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Aims: Insulin resistance and the progressive loss of β-cell function are components of the 

fundamental pathophysiology of type II diabetes. A recent experimental study suggested that 

calcium channel blockers (CCBs) might inhibit β-cell apoptosis, enhance β-cell function, 

and prevent diabetes. The present meta-analysis examined the clinical effect of CCBs on the 

incidence of diabetes.

Methods: MEDLINE, EMBASE, ISI Web of Science, the Cochrane Library, and ClinicalTrials.

gov were each searched for relevant articles published up to March 11, 2013. Randomized 

controlled trials (RCTs) with a follow-up period of at least 1-year were included. Identified 

articles were systematically reviewed, and those with pertinent data were selected for inclusion 

in a meta-analysis.

Results: We included ten RCTs in a meta-analysis. Of the 108,118 people with hypertension 

and no pre-existing diabetes, 7,073 (6.5%) cases of type II diabetes were reported. CCBs were 

associated with a higher incidence of diabetes than angiotensin-converting enzyme inhibitors 

(ACEIs) or angiotensin-receptor blockers (ARBs; pooled risk ratios [95% confidence intervals]: 

1.23 [1.01–1.51] and 1.27 [1.14–1.42], respectively) and a lower incidence compared with 

β blockers or diuretics (0.83 [0.73–0.94] and 0.82 [0.69–0.98], respectively). The overall risk 

of diabetes among subjects taking CCBs was not significant (0.99 [0.85–1.15]).

Conclusion: The use of CCBs was not significantly associated with incident diabetes compared 

to other antihypertensive agents: the association with diabetes was lowest for ACEIs and ARBs, 

followed by CCBs, β blockers, and diuretics. Although CCBs can be safely used in hypertensive 

patients, it would be premature to advocate CCBs for the prevention or treatment of diabetes.
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Introduction
A growing body of evidence has suggested that the effects of different classes of 

antihypertensive medications on the incidence of diabetes vary, with the lowest 

association reported for angiotensin-converting enzyme inhibitors (ACEIs) and 

angiotensin-receptor blockers (ARBs) followed by calcium channel blockers (CCBs), 

β blockers, and diuretics.1 The progressive loss of pancreatic β-cell mass/function 

is a key component in the pathogenesis of both type I and type II diabetes and also 

 underlies insulin resistance in type II diabetes. A recent study using human islet 

cells and murine models for type I and type II diabetes demonstrated that verapamil, 

a CCB, might inhibit the expression of the proapoptotic β-cell thioredoxin-interacting 

protein (TXNIP) in INS-1 cells and human islets, thereby enhancing β-cell survival 

and  function and preventing diabetes in BTBR ob/ob mice.2
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In light of the worldwide epidemics of diabetes and 

hypertension, explorations of the effect of antihypertensive 

drugs on the incidence of diabetes are of clinical importance. 

Moreover, they are crucial in the areas of public health, since 

a modest increase in the risk of diabetes translates into a 

substantial social burden. These circumstances prompted 

us to investigate, with greater precision, the effects of CCBs 

on diabetes prevention by scrutinizing pertinent up-to-date 

original reports and combining their data in an attempt to 

obtain meaningful clues for an evaluation of the potential 

benefits of CCBs.

Methods
Searches of MEDLINE, EMBASE, ISI Web of Science, the 

Cochrane Library, and ClinicalTrials.gov from their inception 

until March 11, 2013, were performed. Studies evaluating the 

incidence of diabetes among subjects taking CCBs, compared 

to those taking other antihypertensive medications, were 

identified using a combination of the following keywords: 

“calcium channel blocker” and “diabetes mellitus”. The ref-

erence lists of the pertinent articles were also inspected. We 

assessed all the identified studies with regard to the effects 

of CCBs on the incidence of diabetes based on original 

data analyses to determine their eligibility for inclusion in 

a qualitative analysis. The inclusion criteria for the meta-

analysis were as follows: a published full-text report, the 

use of a randomized controlled trial (RCT) with a follow-up 

period of at least 1-year, and the reporting of event numbers. 

To ascertain the validity of the eligible studies, the quality 

of each report was appraised in reference to the CONSORT 

statement3 and the QUOROM statement.4 We then reviewed 

each full-text report to determine its eligibility and extracted 

and tabulated all the relevant data independently. The 

extracted data included the characteristics of the subjects 

(including age, sex, and region), published year, follow-up 

period, outcomes, and the methods used for risk estimation. 

Any disagreement was resolved by a consensus among the 

investigators. If more than one study was published for the 

same subjects with identical endpoints, the report containing 

the most comprehensive information on the population was 

included to avoid overlapping populations.

In the meta-analysis, the relative risks with CCBs com-

pared with each comparator were combined and the pooled 

risk ratio (RR) with the 95% confidence interval (CI) was 

calculated using the Mantel–Haenszel random-effects model. 

Heterogeneity among the studies was evaluated using the I2 

statistics. A subgroup analysis and a meta-regression analysis5 

were also conducted, as appropriate. The equality of the risk 

ratios between subgroups was assessed using the z-statistic 

test. RevMan (version 5.2, The Nordic Cochrane Centre, The 

Cochrane Collaboration, Copenhagen, Denmark) was used 

for these calculations. All the procedures were performed in 

accordance with the PRISMA statement.6

Results
A total of 1,146 articles were identified during our search; 

of these, 127–18 were assessed with respect to their eligibility 

for inclusion in our review, which was aimed at determin-

ing the influence of CCBs on the incidence of diabetes. 

Out of these 12 articles, one study10 in which CCBs were 

compared with a placebo and another18 in which there was 

no event excluded; consequently, ten RCTs were included 

in the meta-analysis (Figure 1). The selected articles were 

moderately heterogeneous in terms of the population demo-

graphics. Most of the included studies were conducted in the 

United States and European countries, and their follow-up 

durations (range: 2.7–5.5 years) were sufficiently long for 

the outcomes to occur.

Of the total of 108,118 people with hypertension and no 

pre-existing diabetes, 7,073 (6.5%) cases of type II diabetes 

were reported. The RRs against each comparator and the 

overall RR are depicted in Figure 2. CCBs were associated 

with a higher incidence of diabetes, compared to ACEIs 

(n = 3)7,8,14 or ARBs (n = 2; pooled RR [95% CI], 1.23 

[1.01–1.51] and I2 = 27%, 1.27 [1.14–1.42] and I2 = 2%, 

respectively),15,16 and a lower incidence compared with 

β blockers (n = 5)7,9,12–14 or diuretics (n = 3; pooled RR, 0.83 

[0.73–0.94] and I2 = 61%, 0.82 [0.69–0.98] and I2 = 19%, 

respectively).8,11,17 As described in Table 1, the RRs against 

newer modalities (ACEIs and ARBs) were significantly 

higher than those against traditional agents (β blockers and 

diuretics). Only two reports investigated the risk associated 

with non-dihydropyridines against β blockers,12,13 which 

was not statistically different from the risk associated with 

dihydropyridines against β blockers (n = 3).7,9,14 The overall 

risk of diabetes among those with CCBs was nonsignificant 

(pooled RR, 0.99 [0.85–1.15] and I2 = 87%). The heterogene-

ity among the reports in each medication category and for the 

overall analysis was generally high. The risk was consistent 

despite differences in age, the proportion of men, the risk 

of cardiovascular disease, and blood pressure between the 

randomized groups (Table 1).

Discussion
Our meta-analyses of worldwide RCTs suggested that the 

metabolic effect of CCBs was neutral, compared to other 
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antihypertensive drugs, which did not support the notion that 

CCBs might prevent diabetes2 or refute the current guidelines 

for compelling indications.19,20 For those with overt diabetes 

and hypertension, ACEIs and ARBs are generally preferred 

in light of the lower risk of diabetes progression, as sug-

gested by our analysis and the nephroprotective effects of 

these agents.

The strength of our present study is that the analysis was 

solely based on long-term, large-scale RCTs originating from 

multiple nations and was thus more comprehensive than 

previous articles.1,21 The included data were good quality, 

apparently had sufficient power to detect differences in the 

risk of the outcome, and were biologically plausible. The 

temporal sequence of the events was appropriate. The out-

come ascertainment tools were valid, and there were few, if 

any, missed confounders. The heterogeneity of the results 

within each comparator group was low except for β  blockers: 

this low heterogeneity suggests that each of the results 

was consistent and that most of the variation was attribut-

able to chance alone. The large I2 values in some analyses 

indicated that the range of the plausible risk estimates was 

wide,  generally because of the diversity of the study design, 

population backgrounds, and ethnicities. The heterogeneity 

of the overall analysis was quite high, probably because of the 

variety of drug classes that were confounded by indication. 

The extent of blood pressure change was possibly another 

source of heterogeneity, but this hypothesis cannot be sta-

tistically tested in light of the scarcity of data. A subgroup 

analysis and a meta-regression, which suggested a consistent 

risk regardless of the CCB subclass, age, sex, cardiovascular 

risk, or difference in achieved blood pressure, support the 

safety and the clinical generalizability of CCBs.

Verapamil was recently reported to inhibit TXNIP expres-

sion in INS-1 cells and human islets, and orally administered 

verapamil reduced TXNIP expression and β-cell apoptosis, 

enhanced endogenous insulin levels, and rescued mice from 

streptozotocin-induced diabetes.2 Verapamil also reportedly 

promoted β-cell survival and improved glucose homeostasis 

and insulin sensitivity in BTBR ob/ob mice.2 Despite these 

facts, our study did not find a metabolic benefit. Thus, the 

magnitude of the protective effect may be too small to have 

an effect on type II diabetes in clinical settings, and trials 

in patients with type I diabetes may provide some insights. 

Further studies to scrutinize the effect of CCBs on glycemic 

control in diabetic patients are also pending.

Although the quality of the included studies was high, 

our analysis should be interpreted in the context of the fol-

lowing limitations. The number of available studies for each 

1,134 records identified through
database searching

12 additional records identified
through other sources

1,146 records screened
1,126 records excluded after

abstract review

20 full-text articles
assessed for eligibility

Eight articles excluded
because of population overlap

12 studies included in
qualitative synthesis

Two articles excluded:
One placebo-controlled

One no event

Ten studies included in
quantitative synthesis

(meta-analysis)

Figure 1 Flow diagram of study selection.
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medication subclass was relatively small and the studies were 

moderately heterogeneous, especially for β blockers. Thus, a 

publication bias may exist, although we cannot assess this 

hypothesis. Regarding the external validity of the results, it is 

also important to realize that the participants of the studies may 

not represent general populations. The incident of diabetes was 

not the primary endpoint in the majority of the included trials 

and thus diagnostic ascertainment may not have been valid.

Although CCBs might inhibit proapoptotic β-cell TXNIP 

expression, thereby enhancing β-cell survival and function, we 

found that the use of CCBs was not significantly associated 

with incident diabetes compared to other antihypertensive 

agents. Further studies on the complex interactions between 

CCBs and TXNIP are warranted before CCBs can be advo-

cated as a measure for diabetes prevention or treatment.
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Study or subgroup Events
CCBs Comparators

Total Events Total Weight M–H, Random, 95% Cl
Risk ratio

M–H, Random, 95% Cl
Risk ratio

Versus ACEIs

Versus ARBs

Subtotal (95% Cl) 6121

Subtotal (95% Cl)

AASK, 20067

CASE-J, 200816

VALUE, 200615

Total events

ALLHAT, 20028

STOP-2, 199914

32
154
95

202
3954
1965

45
119
93

6475

410
4096
1969

22.1%

5.9%
8.5%
7.8%

1.23 [1.01, 1.51]

1.44 [0.95, 2.20]
1.34 [1.06, 1.70]
1.02 [0.77, 1.35]

Total events 281 257

6305

59
718

1342
4963

38
580

6375

1343
5032

16.2%

6.1%
10.1%

1.27 [1.14, 1.42]

1.55 [1.04, 2.32]
1.26 [1.13, 1.39]

777 618

Heterogeneity: Tau2=0.01; Chi2=2.74, df=2 (P=0.25); I2=27%
Test for overall effect: Z=2.06 (P=0.04)

Versus diuretics

Subtotal (95% Cl) 6661

ALLHAT, 20028

INSIGHT, 200011

NICS-EH, 199917

154
136

0

3954
2508
199

302
176

4
9478

6766
2511
201

18.1%

9.1%
8.7%
0.3%

0.82 [0.69, 0.98]

Total (95% Cl) 41483 44907 100.0% 0.99 [0.85, 1.15]

0.87 [0.72, 1.06]
0.77 [0.62, 0.96]
0.11 [0.01, 2.07]

0.5 0.7 1 1.5
Lower risk Higher risk

2

Total events 290 482

Total events 2827 3239

Heterogeneity: Tau2=0.01; Chi2=2.47, df=2 (P=0.29); I2=19%
Test for overall effect: Z=2.24 (P=0.03)

Heterogeneity: Tau2=0.06; Chi2=89.41, df=12 (P<0.00001); I2=87%
Test for overall effect: Z=0.18 (P=0.86)
Test for subgroup differences: Chi2=36.78, df=3 (P<0.00001); I2=91.8%

Versus beta blocklers

Subtotal (95% Cl) 22396

AASK, 20067

NORDIL, 200013

STOP-2, 199914

32

216
95

202

5059
1965

70

251
97

22579

405

5095
1961

43.6%

6.3%

9.3%
7.9%

0.83 [0.73, 0.94]

0.92 [0.63, 1.34]
ASCOT-BPLA, 20059 567 7072 799 7040 10.1% 0.71 [0.64, 0.78]
INVEST, 200312 569 8098 665 8078 10.1% 0.85 [0.77, 0.95]

0.87 [0.73, 1.04]
0.98 [0.74, 1.29]

Total events 281 257
Heterogeneity: Tau2=0.01; Chi2=10.35, df=4 (P=0.03); I2=61%
Test for overall effect: Z=3.01 (P=0.003)

Heterogeneity: Tau2=0.00; Chi2=1.02, df=1 (P=0.31); I2=2%
Test for overall effect: Z=4.40 (P<0.0001)

Figure 2 Risk ratios for diabetes associated with CCBs, compared to other antihypertensive drugs. 
Notes: Boxes, estimated risk ratios (RRs); bars, 95% CI. Diamonds, fixed-effects model RRs; width of diamonds, pooled CIs. The size of each box is proportional to the 
weight of each study in the meta-analysis. 
Abbreviations: AASK, African American Study of Kidney diseases and hypertension; ACEI, Angiotensin-Converting Enzyme Inhibitor; ALLHAT, Antihypertensive and Lipid 
Lowering to prevent Heart Attack Trial; ARB, angiotensin-receptor blocker; ASCOT-BPLA, Anglo-Scandinavian Cardiac Outcomes Trial-Blood Pressure Lowering Arm; CASE-J, 
Candesartan Antihypertensive Survival Evaluation in Japan; CCB, calcium channel blocker; INSIGHT, International Nifedipine; GITS Study, Intervention as a Goal in Hypertension 
Treatment Study; INVEST, International Verapamil-Trandolapril Study; NICS-EH, National Intervention Cooperative Study in Elderly Hypertensives; NORDIL, Nordic Diltiazem 
study; M-H, Mantel–Haenszel; STOP-2,  Second Swedish Trial in Older Patients with hypertension-2; VALUE, Valsartan Antihypertensive Long-term Use Evaluation. 
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