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Summary

Background Several observational studies and individual
randomised trials in hypertension have suggested that,
compared with other drugs, calcium antagonists may be
associated with a higher risk of coronary events, despite
similar blood-pressure control. The aim of this meta-analysis
was to compare the effects of calcium antagonists and other
antihypertensive drugs on major cardiovascular events.

Methods We undertook a meta-analysis of trials in
hypertension that assessed cardiovascular events and
included at least 100 patients, who were randomly assigned
intermediate-acting or long-acting calcium antagonists or other
antihypertensive drugs and who were followed up for at least
2 years.

Findings The nine eligible trials included 27 743 participants.
Calcium antagonists and other drugs achieved similar control
of both systolic and diastolic blood pressure. Compared with
patients assigned diuretics, �-blockers, angiotensin-converting-
enzyme inhibitors, or clonidine (n=15 044), those assigned
calcium antagonists (n=12 699) had a significantly higher risk
of acute myocardial infarction (odds ratio 1·26 [95% CI
1·11–1·43], p=0·0003), congestive heart failure (1·25
[1·07–1·46], p=0·005), and major cardiovascular events (1·10
[1·02–1·18], p=0·018). The treatment differences were within
the play of chance for the outcomes of stroke (0·90
[0·80–1·02], p=0·10) and all-cause mortality (1·03
[0·94–1·13], p=0·54).

Interpretation In randomised controlled trials, the large
available database suggests that calcium antagonists are
inferior to other types of antihypertensive drugs as first-line
agents in reducing the risks of several major complications of
hypertension. On the basis of these data, the longer-acting
calcium antagonists cannot be recommended as first-line
therapy for hypertension.
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Introduction
Placebo-controlled trials have established that the lowering
of raised blood pressure with diuretics and �-blockers as
first-line agents reduces the risk of major cardiovascular
complications of hypertension.1 Observational studies have
suggested that short-acting calcium antagonists are inferior
to diuretics and �-blockers in decreasing the risks of these
complications.2,3 Findings of two large trials have suggested
that what may be important is the type of drug used to
lower high blood pressure.4,5 The investigators of the Heart
Outcomes Prevention Evaluation (HOPE) trial concluded
that most of the benefit of ramipril is mediated through
non-blood-pressure-lowering mechanisms.4 In ALLHAT
(Antihypertensive and Lipid Lowering Treatment to
Prevent Heart Attack Trial), doxazosin was inferior to
chlorthalidone for several cardiovascular outcomes.5

Moreover, several controlled trials of long-acting calcium
antagonists, compared with other therapies, have shown
similar blood-pressure-lowering potential but trends
towards high event rates.6,7

There are no data from individual trials to allow ranking
of the currently available groups of antihypertensive drugs
by their preventive effects. For millions of people receiving
drug therapy for hypertension, the issue of drug selection is
highly relevant. The most reliable information will come
from controlled clinical trials of sufficient scope and
duration, because the documentation of moderate
treatment differences requires a very large number of
events. As MacMahon and Neil pointed out lately, about
1000 events are needed for moderate treatment-group
differences of 10–15% to be detectable.8 They also drew
attention to the need for a meta-analysis.

The findings of observational studies2,3 and the emerging
evidence that the type of blood-pressure-lowering drug is
important4,5 emphasise the need to find out how the long-
acting calcium antagonists as a group compare with other
antihypertensive agents. The main objective of this meta-
analysis was to find out whether the intermediate-acting
and long-acting calcium antagonists used as first-line
therapy are superior, equal, or inferior to other treatments
in reducing the frequency of cardiovascular complications.

Methods
The criteria for studies to be included in the meta-analysis
were: a randomised controlled trial published in a peer-
reviewed journal; inclusion of patients with hypertension;
comparison of a calcium antagonist with another
antihypertensive drug; assessment of cardiovascular events;
follow-up of 2 years or longer; and sample size of 100 or
more. Studies were identified through PubMed searches of
the MEDLINE database with the MeSH headings
“calcium-channel blockers”, “hypertension”, and “clinical
trial”, and the non-MeSH term “calcium antagonists”. The
searches were extended up to September, 2000. Papers
published in languages other than English were included.
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Letters to the editors, commentaries, review articles,
editorials, and observational studies were not included. We
searched reference lists of the retrieved articles to identify
other eligible studies, and information from colleagues was
used to identify more recently published articles. Additional
searches were done on the National Library of Medicine
clinical trials database and the Cochrane Collaboration
Library database.

For eligible studies, each group of the controlled clinical
trial was classified according to whether or not the primary
treatment strategy used a calcium antagonist. All studies
used more than one drug in each treated group, but the
agents were generally applied in a stepped approach, and
the first-line agent was clearly identified. Classification of
the treatment groups into these two mutually exclusive
categories reflected the a-priori plan to compare calcium
antagonists with other agents as first-line treatment
strategies. All data were independently abstracted by two
investigators with the use of standard abstract forms.
Disagreements were resolved by discussion. Data on the
outcomes of acute myocardial infarction, stroke, congestive
heart failure, combined major cardiovascular events, and
mortality were abstracted.

The initial search identified 2406 articles. Of those, ten
trials met all the inclusion criteria. One of these, the
Treatment of Mild Hypertension Study (TOMHS), was
excluded because the cardiovascular event data were
published only in aggregate form,9 and its steering
committee decided not to release outcome data according
to treatment group (personal communication from Richard
Grimm).

The nine trials included in the meta-analysis were
Appropriate Blood Pressure Control in Diabetes (ABCD),7

the Cardiovascular Study in the Elderly (CASTEL),10 The
Fosinopril versus Amlodipine Cardiovascular Events Trial

(FACET),6 the International Nifedipine GITS study—
Intervention as a Goal in Hypertension Treatment
(INSIGHT),11 the Multicenter Isradipine Diuretic
Atherosclerosis Study (MIDAS),12 the National
Intervention Cooperative Study in Elderly Hypertensives
study (NICS-EH),13 the Nordic Diltiazem (NORDIL)
study,14 the Swedish Trial in Old Patients with
Hypertension 2 (STOP-2) study,15 and the Verapamil in
Hypertension and Atherosclerosis study (VHAS).16 For
VHAS, we used only non-fatal events for myocardial
infarction and stroke outcomes, because data on the types
of fatal events were not included.

The combined outcome of major cardiovascular events
included acute myocardial infarction, congestive heart
failure, stroke, and cardiovascular mortality. Sup-
plementary information on outcomes was obtained from
the investigators of ABCD, CASTEL, FACET, and
MIDAS. For NORDIL and STOP-2, we estimated the
number of major cardiovascular events by adding the
number of the published primary outcomes (combined
outcome of acute myocardial infarction, stroke, or
cardiovascular mortality) to the number of congestive-
heart-failure events. For NICS-EH and VHAS, we
estimated the number of major cardiovascular deaths, and
congestive-heart-failure events by adding the number of
myocardial infarctions, strokes, congestive-heart-failure,
and cardiovascular mortality events. The number of events
in ABCD has been recently updated (personal
communication from R O Estacio). For ABCD, we
estimated the number of combined cardiovascular events
by adding the number of new events to the previously
reported number of combined events. Since more than one
event may have occurred in an individual, these methods
are likely to have slightly overestimated the number of
patients with cardiovascular events in these trials.
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Trial and agent Daily dose (mg) n Age* (years) Men (%) Diabetes (%) SBP* (mm Hg) DBP* (mm Hg) Drop-out (%)

ABCD
Nisoldipine 10–60 235 57·2 68·1 100 155 (19) 98 (7) 60·4
Enalapril 5–40 235 57·7 66·8 100 156 (17) 98 (7) 54·9

CASTEL
Nifedipine 20 146 73·8 39·7 24·0 189 (25) 100 (13) · ·
Clonidine 0·15 61 74·2 32·8 14·8 187 (26) 99 (11) · ·
Atenolol+chlorthalidone 100+25 144 72·8 28·5 13·2 184 (20) 99 (11) · ·

FACET
Amlodipine 10 191 63·3 55·5 100 171 (18) 94 (8) 27·2
Fosinopril 20 189 62·8 63·5 100 170 (16) 95 (10) 19·0

INSIGHT
Nifedipine 30 3157 65 46·1 20·6 173 (14) 99 (8) 39·9
Hydrochlorothiazide 25 3164 65 46·6 20·6 173 (14) 99 (8) 33·1
Amiloride 2·5

MIDAS
Isradipine 5–10 442 58·2 79·9 0 151 (17) 97 (5) 20
Hydrochlorothiazide 25–50 441 58·7 75·7 0 149 (16) 96 (5) 18

NICS-EH
Nicardipine 20 215 69·7 40·2 · · 172 (13) 94 (10) · ·
Trichlormethiazide 2 214 69·9 26·2 · · 173 (11) 93 (10) · ·

NORDIL
Diltiazem 180–360 5410 60·5 48·5 6·5 173 (18) 106 (5) 23
Diuretics, �-blockers 5471 60·3 48·7 6·9 173 (18) 106 (5) 7

STOP-2
Felodipine or isradipine 2·5 or 2·5 2196 75·9 34·0 10·5 194 98 33·8
Atenolol 50 2213 76·0 32·0 11·4 194 98 37·7
Pindolol 5
Hydrochlorothiazide+lamiloride 25+2·5
Enalapril 10 2205 76·1 33·7 10·7 194 98 38·7
Lisinopril 10

VHAS
Verapamil 240 707 54·5 47·8 · · 169 (10) 102 (5) 21·6
Chlorthalidone 25 707 53·9 50·1 · · 169 (10) 102 (5) 22·9

*Mean (SD). SBP=systolic blood pressure at randomisation. DBP=diastolic blood pressure at randomisation.

Table 1: Trials, baseline characteristics of patients, and withdrawal rates
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The overall odds ratio and 95% CI of each outcome was
calculated by the Mantel-Haenszel method with fixed-
effects models. The Breslow-Day test for heterogeneity was
used to assess the extent to which differences among trial
results were due to random fluctuations.

Change in blood pressure was calculated by subtraction
of the baseline value at randomisation from the value
reported at the end of the trial. Data for blood-pressure
reduction were combined by the weighted mean-difference
method. To compare blood-pressure changes in the groups
assigned calcium antagonists with those in groups assigned
other treatments we undertook sensitivity analyses by
assigning imputed SDs ranging between 150% and 5% of
the mean. We used fixed-effects models. When p for
heterogeneity was less than 0·05, we used random-effects
models. Review Manager software (version 4.1, Cochrane
Collaboration) was used for all data analyses. The software
and statistical formulae are available from the Cochrane
Collaboration.

Results
In the nine eligible trials the total number of participants
was 27 743; 12 699 were assigned a calcium antagonist
and 15 044 another antihypertensive drug (table 1). The
follow-up duration ranged from 2 to 7 years with an

estimated total follow-up experience of about 120 000
person-years. Two trials took place in the USA, six in
Europe and Israel, and one in Japan. ABCD, INSIGHT,
MIDAS, and NICS-EH were double-blinded, and VHAS
was masked for only 6 months; the other four trials used an
open-label design. Most trials investigated a dihydro-
pyridine calcium antagonist (amlodipine, felodipine,
isradipine, nicardipine, nifedipine, and nisoldipine), but
VHAS and NORDIL used verapamil and diltiazem. The
calcium antagonist formulations were all intermediate-
acting or long-acting (given twice or once per day,
respectively) and were approved for the treatment of
hypertension. In NORDIL, a short-acting formulation was
used until 1997, and a long-acting one thereafter. The
antihypertensive drugs used in the comparison groups
included diuretics (amiloride, chlorthalidone, hydrochloro-
thiazide, and trichlormethiazide), �-blockers (atenolol,
metoprol, and pindolol), inhibitors of angiotensin-
converting enzyme (ACE: enalapril, fosinopril and
lisinopril), and clonidine.

The reductions in systolic and diastolic blood pressure
varied across the trials (figure 1) but, overall, there were no
significant differences in the reduction in systolic or
diastolic blood pressure between calcium antagonists and
other drugs (weighted mean difference <0·5 mm Hg in all
sensitivity analyses). For calcium antagonists compared
with other drugs, the weighted mean difference in systolic
blood pressure was 0·1 mm Hg (95% CI �1·8 to 2·0;
random-effects model, comparison p=0·32, heterogeneity
p<0·001) and that for diastolic blood pressure was �0·2
mm Hg (�0·6 to 0·2; fixed-effects model, comparison
p=0·24, heterogeneity p=0·66), with the imputed SD
100% of the mean blood-pressure reduction. In sensitivity
analyses with SDs ranging from 150% to 5% of the mean
reduction, the results were virtually unchanged (data
available from corresponding author on request).

Outcome data were analysed by intention to treat, except
for NICS-EH in which the outcome data were reported
only per protocol. INSIGHT and NORDIL did not report
outcome data for 254 and 35 randomised participants. The
p value for heterogeneity was not significant for any
outcome (figure 2). In the comparison of groups assigned
calcium antagonists versus other drugs, the odds ratios for
the outcome of myocardial infarction were 1·00 or more for
all trials. In analyses that combined the data from all trials,
the odds ratios for calcium antagonists versus other
treatments were significantly higher for the outcomes of
acute myocardial infarction (odds ratio 1·26 [95% CI
1·11–1·43], p=0·0003), congestive heart failure (1·25
[1·07–1·46], p=0·005), and combined major cardiovascular
events (1·10 [1·02–1·18], p=0·018). The odds ratios were
within the play of chance for the outcomes of stroke
(0·90 [0·80–1·02], p=0·10), all-cause mortality
(1·03 [0·94–1·13], p=0·54), cardiovascular mortality
(1·06 [0·93–1·20], p=0·36), and non-cardiovascular
mortality (0·99 [0·86–1·13], p=0·83).

In sensitivity analyses (tables 2 and 3), the findings were
quite similar when the analyses were restricted to double-
blind trials (ABCD, INSIGHT, MIDAS, NICS-EH), to
dihydropyridine (ABCD, CASTEL, FACET, INSIGHT,
MIDAS, NICS-EH, STOP-2), and non-dihydropyridine
(NORDIL, VHAS) calcium antagonists, to shorter-acting
(CASTEL, MIDAS, NORDIL) and longer-acting (ABCD,
FACET, INSIGHT, NICS-EH, STOP-2, VHAS) calcium
antagonists, to patients with diabetes (ABCD, CASTEL,
FACET, NORDIL), to large trials in which cardiovascular
events were the primary outcome (INSIGHT, NORDIL,
STOP-2), and when calcium antagonists were compared
with ACE inhibitors (ABCD, FACET, STOP-2) and with
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–10Heterogeneity p<0·001 –5 0

Favours
Ca antagonists

Z=0·10 p=0·32 Favours
other agents

5 10

Study

Systolic blood pressure

Number of
patients

Mean decrease
(mm Hg)

Ca A OtherCa A Other WMD
(95% CI random)

WMD (95% CI)

19·0 17·0235ABCD 235 –2·0 (–5·3 to 1·3)
19·0 17·0146CASTEL 205 –2·0 (–5·9 to 1·9)
19·0 13·0191FACET 189 –6·0 (–9·3 to –2·7)
33·0 33·03157INSIGHT 3164 0 (–1·6 to 1·6)
16·0 20·0442MIDAS 441 4·0 (1·6 to 6·4)
25·0 26·0215NICS-EH 214 1·0 (–3·8 to 5·8)
20·3 23·35410NORDIL 5471 3·0 (2·2 to 3·8)
35·0 35·02196STOP-2 4418 0 (–1·8 to 1·8)
28·0 29·0707VHAS 707 1·0 (–2·0 to 4·0)

12 699Total 15 044 0·1 (–1·8 to 2·0)

–10Heterogeneity p=0·66 –5 0

Favours
Ca antagonists

Z=1·18 p=0·24 Favours
other agents

5 10

Study

Diastolic blood pressure

Number of
patients

Mean decrease
(mm Hg)

Ca A OtherCa A Other WMD
(95% CI fixed)

WMD (95% CI)

17·0 16·0235ABCD 235 –1·0 (–4·0 to 2·0)
9·0 9·0146CASTEL 205 0 (–1·9 to 1·9)
8·0 8·0191FACET 189 0 (–1·6 to 1·6)

17·0 17·03157INSIGHT 3164 0 (–0·8 to 0·8)
13·0 13·0442MIDAS 441 0 (–1·7 to 1·7)
13·0 14·0215NICS-EH 214 1·0 (–1·6 to 3·6)
18·7 18·75410NORDIL 5471 0 (–0·7 to 0·7)
17·5 16·42196STOP-2 4418 –1·1 (–2·0 to –0·2)
17·0 16·6707VHAS 707 –0·4 (–2·2 to 1·4)

12 699Total 15 044 –0·2 (–0·6 to 0·2)

Figure 1: Changes in systolic and diastolic blood pressure with
calcium antagonists (CaA) vs other drugs
WMD=weighted mean difference. Imputed SD was 100% of the mean.
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diuretics or �-blockers (CASTEL, INSIGHT, MIDAS,
NICS-EH, NORDIL, STOP-2, VHAS). These sensitivity
analyses had lower power than the analyses of the complete
dataset, and in a few instances, the drug comparisons for
the outcomes of myocardial infarction, congestive heart
failure, and combined major cardiovascular events did not
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0·2Heterogeneity p=0·61 0·5 1

Favours
Ca

antagonists

Z=3·61 p=0·0003 Favours
other agents

2 5

Study

Myocardial infarction
Ca A Other

n/Nn/N Odds ratio
(95% CI fixed)

Odds ratio
(95% CI)

9/23527/235ABCD 3·26 (1·50–7·09)
9/2057/146CASTEL 1·10 (0·40–3·02)

10/18913/191FACET 1·31 (0·56–3·06)
61/316477/3157INSIGHT 1·27 (0·91–1·79)

5/4416/442MIDAS 1·20 (0·36–3·96)
2/2142/215NICS-EH 1·00 (0·14–7·13)

157/5471183/5410NORDIL 1·19 (0·95–1·47)
293/4418179/2196STOP-2 1·25 (1·03–1·52)

5/7075/707VHAS 1·00 (0·29–3·47)

499/12 699Total 551/15 044 1·26 (1·11–1·43)

0·2Heterogeneity p=0·07 0·5 1

Favours
Ca

antagonists

Z=2·81 p=0·005 Favours
other agents

2 5

Study

Congestive heart failure
Ca A Other

n/Nn/N Odds ratio
(95% CI fixed)

Odds ratio
(95% CI)

10/2358/235ABCD 0·79 (0·31–2·05)
8/20518/146CASTEL 3·46 (1·46–8·20)
0/1890/191FACET No events

12/316426/3157INSIGHT 2·18 (1·10–4·33)
0/4412/442MIDAS 5·01 (0·24–104·69)
3/2140/215NICS-EH 0·14 (0·01–2·73)

53/547163/5410NORDIL 1·20 (0·83–1·74)
326/4418186/2196STOP-2 1·16 (0·96–1·40)

0/7072/707VHAS 5·01 (0·24–104·63)

305/12 699Total 412/15 044 1·25 (1·07–1·46)

0·2Heterogeneity p=0·51 0·5 1

Favours
Ca

antagonists

Z=1·64 p=0·10 Favours
other agents

2 5

Study

Stroke
Ca A Other

n/Nn/N Odds ratio
(95% CI fixed)

Odds ratio
(95% CI)

7/23511/235ABCD 1·60 (0·61–4·20)
5/2055/146CASTEL 1·42 (0·40–4·99)
4/18910/191FACET 2·56 (0·79–8·30)

74/316467/3157INSIGHT 0·91 (0·65–1·26)
3/4416/442MIDAS 2·01 (0·50–8·08)
8/2146/215NICS-EH 0·74 (0·25–2·17)

196/5471159/5410NORDIL 0·81 (0·66–1·01)
452/4418207/2196STOP-2 0·91 (0·77–1·09)

4/7073/707VHAS 0·75 (0·17–3·36)

474/12 699Total 753/15 044 0·90 (0·80–1·02)

0·2Heterogeneity p=0·3 0·5 1

Favours
Ca

antagonists

Z=0·61 p=0·54 Favours
other agents

2 5

Study

All-cause mortality
Ca A Other

n/Nn/N Odds ratio
(95% CI fixed)

Odds ratio
(95% CI)

14/23518/235ABCD 1·31 (0·64–2·70)
40/20549/146CASTEL 2·08 (1·28–3·39)
4/1895/191FACET 1·24 (0·33–4·70)

172/3164176/3157INSIGHT 1·03 (0·83–1·27)
9/4418/442MIDAS 0·88 (0·34–2·31)
2/2142/215NICS-EH 1·00 (0·14–7·13)

228/5471231/5410NORDIL 1·03 (0·85–1·24)
749/4418362/2196STOP-2 0·97 (0·84–1·11)

4/7075/707VHAS 1·25 (0·33–4·68)

856/12 699Total 1222/15 044 1·03 (0·94–1·13)

0·2Heterogeneity p=0·17 0·5 1

Favours
Ca

antagonists

Z=2·36 p=0·018 Favours
other agents

2 5

Study

Major cardiovascular events
Ca A Other

n/Nn/N Odds ratio
(95% CI fixed)

Odds ratio
(95% CI)

29/23547/235ABCD 1·78 (1·07–2·94)
26/20532/146CASTEL 1·93 (1·09–3·41)
14/18923/191FACET 1·71 (0·85–3·44)

182/3164200/3157INSIGHT 1·11 (0·90–1·36)
11/44117/442MIDAS 1·56 (0·72–3·38)
13/2149/215NICS-EH 0·68 (0·28–1·62)

453/5471466/5410NORDIL 1·04 (0·91–1·20)
1223/4418636/2196STOP-2 1·07 (0·95–1·19)

13/70715/707VHAS 1·16 (0·55–2·45)

1445/12 699Total 1964/15 044 1·10 (1·02–1·18)

Figure 2: Numbers of events and odds ratios for comparison of
calcium antagonists with other drugs

reach significance. In other sensitivity analyses, we reduced
the number of major cardiovascular events by 30% to
account for potential double counting in NICS-EH,
NORDIL, STOP-2, and VHAS, and the results were
virtually unchanged (odds ratio 1·10 [1·01 to 1·20],
p=0·024).

Discussion
In comparative analyses of intermediate-acting or long-
acting calcium antagonists versus other antihypertensive
therapies, the combined results of the nine trials that met
our inclusion criteria showed that calcium antagonists were
associated with a significantly higher risk of major
complications of hypertension, including acute myocardial
infarction, congestive heart failure and combined major
cardiovascular events. No significant differences were
found for the outcomes of stroke and all-cause mortality.

The possibility that the effects of antihypertensive drugs
differ according to the examined outcomes highlights the
importance of monitoring a broad range of clinical events to
assess the overall health effects of a drug or class of drugs.
Concentration on a single outcome, such as stroke, in a
hypertension trial may lead to an incomplete definition of
the drug’s therapeutic profile.

These findings are surprising because control of systolic
and diastolic blood pressure was similar in patients treated
with calcium antagonists and in those treated with other
antihypertensive drugs. The weighted mean difference in
blood-pressure reduction between treatments was less than
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0·5 mm Hg. In a recent report from ALLHAT, there was a
higher risk of congestive heart failure, stroke, and major
cardiovascular events in the doxazosin group than in the
diuretic group despite only small differences in systolic-
blood-pressure reduction (2–3 mm Hg difference).5 These
observations suggest that mechanisms not involving blood
pressure are important in determining at least part of the
therapeutic effects of antihypertensive treatments. For
example, it is debated that calcium antagonists may have
proinflammatory effects17,18 and antifibrinolytic effects,19,20

and they may promote sympathetic activation;21,22 all of
these features are established cardiovascular risk factors.
These mechanisms may explain the significantly higher
relative risk of acute myocardial infarction, congestive heart
failure, and combined major cardiovascular events in
patients treated with calcium antagonists than in patients
treated with other drugs in these trials.

The reviewed trials, however, cannot provide evidence
about whether calcium antagonists have a harmful effect on
coronary heart disease and congestive heart failure, or
whether the other drugs have special benefits. In the Syst-
Eur trial, compared with placebo, nitrendipine had no
significant effects on the risk of cardiac outcomes, but it was
associated with a lower risk of stroke.23 In our meta-
analysis, the effects of calcium antagonists and their
comparison therapies on the risk of stroke suggest that
blood-pressure control may have an especially important
role in preventing stroke. Insufficient power, a large
proportion of non-vascular mortality, or drug-related
differences primarily in non-fatal events may explain why
the groups assigned calcium antagonists and other drugs
had similar rates of all-cause, cardiovascular, and non-
cardiovascular mortality, despite significant differences in
cardiovascular events. There was no excess risk of non-
cardiovascular mortality in patients treated with calcium
antagonists. Earlier observational studies found a higher
risk of gastrointestinal bleeding and cancer among users of
calcium antagonists,24,25 but in the reviewed trials there was
not sufficient information for us to assess these outcomes or
their potential effect on non-cardiovascular mortality.

In this meta-analysis, dihydropyridine and non-
dihydropyridine calcium antagonists had similar relative
risks (table 2). However, we could not exclude small or
moderate differences between these classes of calcium
antagonists, or among the individual members of each
class. More data are expected from the Controlled Onset
Verapamil Investigation of Cardiovascular Endpoints
(CONVINCE) trial and ALLHAT.26,27 A major beneficial
effect from calcium antagonists in these trials would be
required to reverse the conclusions of our meta-analysis.

In sensitivity analyses, the odds ratios for acute
myocardial infarction, congestive heart failure, and
combined vascular events were consistently more than 1.
These findings suggest that results were not driven by an
individual trial, a specific drug comparison, a particular
subset of trials, or a single outcome.

The limitations of the reviewed studies were the open
design in five studies, and the failure to report data on all
randomised patients in three trials.11,13,14 In addition,
reporting on myocardial infarction, stroke, and heart-failure
events in INSIGHT was incomplete, because only data for
first cardiovascular events were reported. In CASTEL,
randomisation may have favoured the non-calcium-
antagonist group, which had a lower mean blood pressure
and a lower proportion with diabetes than in the group
assigned calcium antagonists. By contrast, in ABCD,
randomisation may have favoured the calcium-antagonist
group, which had a lower cardiovascular risk at baseline.7

No data from TOMHS were available, but this trial with
only 30 cardiovascular events would be unlikely to
influence the results of our meta-analysis.9 The withdrawal
or cross-over rates from randomised treatments in these
trials ranged between 7% and 60% (table 1), and these high
rates would generally lead to an underestimate of the real
differences between treatment strategies.8

The best way to compare treatments is a controlled trial
of sufficient scope. This meta-analysis is based on about
120 000 person-years and overcomes the limitations of
statistical power in the individual trials. Comparisons of
antihypertensive drugs across placebo-controlled trials are
limited by potential differences in study populations,
concomitant interventions, outcome definition and
assessment, secular trends in morbidity, and access to
health care.

In this study, our hypothesis was that, compared with
other therapeutic strategies, the use of calcium antagonists
as a first-line antihypertensive agent was associated with 
a higher risk of cardiovascular events. Because we had no 
a-priori reason to expect major differences among non-
calcium-antagonist treatments, we chose to combine these
drugs into a single group. There were other reasons not 
to create multiple reference groups (such as one each for
ACE inhibitors, �-blockers, and diuretics). With such a
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Outcome Odds ratio (95% CI) for comparison of calcium
antagonists vs:

ACE inhibitors Diuretics and �-blockers
(n=5251) (n=24 627)

Myocardial infarction 1·43 (1·15–1·76)* 1·20 (1·04–1·37)†
Congestive heart failure 1·24 (1·00–1·55)‡ 1·22 (1·03–1·46)‡
Stroke 1·01 (0·84–1·23) 0·86 (0·76–0·98)‡
All-cause mortality 0·97 (0·83–1·13) 1·04 (0·94–1·16)
Major cardiovascular events 1·18 (1·04–1·33)† 1·06 (0·97–1·15)

*p<0·001; †p�0·01; ‡p�0·05.

Table 3: Subgroup comparisons of calcium antagonists vs ACE
inhibitors and diuretics and �-blockers

Outcome Odds ratio (95% CI) for comparison of calcium antagonists vs other drugs in category

All reviewed trials Double-blind trials Large trials with Trials of Trials of non- Trials of Trials of long- Patients with
(n=27 743) (n=8103) cardiovascular dihydropyridine dihydropyridine intermediate or acting calcium diabetes 

events as primary calcium calcium agonists short-acting antagonists (n=1640)
outcome antagonists (n=12 295) calcium (n=15 628)
(n=23 816) (n=15 448) antagonists

(n=12 115)

MI 1·26 (1·11–1·43) 1·47 (1·10–1·98)† 1·23 (1·08–1·40)† 1·31 (1·12–1·53)* 1·18 (0·95–1·46) 1·18 (0·96–1·46) 1·31 (1·12–1·54)* 1·53 (1·01–2·31)
CHF 1·25 (1·07–1·46)† 1·43 (0·86–2·37) 1·22 (1·03–1·43)‡ 1·25 (1·05–1·48)† 1·24 (0·86–1·78) 1·46 (1·05–2·04)‡ 1·19 (1·00–1·42)‡ 1·76 (0·97–3·21)
Stroke 0·90 (0·80–1·02) 0·98 (0·73–1·31) 0·86 (0·77–0·99)‡ 0·95 (0·82–1·10) 0·81 (0·66–1·00)‡ 0·85 (0·69–1·04) 0·94 (0·81–1·08) 1·37 (0·86–2·20)
All-cause 1·03 (0·94–1·13) 1·04 (0·85–1·27) 1·00 (0·90–1·10) 1·03 (0·93–1·15) 1·03 (0·86–1·24) 1·11 (0·94–1·32) 0·99 (0·89–1·11) 1·24 (0·84–1·83)
mortality
MCE 1·10 (1·02–1·18)‡ 1·18 (0·98–1·41) 1·06 (0·98–1·15) 1·12 (1·02–1·23)‡ 1·05 (0·92–1·20) 1·09 (0·96–1·24) 1·10 (1·00–1·21)‡ 1·44 (1·09–1·91)†

MI=myocardial infarction; CHF=congestive heart failure; MCE=major cardiovascular events.
*p<0·001; †p�0·01; ‡p�0·05.

Table 2: Subgroup comparisons of calcium antagonists vs other drugs
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design, we would have been committed to a series of
analyses with very low power, which combined information
from only a few trials at a time. Multiple testing would 
have complicated the interpretation of any significant
findings.

Therapeutic decisions should be based on a drug’s
proven overall risks and benefits, the patient’s risk profile,
and the patient’s preference. Thus, if, for a particular
patient the prevention of stroke is the main or only concern,
according to the results of this meta-analysis, calcium
antagonists may be equivalent to the other drugs tested.
However, for the prevention of acute myocardial infarction,
congestive heart failure, and combined major
cardiovascular events including stroke, our findings suggest
not only that calcium antagonists are inferior to other drugs
as first-line therapy, but also that the surrogate index,
blood-pressure lowering, is not a consistent and valid
marker of the therapeutic benefit of all antihypertensive
agents. The value of calcium antagonists as add-on therapy
has not been formally assessed in any outcome trial.
For combination of antihypertensive therapies, reliance
on the classes known to be superior—low-dose diuretics, 
�-blockers, and ACE inhibitors—seems prudent.

Low-dose diuretics, which have proven efficacy and low
cost, should continue to be the standard therapy for
hypertension, and all new classes of drugs should be
compared with diuretics. The use of long-acting calcium
antagonists and �-blockers should be limited to patients
who do not tolerate or do not respond to diuretics,
�-blockers, and ACE inhibitors.
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