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Abstract 
Background We examined whether the apparent association between renal cell carcinoma (RCC) and use of 

dihydropyridine calcium channel blockers (CCBs) was explained by confounding by indication since 

hypertension, the main indication for CCBs, is a risk factor for renal cell carcinoma.  

Methods Using Danish health registries, we conducted a nested case–control study including 7315 RCC cases 

during 2000-2015. We matched each case with up to 20 controls on age and sex using risk-set sampling. We 

estimated odds ratios for long-term CCB use associated with RCC using conditional logistic regression. We 

addressed confounding by indication by (i) adjusting for hypertension severity indicators; (ii) evaluating dose–

response patterns; (iii) examining whether other first-line antihypertensives were associated with RCC; and (iv) 

using an active comparator new user design by nesting the study in new users of CCBs or angiotensin-converting 

enzyme inhibitors (ACEIs).  

Results The adjusted OR for RCC associated with long-term CCB use compared to non-use was 1.76 (1.63, 

1.90). After we additionally adjusted for hypertension severity indicators, the OR remained elevated (OR 1.37; CI 

1.25, 1.49) with evidence of a dose–response pattern. Other antihypertensives were also associated with RCC, 

e.g., ACEIs (OR 1.27; 95% CI 1.16, 1.39) and thiazides (OR 1.22; 95% CI 1.12, 1.34). In the active comparator 

new user design, the OR was 1.21 (95% CI 0.95, 1.53) for use of CCBs compared with ACEIs. 

Conclusions In this population, confounding by indication appeared to explain at least part of the association 

between RCC and dihydropyridine CCBs.  

 

Keywords 
Pharmacoepidemiology, Antihypertensives, Calcium channel blockers, Renal cell carcinoma, Case–control 

studies 
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Introduction 
The incidence of renal cell carcinoma (RCC) has risen markedly during the last decades.1 Renal cell carcinomas 

account for more than 90% of adult kidney cancers, with the most common histologic subtypes being clear cell 

and papillary carcinomas.2,3 The established modifiable risk factors for RCC are smoking, elevated body mass 

index (BMI), and hypertension.2 In a recent drug–cancer screening study, we found an increased risk of RCC in 

users of dihydropyridine calcium channel blockers (CCBs) with an odds ratio (OR) of 1.80 (95% confidence 

interval (CI) 1.65 to 1.97).4 Use of antihypertensive drugs has previously been associated with increased risk of 

RCC, but this has largely been attributed to confounding by indication, i.e., the underlying hypertension.5–10 

CCBs have been studied less extensively than other antihypertensive drugs and, similar to studies on other 

antihypertensive drugs, it has been difficult to disentangle the effect of hypertension from that of its treatment.11–

15 To our knowledge, no biologic mechanisms for a carcinogenic effect of dihydropyridine CCBs in the kidneys 

have been identified.  

Given the rising incidence of RCC, the high prevalence of dihydropyridine CCB use, and the preliminary signals 

associating dihydropyridine CCBs with RCC, we conducted a nationwide case–control study to examine whether 

this association could be explained by confounding by indication.  

 

Methods 
In this nested case–control study, we identified cases of primary RCC diagnosed in Denmark during 2000 –2015 

and matched each case with 20 population controls. We estimated ORs for RCC associated with use of 

dihydropyridines addressing confounding by indication by several approaches.  

Data sources 

To identify incident cases of RCC, we used the Danish Cancer Registry, which is continuously validated and has 

accurate and almost complete data on incident cancers in Denmark.16 We used the Danish Civil Registry to 

obtain information on date of birth, vital status, and migrations.17 We retrieved data on exposure to drugs from 

the Danish National Prescription Registry with data on active ingredient, date of dispensing, dose, and package 

size for all filled prescriptions in Denmark since 1995.18 Information on ambulatory and discharge diagnoses is 

recorded in the Danish National Patient Registry.19 We obtained information on education from the Danish 

Education Registries through Statistics Denmark.20  

Population 

We identified cases during 2000-2015 and matched each case to up to 20 controls on age and sex using risk-set 

sampling. The controls were assigned an index date corresponding to the date of diagnosis of their matched case. 

Persons were eligible for sampling as controls until they potentially became cases.21 Cases and controls were 

eligible for inclusion if they were aged 18–85 years at index date, had no previous cancer (except non–melanoma 
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skin cancer) at index date, and no conditions strongly predisposing to RCC (von Hippel–Lindau syndrome, 

polycystic kidney disease, or tuberous sclerosis). Further, we required that participants had resided continuously 

in Denmark for 10 years prior to the index date. 

Exposure 

The main exposure was long-term use of dihydropyridines, arbitrarily defined as a cumulative dose of more than 

1000 defined daily doses (DDDs). For example, the DDD for amlodipine is 5 mg and long-term use is defined 

as a cumulative dose exceeding 5000 mg.22 We defined ever use as having filled at least one dihydropyridine 

prescription. In the main analyses, we pooled DDDs for all dihydropyridines. In addition, we repeated the 

analyses with each of the individual dihydropyridines available in Denmark during the study period. We applied a 

lag time of 24 months (i.e., we disregarded use of dihydropyridines in the 2 years preceding the index date) to 

allow for a reasonable induction period of RCC and to account for protopathic bias (hypertension caused by yet 

undiagnosed RCC) and surveillance bias.23 In sensitivity analyses, we varied the length of the lag time from 0 to 

60 months. The dihydropyridines are the most common class of CCBs used in Denmark and accounted for 77% 

of all sales of CCBs in 2000 and 94% of all sales in 2010.24 The available non-dihydropyridine CCBs in Denmark 

were verapamil and diltiazem. Use of these drugs was not considered in the main analyses, however, associations 

for these drugs with RCC were examined in supplementary analyses. 

Covariates 

We adjusted for the following potential confounders: (i) use of drugs (defined as two or more filled 

prescriptions) known or suspected to influence risk of RCC including low-dose aspirin, non-steroidal anti-

inflammatory drugs, paracetamol, and lithium; (ii) a history of conditions that may influence risk of RCC 

including diabetes mellitus type 1 and 2, chronic obstructive pulmonary disease as a proxy for heavy smoking, 

alcohol–related conditions, and moderate to severe chronic kidney disease; and (iii) highest achieved education as 

a measure of socioeconomic status. To address confounding by indication, we further adjusted for hypertension 

severity as described below. We applied a 2-year lag-time for the above covariates except education. Low-dose 

aspirin is available over-the-counter in Denmark; however, only prescription drugs are eligible for 

reimbursement and the proportion of total low-dose aspirin sales dispensed by prescription, and thus recorded in 

the Danish Prescription Registry, is high.25  

Analyses to address confounding by indication 

We estimated ORs for RCC associated with use of dihydropyridines compared to never–use with conditional 

logistic regression and repeated all analyses stratifying by histologic subtype (clear cell RCC, papillary RCC, and 

other RCC). We performed several analyses to evaluate the potential for confounding by indication:  

(i) We adjusted for indicators of hypertension severity by including the following covariates: (i) number 

of antihypertensive drug classes used (0, 1, 2, 3, ≥4) up to 2 years prior to index date; (ii) a discharge 

or ambulatory diagnosis of hypertension, i.e., hypertension treated outside the primary care sector 
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indicating more severe or treatment-refractory hypertension; (iii) a history of hypertensive 

complications including retinopathy, hypertensive encephalopathy, peripheral artery disease, 

ischemic heart disease, congestive heart failure, and transient ischemic attack or stroke; and (iv) use 

of each of the following antihypertensive drugs or diuretics defined as 2 or more filled prescriptions 

up to 2 years prior to index date: angiotensin converting enzyme inhibitors (ACEIs), aldosterone 

antagonists, alpha blockers, angiotensin receptor blockers, amiloride, beta blockers, furosemide, and 

thiazides. The threshold of 2 or more filled prescriptions was chosen to increase the likelihood that 

these drugs were used to treat chronic conditions such as hypertension. 

(ii) We evaluated dose–response patterns by including cumulative dose as an ordinal variable (0–149, 

150–499, 500–999, 1000–1999, 2000–3999, ≥4000 DDDs) and as a continuous variable using 

restricted cubic splines with 4 knots located at the 5th, 35th, 65th, and 95th percentile.26  

(iii) We evaluated the association between other first-line antihypertensive drugs (ACE–inhibitors, 

angiotensin receptor blockers, beta blockers, and thiazides) and RCC risk. In these analyses, we 

adjusted for the covariates outlined above as well as use of dihydropyridines.   

(iv) We redid the study using an active comparator new–user design. We identified all patients initiating 

dihydropyridines or ACE inhibitors from 2000 and onwards and used this cohort as the source 

population for identification of cases and sampling of controls. To include new users only, we 

excluded patients filling a prescription of dihydropyridines or ACE inhibitors during 1995-1999. We 

identified persons with incident RCC from 2000 to 2015 (cases) and matched each case with up to 

20 controls on age, sex, and time of first prescription for ACE inhibitors or dihydropyridines (±183 

days). Conditional logistic regression was used to estimate ORs for RCC associated with 

dihydropyridine use compared to ACE inhibitor use. Because of the smaller sample size, we 

stratified cumulative dose into three categories to evaluate dose–response associations (1-499, 500-

1999, ≥2000 DDDs). For each exposure category of dihydropyridine use (e.g. long-term use) we 

used the corresponding exposure category of ACE inhibitor use as reference. We disregarded 

individuals who switched between dihydropyridine and ACE inhibitor use in the main analyses. In 

sensitivity analyses, we allowed for low to moderate use (defined as < 500 DDDs) of ACE 

inhibitors in the CCB user category and for low to moderate use of dihydropyridines in the ACEI 

user category. 

In the new-user active comparator study, we measured covariates prior to entry into the source 

population (i.e., prior to initiation of dihydropyridines or ACE inhibitors) to avoid adjusting for on-

treatment covariates. Other than the difference in covariate assessment windows as detailed above, 

the included covariates were the same as in the previous analyses also applying a lag time of 24 

months. 

We chose ACEIs as active comparator since this drug class is mainly used to treat hypertension and, 

like dihydropyridine therapy, was an established antihypertensive treatment option in Denmark at 
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the beginning of the study period. To assess the robustness of our choice of active comparator, we 

repeated the study with angiotensin receptor blockers and thiazides as active comparators. That is, 

we conducted two separate studies identifying new users of angiotensin receptor blockers or 

dihydropyridines and new users of thiazides or dihydropyridines, respectively.  

We used a nested case–control design because of the long follow-up and cumulative time-varying 

exposure definition where the nested case–control study with risk-set sampling is more 

computationally efficient. Nested case–control studies with an active comparator new user 

methodology have been carried out previously.27,28 

Supplementary analyses 

To examine how clinical stage influenced the findings, we repeated the main analyses while stratifying cases by 

clinical stage (localized disease defined as T1-2 stage tumors without nodal or metastatic spread; advanced 

disease defined as T3-4 stage tumors or tumors of any T-stage with nodal or metastatic spread; or unknown 

tumor stage). 

Other 

Statistical analyses were conducted using Stata 15.2 (StataCorp, College Station, TX, USA). The study was 

approved by the Danish Data Protection Agency. According to Danish law, studies based solely on register data 

do not require approval from an ethics review board. The codes used to define outcomes, exposure, and 

covariates are shown in eAppendix1. 
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Results 

During the study period, 9987 persons were diagnosed with RCC, of whom 7315 (73%) were eligible for 

inclusion (Figure 1). Characteristics of cases and controls at the index date are shown in eTable 1. The mean 

age of cases was 64 years, 66% were male, and 90% were diagnosed with clear cell RCC, 4% with papillary RCC, 

and 6% with other types of RCC.  

Association between dihydropyridines and renal cell carcinoma  

The prevalence of long-term dihydropyridine use was 14% in cases and 8% in controls yielding a crude OR of 

2.07 (95% CI, 1.92 to 2.23) (Table 1). The association was attenuated when adjusting for potential confounders 

(OR 1.76, 95% CI: 1.63 to 1.90) and was further attenuated when additionally adjusting for indicators of 

hypertension severity (OR 1.37, 95% CI: 1.25 to 1.49). Adjusting for use of other antihypertensive drugs, a 

discharge diagnosis of hypertension, and number of different antihypertensive drug classes used attenuated the 

association the most, while adjusting for other covariates had less influence on the effect estimates (Table 2). 

We observed a dose–response pattern with increasing ORs for RCC with increasing cumulative dose in models 

with cumulative dose as an ordinal variable (Table 1) and as a continuous variable using restricted cubic splines 

(Figure 2).  

The association with long-term use of dihydropyridines was similar for clear cell adenocarcinomas (OR 1.39, 

95% CI 1.27 to 1.53) and papillary adenocarcinomas (OR 1.46, 95% CI 1.00 to 2.15), whereas the OR was close 

to unity for other RCC (OR 0.91, 95% CI 0.63 to 1.32) (Table 1). 

When stratifying by clinical stage (data not tabulated), the OR for long-term use of dihydropyridines associated 

with RCC was 1.62 (95% CI, 1.42 to 1.84) for localized disease, 1.23 (95% CI 1.06 to 1.42) for advanced disease, 

and 1.09 (95% CI 0.89 to 1.34) for unknown clinical stage. For ever-use of dihydropyridines, the OR was 1.53 

(95% CI 1.38 to 1.70) for localized disease, 1.15 (95% CI 1.02 to 1.29) for advanced disease, and 1.04 (95% CI 

0.88 to 1.21) for unknown clinical stage. 

Effect estimates were largely similar between individual dihydropyridines; however, statistical precision varied 

and we observed the strongest associations for amlodipine (OR 1.33, 95% CI 1.21 to 1.45) and lercanidipine 

(OR 1.69, 95% CI 1.20 to 2.37) (eTable 2).  

The non-dihydropyridine CCB verapamil was associated with RCC with an OR of 1.31 (95% CI 1.06 to 1.61) 

while diltiazem was not associated with RCC (OR 0.90, 95% CI 0.70 to 1.17) (eTable 3). 

Results were similar across analyses using different lag periods (eTable 4). 

Association between other first-line antihypertensive drugs and renal cell carcinoma  

Long-term use of ACE inhibitors, angiotensin receptor blockers, beta blockers, and thiazides were all associated 

with increased ORs for RCC in unadjusted as well as adjusted analyses (Figure 3). In the fully adjusted analyses, 

use of ACE inhibitors showed the strongest association with an OR of 1.27 (95% CI 1.16 to 1.39) followed by 

thiazides (OR 1.22, 95% CI 1.12 to 1.34), angiotensin receptor blockers (OR 1.14, 95% CI 1.04 to 1.26), and beta 
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blockers (OR 1.11, 95% CI 1.00 to 1.22). For all drugs, the ORs increased from the lowest to the highest dose 

category; however, ORs for categories in between did not increase consistently (eTable 5).  

Active comparator new user design 

We included 2074 RCC cases when nesting the study in new users of dihydropyridines or ACE inhibitors 

(eFigure 1). The mean age at cohort entry (i.e. at the first prescription of dihydropyridines or ACE inhibitors) 

was 62 years and the mean follow-up duration from cohort entry to index date was 4.9 years (Table 3). Among 

controls, patient characteristics did not differ markedly between users of dihydropyridines and ACEIs besides a 

higher prevalence of diabetes and congestive heart failure in ACEI users (Table 3). The OR for RCC associated 

with long-term use of dihydropyridines compared to long-term use of ACE inhibitors was 1.21 (95% CI 0.95 to 

1.53) and with no clear dose response pattern with ORs for 1-499 DDDs of 1.24 (95% CI 0.97 to 1.58) and for 

2000+ DDDs of 1.18 (95% CI 0.84 to 1.67) (Table 4, Figure 4). When allowing for moderate switching 

between ACE inhibitor and dihydropyridine use, the OR was 1.32 (95% CI 1.10 to 1.60). When stratifying by 

clinical stage (not tabulated), the OR for long-term use of ACEIs was 1.25 (95% CI 0.92 to 1.71) for localized 

disease and 1.01 (95% CI 0.67 to 1.52) for advanced disease while the OR for ever-use was 1.17 (95% CI 0.96 to 

1.42) for localized disease and 1.08 (95% CI 0.86 to 1.37) for advanced disease. 

With angiotensin receptor blockers as active comparator, a total of 1783 cases were included and the OR for 

long term use of dihydropyridines compared to long-term use of angiotensin receptor blockers was 1.32 (95% CI 

1.05 to 1.67) (Figure 4, eFigure 2, eTable 6, and eTable 7). With thiazides as an active comparator, 2009 

cases were included and the resulting OR for long-term use was 1.00 (95% CI 0.75 to 1.35) (Figure 4, eFigure 

3, eTable 8, and eTable 9). 
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Discussion 
We studied the association between use of dihydropyridine calcium channel blockers and renal-cell carcinoma 

risk. Recognizing that hypertension, the main indication for dihydropyridine therapy, is a risk factor for RCC, we 

hypothesized that confounding by indication could explain the observed association. Using a conventional 

nested case–control design comparing dihydropyridine use to never use, we estimated an approximately 40% 

increased risk of RCC associated with long-term use of dihydropyridines after adjusting for indicators of 

hypertension severity. As an indication of residual confounding of this effect estimate, we found that use of 

other first-line antihypertensives were associated with RCC and that the association was substantially attenuated 

when adjusting for these. Further, the active comparator new user design showed effect estimates closer to unity. 

Thus, the association between dihydropyridine CCBs and RCC is likely explained at least partially by 

confounding by indication. 

Confounding by indication is often due to factors that are not measured or recorded since treatment choices are 

based on clinical judgement.29 It is generally not possible to control confounding by indication entirely in 

observational studies. However, a systematic approach using several ways to address the issue may help to 

elucidate the influence of this bias on the observed association. The strategies we applied to evaluate 

confounding by indication are discussed below. 

i) To account directly for confounding by indication, we adjusted for severity of hypertension. As expected, 

the association was attenuated; however, use of dihydropyridines remained associated with an increased risk 

of RCC. We were able to adjust for hypertension to some extent; however, the main limitation of our 

approach is the lack of blood pressure measurements and the lack of data on BMI and smoking. Strongly 

elevated blood pressure, high BMI, and smoking are all common and associated with antihypertensive 

therapy and RCC. The prevalence of each of these potential confounders in the Danish population is 

approximately 20%-30%; however, the prevalence of all three combined has not been reported.30–32 

Hypertension is associated with a 1.4- to 2.5-fold increased risk of RCC.6,9,11 Every 5 kg/m2 increase in BMI 

is associated with an estimated 24% increased risk of RCC in men and 34% in women.33 Lastly, a history of 

ever smoking is associated with an estimated 22% increased risk of RCC in women and 54% in men.34 It is 

possible that these confounders could act together to potentially explain the observed residual association.  

ii) We assessed dose–response patterns to assess the association further. We used the lowest cumulative dose 

category as a negative control exposure since elevated risk estimates for doses too low to plausibly affect 

RCC development would suggest bias, such as from residual confounding. We did not, however, observe an 

association between low cumulative doses of dihydropyridines and RCC risk. In addition, the ORs increased 

with increasing cumulative dose, showing a clear dose–response relationship. It is possible, however, that 

unmeasured confounders related to severity or duration of hypertension could act differentially according to 

cumulative dose and result in a confounded dose–response pattern. This could occur if more severe 

hypertension is associated with higher cumulative dose, as well as RCC risk.  
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iii) We examined whether other first line antihypertensive drugs were associated with RCC risk using these as 

negative control exposures. A mutual carcinogenic effect of several drugs with similar indications but 

entirely different mechanisms of action seems biologically implausible and would likely indicate confounding 

by indication. In the fully adjusted analyses, all antihypertensives were associated with increased RCC risk.  

iv) Applying an active comparator new user approach, we sought to minimize confounding by indication by 

design. In these analyses, we compared long-term use of dihydropyridines to long-term use of ACE 

inhibitors, angiotensin receptor blockers, and thiazides. By using an active comparator, restricting the study 

population to incident users and aligning the start of treatment and duration of follow-up, we would expect 

to limit confounding by indication in addition to other potential biases, such as prevalent user bias and 

surveillance bias. In these analyses, we measured covariates only prior to cohort entry to avoid adjusting for 

on-treatment covariates. ACE inhibitors, angiotensin receptor blockers, and thiazides are all first-line 

antihypertensive drugs and have been available in Denmark during the entire study period. As expected, the 

effect estimates were closer to unity and the confidence intervals were wider with this design, which may be 

interpreted as a gain in study validity (less biased effect estimates) at the expense of less precision. 

  

Each of the strategies we applied to mitigate confounding by indication has strengths and weaknesses. The 

traditional approach with a nested case–control study of users compared to never-users allowed for inclusion of 

all verified cancer cases; however, the comparison between users and never-users of a given drug has many 

potential pitfalls.35 Of note, while potential confounding by indication should always be considered, comparison 

to never-users is confounded only if the indication for the drug is also a risk factor for the outcome of interest. 

Thus, the validity of this approach relies on being able to define and measure possible confounders which is 

often difficult, given the elusive nature of confounding by indication.  

The active comparator new user design combines many of the elements from the previous approaches (i.e. direct 

confounder adjustment via multivariate regression, dose–response assessment, use of comparators) into a single 

analysis. In the active comparator design, confounding by indication is mitigated by restriction to a patient 

population in which a decision to initiate treatment has been made for patients exposed to the drug of interest or 

the active comparator at start of follow-up. The effectiveness of this confounder adjustment by design was 

shown by the similarity between unadjusted and fully adjusted point estimates in the active comparator new user 

design. However, it is important to remember that a suitable active comparator is not always available, which 

may necessitate comparisons with non-users 

 

We conducted a nested case–control study because of the ease of handling multiple exposure and time-varying 

exposure definitions. However, a cohort study would be a valid alternative design choice. While a cohort study 

design may be preferred in some settings, the strategies outlined here can be applied to cohort studies as well. 

Although, we have outlined some strategies to account for ways to evaluate confounding by indication, a range 

of additional strategies have been proposed including use of high dimensional disease risk scores36 and use of 
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propensity scores with restriction to very specific indications for treatment.37 Further it would be of value to 

explore the impact of confounders that are also mediators using appropriate methods such as inverse probability 

weighted estimation of marginal structural models in a population where serial blood pressure measurements are 

available.38  

 

Surveillance bias may have influenced our findings as indicated by the stronger association observed with 

localized compared to advanced disease. Surveillance bias may arise if users of dihydropyridines are more likely 

to receive diagnostic workup such as abdominal imaging compared to the reference group. Of note, in the active 

comparator new-user design, the difference between localized and advanced disease was less pronounced 

compared to the analyses with never-use as comparison indicating that this design is also helpful to mitigate 

other sources of bias than confounding by indication.  

 

This is the first study to examine the association between dihydropyridine use and RCC risk specifically. Our 

results align well with findings from previous studies that reported an increased risk of RCC with use of 

antihypertensive drugs but attributed this to confounding by indication. A multinational nested case–control 

study reported an increased RCC risk with dihydropyridine and non-dihydropyridine CCB use; however, with no 

clear dose response pattern with an adjusted OR of 2.4 (95% CI 1.4 to 4.6) for the lowest quartile of cumulative 

CCB dose and 1.7 (95% CI 0.8 to 3.4) for the highest quartile.11 Further, similar associations were observed for 

other antihypertensive agents. A nested case–control study reported an adjusted odds ratio of 1.8 (95% CI 1.1 to 

2.7) for RCC with ever use of CCBs compared to never-use and reported similar effect estimates for beta-

blockers and ACE inhibitors.12 Another nested case–control study reported an OR of 1.7 (95% CI 0.7 to 4.2) in 

women and 1.4 (95% CI 0.7 to 3.2) in men for ever use of CCBs compared to never use and found similar 

associations for other antihypertensives.13 In another study, CCB use was associated with RCC compared to 

never-use. However, with ever use of beta blockers as reference, the association was close to unity.14  

A recent case–control study reported a strong association between long-term (16+ years) use of CCBs and 

papillary RCC (OR 2.8, 95% CI 1.1 to 7.4).15 We did not find a stronger association with papillary RCC 

compared to other histological types of RCC in this study and, to our knowledge, there is no biologic rationale to 

explain a carcinogenic effect of CCBs on papillary RCC specifically.   

In conclusion, even though we observed an increased risk of RCC with long term use of dihydropyridines 

compared to never use, the fact that adjusting for indicators of hypertension severity attenuated the association, 

that other first-line antihypertensives were similarly associated with RCC, and that an active comparator new user 

design yielded effect estimates close to unity suggest that the increased risk of RCC with use of CCBs is at least 

partially explained by confounding by indication.  
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Table and figure legends 

 
Table 1 Risk of renal cell carcinoma with use of dihydropyridines compared to never–use 

Table 2 Effect of adjusting for individual covariates on the odds ratio associating long-term use of 
dihydropyridines with renal cell carcinoma, prevalence of the covariate in controls, and odds ratios for each 
covariate’s association with exposure and outcome 

Table 3 Characteristics of cases and controls from a source population of new users of dihydropyridines or 
ACE inhibitors 

Table 4 Risk of renal cell carcinoma with use of dihydropyridines compared to use of angiotensin converting 
enzyme inhibitors in new users of dihydropyridines or angiotensin converting enzyme inhibitors  

Figure 1 Selection of cases 

Figure 2 Unadjusted, adjusted and fully adjusted odds ratios for the association between risk of renal cell 
carcinoma and cumulative dose of dihydropyridines modelled using restricted cubic splines 

[LEGEND]  
The four knot positions in each model is indicated by hollow circles.  
aAdjusted for age, sex, and calendar time (by design) 
b Adjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes mellitus, 
chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and (iii) highest 
achieved education 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge diagnosis of 
hypertension; (iii) hypertensive complications; and (iv) use of each of the following antihypertensive drugs or diuretics: ACE inhibitors, 
aldosterone antagonists, alpha blockers, angiotensin receptor blockers, amiloride, beta blockers, furosemide, and thiazides. 
 

Figure 3 Unadjusted, adjusted and fully adjusted odds ratios for the association between risk of renal cell 
carcinoma and long-term use of dihydropyridines and other antihypertensive drugs 

[LEGEND] 
aAdjusted for age, sex, and calendar time (by design) 
b Adjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes mellitus, 
chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and (iii) highest 
achieved education 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge diagnosis of 
hypertension; (iii) hypertensive complications; and (iv) use of each of the following antihypertensive drugs or diuretics (except if that drug 
constitute the exposure of interest): ACE inhibitors, aldosterone antagonists, alpha blockers, angiotensin receptor blockers, amiloride, 
beta blockers, dihydropyridines, furosemide, and thiazides. 

 

Figure 4 Unadjusted, adjusted and fully adjusted odds ratios for the association between risk of renal cell 
carcinoma and long-term use of dihydropyridines in a population of new users of dihydropyridines or the active 
comparator drug 

[LEGEND] 
aAdjusted for age, sex, calendar time, and year of initiation of antihypertensive therapy (by design) 
b Adjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes mellitus, 
chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and (iii) highest 
achieved education 
c Additionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge diagnosis of 
hypertension; (iii) hypertensive complications; and (iv) use of antihypertensive drugs or diuretics. 
 



Table 1 Risk of renal cell carcinoma with use of dihydropyridines compared to never–use 

Exposure group Cases, 
no 

Controls, 
no 

Unadjusted 
ORa 

Adjusted 
ORb 

Fully adjusted 
ORc 

All renal cell carcinomas 
     

  Never use 5,589 124,501 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 

  Ever use 1,726 21,799 1.85 (1.75-1.96) 1.63 (1.53-1.74) 1.28 (1.19-1.37) 

  Long-term use (1000+ DDDs) 1,006 11,425 2.07 (1.92-2.23) 1.76 (1.63-1.90) 1.37 (1.25-1.49) 

Cumulative dose (DDDs) 
     

  1-149 228 3,451 1.47 (1.28-1.69) 1.33 (1.15-1.53) 1.10 (0.95-1.27) 

  150-499 248 3,689 1.55 (1.36-1.77) 1.37 (1.20-1.58) 1.11 (0.96-1.28) 

  500-999 232 3,101 1.74 (1.51-2.00) 1.52 (1.32-1.76) 1.20 (1.04-1.39) 

  1000-1999 337 4,119 1.90 (1.69-2.13) 1.63 (1.45-1.84) 1.29 (1.14-1.47) 

  2000-3999 347 4,128 1.96 (1.74-2.20) 1.68 (1.49-1.89) 1.34 (1.18-1.52) 

  4000- 334 3,311 2.37 (2.10-2.68) 1.94 (1.71-2.20) 1.51 (1.32-1.74) 
      
Clear cell adenocarcinomas 

     

  Never use 5,045 112,444 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 

  Ever use 1,537 19,196 1.87 (1.76-1.99) 1.65 (1.55-1.77) 1.31 (1.21-1.41) 

  Long-term use (1000+ DDDs) 884 10,012 2.08 (1.92-2.25) 1.78 (1.64-1.93) 1.39 (1.27-1.53) 

Cumulative dose (DDDs) 
     

  1-149 210 3,051 1.54 (1.33-1.78) 1.39 (1.20-1.61) 1.15 (0.99-1.34) 

  150-499 223 3,275 1.56 (1.35-1.79) 1.38 (1.19-1.59) 1.12 (0.97-1.30) 

  500-999 209 2,743 1.76 (1.52-2.03) 1.54 (1.33-1.79) 1.22 (1.04-1.42) 

  1000-1999 301 3,642 1.91 (1.69-2.17) 1.64 (1.45-1.87) 1.32 (1.15-1.51) 

  2000-3999 316 3,604 2.05 (1.82-2.32) 1.76 (1.55-1.99) 1.42 (1.24-1.62) 

  4000- 278 2,881 2.28 (2.00-2.60) 1.87 (1.63-2.15) 1.48 (1.27-1.71) 
      
Papillary adenocarcinomas 

     

  Never use 173 4,343 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 

  Ever use 101 1,137 2.40 (1.83-3.13) 1.90 (1.42-2.53) 1.18 (0.85-1.65) 

  Long-term use (1000+ DDDs) 72 627 2.99 (2.21-4.04) 2.25 (1.61-3.14) 1.46 (1.00-2.15) 

Cumulative dose (DDDs) 
     

  1-149 8 161 1.10 (0.53-2.31) 0.93 (0.44-1.97) 0.70 (0.32-1.54) 

  150-499 9 185 1.34 (0.67-2.69) 1.20 (0.59-2.45) 0.81 (0.38-1.72) 

  500-999 12 155 2.13 (1.14-4.00) 1.78 (0.93-3.39) 1.37 (0.68-2.73) 

  1000-1999 21 211 2.63 (1.61-4.29) 2.08 (1.25-3.49) 1.52 (0.87-2.66) 

  2000-3999 16 224 1.65 (0.96-2.85) 1.38 (0.77-2.44) 1.00 (0.54-1.86) 



  4000- 35 201 4.51 (2.96-6.88) 3.14 (1.95-5.04) 2.12 (1.24-3.62) 
      
Other 

     

  Never use 371 7,714 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 

  Ever use 88 1,466 1.27 (0.99-1.63) 1.19 (0.91-1.55) 0.96 (0.71-1.29) 

  Long-term use (1000+ DDDs) 50 786 1.37 (1.00-1.87) 1.23 (0.88-1.72) 0.91 (0.63-1.32) 

Cumulative dose (DDDs) 
     

  1-149 10 239 0.87 (0.45-1.67) 0.80 (0.42-1.55) 0.65 (0.33-1.28) 

  150-499 16 229 1.61 (0.95-2.71) 1.51 (0.88-2.57) 1.21 (0.69-2.13) 

  500-999 11 203 1.26 (0.67-2.35) 1.12 (0.59-2.13) 0.95 (0.48-1.85) 

  1000-1999 15 266 1.21 (0.71-2.09) 1.12 (0.64-1.95) 0.85 (0.48-1.52) 

  2000-3999 15 300 1.10 (0.64-1.88) 0.98 (0.56-1.70) 0.67 (0.37-1.21) 

  4000- 21 229 1.99 (1.23-3.21) 1.74 (1.05-2.86) 1.43 (0.84-2.44) 

OR: Odds ratio, DDD: Defined daily doses  

aAdjusted for age, sex, and calendar time (by design) 

bAdjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of 
diabetes mellitus, chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic 
kidney disease; and (iii) highest achieved education 

cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge 
diagnosis of hypertension; (iii) hypertensive complications; and (iv) use of each of the following antihypertensive drugs or 
diuretics: ACE inhibitors, aldosterone antagonists, alpha blockers, angiotensin receptor blockers, amiloride, beta blockers, 
furosemide, and thiazides.  

 



Table 2 Effect of adjusting for individual covariates on the odds ratio associating long-term use of 
dihydropyridines with renal cell carcinoma, prevalence of the covariate in controls, and odds ratios for 
each covariate’s association with exposure and outcome 
 

Covariates included in the model Adjusted odds ratio 
associating long-
term use of 
dihydropyridines 
with renal cell 
carcinoma 

Prevalence 
of covariate 
in controls 

Odds ratio 
associating covariate 
with renal cell 
carcinoma 

Odds ratio 
associating covariate 
with use of 
dihydropyridines 

Odds ratios from the main analysis 
    

Unadjusted odds ratioa 2.07 (1.92-2.23) - - - 

Adjusted odds ratiob 1.76 (1.63-1.90) - - - 

Fully adjusted odds ratioc 1.37 (1.25-1.49) - - - 

 

Effect of adjustment for specific covariates 

   

Antihypertensive drugs 
    

All antihypertensive drugs listed below 
included as covariates 

1.41 (1.29-1.53) - - - 

Beta-blockers 1.86 (1.72-2.01) 14.5% 1.58 (1.48-1.69) 5.38 (5.16-5.61) 

Angiotensin receptor blockers 1.84 (1.70-1.99) 7.7% 1.81 (1.67-1.96) 7.06 (6.72-7.41) 

ACE-inhibitors 1.71 (1.58-1.85) 14.0% 1.85 (1.74-1.98) 7.14 (6.83-7.45) 

Thiazides 1.67 (1.54-1.81) 18.3% 1.81 (1.71-1.92) 9.58 (9.16-10.02) 

Furosemide 1.95 (1.81-2.10) 6.0% 1.76 (1.61-1.92) 3.47 (3.28-3.67) 

Alpha-blockers 2.04 (1.89-2.20) 0.9% 1.78 (1.45-2.17) 4.97 (4.39-5.63) 

Aldosterone antagonists 2.04 (1.89-2.20) 1.5% 1.63 (1.38-1.92) 3.19 (2.88-3.52) 

Amiloride 2.04 (1.90-2.20) 2.0% 1.52 (1.31-1.77) 3.20 (2.91-3.52) 

Markers of severity of hypertension 
    

All markers listed below included as 
covariates 

1.41 (1.29-1.53) - - - 

Ambulatory/discharge diagnosis of 
hypertension 

1.76 (1.63-1.92) 8.9% 1.84 (1.71-1.98) 11.66 (11.12-12.23) 

Any hypertensive complication 1.99 (1.85-2.14) 14.0% 1.35 (1.26-1.44) 3.09 (2.95-3.23) 

Number of used antihypertensive drug 
classesd 

1.44 (1.33-1.57) - - - 

Other drugs 
    

All drugs listed below included as 
covariates 

1.88 (1.75-2.03) - - - 

Low-dose aspirin 1.92 (1.78-2.07) 15.5% 1.48 (1.39-1.58) 4.32 (4.13-4.51) 

NSAIDs 2.02 (1.88-2.18) 47.0% 1.34 (1.27-1.41) 1.44 (1.38-1.50) 



Paracetamol 2.02 (1.87-2.17) 12.0% 1.37 (1.28-1.48) 1.88 (1.79-1.98) 

Lithium 2.07 (1.92-2.23) 0.4% 0.84 (0.55-1.29) 1.03 (0.77-1.38) 

Medical history 
    

All conditions listed below included as 
covariates 

1.88 (1.74-2.02) - - - 

Diabetes 1.94 (1.80-2.09) 6.4% 1.72 (1.58-1.87) 3.68 (3.49-3.89) 

Chronic obstructive pulmonary disease 2.06 (1.91-2.21) 3.8% 1.37 (1.22-1.54) 1.43 (1.32-1.55) 

Alcohol-related conditions 2.06 (1.92-2.22) 4.3% 1.26 (1.13-1.41) 1.21 (1.11-1.33) 

Renal failure 1.98 (1.84-2.13) 0.8% 2.86 (2.40-3.41) 8.12 (7.15-9.24) 

Socioeconomic status 
    

Educatione 2.05 (1.90-2.20) - - - 

aAdjusted for age, sex, and calendar time (by design) 

bAdjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes 
mellitus, chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and (iii) 
highest achieved education 

cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge diagnosis of 
hypertension; (iii) hypertensive complications; and (iv) use of each of the following antihypertensive drugs or diuretics: ACE 
inhibitors, aldosterone antagonists, alpha blockers, angiotensin receptor blockers, amiloride, beta blockers, furosemide, and thiazides.  

dNumber of different antihypertensive drug classes used until 2 years prior to index date (0, 1, 2, 3, ≥4) 

eHighest achieved education (short, medium, long, unknown) 

 

 

 



Table 3 Characteristics of cases and controls from a source population of new users of dihydropyridines 
or ACE inhibitors 

  Controls 
 

All cases All controls DHP usersa ACE-inhibitor usersb 
 

(n=2,074) (n=39,607) (n=6,712) (n=13,422) 

Age at cohort entry, mean (SD) years 61.6 (9.6) 62.6 (8.8) 62.5 (8.8) 61.9 (8.6) 

Age at index date, mean (SD) years 66.5 (9.4) 67.4 (8.5) 68.4 (8.5) 67.6 (8.4) 

Follow-up duration, mean (SD) years 4.9 (3.6) 4.9 (3.5) 5.9 (3.0) 5.6 (2.8) 

Male, no (%) 1,403 (67.6%) 26,535 (67.0%) 4,171 (62.1%) 9,319 (69.4%) 

Histologic subtype, no (%) 
 

   

  Clear cell RCC 1,856 (89.5%) - - - 

  Papillary RCC 115 (5.5%) - - - 

  Other RCC 103 (5.0%) - - - 

Clinical stage, no (%) 
 

   

  Localized 1,062 (51.2%) - - - 

  Advanced 772 (37.2%) - - - 

  Unknown 240 (11.6%) - - - 

Use of other antihypertensives before cohort entry, no (%) 
 

   

  Beta-blockers 464 (22.4%) 8,188 (20.7%) 1,681 (25.0%) 2,564 (19.1%) 

  Angiotensin receptor blockers 225 (10.8%) 4,177 (10.5%) 1,314 (19.6%) 877 (6.5%) 

  Thiazides 600 (28.9%) 10,275 (25.9%) 2,056 (30.6%) 3,119 (23.2%) 

  Aldosterone antagonists 17 (0.8%) 288 (0.7%) 45 (0.7%) 109 (0.8%) 

  Alpha-blockers 25 (1.2%) 334 (0.8%) 62 (0.9%) 114 (0.8%) 

  Amiloride 63 (3.0%) 1,006 (2.5%) 181 (2.7%) 321 (2.4%) 

  Furosemide 144 (6.9%) 2,045 (5.2%) 299 (4.5%) 765 (5.7%) 

Number of used antihypertensive drug classes before 
cohort entry, no (%) 

 

   

  0 1,142 (55.1%) 22,767 (57.5%) 3,386 (50.4%) 8,123 (60.5%) 

  1 495 (23.9%) 9,714 (24.5%) 1,661 (24.7%) 3,319 (24.7%) 

  2 302 (14.6%) 5,135 (13.0%) 1,127 (16.8%) 1,487 (11.1%) 

  3 108 (5.2%) 1,674 (4.2%) 441 (6.6%) 407 (3.0%) 

  >=4 27 (1.3%) 317 (0.8%) 97 (1.4%) 86 (0.6%) 

Markers of severity of hypertension before cohort entry, no 
(%) 

 

   

  Ambulatory/discharge diagnosis of hypertension 357 (17.2%) 6,012 (15.2%) 1,142 (17.0%) 1,687 (12.6%) 

  Any hypertensive complication 490 (23.6%) 9,288 (23.5%) 1,431 (21.3%) 3,509 (26.1%) 



    Stroke or transient ischemic attack 168 (8.1%) 2,974 (7.5%) 496 (7.4%) 986 (7.3%) 

    Retinopathy 9 (0.4%) 150 (0.4%) 18 (0.3%) 47 (0.4%) 

    Hypertensive encephalopathy - 18 (0.0%) (n<5) (n<5) 

    Peripheral artery disease 62 (3.0%) 1,160 (2.9%) 207 (3.1%) 367 (2.7%) 

    Ischemic heart disease 252 (12.2%) 5,190 (13.1%) 822 (12.2%) 2,057 (15.3%) 

    Congestive heart failure 100 (4.8%) 1,634 (4.1%) 92 (1.4%) 857 (6.4%) 

Use of other drugs before cohort entry, no (%) 
 

   

  Paracetamol 313 (15.1%) 5,129 (12.9%) 876 (13.1%) 1,634 (12.2%) 

  Low-dose aspirin 341 (16.4%) 6,750 (17.0%) 1,259 (18.8%) 2,261 (16.8%) 

  NSAIDs 1,146 (55.3%) 20,769 (52.4%) 3,509 (52.3%) 6,888 (51.3%) 

  Lithium 7 (0.3%) 131 (0.3%) 27 (0.4%) 32 (0.2%) 

Medical history before cohort entry, no (%) 
 

   

  Diabetes 248 (12.0%) 4,252 (10.7%) 310 (4.6%) 1,825 (13.6%) 

  Chronic obstructive pulmonary disease 92 (4.4%) 1,761 (4.4%) 287 (4.3%) 551 (4.1%) 

  Alcohol related conditions 108 (5.2%) 1,848 (4.7%) 318 (4.7%) 609 (4.5%) 

  Moderate to severe chronic kidney disease 45 (2.2%) 401 (1.0%) 70 (1.0%) 127 (0.9%) 

Education, no (%) 
 

   

  Short 809 (39.0%) 14,824 (37.4%) 2,512 (37.4%) 4,951 (36.9%) 

  Medium 834 (40.2%) 16,020 (40.4%) 2,682 (40.0%) 5,487 (40.9%) 

  Long 350 (16.9%) 7,030 (17.7%) 1,236 (18.4%) 2,399 (17.9%) 

  Unknown 81 (3.9%) 1,733 (4.4%) 282 (4.2%) 585 (4.4%) 

aEver-users of dihydropyridine calcium channel blockers with never-use of angiotensin-converting enzyme inhibitors 

bEver-users of angiotensin-converting enzyme inhibitors with never-use of dihydropyridine calcium channel blockers  

DHP: Dihydropyridine calcium channel blockers, ACE-inhibitor: angiotensin–converting enzyme inhibitors SD: Standard deviation, RCC: 
Renal cell carcinoma, DDD: Defined daily doses, NSAIDs: Non–steroidal anti–inflammatory drugs. 

 

 



Table 4 Risk of renal cell carcinoma with use of dihydropyridines compared to use of angiotensin 
converting enzyme inhibitors in new users of dihydropyridines or angiotensin converting enzyme 
inhibitors  

Exposure category 

Cases exposed to 
dihydropyridines/ 
ACEIs 

Controls exposed to 
dihydropyridines/ 
ACEIs  

Unadjusted ORa Adjusted ORb Fully adjusted ORc 

No switching between dihydropyridines or ACE inhibitors allowedd 
Ever use 358/631 6,712/13,422 1.13 (0.98-1.30) 1.14 (0.99-1.31) 1.12 (0.97-1.30) 
Long-term use (1000+ DDDs) 162/261 2,873/5,597 1.30 (1.05-1.61) 1.33 (1.06-1.65) 1.21 (0.95-1.53) 
Cumulative dose (DDDs)      
  1-499 144/261 2,717/5,551 1.16 (0.92-1.46) 1.18 (0.93-1.49) 1.24 (0.97-1.58) 
  500-1999 124/224 2,454/4,764 1.10 (0.86-1.41) 1.07 (0.83-1.38) 1.01 (0.78-1.32) 
  +2000  90/146 1,541/3,107 1.26 (0.93-1.71) 1.31 (0.95-1.79) 1.18 (0.84-1.67) 
Moderate switching between dihydropyridines and ACE inhibitors allowede 
Ever use 566/794 10,271/16,734 1.17 (1.04-1.31) 1.18 (1.05-1.33) 1.17 (1.04-1.32) 
Long-term use (1000+ DDDs) 258/319 4,285/6,856 1.36 (1.14-1.63) 1.39 (1.16-1.67) 1.32 (1.10-1.60) 
Cumulative dose (DDDs)      
  1-499 220/337 4,232/7,066 1.14 (0.94-1.39) 1.16 (0.95-1.42) 1.20 (0.97-1.47) 
  500-1999 204/278 3,751/5,840 1.15 (0.94-1.41) 1.13 (0.92-1.39) 1.09 (0.89-1.35) 
  +2000  142/179 2,288/3,828 1.37 (1.07-1.77) 1.43 (1.11-1.85) 1.37 (1.05-1.80) 
ACEI: angiotensin converting enzyme inhibitor, OR: Odds ratio, RCC: Renal cell carcinoma, DDD: Defined daily doses  

aAdjusted for age, sex, calendar time, and year of initiation of antihypertensive therapy (by design) 
b Adjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes mellitus, 
chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and (iii) highest achieved 
education. 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (v) a discharge diagnosis of hypertension; (vi) a 
history of hypertensive complications; and (vii) use of each of the following antihypertensive drugs or diuretics: Aldosterone antagonists, alpha 
blockers, angiotensin receptor blockers, amiloride, beta blockers, furosemide, and thiazides. 
dConditional logistic regressions were carried out for each exposure stratum comparing use of dihydropyridines to use of ACE inhibitors not 
allowing switching between these, e.g., long term use of dihydropyridines and never use of ACE inhibitors was compared to long-term use of 
ACE inhibitors and never use of dihydropyridines.  
eConditional logistic regressions were carried out for each exposure stratum comparing use of dihydropyridines to use of ACE inhibitors 
allowing for switching between these, e.g., long term use of dihydropyridines and no use or less than 500 defined daily doses of ACE inhibitor 
use was compared to long-term use of ACE inhibitors and no use or less than 500 defined daily doses of dihydropyridine use.  
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eAppendix 1 Definitions of variables 

Cancer definitions 
Kidney cancer ICD–10 C64 
      Renal cell carcinomas   
          Clear cell adenocarcinomas ICD–O–3 83103 83106 83109 83123 83126 

83129 
          Papillary adenocarcinomas ICD–O–3 80503 82603 82606 82903 84503 

82609 
          Other ICD–O–3 80103 81403 82303 82703 83173 

83183 82113 
   
Other cancers excl. non-melanoma skin cancer (exclusion criteria) ICD–10 C00–97 (excl. C44) 
   
Dihydropyridine calcium channel blockers 
Dihydropyridines ATC C08CA 

Amlodipine ATC C08CA01  
Felodipine  ATC C08CA02  
Isradipine  ATC C08CA03  
Nicardipine  ATC C08CA04  
Nifedipine  ATC C08CA05  
Nimodipine  ATC C08CA06  
Nitrendipine  ATC C08CA08  
Lacidipine  ATC C08CA09  
Nilvadipine  ATC C08CA10  
Lercanidipine   ATC C08CA13  
   

Other drugs  
Verapamil ATC C08DA01 C08DA51 
Diltiazem ATC C08BDB01 
Thiazides ATC C03AA01 C03AB01 C03AA03 

C03AB03 C03AX01 C09DX03 
C03EA C09BA (excl. C09BA04) 
C09DA C07B (excl. C07BA06) 
C09DX01 C09XA52 C09XA54 

Beta-blockers ATC C07 
ACE–inhibitors ATC C09A C09B 
Angiotensin receptor blockers ATC C09C C09D 
Aldosterone antagonists ATC C03DA 
Peripheral alpha-blocking drugs ATC C02CA G04CA03 
Furosemide ATC C03CA01  
Amiloride ATC C03DB01 C03EB01 C03EA01 
Low–dose aspirin ATC B01AC06 B01AC30 N02BA01 

N02BA51 
NSAIDs ATC M01A excl. M01AX 
Paracetamol ATC N02BE01 
Lithium ATC N05AN01 

   
Other medical conditions (based on an ever-recording of hospital diagnoses and/or 2 or more prescription fills) 

Von Hippel–Lindau syndrome ICD–8 75982 
 ICD–10 Q85.8–9 
Cystic kidney disease ICD–8 59324 
 ICD–10 Q61 
Tuberous sclerosis ICD–8 31032 31132 31232 31332 31432 

31532 75969 
 ICD–10 Q851 
Diabetes mellitus type 1 and 2  ICD–8 249.00 249.09 250.00 250.09 
 ICD–10 E10 E11 
 ATC A10 
Chronic obstructive pulmonary disease  ICD–8 490.00 491.00 491.01 491.03 491.04 

491.08 491.09 492 
 ICD–10 J42–J44 
 ATC R03BB 
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Alcohol–related conditions ICD–8 291 303 425.5 537.5 571.0 571.1 
571.2 571.3 577.10 

 ICD–10 E244 E529A G31.2 G62.1 G72.1 
I42.6 F10 K29.2 K70 K86.0 T519 
Z502 Z714 Z72.1 

 ATC N07BB 
Moderate–severe chronic kidney disease ICD–8 250.02 403 404 582 593.19 593.20 
 ICD–10 E10.2 E11.2 E12.2 E13.2 E14.2 

I12–13 (excluding I12.9) N01 N03 
N08.3 N08.5 N11.8C N14 N15.0 
N16 N18 (excluding N18.1) N19 
N26 P96.0 Q60.1 Q60.2 Z99.2  

Hypertension ICD–8 40009 40019 40029 40039 40099 
40199 40299 40399 40499  

 ICD–10 I10–15 O10  
Retinopathy ICD–8 37706 37707  
 ICD–10 H350 I708A 
Hypertensive encephalopathy ICD–8 43600 
 ICD–10 I674 
Peripheral artery disease ICD–8 440 
 ICD–10 I70 (excluding I708A) I73 
Ischemic heart disease  ICD–8 410–414 
 ICD–10 I20–I25 (excluding I209) 
Congestive heart failure  ICD–8 427.09 427.10 427.11 427.19 428.99 

782.49 
 ICD–10 I11.0 I13.0 I13.2 I42 I43 I50 I51.7  
Transient ischemic attack or stroke ICD–8 430 431 432 433 434 435 43601 

43690 43699 437 43809 
 ICD–10 I60 I61 I62 I63 I64 I69 G458 G459 

G46  
   
Educational level 
Duration of education   

Short  ≤10 years 
Medium   11–13 years 
Long  ≥ 13 years 
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eTable 1 Characteristics of cases and controls 
 

Cases Controls  
(n=7,315) (n=146,300) 

Age at index date, mean (SD) years 64.1 (11.0) 64.1 (11.0) 
Male, no (%) 4,811 (65.8%) 96,220 (65.8%) 
Histologic subtype, no (%) 

  

  Clear cell RCC 6,582 (90.0%) - 
  Papillary RCC 274 (3.7%) - 
  Other RCC 459 (6.3%) - 
Clinical stage, no (%) 

  

  Localized 3,052 (41.7%) - 
  Advanced 2,424 (33.1%) - 
  Unknown 1,839 (25.1%) - 
Use of dihydropyridines, no (%) 

  

  Never use 5,589 (76.4%) 124,501 (85.1%) 
  Ever use 1,726 (23.6%) 21,799 (14.9%) 
  Long-term use (1000+ DDDs) 1,006 (13.8%) 11,425 (7.8%) 
Use of other antihypertensives, no (%) 

  

  Beta-blockers 1,698 (23.2%) 24,388 (16.7%) 
  ACE-inhibitors 1,833 (25.1%) 24,072 (16.5%) 
  Angiotensin receptor blockers 1,100 (15.0%) 13,938 (9.5%) 
  Thiazides 2,258 (30.9%) 31,062 (21.2%) 
  Aldosterone antagonists 203 (2.8%) 2,492 (1.7%) 
  Alpha-blockers 126 (1.7%) 1,507 (1.0%) 
  Amiloride 246 (3.4%) 3,218 (2.2%) 
  Furosemide 780 (10.7%) 9,657 (6.6%) 
Number of used antihypertensive drug classes, no (%) 

 

  0 3,769 (51.5%) 93,949 (64.2%) 
  1 1,089 (14.9%) 19,725 (13.5%) 
  2 1,078 (14.7%) 16,043 (11.0%) 
  3 786 (10.7%) 10,145 (6.9%) 
  >=4 593 (8.1%) 6,438 (4.4%) 
Markers of severity of hypertension, no (%) 

  

  Ambulatory/discharge diagnosis of hypertension 1,253 (17.1%) 15,713 (10.7%) 
  Any hypertensive complication 1,412 (19.3%) 22,599 (15.4%) 
    Stroke or transient ischemic attack 503 (6.9%) 8,136 (5.6%) 
    Retinopathy 38 (0.5%) 538 (0.4%) 
    Hypertensive encephalopathy (n<5) 46 (0.0%) 
    Peripheral artery disease 244 (3.3%) 3,705 (2.5%) 
    Ischemic heart disease 776 (10.6%) 12,357 (8.4%) 
    Congestive heart failure 254 (3.5%) 3,764 (2.6%) 
Use of other drugs, no (%) 

  

  Paracetamol 1,197 (16.4%) 18,765 (12.8%) 
  Low-dose aspirin 1,638 (22.4%) 25,337 (17.3%) 
  NSAIDs 3,983 (54.4%) 70,095 (47.9%) 
  Lithium 24 (0.3%) 591 (0.4%) 
Medical history, no (%) 

  

  Diabetes 805 (11.0%) 10,310 (7.0%) 
  Chronic obstructive pulmonary disease 386 (5.3%) 5,966 (4.1%) 
  Alcohol related conditions 393 (5.4%) 6,358 (4.3%) 
  Moderate to severe chronic kidney disease 179 (2.4%) 1,416 (1.0%) 
Education, no (%) 

  

  Short 2,818 (38.5%) 51,074 (34.9%) 
  Medium 2,898 (39.6%) 57,079 (39.0%) 
  Long 1,252 (17.1%) 30,122 (20.6%) 
  Unknown 347 (4.7%) 8,025 (5.5%) 
SD: Standard deviation, RCC: Renal cell carcinoma, DDD: Defined daily doses, ACE inhibitors: 
angiotensin–converting enzyme inhibitors, NSAIDs: Non–steroidal anti–inflammatory drugs. 
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eTable 2 Risk of renal cell carcinoma with use of individual dihydropyridines compared to never–use 

Exposure 
Cases, 
no 

Controls, 
no 

Unadjusted ORa Adjusted ORb Fully adjusted ORc 

Amlodipine      
  Never use 5,880 128,312 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 1,435 17,988 1.82 (1.71-1.94) 1.60 (1.49-1.70) 1.25 (1.16-1.34) 
  Long-term use (1000+ DDDs) 772 8,791 2.00 (1.84-2.17) 1.70 (1.56-1.85) 1.33 (1.21-1.45)       
Felodipine     
  Never use 7,053 143,009 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 262 3,291 1.62 (1.43-1.84) 1.41 (1.24-1.60) 1.09 (0.95-1.24) 
  Long-term use (1000+ DDDs) 143 1,694 1.72 (1.45-2.05) 1.49 (1.26-1.78) 1.16 (0.97-1.39)       
Isradipine      
  Never use 7,284 145,979 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 31 321 1.94 (1.34-2.80) 1.60 (1.11-2.33) 1.22 (0.84-1.78) 
  Long-term use (1000+ DDDs) 15 179 1.67 (0.99-2.84) 1.39 (0.82-2.37) 1.05 (0.62-1.79)       
Nifedipine      
  Never use 7,188 144,714 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 127 1,586 1.61 (1.34-1.94) 1.33 (1.11-1.60) 1.14 (0.95-1.37) 
  Long-term use (1000+ DDDs) 51 568 1.82 (1.37-2.43) 1.44 (1.08-1.93) 1.21 (0.90-1.62)       
Nimodipine     
  Never use 7,314 146,290 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use (n<5) 10 (-) (-) (-) 
  Long-term use (1000+ DDDs) (n<5) (n<5) (-) (-) (-)       
Nitrendipine     
  Never use 7,301 146,161 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 14 139 2.02 (1.16-3.50) 1.73 (0.99-3.01) 1.36 (0.78-2.36) 
  Long-term use (1000+ DDDs) 7 65 2.15 (0.99-4.70) 1.87 (0.85-4.09) 1.50 (0.68-3.29)       
Lacidipine      
  Never use 7,297 146,070 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 18 230 1.57 (0.97-2.53) 1.33 (0.82-2.16) 0.98 (0.60-1.59) 
  Long-term use (1000+ DDDs) 7 62 2.25 (1.03-4.92) 2.05 (0.94-4.49) 1.49 (0.68-3.26)       
Lercanidipine     
  Never use 7,230 145,478 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 85 822 2.10 (1.67-2.63) 1.74 (1.39-2.19) 1.30 (1.03-1.64) 
  Long-term use (1000+ DDDs) 40 291 2.76 (1.98-3.85) 2.27 (1.63-3.18) 1.69 (1.20-2.37) 
OR: Odds ratio, DDD: Defined daily doses  

aAdjusted for age, sex, and calendar time (by design) 
b Adjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes 
mellitus, chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and iii) 
highest achieved education 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge diagnosis of 
hypertension; (iii) hypertensive complications; and (iv) use of each of the following antihypertensive drugs or diuretics: ACE 
inhibitors, aldosterone antagonists, alpha blockers, angiotensin receptor blockers, amiloride, beta blockers, furosemide, and thiazides. 
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eTable 3 Risk of renal cell carcinoma with use of non-dihydropyridine calcium channel blockers 

compared to never use  

Exposure 
Cases, 
no 

Controls, 
no 

Unadjusted ORa Adjusted ORb Fully adjusted ORc 

Verapamil 
     

  Never use 7,084 142,951 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 231 3,349 1.40 (1.22-1.60) 1.19 (1.04-1.37) 1.07 (0.93-1.23) 
  Long-term use (1000+ DDDs) 99 1,213 1.64 (1.34-2.02) 1.40 (1.13-1.72) 1.31 (1.06-1.61) 
Cumulative dose (DDDs)      
  1-149 66 1,090 1.22 (0.95-1.57) 1.06 (0.83-1.37) 0.93 (0.72-1.20) 
  150-499 37 638 1.18 (0.84-1.64) 0.99 (0.71-1.39) 0.87 (0.62-1.21) 
  500-999 29 405 1.48 (1.01-2.16) 1.23 (0.84-1.80) 1.09 (0.75-1.60) 
  1000-1999 44 537 1.64 (1.21-2.24) 1.41 (1.04-1.93) 1.29 (0.94-1.76) 
  2000-3999 33 454 1.45 (1.02-2.07) 1.24 (0.87-1.77) 1.18 (0.83-1.69) 
  +4000 22 225 1.96 (1.26-3.05) 1.62 (1.04-2.52) 1.58 (1.01-2.46)       
Diltiazem 

     

  Never use 7,148 143,700 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 167 2,600 1.29 (1.10-1.52) 1.02 (0.87-1.20) 0.93 (0.79-1.09) 
  Long-term use (1000+ DDDs) 63 1,015 1.25 (0.97-1.62) 0.95 (0.74-1.24) 0.90 (0.70-1.17) 
Cumulative dose (DDDs)      
  1-149 47 708 1.34 (1.00-1.81) 1.11 (0.82-1.49) 0.98 (0.73-1.33) 
  150-499 30 471 1.28 (0.88-1.85) 0.97 (0.67-1.41) 0.86 (0.59-1.26) 
  500-999 25 397 1.27 (0.85-1.91) 1.00 (0.67-1.51) 0.89 (0.59-1.34) 
  1000-1999 36 445 1.66 (1.18-2.34) 1.32 (0.94-1.87) 1.22 (0.86-1.72) 
  2000-3999 20 413 0.97 (0.62-1.52) 0.70 (0.45-1.11) 0.67 (0.43-1.06) 
  +4000 9 166 1.09 (0.56-2.13) 0.83 (0.42-1.63) 0.82 (0.42-1.61) 
OR: Odds ratio, DDD: Defined daily doses  

aAdjusted for age, sex, and calendar time (by design) 
bAdjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes 
mellitus, chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and 
iii) highest achieved education 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge diagnosis of 
hypertension; (iii) hypertensive complications; and (iv) use of each of the following antihypertensive drugs or diuretics: ACE 
inhibitors, aldosterone antagonists, alpha blockers, angiotensin receptor blockers, amiloride, beta blockers, dihydropyridine 
calcium channel blockers, furosemide, and thiazides. 
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eTable 4 Effects of varying lag–time on the association between ever use and long-term use of 

dihydropyridines and risk of renal cell carcinoma. A lag time of 24 months corresponds to the main analysis.  

Lag time 
(months) 

Fully adjusted OR, 
ever usea 

Fully adjusted OR, 
long-term usea 

0 1.43 (1.34-1.53) 1.39 (1.28-1.51) 
6 1.34 (1.26-1.44) 1.35 (1.24-1.47) 
12 1.33 (1.24-1.42) 1.36 (1.25-1.48) 
18 1.29 (1.20-1.38) 1.35 (1.24-1.47) 
24 1.28 (1.19-1.37) 1.37 (1.25-1.49) 
30 1.25 (1.16-1.34) 1.34 (1.23-1.47) 
36 1.25 (1.16-1.34) 1.37 (1.25-1.50) 
42 1.25 (1.16-1.34) 1.37 (1.25-1.50) 
48 1.24 (1.15-1.33) 1.36 (1.24-1.50) 
54 1.25 (1.16-1.35) 1.39 (1.26-1.53) 
60 1.26 (1.17-1.36) 1.39 (1.26-1.53) 
a Adjusted for age, sex, and calendar time (by design) and (i) use of 
low–dose aspirin, non–steroidal anti–inflammatory drugs, 
paracetamol, lithium; (ii) a history of diabetes mellitus, chronic 
obstructive pulmonary disease, alcohol related conditions, and 
moderate to severe chronic kidney disease; iii) highest achieved 
education; (iv) number of used antihypertensive drug classes (0, 1, 
2, 3, ≥4); (v) ambulatory/discharge diagnosis of hypertension; (vi) 
hypertensive complications; and (vii) use of each of the following 
antihypertensive drugs or diuretics: ACE inhibitors, aldosterone 
antagonists, alpha blockers, angiotensin receptor blockers, 
amiloride, beta blockers, furosemide, and thiazides.  
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eTable 5 Risk of renal cell carcinoma with use of other first-line antihypertensive drugs compared to 

never use 

Exposure 
Cases, 
no 

Controls, 
no 

Unadjusted ORa Adjusted ORb Fully adjusted ORc 

ACE inhibitors 
     

  Never use 5,270 119,232 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 2,045 27,068 1.82 (1.72-1.92) 1.59 (1.50-1.69) 1.23 (1.15-1.32) 
  Long-term use (1000+ DDDs) 1,087 13,551 1.95 (1.81-2.09) 1.65 (1.53-1.79) 1.27 (1.16-1.39) 
Cumulative dose (DDDs) 

     

  1-149 335 4,710 1.65 (1.46-1.85) 1.44 (1.28-1.62) 1.10 (0.97-1.25) 
  150-499 349 4,859 1.70 (1.52-1.91) 1.49 (1.33-1.68) 1.17 (1.03-1.32) 
  500-999 269 3,807 1.64 (1.44-1.86) 1.41 (1.23-1.61) 1.12 (0.97-1.28) 
  1000-1999 320 4,668 1.61 (1.43-1.82) 1.37 (1.21-1.56) 1.10 (0.96-1.25) 
  2000-3999 346 4,728 1.78 (1.58-2.00) 1.50 (1.32-1.69) 1.17 (1.02-1.33) 
  +4000 426 4,296 2.42 (2.16-2.70) 1.91 (1.69-2.15) 1.44 (1.27-1.64)       
Angiotensin receptor blockers 

     

  Never use 6,116 131,130 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 1,199 15,170 1.76 (1.64-1.88) 1.54 (1.43-1.65) 1.18 (1.09-1.27) 
  Long-term use (1000+ DDDs) 668 8,395 1.77 (1.63-1.93) 1.51 (1.38-1.65) 1.14 (1.04-1.26) 
Cumulative dose (DDDs) 

     

  1-149 162 2,065 1.72 (1.46-2.02) 1.52 (1.29-1.79) 1.22 (1.03-1.44) 
  150-499 178 2,310 1.70 (1.45-1.98) 1.49 (1.27-1.74) 1.17 (0.99-1.37) 
  500-999 191 2,390 1.75 (1.50-2.04) 1.54 (1.32-1.80) 1.21 (1.03-1.41) 
  1000-1999 228 3,250 1.52 (1.33-1.75) 1.32 (1.15-1.52) 1.02 (0.88-1.18) 
  2000-3999 258 3,476 1.65 (1.45-1.89) 1.40 (1.22-1.60) 1.07 (0.93-1.24) 
  +4000 182 1,679 2.46 (2.10-2.90) 1.96 (1.66-2.32) 1.52 (1.28-1.80)       
Beta-blockers 

     

  Never use 5,358 117,634 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 1,957 28,666 1.54 (1.46-1.63) 1.36 (1.28-1.44) 1.11 (1.04-1.19) 
  Long-term use (1000+ DDDs) 664 8,794 1.71 (1.57-1.87) 1.43 (1.30-1.57) 1.11 (1.00-1.22) 
Cumulative dose (DDDs) 

     

  1-149 565 9,606 1.31 (1.20-1.43) 1.20 (1.09-1.31) 1.06 (0.96-1.16) 
  150-499 407 5,881 1.53 (1.38-1.70) 1.34 (1.20-1.50) 1.10 (0.98-1.24) 
  500-999 321 4,368 1.65 (1.46-1.85) 1.42 (1.26-1.61) 1.13 (1.00-1.29) 
  1000-1999 307 4,532 1.52 (1.35-1.72) 1.29 (1.13-1.46) 1.03 (0.90-1.17) 
  2000-3999 248 3,176 1.76 (1.53-2.02) 1.45 (1.25-1.67) 1.16 (1.00-1.35) 
  +4000 109 1,103 2.28 (1.85-2.80) 1.81 (1.46-2.23) 1.35 (1.08-1.68)       
Thiazides 

     

  Never use 4,747 110,042 1.0 (ref.) 1.0 (ref.) 1.0 (ref.) 
  Ever use 2,568 36,258 1.76 (1.67-1.86) 1.57 (1.49-1.66) 1.22 (1.14-1.30) 
  Long-term use (1000+ DDDs) 1,382 18,064 1.93 (1.81-2.07) 1.69 (1.57-1.81) 1.22 (1.12-1.34) 
Cumulative dose (DDDs) 

     

  1-149 395 6,570 1.47 (1.31-1.63) 1.32 (1.18-1.47) 1.14 (1.02-1.28) 
  150-499 397 5,845 1.64 (1.47-1.83) 1.46 (1.31-1.63) 1.17 (1.03-1.32) 
  500-999 377 5,368 1.70 (1.51-1.90) 1.49 (1.33-1.68) 1.13 (1.00-1.29) 
  1000-1999 492 7,618 1.60 (1.44-1.76) 1.40 (1.26-1.55) 1.03 (0.92-1.17) 
  2000-3999 543 7,104 1.91 (1.73-2.11) 1.67 (1.51-1.85) 1.21 (1.07-1.36) 
  +4000 364 3,753 2.49 (2.20-2.82) 2.04 (1.80-2.32) 1.41 (1.21-1.65) 
OR: Odds ratio, ACE: Angiotensin converting enzyme, DDD: Defined daily doses  

aAdjusted for age, sex, and calendar time (by design) 
bAdjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of 
diabetes mellitus, chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney 
disease; and iii) highest achieved education 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (ii) ambulatory/discharge diagnosis 
of hypertension; (iii) hypertensive complications; and (iv) use of each of the following antihypertensive drugs or diuretics 
(excluding the drug that was included as explanatory variable): ACE inhibitors, aldosterone antagonists, alpha blockers, 
angiotensin receptor blockers, amiloride, beta blockers, dihydropyridine calcium channel blockers, furosemide, and thiazides. 
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eFigure 1 Selection of cases within new users of dihydropyridines or angiotensin converting enzyme 

inhibitors 
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eFigure 2 Selection of cases within new users of dihydropyridines or angiotensin receptor blockers  
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eTable 6 Characteristics of cases and controls sampled from a source population of new users of 
dihydropyridines or angiotensin receptor blockers 

  Controls  
Cases All controls DHP usersa ARB usersb 

All (n=1,783) (n=33,763) (n=11,202) (n=7,209) 
Age at cohort entry, mean (SD) years 62.0 (9.7) 63.1 (8.6) 62.8 (8.5) 62.0 (8.4) 
Age at index date, mean (SD) years 66.8 (9.4) 67.9 (8.4) 68.5 (8.3) 67.8 (8.2) 
Follow-up duration, mean (SD) years 4.8 (3.7) 4.8 (3.6) 5.8 (2.9) 5.8 (3.0) 
Male, no (%) 1,162 (65.2%) 21,773 (64.5%) 7,396 (66.0%) 4,519 (62.7%) 
Histologic subtype, no (%)     
  Clear cell RCC 1,585 (88.9%) - - - 
  Papillary RCC 105 (5.9%) - - - 
  Other RCC 93 (5.2%) - - - 
Clinical stage, no (%)     
  Localized 926 (51.9%) - - - 
  Advanced 646 (36.2%) - - - 
  Unknown 211 (11.8%) - - - 
Use of other antihypertensives before cohort entry, no (%)     
  Beta-blockers 464 (26.0%) 8,625 (25.5%) 3,051 (27.2%) 1,734 (24.1%) 
  ACE-inhibitors 641 (36.0%) 11,345 (33.6%) 3,746 (33.4%) 2,309 (32.0%) 
  Thiazides 629 (35.3%) 10,918 (32.3%) 3,676 (32.8%) 2,020 (28.0%) 
  Aldosterone antagonists 28 (1.6%) 456 (1.4%) 121 (1.1%) 125 (1.7%) 
  Alpha-blockers 25 (1.4%) 376 (1.1%) 121 (1.1%) 88 (1.2%) 
  Amiloride 60 (3.4%) 942 (2.8%) 275 (2.5%) 199 (2.8%) 
  Furosemide 158 (8.9%) 2,169 (6.4%) 642 (5.7%) 501 (6.9%) 
Number of used antihypertensive drug classes before cohort 
entry, no (%)     
  0 711 (39.9%) 14,028 (41.5%) 4,595 (41.0%) 3,148 (43.7%) 
  1 451 (25.3%) 9,119 (27.0%) 3,012 (26.9%) 2,024 (28.1%) 
  2 368 (20.6%) 6,998 (20.7%) 2,400 (21.4%) 1,358 (18.8%) 
  3 203 (11.4%) 2,878 (8.5%) 989 (8.8%) 510 (7.1%) 
  >=4 50 (2.8%) 740 (2.2%) 206 (1.8%) 169 (2.3%) 
Markers of severity of hypertension before cohort entry, no (%)     
  Ambulatory/discharge diagnosis of hypertension 396 (22.2%) 6,313 (18.7%) 2,259 (20.2%) 1,075 (14.9%) 
  Any hypertensive complication 396 (22.2%) 7,265 (21.5%) 2,660 (23.7%) 1,368 (19.0%) 
    Stroke or transient ischemic attack 140 (7.9%) 2,514 (7.4%) 901 (8.0%) 454 (6.3%) 
    Retinopathy 9 (0.5%) 128 (0.4%) 28 (0.2%) 32 (0.4%) 
    Hypertensive encephalopathy (n<5) 14 (0.0%) 5 (0.0%) (n<5) 
    Peripheral artery disease 56 (3.1%) 1,054 (3.1%) 404 (3.6%) 167 (2.3%) 
    Ischemic heart disease 215 (12.1%) 4,039 (12.0%) 1,572 (14.0%) 736 (10.2%) 
    Congestive heart failure 72 (4.0%) 1,110 (3.3%) 289 (2.6%) 292 (4.1%) 
Use of other drugs before cohort entry, no (%)     
  Paracetamol 291 (16.3%) 4,657 (13.8%) 1,499 (13.4%) 888 (12.3%) 
  Low-dose aspirin 349 (19.6%) 7,035 (20.8%) 2,406 (21.5%) 1,425 (19.8%) 
  NSAIDs 1,007 (56.5%) 18,050 (53.5%) 5,893 (52.6%) 3,731 (51.8%) 
  Lithium 5 (0.3%) 113 (0.3%) 33 (0.3%) 17 (0.2%) 
Medical history before cohort entry, no (%)     
  Diabetes 253 (14.2%) 3,995 (11.8%) 1,086 (9.7%) 946 (13.1%) 
  COPD 77 (4.3%) 1,578 (4.7%) 538 (4.8%) 293 (4.1%) 
  Alcohol related conditions 91 (5.1%) 1,444 (4.3%) 557 (5.0%) 215 (3.0%) 
  Moderate to severe chronic kidney disease 45 (2.5%) 438 (1.3%) 141 (1.3%) 78 (1.1%) 
Education, no (%)     
  Short 676 (37.9%) 12,440 (36.8%) 4,324 (38.6%) 2,484 (34.5%) 
  Medium 717 (40.2%) 13,559 (40.2%) 4,454 (39.8%) 2,898 (40.2%) 
  Long 321 (18.0%) 6,301 (18.7%) 1,938 (17.3%) 1,531 (21.2%) 
  Unknown 69 (3.9%) 1,463 (4.3%) 486 (4.3%) 296 (4.1%) 
a Ever-users of dihydropyridine calcium channel blockers with never-use of angiotensin receptor blockers 
bEver-users of angiotensin receptor blockers with never-use of dihydropyridine calcium channel blockers  
DHP: Dihydropyridine calcium channel blockers, ARB: Angiotensin receptor blockers, SD: Standard deviation, RCC: Renal cell 
carcinoma, DDD: Defined daily doses, ACE inhibitors: angiotensin–converting enzyme inhibitors, NSAIDs: Non–steroidal anti–
inflammatory drugs. 
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eTable 7 Odds ratios for renal cell carcinoma associated with use of dihydropyridines compared to use 

of angiotensin receptor blockers in new users of dihydropyridines or angiotensin receptor blockers 

Exposure category 

Cases exposed to 
dihydropyridines/ 
ARBs 

Controls exposed to 
dihydropyridines/ 
ARBs  

Unadjusted ORa Adjusted ORb Fully adjusted ORc 

No switching between dihydropyridines or ARBs allowedd 
Ever use 591/317 11,202/7,209 1.23 (1.07-1.42) 1.23 (1.07-1.42) 1.22 (1.06-1.41) 
Long-term use (1000+ DDDs) 285/132 4,954/3,281 1.37 (1.09-1.71) 1.37 (1.09-1.72) 1.32 (1.05-1.67) 
Cumulative dose (DDDs)      
  1-499 211/111 4,288/2,590 1.19 (0.92-1.55) 1.19 (0.91-1.54) 1.20 (0.92-1.56) 
  500-1999 215/134 4,273/2,998 1.18 (0.93-1.50) 1.19 (0.93-1.51) 1.19 (0.93-1.52) 
  2000-  165/72 2,641/1,621 1.27 (0.92-1.74) 1.23 (0.89-1.70) 1.15 (0.83-1.62) 
Moderate switching between dihydropyridines and ARBs allowede 
Ever use 715/442 12,887/9,529 1.25 (1.10-1.43) 1.25 (1.10-1.43) 1.24 (1.09-1.41) 
Long-term use (1000+ DDDs) 335/183 5,543/4,416 1.38 (1.14-1.68) 1.38 (1.13-1.68) 1.35 (1.11-1.64) 
Cumulative dose (DDDs)      
  1-499 264/164 5,093/3,395 1.23 (0.96-1.57) 1.22 (0.96-1.57) 1.22 (0.95-1.57) 
  500-1999 265/180 4,842/3,899 1.22 (0.99-1.51) 1.24 (1.01-1.53) 1.23 (0.99-1.52) 
  2000-  186/98 2,952/2,235 1.31 (1.00-1.72) 1.27 (0.96-1.67) 1.23 (0.93-1.63) 
ARB: Angiotensin receptor blockers, OR: Odds ratio, RCC: Renal cell carcinoma, DDD: Defined daily doses  

aAdjusted for age, sex, calendar time, and year of initiation of antihypertensive therapy (by design) 
b Adjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes mellitus, 
chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and (iii) highest achieved 
education. 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (v) a discharge diagnosis of hypertension; (vi) a 
history of hypertensive complications; and (vii) use of each of the following antihypertensive drugs or diuretics: Aldosterone antagonists, alpha 
blockers, angiotensin converting enzyme inhibitors, amiloride, beta blockers, furosemide, and thiazides. 
dConditional logistic regressions were carried out for each exposure stratum comparing use of dihydropyridines to use of ARBs not allowing 
switching between these, e.g., long term use of dihydropyridines and never use of ARBs was compared to long-term use of ARBs and never use 
of dihydropyridines.  
eConditional logistic regressions were carried out for each exposure stratum comparing use of dihydropyridines to use of ARBs allowing for 
switching between these, e.g., long term use of dihydropyridines and no use or less than 500 defined daily doses of ARBs use was compared to 
long-term use of ARBs and no use or less than 500 defined daily doses of dihydropyridine use.  
  

  



Page 13 of 15 

 

eFigure 3 Selection of cases within new users of dihydropyridines or thiazides  
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eTable 8 Characteristics of cases and controls sampled from a source population of new users of 
dihydropyridines or thiazides 

  Controls  
Cases All controls DHP usersa Thiazide usersb 

All (n=2,009) (n=38,291) (n=4,850) (n=15,151) 
Age at cohort entry, mean (SD) years 61.0 (9.8) 62.0 (9.0) 61.4 (8.7) 61.3 (9.0) 
Age at index date, mean (SD) years 66.2 (9.7) 67.2 (8.8) 67.0 (8.5) 67.4 (8.8) 
Follow-up duration, mean (SD) years 5.2 (3.8) 5.2 (3.8) 5.6 (3.0) 6.1 (3.1) 
Male, no (%) 1,327 (66.1%) 24,909 (65.1%) 3,593 (74.1%) 8,967 (59.2%) 
Histologic subtype, no (%)     
  Clear cell RCC 1,794 (89.3%) - - - 
  Papillary RCC 96 (4.8%) - - - 
  Other RCC 119 (5.9%) - - - 
Clinical stage, no (%)     
  Localized 970 (48.3%) - - - 
  Advanced 798 (39.7%) - - - 
  Unknown 241 (12.0%) - - - 
Use of other antihypertensives before cohort entry, no (%)     
  Beta-blockers 367 (18.3%) 6,961 (18.2%) 1,123 (23.2%) 2,429 (16.0%) 
  ACE-inhibitors 430 (21.4%) 7,229 (18.9%) 1,040 (21.4%) 2,403 (15.9%) 
  Angiotensin receptor blockers 156 (7.8%) 3,319 (8.7%) 322 (6.6%) 1,287 (8.5%) 
  Aldosterone antagonists 21 (1.0%) 289 (0.8%) 45 (0.9%) 94 (0.6%) 
  Alpha-blockers 18 (0.9%) 302 (0.8%) 44 (0.9%) 110 (0.7%) 
  Amiloride (n<5) 39 (0.1%) (n<5) 9 (0.1%) 
  Furosemide 118 (5.9%) 1,698 (4.4%) 334 (6.9%) 581 (3.8%) 
Number of used antihypertensive drug classes before cohort 
entry, no (%)     
  0 1,206 (60.0%) 23,523 (61.4%) 2,787 (57.5%) 9,852 (65.0%) 
  1 569 (28.3%) 10,799 (28.2%) 1,428 (29.4%) 4,005 (26.4%) 
  2 177 (8.8%) 3,084 (8.1%) 472 (9.7%) 1,030 (6.8%) 
  3 44 (2.2%) 693 (1.8%) 118 (2.4%) 213 (1.4%) 
  >=4 13 (0.6%) 192 (0.5%) 45 (0.9%) 51 (0.3%) 
Markers of severity of hypertension before cohort entry, no (%)     
  Ambulatory/discharge diagnosis of hypertension 302 (15.0%) 4,857 (12.7%) 713 (14.7%) 1,421 (9.4%) 
  Any hypertensive complication 370 (18.4%) 6,892 (18.0%) 1,314 (27.1%) 2,120 (14.0%) 
    Stroke or transient ischemic attack 142 (7.1%) 2,536 (6.6%) 369 (7.6%) 855 (5.6%) 
    Retinopathy 7 (0.3%) 127 (0.3%) 11 (0.2%) 40 (0.3%) 
    Hypertensive encephalopathy (n<5) 21 (0.1%) 6 (0.1%) 5 (0.0%) 
    Peripheral artery disease 43 (2.1%) 943 (2.5%) 189 (3.9%) 262 (1.7%) 
    Ischemic heart disease 186 (9.3%) 3,732 (9.7%) 870 (17.9%) 1,034 (6.8%) 
    Congestive heart failure 58 (2.9%) 856 (2.2%) 149 (3.1%) 305 (2.0%) 
Use of other drugs before cohort entry, no (%)     
  Paracetamol 251 (12.5%) 4,646 (12.1%) 597 (12.3%) 1,755 (11.6%) 
  Low-dose aspirin 282 (14.0%) 6,051 (15.8%) 1,050 (21.6%) 2,019 (13.3%) 
  NSAIDs 1,077 (53.6%) 19,391 (50.6%) 2,591 (53.4%) 7,557 (49.9%) 
  Lithium 7 (0.3%) 140 (0.4%) 26 (0.5%) 52 (0.3%) 
Medical history before cohort entry, no (%)     
  Diabetes 207 (10.3%) 3,309 (8.6%) 458 (9.4%) 1,026 (6.8%) 
  COPD 72 (3.6%) 1,532 (4.0%) 205 (4.2%) 530 (3.5%) 
  Alcohol related conditions 108 (5.4%) 1,724 (4.5%) 263 (5.4%) 606 (4.0%) 
  Moderate to severe chronic kidney disease 41 (2.0%) 362 (0.9%) 110 (2.3%) 75 (0.5%) 
Education, no (%)     
  Short 774 (38.5%) 14,191 (37.1%) 1,678 (34.6%) 5,700 (37.6%) 
  Medium 798 (39.7%) 15,288 (39.9%) 1,972 (40.7%) 5,921 (39.1%) 
  Long 357 (17.8%) 7,005 (18.3%) 945 (19.5%) 2,870 (18.9%) 
  Unknown 80 (4.0%) 1,807 (4.7%) 255 (5.3%) 660 (4.4%) 
aEver-users of dihydropyridine calcium channel blockers with never-use of thiazides 
bEver-users of thiazides with never-use of dihydropyridine calcium channel blockers  
DHP: Dihydropyridine calcium channel blockers, SD: Standard deviation, RCC: Renal cell carcinoma, DDD: Defined daily doses, ACE 
inhibitors: angiotensin–converting enzyme inhibitors, NSAIDs: Non–steroidal anti–inflammatory drugs. 
 

 

  



Page 15 of 15 

 

eTable 9 Odds ratios for renal cell carcinoma associated with use of dihydropyridines compared to use 

of thiazides in new users of dihydropyridines or thiazides 

Exposure category 

Cases exposed to 
dihydropyridines/ 
thiazides 

Controls exposed to 
dihydropyridines/ 
thiazides  

Unadjusted ORa Adjusted ORb Fully adjusted ORc 

No switching between dihydropyridines or thiazides allowedd 
Ever use 261/704 4,850/15,151 1.17 (1.00-1.36) 1.15 (0.98-1.34) 1.12 (0.96-1.31) 
Long-term use (1000+ DDDs) 104/238 1,879/5,151 1.05 (0.79-1.39) 1.03 (0.77-1.38) 1.00 (0.75-1.35) 
Cumulative dose (DDDs)      
  1-499 108/333 2,102/7,109 1.14 (0.89-1.45) 1.11 (0.86-1.42) 1.09 (0.85-1.41) 
  500-1999 101/257 1,768/5,714 1.13 (0.86-1.49) 1.12 (0.85-1.49) 1.05 (0.79-1.40) 
  2000-  52/114 980/2,328 0.96 (0.63-1.48) 0.92 (0.58-1.44) 0.90 (0.56-1.45) 
Moderate switching between dihydropyridines and thiazides allowede 
Ever use 427/867 7,570/18,258 1.22 (1.07-1.38) 1.21 (1.06-1.37) 1.19 (1.05-1.35) 
Long-term use (1000+ DDDs) 170/295 2,841/6,387 1.19 (0.95-1.48) 1.17 (0.94-1.47) 1.16 (0.93-1.46) 
Cumulative dose (DDDs)      
  1-499 186/411 3,355/8,362 1.18 (0.96-1.44) 1.16 (0.95-1.42) 1.16 (0.94-1.42) 
  500-1999 160/314 2,747/6,951 1.22 (0.98-1.52) 1.23 (0.99-1.54) 1.19 (0.95-1.49) 
  2000-  81/142 1,468/2,945 1.17 (0.84-1.63) 1.13 (0.80-1.60) 1.18 (0.82-1.68) 
OR: Odds ratio, RCC: Renal cell carcinoma, DDD: Defined daily doses 

aAdjusted for age, sex, calendar time, and year of initiation of antihypertensive therapy (by design) 
b Adjusted for (i) use of low–dose aspirin, non–steroidal anti–inflammatory drugs, paracetamol, lithium; (ii) a history of diabetes mellitus, 
chronic obstructive pulmonary disease, alcohol related conditions, and moderate to severe chronic kidney disease; and (iii) highest achieved 
education. 
cAdditionally adjusted for (i) number of used antihypertensive drug classes (0, 1, 2, 3, ≥4); (v) a discharge diagnosis of hypertension; (vi) a 
history of hypertensive complications; and (vii) use of each of the following antihypertensive drugs or diuretics: Aldosterone antagonists, alpha 
blockers, angiotensin receptor blockers, angiotensin converting enzyme inhibitors, amiloride, beta blockers, and furosemide. 
dConditional logistic regressions were carried out for each exposure stratum comparing use of dihydropyridines to use of thiazides not allowing 
switching between these, e.g., long term use of dihydropyridines and never use of thiazides was compared to long-term use of thiazides and 
never use of dihydropyridines.  
eConditional logistic regressions were carried out for each exposure stratum comparing use of dihydropyridines to use of thiazides allowing for 
switching between these, e.g., long term use of dihydropyridines and no use or less than 500 defined daily doses of thiazides use was compared 
to long-term use of thiazides and no use or less than 500 defined daily doses of dihydropyridine use.  
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