCB and cancer is spurious. In view of
the widespread use of CCB, we think that more detailed
studies with larger numbers are required to shed more
light on this issue.
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