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Background: Several recent studies have suggested that

calcium antagonist drugs, which are widely used for the
treatment of hypertension, are associated with increased
risk of cardiovascular disease. These studies have cast
doubts on the long-term safety of calcium antagonists.
Objective: To examine the association of calcium antagonist use with mortality in subjects with hypertension followed up in the Framingham Heart Study.

Results: There were 970 deaths during follow-up. Hazard ratios for mortality associated with the use of calcium
antagonists were 0.93 (95% confidence interval, 0.721.21; P = .59) for subjects with hypertension without
coronary heart disease, and 0.92 (95% confidence interval, 0.69-1.24; P = .58) for those with coronary heart disease at baseline. All models were adjusted for age, sex,
current smoking, systolic and diastolic blood pressure,
use of b-blockers, and use of other antihypertensive
medications.

Subjects and Methods: We stratified 3539 subjects

(mean ± SD age, 64 ± 13 years) from the Framingham Heart
Study who had hypertension at routine clinic examinations,
according to the use of calcium antagonists and presence
of coronary heart disease at the baseline examination. At
each follow-up examination (every 2-4 years), subjects were
reclassified with regard to the use of calcium antagonists.
The end point of the study was all-cause mortality. Hazard
ratios and 95% confidence intervals associated with the use
of calcium antagonists were obtained using Cox proportional hazards regression models.

Conclusions: In this cohort of 3539 subjects with hy-

pertension there were no differences in mortality among
subjects with hypertension using a calcium antagonist
compared with those who were not. Results were similar among subjects with hypertension with and without
coronary heart disease. The results of ongoing longterm, randomized clinical trials will provide more definitive data on the safety of calcium antagonists.
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YPERTENSION is well established as a risk factor
for cardiovascular disease morbidity and mortality.1-3 Meta-analyses of
several clinical trials4-7 on hypertension
have demonstrated reductions in cardiovascular mortality in response to treatment with diuretics and b-blockers alone
or in combination.
Calcium antagonists, a heterogeneous
group of drugs, have been used widely in recent years for the treatment of systemic
hypertension8-11 and stable coronary artery
disease.12 Several of these drugs have been
approved by the US Food and Drug Administration for the treatment of hypertension
based on their effects of lowering blood pressure; however, until recently they have not
been evaluated thoroughly in randomized
clinical trials or in prospective studies to assess their long-term effects on cardiovascular disease morbidity and mortality.13
Despite several advantages to the use
of calcium antagonists, such as good tol-

erability, few adverse effects, and efficacy
in lowering blood pressure,8-11 several recent studies14-18 have suggested that the use
of calcium antagonists may increase the
risk of cardiovascular disease. These studies19-21 have cast doubts on the long-term
safety of calcium antagonists.
The objective of the present study was
to examine the association of calcium antagonist use with mortality in subjects with
hypertension followed up in the Framingham Heart Study.
RESULTS

There were 3539 subjects with hypertension, of whom 174 were taking a calcium
antagonist at baseline. During follow-up
(mean, 7.7 years; maximum, 12.9 years),
572 additional subjects began taking calcium antagonists; 2793 subjects never
used calcium antagonists during the period of observation. Table 1 summarizes the baseline clinical characteristics
of subjects with hypertension according
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SUBJECTS AND METHODS
The Framingham Heart Study, a population-based cohort
study, has followed up its participants since 1948 to evaluate risk factors and outcomes for cardiovascular disease. Offspring of the original cohort participants and their spouses
were entered in a second prospective study in 1971. Selection criteria and study design have been described previously.22,23 As part of each routine examination, Framingham participants were asked about use of drugs and dosage,
including antihypertensive drugs. A physical examination
was performed as were 2 physician-obtained blood pressure measurements and a 12-lead electrocardiogram.
Hypertension was defined in accordance with the
Fifth Report of the Joint National Committee on Detection, Evaluation, and Treatment of High Blood Pressure
(JNC V)24 as a blood pressure of 140 mm Hg or higher systolic or 90 mm Hg diastolic or the current use of antihypertensive medication.
Questions regarding the use of calcium antagonists
were first introduced at the 18th biennial examination (19831985) for the original study cohort and the third examination (1983-1987) for offspring participants. Subjects with
hypertension at examination 18, 19, or 20 for the original
cohort and the third or fourth offspring examinations were
eligible for this investigation.
Subjects were classified according to the presence of coronary heart disease, defined as a history of myocardial infarction, angina, coronary artery bypass surgery, or coronary angioplasty.25 Left ventricular hypertrophy was defined using
electrocardiographic criteria described previously.25
At each follow-up examination (every 2 years for the
original cohort and every 4 years for the offspring cohort),
subjects were classified as to their use of calcium antagonists and other antihypertensive drugs. Review of Framingham Heart Study charts was performed to determine the
specific type of calcium antagonist used both at baseline
and at each follow-up examination. Calcium antagonists

were categorized according to specific agent and class (dihydropyridine vs nondihydropyridine). Short-acting calcium antagonists were defined as those prescribed to be used
more than once per day while long-acting calcium antagonists were those that were prescribed to be used once daily.
Descriptive statistics for continuous variables are presented as mean ± 1 SD and for categorical data as counts
and percentages. The end point of the study was all-cause
mortality. Cox proportional hazards regression models26
were used to estimate the hazard ratio (HR) and 95% confidence intervals (CIs) associated with the use of calcium
antagonists using SAS PHREG software.27 To minimize misclassification due to changes in treatment over time, the
use of calcium antagonists was entered as a timedependent variable. Models were adjusted for baseline values of age, sex, current smoking, systolic and diastolic blood
pressure, history of diabetes, use of b-blockers, and use of
other antihypertensive drugs. The use of b-blockers was
included in all models because it has been shown that bblockers reduce mortality in patients with coronary heart
disease.28,29 Analyses were repeated among subjects with
hypertension treated with drugs only (P,.05 was considered significant). Analyses were performed based on survival data through September 1996.
Using results from proportional hazards models, we
calculated post hoc the true effect (HR) at which power
would be 0.80 or higher. For comparisons of any calcium
antagonist use vs nonuse, this level of power required an
HR of more than 1.53 in subjects with and an HR of more
than 1.46 in those without coronary heart disease. For comparison of dihydropyridine vs nondihydropyridine calcium antagonists, it required a HR of more than 2.16 in subjects with coronary heart disease and an HR of more than
2.03 for those without it; and for comparison of shortacting vs long-acting calcium antagonists, comparable values were HR of more than 2.69 in subjects with coronary
heart disease and an HR of more than 2.01 in those without it. Cause-specific mortality was not addressed because
of limited power to study individual end points.

Table 1. Baseline Characteristics of Subjects With Hypertension According
to Coronary Heart Disease (CHD) Status and Use of Calcium Antagonist*
CHD

No CHD

Characteristic
Mean ± SD age, y (range)
Female, %
Mean ± SD BMI, kg/m2
Mean ± SD SBP, mm Hg (range)
Mean ± SD DBP, mm Hg (range)
LVH, %
Smoking, %
Diabetes, %
b-Blockers, %
Other Rx, %
CHF, %
Prior MI, %

Use of
Calcium Antagonist
(n = 60)

No Use of
Calcium Antagonist
(n = 2911)

Use of
Calcium Antagonist
(n = 114)

No Use of
Calcium Antagonist
(n = 454)

61 ± 12 (40-84)
50
27 ± 6
136 ± 20 (98-186)
79 ± 12 (53-101)
5
22
7
27
27
5
...

62 ± 13 (24-95)
55
27 ± 5
144 ± 18 (85-240)
83 ± 10 (44-132)
2
20
9
19
40
5
...

65 ± 10 (40-94)
29
27 ± 4
134 ± 22 (96-195)
75 ± 10 (40-101)
6
18
12
39
26
11
54

70 ± 10 (40-93)
44
28 ± 4
143 ± 22 (85-212)
77 ± 11 (47-120)
5
16
19
51
49
13
42

*BMI indicates body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVH, left ventricular hypertrophy; other Rx, other antihypertensive
medications; CHF, congestive heart failure; MI, myocardial infarction; and ellipses, not applicable.
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Use of Calcium Antagonists, %

25
20
197/977

Table 3. Mortality Among Subjects With Hypertension
by Use of Calcium Antagonist at Last Examination Attended
and Coronary Heart Disease (CHD) Status*

293/1695
15

388/2629

No CHD

10
204/3374
5

0
1983

CHD

354/2961

174/3539

2

4

6

8

10

12
1996

Years

Death

Use of
Calcium
Antagonist
(n = 404)

No Use of
Calcium
Antagonist
(n = 2566)

Use of
Calcium
Antagonist
(n = 171)

No Use of
Calcium
Antagonist
(n = 397)

67 (17)

628 (24)

62 (36)

213 (54)

*Values are number (percentage).

Figure 1. Proportion of study subjects using calcium antagonists at different
times during follow-up. The denominator indicates the number of subjects
under observation; numerator, number of subjects using a calcium
antagonist. There was a sharp increase in use of calcium antagonists among
subjects with hypertension, from 5% in 1983 to 20% in 1996.

2.0

Table 2. Type of Calcium Antagonist Used at Baseline
and at the Last Examination Attended*

Short acting
Diltiazem
Nicardipine
Nifedipine
Verapamil
Total
Long acting
Diltiazem
Nifedipine
Verapamil
Amlodipine or felodipine
Total
Unknown

Baseline
(n = 174)

Last Examination
Attended (n = 575)

33
1
29
17
80

17
5
8
5
35

1
2
6
...
8
11

14
25
19
7
64
1

*Numbers may not add up to 100% due to rounding. Values are
percentages.

to the use of calcium antagonists and coronary heart disease status. Compared with subjects not using calcium
antagonists, users of calcium antagonists, whether they
had coronary heart disease or not, had lower blood pressure and were less likely to be using other antihypertensive medications.
Figure 1 shows the proportion of study subjects
using calcium antagonists at different times during followup. There was a sharp increase in use of calcium antagonists among subjects with hypertension from 5% in 1983
to 20% in 1996. The type of calcium antagonists used also
changed from baseline to the last examination attended.
At baseline, short-acting preparations predominated
(80%), but by the last examination attended, longacting preparations included 64% of calcium antagonists used (Table 2). Although 11% of subjects were unclassified at baseline, only 1% were unclassified for
purposes of the time-dependent analysis. Two thirds of
subjects who were taking calcium antagonists at baseline (68% of those with and 63% of those without coronary heart disease) were still users at the last examination. Conversely, 21% of those with coronary heart disease
who were nonusers of calcium antagonists at baseline were

Hazard Ratios

1.5

HR = 0.93

1.0

0.5

P = .59

P = .58

0

No CHD

CHD

Figure 2. Time-dependent analysis of hazard ratios (HRs) for all-cause
mortality associated with the use of calcium antagonists for subjects with
hypertension without coronary heart disease (CHD) and for those with CHD
at baseline. All models were adjusted for age, sex, current smoking, systolic
and diastolic blood pressure, history of diabetes, use of b-blockers, and use
of other antihypertensive medications.

users at last examination, compared with 13% for subjects without coronary heart disease at baseline.
During follow-up, there were 970 deaths. Table 3
shows crude mortality according to the use of calcium antagonists and coronary heart disease status. Unadjusted
mortality was lower among users of calcium antagonists
than among nonusers for subjects both with and without
coronary heart disease at baseline. The results of timedependent proportional hazards regression models for allcause mortality are shown in Figure 2. Mortality HRs associated with the use of calcium antagonists were 0.93 (95%
CI, 0.72-1.21; P = .59) for subjects with hypertension without coronary heart disease, and 0.92 (95% CI, 0.69-1.24;
P = .58) for those with coronary heart disease at baseline.
All models were adjusted for age, sex, current smoking,
systolic and diastolic blood pressure, history of diabetes,
use of b-blockers, and use of other antihypertensive drugs.
There were no significant differences in mortality between users of calcium antagonists and nonusers among
subjects either with or without coronary heart disease. The
results of time-dependent models were similar when the
analyses were restricted to subjects with hypertension
treated with drugs; the HR for calcium antagonist use in
subjects with coronary heart disease was 0.84 (95% CI,
0.60-1.15; P = .27) and 0.78 (95% CI, 0.57-1.08; P = .14)
for those without it.
Subgroup analysis by calcium antagonist class and
duration of action using time-dependent analysis showed
that the use of dihydropyridines was not associated with
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HR = 0.92

an increased risk of mortality when compared with nondihydropyridine calcium antagonists, among subjects both
with (HR, 0.74; 95% CI, 0.43-1.26; P = .27) and without
coronary heart disease at baseline (HR, 0.93; 95% CI, 0.571.51; P = .75). In contrast, trends toward adverse risk of
short-acting (vs long-acting) calcium antagonists were
found among subjects both with coronary heart disease
(HR, 1.79; 95% CI, 0.90-3.58; P = .10) and without at baseline (HR, 1.35; 95% CI, 0.83-2.19; P = .23).
COMMENT

Among 3539 subjects with hypertension in the Framingham Heart Study, we found no differences in mortality
among subjects using calcium antagonists when compared with nonusers after adjustment for confounding
variables. Results were similar in subjects with and without coronary heart disease. Adjustment for potential confounding variables yielded similar estimates of the mortality hazard associated with the use of calcium antagonists
in subjects with and without coronary heart disease at
baseline.
In a recently published case-control study17 of patients with hypertension, case patients and controls with
myocardial infarction were analyzed with regard to the
type of antihypertensive medication they were using, and
the risk of myocardial infarction in relation to antihypertensive treatment was examined. Compared with the
use of diuretics alone, the risk of myocardial infarction
was 58% higher among users of calcium antagonists. This
increased risk for myocardial infarction among users of
calcium antagonists was similar in patients with and without cardiovascular heart disease.17
Similar results were reported by Pahor et al,18 who
followed up a cohort of 904 elderly patients with hypertension who were treated with either a b-blocker, a shortacting calcium antagonist, or an angiotensin-converting
enzyme inhibitor during a 4-year follow-up period. Compared with the use of b-blockers, the use of short-acting
nifedipine was associated with a 70% increased risk of
mortality. In that study, no information was available on
use of drugs after baseline, creating a potential for misclassification of calcium antagonist use shortly before
death.
A meta-analysis of the effects of the short-acting calcium antagonist nifedipine on the outcome in patients
with coronary artery disease16 also suggested a trend toward increased mortality with increased doses of this
medication. This meta-analysis has been criticized19-21 because of its retrospective nature, inclusion of patients with
a variety of clinical syndromes including unstable angina, arbitrary study selection, and because analyses were
performed on patients taking short-acting calcium antagonist preparations, which are no longer in widespread use.
By contrast, a recent cohort study30 in patients with
coronary disease demonstrated no difference in mortality among patients who were taking short-acting calcium antagonists compared with those who were not, after adjustment for clinical characteristics that differed
between the 2 groups. That study30 had a relatively short

follow-up period (mean, 3.2 years) and was limited to
patients with coronary disease.
Most prior studies evaluating the risks associated with
the use of calcium antagonists have included primarily
short-acting calcium antagonist preparations. The shortacting preparations, in particular short-acting nifedipine, produce vasodilatation with reflex sympathetic activation.16 This phenomenon is less pronounced with the
long-acting preparations.31 In our study, a gradual change
from short-acting to long-acting preparations was seen;
80% of calcium antagonists used at baseline were short
acting, whereas 64% were long acting at the last examination attended. Using the time-dependent Cox model,
updating for the specific class of calcium antagonist,
no significant difference in mortality between dihydropyridine and nondihydropyridine calcium antagonists was found in subjects with or without coronary heart
disease.
We observed a trend toward increased mortality in
association with short-acting vs long-acting calcium antagonists. A recent case-control study32 reported an association between the use of short-acting calcium antagonists and adverse cardiovascular outcome in patients
with hypertension; however, the study was limited to 6
months of exposure time to the drug and the number of
patients in each group was small.
This study has advantages such as a prospective cohort design with routine and consistent ascertainment
of hypertension status, hypertension treatment, as well
as risk factors and clinical characteristics at each follow-up visit. Longer follow-up time and power to detect
an effect on survival are additional strengths.
Several limitations should be mentioned. This was
an observational study, not a randomized clinical trial.
Community physicians selected antihypertensive medications according to their patients’ clinical characteristics, reflecting clinical practice in the community. In addition, there may be factors associated both with the use
of calcium antagonists and mortality for which adjustment was not made. The only risk factor that differed between users and nonusers of calcium antagonists was
blood pressure. Therefore, we adjusted for baseline systolic and diastolic blood pressure in the multivariate
model. Although information was obtained on the type
of calcium antagonist used and its duration of action, the
effect of different drug doses was not analyzed. Finally,
we had limited power for subgroup analysis.
CONCLUSIONS

In this cohort of 3539 subjects with hypertension we
found no difference in mortality among subjects using
calcium antagonists compared with nonusers. Results were
similar for subjects with and without coronary heart disease at baseline. In addition, the use of dihydropyridine
calcium antagonists did not confer an additional risk of
mortality. There was a suggestion, however, of an increased risk of mortality associated with the use of shortacting vs long-acting calcium antagonists.
The long-term safety of calcium antagonists is best
determined by controlled clinical trials. A recently published randomized, double-blind, placebo-controlled trial33
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of the calcium antagonist nitrendipine as starting treatment for older individuals with isolated systolic hypertension showed a 42% (P,.003) reduction in risk of stroke
after a median follow-up of 2 years. In addition, the risk
for fatal and nonfatal cardiac end points was reduced
by 31% (P,.001) with active therapy. Cardiovascular
mortality was slightly lower for active treatment (−27%;
P = .07) but all-cause mortality was not decreased significantly (−14%; P = .22).
Two other large, randomized, long-term trials, the
Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) 3 4 and STOPHypertension 2 (the Swedish Trial in Old Patients with
Hypertension 2),35 have been designed to examine differences in morbidity and mortality for different antihypertensive drugs, including a calcium antagonist. However, the results of these ongoing trials are not yet available.
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