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Simple Summary: Calcium channel blockers (CCBs) are widely used among hypertension and
heart disease patients. These drugs are effective and well-tolerated. Some studies have found
that patients who used CCBs have a higher incidence of breast cancer (BCa). However, other
studies did not find such an association. We investigate whether exposure to CCBs in patients with
hypertension is associated with an increased risk of BCa. From a cohort of patients prescribed their
first antihypertensive medication between 2000 and 2016, we detected 4875 BCa cases. For each
case, we matched ten patients without BCa (controls). We found no association between CCB users
and an increased risk of BCa compared to the use of other antihypertensive medications. There
was no increase in risk even with longer exposure to CCBs (above eight years) and high doses.
Considering that CCBs are a widely used antihypertensive drug class, our results provide important
safety information on a population level, especially for patients with increased BCa risk.

Abstract: We investigated whether long-term exposure to calcium channel blockers (CCBs) is associ-
ated with an increased risk of breast cancer (BCa). We designed a nested case–control study based on
data from the Clalit electronic database, the largest Israeli Health Services organization. All newly
diagnosed breast cancer (BCa) cases were selected from a cohort of patients with hypertension. Ten
controls were matched for each BCa case. The odds ratios (ORs) of BCa among CCBs users were
calculated using multivariate conditional logistic regression analyses. A total of 4875 patients with
newly diagnosed BCa were identified from the cohort with a median follow-up of 5.15 years. The
exposure to CCBs was not associated with an increased risk of BCa (OR = 0.98; 95% CI, 0.92–1.04).
Additionally, there was no association between long-term exposure to CCBs (above eight years)
and increased BCa risk (OR = 0.91; 95% CI, 0.67–1.21). Higher cumulative doses of CCBs were not
associated with an elevated risk of BCa (OR = 0.997; 95% CI, 0.962–1.034, calculated per 1000 DDD).
Based on this large population-based study, long-term exposure to CCBs was not associated with
an increased risk of BCa. Considering that CCBs are widely used medications, our results provide
important safety information on a population level, especially for patients with an increased risk
of BCa.

Keywords: calcium channel blocker; breast cancer; case–control study; epidemiology

1. Introduction

Breast cancer (BCa) is the most common cancer among women [1]. More than one
million women are diagnosed with breast cancer every year [2]. About 4500 women are
diagnosed with BCa each year in Israel, and about 900 die from the disease. Further-
more, one out of eight women in Israel may develop BCa, according to the Israel Cancer
Association [3].
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There is inconsistent evidence regarding the increased risk of BCa among calcium
channel blocker (CCB) users. Several studies have related CCBs with an increased risk of
BCa. Pahor and colleagues (1996) found that CCBs were associated with an increased risk
of BCa during 3.7 years of follow-up (hazard ratio (HR) = 1.72; 95% confidence interval
(CI), 1.27–2.34), after adjustment for confounding factors [4]. Furthermore, Fitzpatrick
and colleagues (1997) reported an increased risk of BCa with the use of CCBs (HR = 2.57;
95% CI, 1.47–4.49) with a dose-dependent effect (HR = 4.48; 95% CI, 1.58–12.75 for high
CCBs doses) [5]. Moreover, Li and colleagues (2013) conducted a large population-based
case–control study and found higher risks of ductal BCa (odds ratio (OR) = 2.4; 95% CI,
1.2–4.9) and lobular BCa (OR = 2.6; 95% CI, 1.3–5.3) among postmenopausal women that
were treated with CCBs for ten years or more [6]. Similar results were observed in additional
observational studies [5–10]. It has been hypothesized that cellular apoptosis might be
influenced by cell exposure to CCBs [11]. miRNA-524-5p-BRI3-Erk pathways in tumor cells
might be involved in CCBs’ carcinogenic potential [12].

However, other observational studies and randomized controlled trials could not
confirm the positive association between CCB exposure and BCa incidence [13–22]. In a
prospective cohort study, long-term use of CCBs for ten years or more showed no evidence
of increased risk of BCa compared to never users of CCBs (HR 0.88; 95 % CI, 0.58–1.33) [19].
Furthermore, in a population-based cohort study conducted on 273,152 women newly
treated with antihypertensive drugs, it was concluded that CCBs were not associated with
an increased risk of BCa overall (HR = 0.97; 95% CI, 0.91–1.03) [22]. Moreover, Brasky
et al. reported no association between exposure to CCBs and the risk of BCa among 28,561
postmenopausal women (HR = 1.06; 95% CI, 0.94–1.20) [20].

A few meta-analysis studies did not report an association between exposure to CCBs
and the risk of BCa [23,24]. However, two other meta-analyses did report an association
between long-term exposure to CCBs and the risk of BCa [25,26].

A meta-analysis by Chen et al. did not report an association between overall exposure
to CCBs and BCa [23]. However, they did report an association between immediate-release
CCB use and an increased risk of BCa (OR =1.88; 95% CI, 1.37–2.60). A meta-analysis by
Wright et al. reported no association either between exposure to CCBs and BCa (HR = 0.99
(95% CI, 0.94–1.03)) [24]. Nevertheless, a meta-analysis by Thakur et al. reported an
association between CCB use and the risk of BCa (OR =1.14; 95% CI, 1.02–1.27), with a
statistically significant association between exposure to CCBs of nine years and above
and increased risk of BCa [26]. The most recent meta-analysis published in 2021, based
on patient-level data from 33 RCTs, found no increased risk of BCa among CCB users
compared to other AHTs (HR = 0.95; 95% CI, 0.79–1.16) [27].

While numerous studies evaluated whether CCBs increase the risk of BCa, the in-
consistent results might be partially explained by a short follow-up and the differences
in methodology of the studies mentioned above. Therefore, we aim to investigate the
association between long-term CCB consumption among the Israeli population and the
risk of BCa.

2. Materials and Methods
2.1. Data Source

Data from the computerized databases of Clalit Health Services (CHS) were used in
this study. CHS is the largest medical health organization in Israel. It provides ambulatory
medical facilities for more than 52% of the Israeli population; this database represents the
general population’s demographic characteristics and socioeconomic status (SES) [28].

The CHS database has computerized medical data from 2000 and contains comprehen-
sive electronic, clinical and administrative patient-level records. The clinical, demographic
and socio-economic data are extracted from inpatient and outpatient clinics, including hos-
pitalizations, primary care, specialist clinics, pharmacies dispensing information, laboratory
results, and diagnostic and imaging services [29].



Cancers 2022, 14, 2344 3 of 10

2.2. Study Population

The study cohort includes all male and female patients aged over 55 years, regis-
tered in the CHS database between 1 January 2001 and 31 December 2016. Only patients
that recently began antihypertensive drugs were included in the study cohort. Anti-
hypertensive drugs were categorized by the Anatomical Therapeutic Chemical (ATC)
4 codes (Table S1) [30]. As most of the hypertensive population are above the age of 55,
we limited cohort inclusion to ages 55 years and older, similar to previously published
studies [5,6,9,14,31]. We excluded patients with less than one year of registration history in
the CHS database. At least two years of follow-up were also required for inclusion criteria
to consider cancer latency. The date of a first pharmacy supply of an antihypertensive drug
defined the cohort entry. Patients with a personal history of cancer diagnosed before the
cohort entry date were excluded.

2.3. Cases and Controls Selection

Following the previously defined cohort formation, a nested case–control analysis was
completed. All new BCa diagnoses, based on the International Classification of Diseases
(ICD) 9th, were defined as cases [32]. Chronic diseases and malignancies are validated
by a systematic methodology in the CHS database. The validity of the diagnoses in the
registry has been shown to be high [33–35]. The index date was defined by the date of BCa
diagnosis. Each case was matched with ten controls by age (within five years), gender,
calendar year of cohort entry, and follow-up duration. The controls were allocated to the
same index date as the case they were matched with.

2.4. Exposure Assessment

For all cases and controls, exposure to CCB drugs was obtained by identifying all
prescriptions dispensed during the study period (from the cohort entry to the index date).
Ever CCB use was defined as receiving at least one prescription of CCB drugs (amlodipine,
diltiazem, felodipine, lercanidipine, nifedipine, and verapamil) between cohort entry and
the index date. CCB drugs were categorized by the ATC 5 codes (Table S2) [30].

2.5. Non-Exposures Assessment

Cases and controls dispensed no CCB drugs during the study period.

2.6. Potential Confounders

The models were adjusted for universal confounders, variables known to be associated
with the risk of BCa, and variables that might influence the choice of antihypertensive ther-
apy, including socioeconomic status (SES), ethnicity, smoking status, hormone replacement
therapy use (categorized by ATC 5 codes, Table S3), family history of BCa, and common
comorbidities [30]. Comorbidities were classified using the ICD 9th classification. A comor-
bidity score was constructed in order to adjust for chronic disease burden. We calculated
the comorbidity score by summing several chronic diseases from the list for each patient:
hyperlipidemia, ischemic heart disease, heart failure, cardiovascular disease, peripheral
vascular disease, chronic kidney disease, and chronic lung disease.

Antihypertensive drugs other than CCBs include angiotensin-converting enzyme
inhibitors (ACEIs), angiotensin receptor blockers (ARBs), beta-blockers (BBs), thiazide
diuretics, and alpha-blockers, categorized by ATC 4 codes (Table S1).

2.7. Statistical Analysis

Descriptive statistics of demographic and baseline characteristics of the study popula-
tion were evaluated using a two-sided χ2 test.

To evaluate the association between CCB exposure and the risk of BCa, compared to
exposure to antihypertensive drugs other than CCBs, we applied multivariate conditional
logistic regression to calculate the odds ratios (ORs) and 95% CI. We adjusted the models
for potential confounders (Table S4).
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In the primary analysis, we assessed whether exposure to CCBs is associated with
an increased risk of BCa compared to non-CCB antihypertensive drugs in patients above
55 years of age diagnosed with hypertension and treated with antihypertensive drugs.

In a secondary analysis, we assessed the duration effect of CCBs on the risk of BCa
compared to non-CCB antihypertensive drugs. CCB exposure was calculated by summing
the durations of all CCB prescriptions from cohort entry until the index date. Duration
of CCB exposure was evaluated as a continuous parameter with predefined categorized
groups (less than eight years and eight years or more).

Additionally, we estimated the dose-dependent association between the risk of BCa
and the use of CCBs. The defined daily dose (DDD) of each CCB was used to calculate the
cumulative dose of different CCBs and a continuous variable per 1000 DDDs (Table S2) [30].
Finally, we identified whether there was an association between Dihydropyridine and
Non-dihydropyridine CCBs and the risk of BCa. We also conducted a sensitivity analysis to
evaluate whether exposure to CCBs is associated with an increased risk of BCa compared
to non-CCB antihypertensive drugs in female patients.

SPSS 21 (IBM SPSS Statistics, IBM) was used to conduct the statistical analyses.

2.8. Ethics Approval

The Clalit Health Services (CHS) institutional ethics committee approved the study
protocol. We followed the Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) reporting guidelines to report the study results [36].

3. Results

Following inclusion and exclusion criteria, the study cohort was formed and included
53,625 patients (Figure 1). During the study period, we identified 4875 new cases of BCa;
these were matched with 48,750 controls.
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Table 1 presents the baseline demographic and clinical characteristics of the cases
and matched controls. The mean age at the diagnosis of cases and matched controls was
61.3 years (standard deviation (SD) 9.7 years) with a follow-up of 5.2 years (SD 3.7 years).
Most of the study population were ever-used ACEIs/ARBs (72%), half were ever-used
BBs (54%), and 40% were ever-used CCBs. The mean duration of ever use of CCBs was
1.96 years (interquartile range 0.08–16.17 years). As expected, cases had a higher rate of
family history of BCa (13.2% vs. 5.4% in controls, p < 0.01), and a higher proportion of BCa
cases were exposed to smoking and hormone replacement therapy (Table 1).

Table 1. Baseline characteristics of breast cancer cases and matched controls.

Characteristics Cases (n = 4875) Controls (n = 48750) p-Value g

Age, a yrs, mean (SD) b 61.31 (9.68) 61.26 (9.67)

Females b 4744 (97.3%) 47,440 (97.3%)

Duration of follow-up, yrs, mean (SD) b 5.16 (3.7) 5.15 (3.7)

Socioeconomic status, n (%)

<0.001 hLow 1550 (33.7%) 18,974 (41.4%)
Medium 1991 (43.3%) 18,344 (40.1%)

High 1058 (23%) 8465 (18.5%)

BMI, n (%)

0.428
<19 26 (0.6%) 333 (0.8%)

19–24.5 669 (16.2%) 6895 (16.7%)
24.6–30 1662 (40.3%) 16,289 (39.5%)
≥30 1769 (42.9%) 17,725 (43%)

Ethnicity

0.035 h

Arabic 458 (9.39%) 7262 (14.9%)
Haridi 117 (2.4%) 1293 (2.65%)

Jewish non-Haridi 4223 (86.6%) 39,236 (80.5%)
Others 1 (0.02%) 20 (4.1%)

Missing 76 (1.55%) 939 (1.93%)

Smoking status 1301 (26.7%) 12,331 (25.29%) 0.034 h

Family history of Breast Cancer 643 (13.2%) 2631 (5.4%) <0.01 h

Comorbidities (%)

Hyperlipidemia 4045 (83%) 40,457 (83%) 0.985

Ischemic heart disease 821 (16.8%) 8781 (18%) 0.042 h

Heart failure 393 (8.1%) 4009 (8.4%) 0.433

Cardiovascular disease 1363 (28.0%) 14,771 (30.3%) 0.001 h

Peripheral vascular disease 142 (2.9%) 1313 (2.7%) 0.368

Chronic kidney disease 425 (8.7%) 4296 (8.8%) 0.825

Chronic lung disease 687 (14.0.3%) 6944 (14.24%) 0.795

Comorbidity score, mean (SD) 1.75 (0.02) 1.78 (0.01) 0.165

Antihypertensive drugs (ever users), n (%)

ACEIs and/or ARBs 3538 (72.6%) 35,094 (72%) 0.384

CCBs 1928 (39.5%) 19,400 (39.8%) 0.727

Diureticsc c 2687 (55.11%) 27,024 (55.43%) 0.672

BBs 2725 (55.9%) 26,205 (53.8%) 0.047 h

α-Blockersd d 203 (4.2%) 1879 (3.9%) 0.255
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Table 1. Cont.

Characteristics Cases (n = 4875) Controls (n = 48750) p-Value g

α2 agonists e 46 (0.9%) 555 (1.1%) 0.282

Hormone replacement therapy f 390 (8%) 3245 (6.7%) <0.001

ACEIs—angiotensin-converting enzyme inhibitors; ARBs—angiotensin receptor blockers; BBs—b-blockers; BMI—
body mass index; CCBs—calcium channel blockers; COPD—chronic obstructive pulmonary disease; SD—standard
deviation. a Age at index date. b Matching variables. c Furosemide, hydrochlorothiazide, amiloride hydrochlo-
ride with hydrochlorothiazide, spironolactone. d Prazosin, doxazosin. e Clonidine, Methyldopa. f Estradiol,
Norethisterone, Estriol, Estrogen. g by two-sided χ2 test. h statistically significant difference, p-value < 0.05. The
differences are considered statistically insignificant with p-value > 0.05.

3.1. Primary Analysis

In the primary analysis, ever use of CCBs was not associated with an elevated risk of
BCa (adjusted OR = 0.978; 95% CI, 0.918–1.043) when compared to non-CCB antihyper-
tensive drugs in patients over 55 years of age diagnosed with hypertension and treated
with antihypertensive drugs (Figure 2). These results were adjusted for socioeconomic
status (SES), smoking status, hormone replacement therapy, family history of BCa, and
comorbidity score.
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Figure 2. Adjusted odds ratios of breast cancer among calcium channel blocker users. a Univariate
analysis. b Multivariate analysis, adjusted for socioeconomic status, smoking status, exposure to
hormone replacement therapy, family history of breast cancer, and comorbidity score (counting
diagnosis of 7 chronic diseases). CCBs—calcium channel blockers; CI—confidence interval; DDD—
defined daily dose; OR—odds ratio.

3.2. Sub-Group Analyses

Our results were consistent over different sub-analyses, including sensitivity analysis.
In a secondary analysis, we did not find an association between the duration of CCB

exposure and increased risk of BCa (OR = 1.003; 95% CI, 0.980–1.026 for CCB exposure as a
continuous variable) (Figure 2). Moreover, no association was found between long-term
exposure to CCBs (over eight years) and increased BCa risk (OR = 0.914; 95% CI, 0.689–1.21)
(Figure 2). Our results indicate that higher cumulative doses of CCBs were not associated
with an increased risk of BCa (OR = 0.997; 95% CI, 0.962–1.034, calculated per 1000 DDD)
(Figure 2).

More than 88% of CCB users were exposed to Dihydropyridines. Dihydropyridine
exposure was not associated with a significant increase in the risk of BCa, based on the
results of univariate analysis (adjusted OR = 0.978; 95% CI, 0.918–1.043) (Figure 2).



Cancers 2022, 14, 2344 7 of 10

3.3. Sensitivity Analysis

In the sensitivity analysis, we studied the association between CCB exposure and BCa
risk in females. Ever use of CCBs was not associated with a statistically elevated risk of BCa
(adjusted OR = 0.989; 95% CI, 0.929–1.053) compared with non-CCB antihypertensive drugs
among female patients. This result is comparable with the primary analysis (Figure 2).

4. Discussion

Our population-based nested case–control study showed no association between ever
use of CCBs and increased risk of BCa (OR = 0.978; 95% CI, 0.918–1.043) compared with
non-CCB antihypertensive drugs (Figure 2). Our results were consistent over different sub-
analyses, including a sensitivity analysis that included female patients only (OR = 0.978;
95% CI, 0.918–1.042) (Figure 2).

Previously published studies reported duration and dose–response effects of CCB
exposure on the risk of BCa [5]. Fitzpatrick et al. reported that high CCB doses were
associated with a higher risk of BCa (HR = 4.48; 95% CI, 1.58–12.75) [5]. Li et al. found
an increased risk of BCa among postmenopausal women treated with CCBs for over ten
years (OR = 2.4; 95% CI, 1.2–4.9 and OR = 2.6; 95% CI, 1.3–5.3, for ductal and lobular BCa,
respectively) [6]. To investigate the risk factors for increased risk of BCa among CCB users,
we evaluated the duration and dose–response effects of CCB exposure in our cohort of
hypertensive patients. Neither higher cumulative doses of CCBs nor long-term exposure
to CCBs were associated with an increased risk of BCa (OR = 0.997; 95% CI, 0.962–1.034,
calculated per 1000 DDD; and OR = 0.914; 95% CI 0.689–1.21 for CCB exposure above eight
years) (Figure 2).

Our study has strengths and limitations. We used a population-based nested case–
control design to minimize the selection bias of controls. We also included patients with
newly diagnosed hypertension who initiated antihypertensive therapy to diminish con-
founding by indication.

Moreover, restricting a cohort to patients receiving antihypertensive medications,
in contrast to a general CCB-unexposed population, might minimize detection bias, as
patients on chronic drug therapy are more likely to be monitored by their clinicians and to
go through screening tests, including BCa screening [37].

We evaluated drug exposure based on pharmacy records of medications that were
dispensed. Data on medication purchase is an acceptable method to evaluate drug use
(duration and dose exposure) in studies using databases [29].

Cases included patients that were newly diagnosed with breast cancer during follow-
up. Each case was matched with ten controls by age, sex, calendar year of cohort entry, and
duration of follow-up to reduce time trends in the utilization of CCBs and antihypertensive
medications incidence throughout the study period.

Differences were found in some comorbidities among cases and controls. To decrease
the potential for confounding bias by health status, the model was adjusted for comorbidity
score that included seven common chronic diseases: hyperlipidemia, ischemic heart disease,
heart failure, cardiovascular disease, peripheral vascular disease, chronic kidney disease,
and chronic lung disease. Moreover, the model was adjusted for socioeconomic status,
smoking status, and family history of BCa. The smoking rate evaluated from structured
fields of electronic clinical records might be underestimated [29].

In addition, our study has some limitations. A higher smoking rate was seen among
cases compared to controls. Thus, the primary analysis was adjusted for smoking status.
However, as evaluated from structured fields of electronic clinical records, smoking rates
might be underestimated information, as previous studies involving other databases have
reported [38].

Our dataset lacks information on grade, stage, and type of BCa cases, so we could
not evaluate the association between CCB exposure and BCa type or grade at diagnosis.
Competing risk bias could not be controlled due to a lack of information needed to perform
a competing risk analysis. However, we can assume that the mortality rates were not
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different between the exposure groups, as the study population is based on a homogeneous
cohort of patients utilizing antihypertensive medications. This study is based on the local
Israeli population, so caution should be taken when generalizing the results of this study to
other populations. Finally, as in all epidemiologic studies, there is a potential for residual
confounders for factors that were not controlled.

5. Conclusions

This large population-based study showed that CCBs were not associated with an
increased risk of BCa. Our study provides important additional safety information about
CCBs, a widely prescribed first-line antihypertensive therapy. This information is essential,
especially for subjects with baseline risk factors for BCa (such as BRCA mutation carriers),
in reporting no increased risk for BCa following long-term exposure to CCBs.
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www.mdpi.com/article/10.3390/cancers14092344/s1, Table S1: Antihypertensive Drugs categorized
by Anatomical Therapeutic and Chemical Index; Table S2: Calcium Channel Blockers, categorized by
Anatomical Therapeutic and Chemical Index; Table S3: Hormone Replacement Therapy categorized
by Anatomical Therapeutic and Chemical Index; Table S4: Evaluation of potential confounders
assessed by univariate conditional regression.
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