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Abstract

Background We conducted a retrospective cohort study to

evaluate and compare the longitudinal effect of

monotherapy with L-, L/T-, L/N-, and L/N/T-type calcium

channel blockers (CCBs) on estimated glomerular filtration

rate (eGFR), and to investigate the association of treatment

duration with eGFR in diabetic patients with hypertension.

Methods Using a clinical database, we identified new users

of five CCBs, i.e. amlodipine (L-type, n = 693), nifedipine

(L-type, n = 189), azelnidipine (L/T-type, n = 91), beni-

dipine (L/N/T-type, n = 183), and cilnidipine (L/N-type,

n = 61). We used a multivariable regression model to

evaluate and compare the effects of these drugs on eGFR

and serum creatinine, up to 12 months after initiation of

study drug administration.

Results There was no significant association between

treatment duration and both eGFR and serum creatinine

level with all CCB types. In addition, there was no sig-

nificant difference in mean change in eGFR among the five

CCBs, with any treatment duration.

Conclusions Our findings suggest that monotherapy with

an L-, L/T-, L/N/T-, or L/N-type CCB may have little

influence on renal function parameters and may be safely

used in hypertensive patients with diabetes.
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Key Points

We compared the long-term effects on estimated

glomerular filtration rate (eGFR) among five calcium

channel blockers (CCBs), i.e. amlodipine, nifedipine,

azelnidipine, benidipine, and cilnidipine, and

investigated the association of treatment duration

with eGFR and serum creatinine level in diabetic

patients with hypertension.

We found no significant association between

treatment duration and both eGFR and serum

creatinine level, and no significant difference in the

change in eGFR and serum creatinine level, among

the five CCBs.

These five CCBs might be safely used in diabetic

patients with hypertension.

1 Introduction

Hypertension and diabetes mellitus (DM) are common

diseases that are associated with progression of chronic

kidney disease (CKD). Several CKD guidelines strongly

recommend the control of blood pressure in patients with

DM [1–3]; therefore, it is important to examine the lon-

gitudinal effect of antihypertensive drugs on renal param-

eters in patients with DM.

Calcium channel blockers (CCBs), which block voltage-

dependent calcium channels (classified into L, N, T, P/Q,

and R subtypes), are widely used as first-line antihyper-

tensive drugs in Japan [3]. In the kidney, L-type calcium

channels are expressed in afferent arterioles, but not in

efferent arterioles. Therefore, L-type CCBs that target

L-type calcium channels increase intraglomerular pressure

by dilating afferent arterioles predominantly, and poten-

tially subsequently reduce renal function and cause kidney

damage, such as a decrease of glomerular filtration rate

(GFR) and increase of urinary protein. In contrast, T-type

calcium channels are prevalent in both the afferent and

efferent arterioles, and N-type calcium channels are present

at sympathetic nerve terminals distributed along afferent

and efferent arterioles [4]. Therefore, L/T-type, L/N-type,

and L/N/T-type CCBs, which target T- and/or N-type

calcium channels, decrease intraglomerular pressure by

dilating both afferent and efferent arterioles, and poten-

tially result in renal protection, such as maintenance of

GFR and decrease of urinary protein [5]. Several clinical

studies have shown a reduction in albuminuria in

hypertensive patients with CKD who are treated with L/T-,

L/N-, or L/N/T-type CCBs [6–9]; however, it is unclear

whether these CCBs affect renal function, e.g. maintain or

reduce GFR.

Although some studies have reported the effect of L/T-,

L/N-, or L/N/T-type CCBs on estimated GFR (eGFR), their

results vary according to concomitant drugs, treatment

duration, and medical history of the patients [6, 7, 10]. In

addition, some CCBs are known to cause an increase in

GFR, hyperfiltration, and edema in the acute phase of

initiation of treatment in patients with CKD [11–13].

Agodoa et al. reported that eGFR increased during the first

3 months of treatment with amlodipine, an L-type CCB,

but decreased after 36 months in patients without protein-

uria [14]. Therefore, whether the effects of these CCBs on

renal function are influenced by duration of treatment is

especially of clinical interest.

In this study, we evaluated and compared the longitu-

dinal effects of monotherapy with L-, L/T-, L/N-, and L/N/

T-type CCBs on eGFR and serum creatinine level, and

investigated the association between treatment duration

and both eGFR and serum creatinine level in diabetic

patients with hypertension.

2 Methods

2.1 Data Source

This was a retrospective cohort study using data from the

Nihon University School of Medicine (NUSM) Clinical

Data Warehouse (CDW), which includes an order entry

database and a laboratory results database from the hospital

information systems at three hospitals affiliated with the

NUSM—Nihon University Itabashi Hospital, Nerima

Hikarigaoka Hospital, and Nihon University Hospital. The

prescribing data of over 0.7 million patients are linked

longitudinally to detailed clinical information, such as

patient demographics, diagnosis, and laboratory data. To

protect patient privacy, patient identifiers are replaced with

anonymous identifiers in all databases of the CDW. Several

epidemiological studies examining the effects of drugs on

laboratory parameters using the NUSM CDW have been

published [15–17].

2.2 Study Population

We examined Japanese diabetic patients with mild to

moderate hypertension aged over 20 years who had been

newly treated with an L-type CCB (amlodipine or

nifedipine), L/T-type CCB (azelnidipine), L/N/T-type CCB

(benidipine), or L/N-type CCB (cilnidipine) for at least

3 months between 1 December 2004 and 31 May 2012. We
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identified 19,268 diabetic hypertensive patients treated

with amlodipine, 11,134 treated with nifedipine, 3580

treated with azelnidipine, 5173 treated with benidipine, and

2816 treated with cilnidipine. Patients with severe renal

failure (eGFR \30), patients who were pregnant, and

patients who had been treated with other antihypertensive

agents during the study period were excluded. The study

population consisted of 693 patients in the amlodipine

group, 189 in the nifedipine group, 91 in the azelnidipine

group, 183 in the benidipine group, and 61 in the cilni-

dipine group. The mean dosage was 4.3, 25.3, 12.7, 4.8 and

8.9 mg/day for amlodipine, nifedipine, azelnidipine, beni-

dipine, and cilnidipine, respectively. The experimental

protocol was approved by the Ethics Committee of the

NUSM, and the study was conducted in compliance with

the Ethical Guidelines for Medical and Health Research

Involving Human Subjects of the Ministry of Education,

Culture, Sports, Science and Technology, and the Ministry

of Health, Labour and Welfare, Japan [18].

2.3 Exposure and Measurements

The baseline measurement period (non-exposure period)

was defined as within 3 months before the start of treat-

ment with each CCB, while the exposure period (treatment

duration) was defined as the number of days since the start

of treatment, as follows: 0–3 months ([0 to B3 months),

3–6 months ([3 to B6 months), 6–9 months ([6 to

B9 months), and 9–12 months ([9 to B12 months). Lab-

oratory data for serum creatinine level for each subject

were collected at the date nearest to the start of study drug

administration in the baseline period, and at dates within

0–3, 3–6, 6–9, and 9–12 months after the start of treatment

in the exposure period. Serum creatinine was determined

by the enzymatic method used for routine laboratory test-

ing at the NUSM hospital, and was assayed at a central

laboratory (Central Laboratory, SRL Co., Tokyo, Japan)

with an enzymatic creatinine assay method using a Japa-

nese electron creatinine auto-analyzer (JCA-BM8060;

JEOL Ltd, Tokyo, Japan) and enzyme solution (Preauto-S

CRE-L; Sekisui Medical Co., Ltd, Tokyo, Japan). eGFR

was calculated according to the Japanese formula specified

by the Japanese Society of Nephrology (JSN): eGFR (JSN

equation for Japan) (mL/min/1.73 m2) = 194*SCr-1.094*-

Age-0.287 (*0.739 if female) (this formula is modified)

[19]. The percentage change in eGFR was calculated as

(eGFR in exposure period - eGFR in baseline period)/

(eGFR in baseline period)*100 [20, 21].

2.4 Data Elements

For each patient, we collected information on patient

demographics (age and sex), medical history, and use of

medications that are clinically important or have the possi-

bility of affecting the outcome as baseline covariates for

adjustment. Medical history included urinary protein, cere-

brovascular disease (International Classification of Diseases,

Tenth Revision [ICD-10] code I60–69), ischemic heart dis-

ease (I20–I25), other heart disease (I30–I52), rheumatoid

arthritis (M05–M06), liver disease (K70–K77), kidney dis-

ease (N00–N19), and hyperlipidemia (E78.0–E78.5) during

the 365 days preceding the first date of administration of

each CCB. Drugs used during the 90 days before the start of

treatment with each CCB included oral hypoglycemics,

antithrombotics, corticosteroids, non-steroidal anti-inflam-

matory drugs (NSAIDs), and statins.

2.5 Statistical Analysis

We used a general linear model for continuous variables and

the Chi squared test for categorical data to compare differ-

ences in baseline characteristics among the five CCB groups.

This study was a retrospective observational study with

repeated measures data, and, as the non-randomized subjects

had inherent issues of selection bias and confounding fac-

tors, we used an unadjusted and a covariate-adjusted linear

mixed model with a compound symmetry covariance

structure (MIXED procedure in SAS software) to assess the

relationship between treatment duration and laboratory

parameters, including eGFR and serum creatinine level in

each CCB group. The model was adjusted for age, sex, and

duration of DM. In addition, we used an unadjusted and

covariate-adjusted linear mixed model (covariance structure:

Compound Symmetry) to compare the mean change of

eGFR and serum creatinine level during the exposure period

from baseline among the CCB groups. The model in this

analysis was adjusted for age, sex, duration of DM, medical

history (including urinary protein, cerebrovascular disease,

other heart disease, liver disease, kidney disease, and

hyperlipidemia), and medications (including antithrombotic

drugs, liver disease therapeutics, corticosteroids, NSAIDs,

and statins, which showed a significant difference in base-

line parameters among the five CCB groups (Table 1). A

multiple comparison test (Turkey’s post hoc analysis) was

used to analyze the difference in least square means among

the five CCB groups. All reported p values \0.05 were

considered to indicate statistical significance. All statistical

analyses were performed using SAS software, version 9.3

(SAS Institute Inc., Cary, NC, USA).

3 Results

Table 1 shows the baseline characteristics of patients who

had been treated with each CCB. The mean age of

amlodipine, nifedipine, azelnidipine, benidipine, and
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cilnidipine users was 66.3, 66.4, 63.8, 64.7, and 62.5 years,

respectively; the female percentage was 46.3, 39.1, 44.0,

37.2, and 31.2%, respectively; and the duration of DM was

2.2, 1.9, 3.2, 2.5, and 2.7 years, respectively. Statistically

significant differences were observed in the following

baseline characteristics among the five CCBs: mean age,

percentage of women, medical history (including urinary

protein, cerebrovascular disease, ischemic heart disease,

other heart disease, kidney disease, and hyperlipidemia),

and medication (including the use of antithrombotic drugs,

liver disease therapeutics, corticosteroids, NSAIDs, and

statins).

Table 2 shows the relationship between treatment

duration and laboratory parameters, including eGFR and

serum creatinine level, in the groups receiving the five

CCBs. No significant association was observed between

treatment duration and both eGFR and serum creatinine

level in the five CCB groups before and after adjustment.

Table 3 shows the unadjusted and adjusted mean change

in eGFR and serum creatinine level in the five CCB groups

during each exposure period. There was no significant

difference in the change of eGFR and serum creatinine

level among the five CCB groups, with any treatment

duration.

Table 1 Background of CCB users

Variables Amlodipine

(n = 693)

Nifedipine

(n = 189)

Azelnidipine

(n = 91)

Benidipine

(n = 183)

Cilnidipine

(n = 61)

p value

Patient data

Age, years (mean ± SE) 66.3 ± 0.4 66.4 ± 0.8 63.8 ± 1.2 64.7 ± 0.9 62.5 ± 1.5 0.0202*

Female sex 321 (46.3) 74 (39.1) 40 (44.0) 68 (37.2) 19 (31.2) 0.0351*

Duration of DM, years

(mean ± SE)

2.2 ± 0.1 1.9 ± 0.3 3.2 ± 0.4 2.5 ± 0.3 2.7 ± 0.4 0.0540

Medical history

Urinary protein 103 (14.9) 34 (18) 6 (6.6) 18 (9.8) 12 (19.7) 0.0249*

Cerebrovascular disease 166 (24) 38 (20.1) 24 (26.4) 60 (32.8) 19 (31.1) 0.0410*

Ischemic heart disease 252 (36.4) 58 (30.7) 38 (41.8) 133 (72.7) 24 (39.3) \0.0001*

Other heart disease 344 (49.6) 86 (45.5) 64 (70.3) 136 (74.3) 19 (31.1) \0.0001*

Rheumatoid arthritis 89 (12.8) 25 (13.2) 11 (12.1) 20 (10.9) 3 (4.9) 0.4396

Liver disease 319 (46) 78 (41.3) 41 (45.1) 74 (40.4) 28 (45.9) 0.6034

Kidney disease 143 (20.6) 37 (19.6) 27 (29.7) 49 (26.8) 20 (32.8) 0.0324*

Hyperlipidemia 333 (48.1) 77 (40.7) 57 (62.6) 112 (61.2) 38 (62.3) \0.0001*

Medication

Insulin 36 (5.2) 9 (4.8) 9 (9.9) 8 (4.4) 4 (6.6) 0.3645

Oral hypoglycemic drugs 77 (11.1) 19 (10.1) 15 (16.5) 25 (13.7) 13 (21.3) 0.0844

Antithrombotic drugs 168 (24.2) 39 (20.6) 23 (25.3) 68 (37.2) 11 (18) 0.0013*

Liver disease therapeutics 50 (7.2) 13 (6.9) 5 (5.5) 2 (1.1) 3 (4.9) 0.0395*

Corticosteroids 106 (15.3) 32 (16.9) 8 (8.8) 15 (8.2) 8 (13.1) 0.0482*

NSAIDs 188 (27.1) 63 (33.3) 14 (15.4) 40 (21.9) 10 (16.4) 0.0035*

Statins 85 (12.3) 13 (6.9) 15 (16.5) 36 (19.7) 4 (6.6) 0.0017*

Number of examinations

Treatment duration

Baseline 693 189 91 183 61

0–3 months 2837 978 187 533 136

3–6 months 1073 264 87 248 81

6–9 months 702 161 54 132 42

9–12 months 579 120 40 143 39

Data are expressed as n (%) unless otherwise stated

SE standard error, CCB calcium channel blocker, DM diabetes mellitus, NSAIDs non-steroidal anti-inflammatory drugs, p value p value among

the CCB groups (Chi square test for categorical data, general linear model for continuous variables)

* p\ 0.05

406 Y. Nishida et al.



Figure 1 shows the adjusted mean percentage change of

eGFR in each of the five CCB groups, suggesting that the

shape of the curve may depend on the type (L-type, L/T-

type, L/N/T-type, and L/N-type) of calcium channel;

however, no significant difference was seen among treat-

ment durations in the five CCB groups (data not shown).

4 Discussion

In this study, we evaluated and compared the longitudinal

effect of monotherapy among five CCBs, i.e. amlodipine

(L-type), nifedipine (L-type), azelnidipine (L/T-type),

benidipine (L/N/T-type), and cilnidipine (L/N-type), on

eGFR and serum creatinine level in hypertensive patients

with DM, up to 12 months of treatment. Our study showed

no significant association between treatment duration and

both mean eGFR and serum creatinine level in the five

CCB groups. In addition, the difference in the change of

eGFR and serum creatinine level was not significant among

the five CCB groups, with any treatment duration.

L/N-, L/T-, and L/N/T-type CCBs are well known to

improve proteinuria in patients with CKD through dilation

of the efferent renal arteriole and protection of the

glomerulus from hyperfiltration injury; however, it is

unclear whether these CCBs affect renal function and/or

Table 2 Relationship between treatment duration and laboratory parameters

Drug Period eGFR (mL/min/1.73 m2) Serum creatinine (mg/dL)

Unadjusted Adjusteda Unadjusted Adjusteda

LSM 95% CI p value LSM 95% CI p value LSM 95% CI p value LSM 95% CI p value

Amlodipine 0.0794 0.1397 0.1109 0.1659

Baseline 75.5 74.1–77.0 75.1 73.7–76.5 0.74 0.72–0.76 0.73 0.71–0.76

0–3 months 76.1 74.7–77.5 75.8 74.4–77.1 0.74 0.72–0.76 0.73 0.71–0.75

3–6 months 75.4 73.9–76.9 75.1 73.6–76.5 0.77 0.74–0.79 0.76 0.73–0.78

6–9 months 74.7 73.1–76.3 74.4 72.9–76.0 0.76 0.73–0.79 0.75 0.72–0.77

9–12 months 74.8 73.2–76.5 74.6 73.0–76.2 0.76 0.73–0.79 0.75 0.72–0.78

Nifedipine 0.6286 0.6652 0.9098 0.8725

Baseline 73.6 70.7–76.5 72.7 69.9–75.5 0.78 0.75–0.81 0.76 0.73–0.79

0–3 months 74.6 71.9–77.3 73.8 71.2–76.4 0.77 0.74–0.80 0.75 0.72–0.78

3–6 months 73.9 70.9–76.9 73.2 70.2–76.1 0.77 0.74–0.80 0.75 0.72–0.78

6–9 months 72.8 69.6–76.1 72.3 69.1–75.4 0.78 0.74–0.81 0.76 0.72–0.79

9–12 months 73.8 70.3–77.2 73.3 69.9–76.8 0.77 0.73–0.81 0.75 0.72–0.79

Azelnidipine 0.0719 0.0806 0.1763 0.1945

Baseline 77.7 73.9–81.5 77.3 73.9–80.8 0.73 0.69–0.76 0.72 0.68–0.75

0–3 months 77.1 73.4–80.9 76.8 73.3–80.2 0.74 0.70–0.77 0.73 0.69–0.76

3–6 months 74.5 70.6–78.5 74.1 70.5–77.8 0.75 0.71–0.79 0.74 0.71–0.78

6–9 months 75.7 71.6–79.8 75.3 71.4–79.2 0.75 0.71–0.79 0.74 0.70–0.78

9–12 months 74.7 70.4–79.0 74.2 70.1–78.4 0.75 0.71–0.79 0.74 0.70–0.78

Benidipine 0.748 0.7781 0.9491 0.9474

Baseline 73.7 71.0–76.4 73.1 70.4–75.8 0.79 0.76–0.82 0.76 0.73–0.79

0–3 months 73.5 70.9–76.2 73.0 70.4–75.6 0.79 0.76–0.82 0.76 0.73–0.79

3–6 months 72.6 69.9–75.3 72.0 69.3–74.8 0.79 0.76–0.83 0.77 0.74–0.80

6–9 months 73.2 70.2–76.1 72.6 69.7–75.6 0.79 0.75–0.82 0.76 0.73–0.79

9–12 months 73.0 70.0–75.9 72.5 69.5–75.5 0.79 0.76–0.83 0.77 0.73–0.8

Cilnidipine 0.1092 0.2343 0.1406 0.2501

Baseline 74.4 69.0–79.9 76.5 71.2–81.9 0.82 0.74–0.91 0.75 0.67–0.83

0–3 months 72.8 67.4–78.1 75.0 69.6–80.3 0.84 0.75–0.92 0.77 0.69–0.85

3–6 months 72.7 67.2–78.2 75.0 69.5–80.5 0.88 0.79–0.97 0.81 0.72–0.89

6–9 months 70.2 64.4–76.0 72.7 66.9–78.5 0.87 0.78–0.97 0.80 0.71–0.89

9–12 months 70.1 64.2–76.0 72.6 66.7–78.6 0.89 0.79–0.98 0.81 0.72–0.91

eGFR estimated glomerular filtration rate, LSM least squares mean, CI confidence interval, p value p value of the association between laboratory

parameters and treatment duration
a Analyses were adjusted for age, sex, and duration of diabetes mellitus
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maintain GFR. In patients with hypertensive CKD treated

with the maximum dose of angiotensin II receptor blockers,

6 months of additional treatment with benidipine did not

significantly change eGFR [6]. Supporting these previous

reports, our study showed that eGFR and serum creatinine

level in benidipine users were not significantly associated

with treatment duration. The percentage change of eGFR in

benidipine users was also unchanged during the exposure

period. Some studies have shown that treatment with

azelnidipine (L/T-type CCB) decreases GFR in patients

with type 2 diabetes or CKD. In hypertensive patients with

type 2 diabetes, eGFR was significantly decreased after 24

and 48 weeks of treatment with azelnidipine, compared

with baseline [22], and in patients with type 2 diabetes

treated with an ARB, 32 weeks of additional treatment

with azelnidipine decreased eGFR [8]. Uchida et al.

reported that eGFR was significantly decreased after

3 months of treatment with cilnidipine, after switching

from amlodipine treatment, in hypertensive patients with

CKD [10]. Abe et al. reported there was no significant

difference in serum creatinine level, which predicts the

decline of eGFR, between 16 weeks of treatment with

azelnidipine and cilnidipine in hypertensive patients with

type 2 diabetes [23]. Supporting these previous reports, our

study showed no significant difference in mean changes of

eGFR and serum creatinine level between azelnidipine and

cilnidipine users, and the treatment duration in azelnidipine

and cilnidipine users was not significantly associated with

both eGFR and serum creatinine level. These findings

support the experience in clinical practice that regular

checks of eGFR should be performed prior to and at least

up to 12 months after L/T-, L/N- and L/N/T-type CCB

initiation.

L-type CCBs such as amlodipine and nifedipine are

known to dilate the afferent renal arteriole predominantly,

thereby inducing glomerular hyperfiltration and having no

renoprotective effect. Some studies have reported that

L-type CCBs increase GFR in the acute phase of treatment.

In patients with mild to moderate hypertension, 8 weeks of

treatment with amlodipine significantly increased GFR

[24], and in renal transplant patients, 6 weeks of treatment

with amlodipine also significantly increased GFR [25].

These increases in eGFR a few months after initiation of

L-type CCBs, observed in both this study and previous

studies, may be mediated, in part, by hyperfiltration caused

by renal hemodynamic change, such as afferent arteriolar

vasodilation. In addition, Agodoa et al. reported that GFR

was increased at 3 months after initiation of amlodipine

treatment in patients with hypertension, and stated that this

instability of GFR may be caused by afferent arteriolar

vasodilation and loss of renal autoregulation [14]. Fur-

thermore, Agodoa et al. reported that GFR changed to a

decline at 36 months after initiation of amlodipineT
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treatment in patients without proteinuria [14]. In our study,

there was no significant association of treatment duration

with both mean eGFR and serum creatinine level in

amlodipine users and nifedipine users; however, the per-

centage change of eGFR in amlodipine and nifedipine

users showed the similar shape of the curve during the

exposure period in our study. These findings suggest the

possibility that some mechanism, including the antihyper-

tensive action leading to a decrease in intraglomerular

pressure, may exist to compensate an increase in GFR

several months after initiation of L-type CCB treatment.

Further studies are needed to elucidate the mechanism

maintaining GFR in patients with L-type CCB treatment as

this study could not address this issue. However, there was

no significant difference in mean change in eGFR among

the five CCB groups with any treatment duration.

Monotherapy with an L-, L/T-, L/N/T-, or L/N-type CCB

may have little influence on glomerular function and may

be safely used in hypertensive patients with diabetes, at

least up to 12 months.

Our study has several limitations. First, this was a ret-

rospective, non-randomized study with potential for

selection bias and confounding factors. We used rigorous

statistical methods to control for potential confounding

variables among the five CCB groups, including a

multivariable regression model; however, their ability to

control for differences was limited to variables that were

available or measurable. Second, we did not fix the daily

dose of the five CCBs because achievement of the blood

pressure goal requires various doses of an agent across

different individuals, or even in the same individual, in

clinical practice. This study was not designed to assess the

effects of each CCB at each dose because it is difficult to

determine whether or not pharmacodynamics are dose-de-

pendent in clinical settings. Third, we could not analyze

micro- and macroalbuminuria because many data were

missing. When sufficient data including albuminuria are

accumulated, further studies will be needed to determine

the detailed effect of the five CCBs on renal function.

Fourth, CCBs are frequently used with other antihyper-

tensive agents, including angiotensin II receptor blockers,

angiotensin-converting enzyme inhibitors, and antihyper-

tensive diuretics. In this study, we focused on patients with

diabetes who had been treated with CCB monotherapy.

Consequently, many patients were excluded from the study

population, according to the exclusion and inclusion cri-

teria. This study may have systematically excluded patients

with uncontrolled hypertension despite the use of CCB

monotherapy, potentially limiting the ability to generalize

the findings. In this study, there was no significant

Fig. 1 Adjusted mean percentage change of eGFR (error bar

indicates standard error) during each exposure period for five calcium

channel blockers (L-type: amlodipine and nifedipine, L/T-type:

azelnidipine, L/N/T-type: benidipine, L/N-type: cilnidipine). Data

were adjusted for covariates of age, sex, and duration of diabetes

mellitus. eGFR estimated glomerular filtration rate
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difference in mean changes of renal parameters among the

five CCBs. One reason for this might be reduction of the

statistical power by the decrease in sample size. It would be

of interest to examine and compare the effects of combi-

nation therapy and monotherapy with CCBs on renal

function because information obtained in clinical settings

may be more informative for clinicians. We will evaluate

this theme in our next study when our database is large

enough to carry out appropriate analysis. However, the

findings of our comparative effectiveness study, using a

sophisticated statistical method in a real-world setting, are

reliable and relevant to clinical practice.

5 Conclusion

Our study showed no significant change in mean eGFR

between baseline and any exposure period in each of the

five CCB groups. Furthermore, there was no significant

difference in mean change in eGFR and serum creatinine

level between the five CCB groups with any treatment

duration. These findings support the clinical evidence that

monotherapy with an L-, L/T-, L/N/T-, or L/N-type CCB

may have little influence on renal function and may be

safely used in hypertensive patients with diabetes, at least

up to 12 months.
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