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Abstract

BACKGROUND—A systematic literature review was conducted to determine whether US blacks
and whites have differential blood pressure (BP) response to calcium channel blocker (CCB)
monotherapy.

METHODS—Six published studies made up the final cohort of eligible articles. Multiple
treatment groups within some studies led to a total of eight sets of estimates for BP reduction with
a total of 6,851 white or nonblack participants and 3,371 black participants.

RESULTS—The pooled difference in systolic blood pressure (SBP) change between blacks and
whites was —2.7 mm Hg (95% confidence interval (Cl): —4.0, —1.3) with blacks having greater
response. The difference in diastolic blood pressure (DBP) between blacks and whites was —0.4
mm Hg (95% CI: -1.0, 0.3) with blacks having greater response. Using a dichotomous outcome
measure, whites were found to be just as likely as blacks to attain the DBP goal of <90 mm Hg or
a 10 mm Hg or greater change (relative risk: 1.00 95% CI: 0.91, 1.11). In addition, examination of
the continuous distribution of BP responses of whites and blacks showed over 90% overlap in
treatment response.

CONCLUSION—Assessment of differential response to CCB monotherapy by race in published
data depends on choice of outcome metric. Nonetheless, the results of this systematic review
indicate that BP response is qualitatively similar in US blacks and whites, suggesting that patient
race is not likely to offer any clinical utility for decisions about the likely effect of this
antihypertensive therapy.
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There has been much speculation over the past 40 years of hypertension research regarding
differential effectiveness of therapeutic regimens as a function of patient’s racial identity.!
This has been a controversial literature because race as an epidemiologic quantity has an
ambiguous status as a social grouping, ancestry marker and surrogate for myriad
psychological and material disadvantages.23 Nonetheless, numerous studies have compared
antihypertensive responses in various racial groups, with the focus in US studies being
comparisons between so-called “blacks” (i.e., Americans with ancestry from sub-Saharan
Africa) and “whites” (Americans with ancestry from Europe and the Middle East).*~” The
general paradigm of putative racial variations in therapeutic effectiveness is furthered by
similar claims for treatment of other cardiovascular outcomes,8 and by the advent of the first
Food and Drug Administration—approval for a race-specific therapy in 2005.910

The existing hypertension literature emphasizes a decreased effectiveness for blacks to
monotherapy with drugs that modulate the renin—angiotensin-aldosterone system,1:12
which is interpreted as a consequence of blacks being a “low renin” population.3 Calcium
channel blockers (CCBs) and diuretics do not inhibit the renin-angiotensin system, and this
has therefore been one of the proposed explanations for observed findings that CCBs and
diuretics are more effective than other therapies in black patients.1* The Seventh Report of
the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC7) states that in blacks, CCBs or thiazide-type diuretics are more
effective than angiotensin-converting enzyme inhibitors.1 Similarly, the guidelines from the
European Society of Hypertension, the European Society of Cardiology, and the British
Hypertension Society recommend CCBs and diuretics in black patients over p-blockers,
angiotensin-converting enzyme inhibitors, and angiotensin receptor antagonists.1>16 Many
published sources also compare efficacy across racial groups and suggest an equivalent or
superior antihypertensive effect for CCBs in blacks compared to whites,17:18

A systematic review of black vs. white blood pressure (BP) reductions for multiple
antihypertensive classes published by Sehgal in 2004 found a small differential for CCBs in
the direction of a black advantage, but with substantial overlap between the BP response
distributions of each racial group.19 However, clinical interest is focused not only on the
effect of pharmacologic monotherapy on systolic (SBP) and diastolic blood pressure (DBP)
change, but also the achievement of treatment goal. In the current review, we sought to
complete an updated systematic review of clinical trials in which monotherapy with CCBs is
compared in blacks and whites in the United States, especially in light of the
Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack trial, whose results
on race-specific reduction in BP became available after the last systematic review. We
examined between-study variance more carefully than had been previously done, compared
BP declines from baseline and achievement of previously defined treatment goals, and
considered both the distribution of responses as well as the black-white “overlap” in
treatment response as defined previously.®
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METHODS

Selection of trials.

A systematic literature search was conducted on PubMed, EMBASE, and the Cochrane
Clinical Trials Database. The following text words were used: CCBs, African American,
African Americans, race, racial, black, blacks, white, whites, hypertension, BP and
(individual drug names) amlodipine, bepridil, diltiazem, felodipine, isradipine, nicardipine,
nifedipine, nimodipine, nisoldipine, or verapamil. In PubMed, the following Medical
Subject Headings terms were added: CCBs, African Continental Ancestry Group, and
European Continental Ancestry Group. Studies were included if they provided race-specific
changes in BP for blacks and whites treated with a CCB. Studies were excluded if they
recruited children, were published before 1990, were conducted outside the United States,
involved combination therapy, or did not provide race-specific mean changes in SBP or DBP
for both whites and blacks. The last search was conducted on 8 October, 2008. From the 775
articles identified, 36 did not provide information on CCBs, 18 involved combination
therapy, 2 enrolled children, 166 did not provide race-specific estimates, 21 were non-US
studies, 337 did not provide BP reductions from baseline, 147 did not provide BP reductions
for both blacks and whites, and 37 articles reported results from a study already included in
the analysis. Of the articles that met the selection criteria, 5 did not provide a measure of
precision of the estimates (s.e., s.d., or Cl). The corresponding authors were contacted for
missing information, but one author was unreachable, and the others were unable to provide
the additional information. Six published studies made up the final cohort of eligible articles.
Multiple treatment groups within two studies led to a total of eight sets of estimates for BP
reduction that included 6,851 whites (or “nonblacks”) and 3,371 blacks.

Data extraction.

After the establishment of exclusion and inclusion criteria, one investigator extracted the
data. The race-specific mean reduction in SBP and DBPs from baseline and the
corresponding standard errors or standard deviations were extracted. The black vs. white
differences in mean reduction of SBP and DBP were also recorded. When the standard
errors for the white-black differences were not provided, the standard errors were calculated
using the following equation: standard error of white—black difference

= \/ s.e. ( black )2 + s.e. (white) )2. This equation is justified by the fact that the two samples
are statistically independent, and therefore the covariance is 0 (although no assumption is
imposed that the standard errors for blacks and whites are equal). We also extracted the
necessary data to calculate the proportion of black and white patients reaching the BP target.
The institutional review board at the University of North Carolina, Chapel Hill reviewed the
protocol and determined that it did not require institutional review board’s approval because
only published data with no patient identifiers were used.

Statistical methods.

Statistical analyses were conducted using STATA 9.0 (Stata, College Station, TX). Random
effect estimates were calculated. The race-specific reductions in BP from baseline to post-
treatment were pooled. The differences between the two race-specific BP reductions were
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also pooled, and we refer to this quantity as the white—black difference in treatment
response. Publication bias was assessed using Begg’s and Egger’s tests, and the Duval and
Tweedie nonparametric “trim and fill” method was utilized to account for the presence of
publication bias. The presence of heterogeneity was assessed by examining the P value of
Cochran’s Q statistic. The among-studies variance T2 was also used to examine
heterogeneity. The following study characteristics were examined in stratified analyses: type
of drug group (Nondihydropyridines or dihydropyridines), age, percent female, and percent
receiving antihypertensive medications, and treatment duration. Due to the relatively small
number of trials, the validity of estimates controlling for multiple characteristics
simultaneously would be questionable, and we therefore examined each study characteristic
separately.

Using the well-known decomposition of the population variance shown in Eg. 1, sample
sizes and standard deviations extracted from the individual articles were combined with the
estimated pooled means in order to estimate the pooled variances.

Using the pooled means and the pooled standard deviations (square root of the variances),
distributions of the decrement in BP by race were constructed. The authors plotted the
distribution of BP response of whites and blacks together for comparison. Overlap in
treatment response was calculated by summing the area under each curve in the overlapping
region and expressing the sum as a percentage of the total area (see Supplementary
Appendix Al online)1®.

Table 1 displays characteristics of the included studies. The estimates of race-specific BP
reductions (i.e., the differences between the baseline and post-treatment measures) as well as
the between-race differences in BP reduction were heterogeneous (P < 0.05). Stratified
analyses indicated the estimates within the dihydropyridine drug group and the group of
studies with no female participants were reasonably homogeneous. Within categories of all
other study characteristics, at least some of the estimates were heterogeneous (see
Supplementary Table S1 online).

When the Wright20 and Krakoff2! studies were excluded, the pooled estimates of the white—
black differences were no longer significantly heterogeneous. Despite the absence of
significant heterogeneity in pooled white—black differences after exclusion of these two
studies, race-specific reductions remained significantly heterogeneous. As a result, general
trends are the focus of the current review, rather than relying only on a single overall effect
estimate. Nonetheless, pooled race-specific changes in BP are also presented for
completeness.
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Blacks generally had similar though slightly higher baseline pressures than whites (see
Supplementary Table S2 online). Table 2 presents treatment response by race for each study.
White—black differences in BP decrement for each study are also presented on Table 2. All
but one study reported blacks having greater mean reductions than whites, and pooled results
also indicate greater reduction for blacks (Table 3). The white-black differences in SBP and
DBP reduction were —2.7 mm Hg (95% CI: -4.0, -1.3) (Figure 1), and -0.4 mm Hg (95%
Cl: -1.0, 0.3) (Figure 2), respectively. The estimated among-study variance t2 was
essentially 0 for both pooled estimates, and tests of homogeneity indicated minimal
variability in racial contrasts across studies. For white—black differences in SBP, the Pvalue
for Begg’s test was consistent with the null (= 0.2), but Egger’s test was more suggestive
of the possibility of additional unpublished studies (2= 0.03) (Table 3). To account for the
possibility of publication bias, we imputed estimates using the Duval and Tweedie
nonparametric “trim and fill” method. Nonetheless, estimates taking account of publication
bias were generally similar, although slightly closer to the null. Moreover, for DBP there
was considerably less evidence of publication bias (Begg’s test = 0.3 and Egger’s test P=
0.7) (Table 3).

Figures 2 and 3 present distributions of treatment responses, with and without the Wright20
and Krakoff2! studies. As shown in Figures 2 and 3, exclusion of these two studies brings
the white and black mean BP reduction closer to the null. As shown in the figures, there was
almost complete overlap in the race- specific BP responses to CCB monotherapy. The
overlap in SBP response is 93.8 and 90.1% in the reduced data set, whereas the comparable
numbers for DBP response are 94.8 and 93.4%.

Considering the proportion of patients reaching a clinically defined BP goal, the trials were
inconsistent on the direction of the racial disparity with some reporting greater efficacy
among blacks and others reporting the opposite or equal response. In all studies, however,
the proportions of whites and blacks reaching treatment goals were within 10% of each
other, except one where they differed by 20% (Table 4). Pooled results indicated that whites
were just as likely as blacks to attain the goal of DBP <90 mm Hg or DBP decrement of >10
mm Hg (relative risk = 1.0; 95% CI: 0.9, 1.0). There was little evidence of publication bias
(Begg’s test P= 0.2, Egger’s test A= 0.5). The estimated between-studies variance t2 was
essentially 0, indicating that the estimates may be considered as homogeneous (Table 3).
Overall, these results consistently support the conclusion that whites and blacks have similar
likelihood of achieving the BP goal.

DISCUSSION

These results are relevant to the practical question of whether or not one should consider
patient race when making clinical decisions about choice of antihypertensive therapy. In the
case of CCB monotherapy for the treatment of hypertension, blacks generally experienced
slightly greater declines in continuous-scale measures of BP. These results are similar to a
previous meta-analysis which reported white—black differences in SBP and DBP response to
CCB monotherapy of —2.4 mm Hg (95% CI: -3.4, -1.3) and —0.6 mm Hg (95% CI: -1.2,
0.0), respectively.19 As a dichotomous outcome of meeting BP goals, we found blacks and
whites are equally likely to reach the defined target pressures. Nonetheless, regardless of the
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outcome definition, racial group provides at best a trivial amount of information about
expected BP reduction for an individual patient. Although previous studies have argued that
racial differences in renin—angiotensin system activity result in racial differences in drug
response, differences in mean renin-angiotensin system activity are quite modest,22 and
there is substantial overlap in activity between the racial groups.23 A statement about the
mean response of a population of patients is not the same as a statement about the expected
response of an individual patient, and the degree of overlap of the response distributions
indicates that clinicians would learn very little about the likely response of an individual
patient by considering them as drawn from the race-specific response distribution as
opposed to the overall response distribution.

Our results are consistent with the recent review by Johnson et a/., which found no obvious
difference between blacks and whites in outcomes to various antihypertensive therapies and
concluded that clinical decisions should not be based on race/ethnicity.2# Furthermore, the
results of the International Verapamil-Trandolapril Study similarly found no differences in
event rates for death, myocardial infarction, or stroke for whites, blacks, or Hispanics
randomized to receive either a CCB or a B-blocker.2®> The African American Study of
Kidney Disease and Hypertension trial, which randomized black participants to receive
either a B-blocker, CCB, or angiotensinconverting enzyme inhibitor, reported that DBP and
SBP during follow-up were similar across the three drug groups.2® Although the racially
homogeneous study population precludes examination of racial differences in outcomes, the
African American Study of Kidney Disease and Hypertension results suggest that blacks
have similar response to various antihypertensive therapies.

There are several limitations to this study. First, only one reviewer extracted the data.
However, this is unlikely to result in substantial error as the extraction focused primarily on
numerical data, with limited opportunity for subjectivity or interpretation. A complication in
our analysis was the question of effect heterogeneity across studies. As the race-specific BP
decrements were apparently heterogeneous, general trends were described rather than
relying on a single uniform estimate. Pooled estimates were also provided, but could be
considered as an over-simplification of the literature. In the case of estimating the white—
black differences, we considered exclusion of two trials18:1° from some of the pooled
analyses in order to minimize the differences in study design and provide estimates that were
more homogeneous. The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack trial reported by Wright et a/20 is by far the largest trial included in the meta-analysis
and is one of the two trials excluded. This study differs in important ways from the others,
including allowing individual clinicians to switch patients off of the assigned treatment or to
assign additional medications if participants taking a CCB did not reach the BP goal of
140/90 mm Hg. In addition, although we extracted information for the shortest treatment
duration available for Antihypertensive and Lipid-Lowering Treatment to Prevent Heart
Attack trial (52 weeks), the treatment duration for this trial was still considerably longer than
the other studies (2-18 weeks). Furthermore, in all included studies, participants were given
increasing doses of the study drug within a particular dosing range until the BP goal was
achieved. Blacks and whites may have differed in the average dose received, especially in
the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack trial study
where patients were treated by a myriad of individual clinicians. These or other unmeasured
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factors may account for the observed heterogeneity and racial differences in response. It
would be unethical, however, to maintain hypertensive research subjects on an ineffective
dose or regiment, which points out important limitations to randomized trials in studying
this question. The heterogeneity of the results prevents us from providing a simple and
definitive summary statement about racial differences in BP response.

It is also important to keep in mind that the black and white patient groups analyzed here
certainly differed in characteristics other than racial identity. We were unable to explore
whether socioeconomic, psychological or behavioral differences might have accounted for
the racial difference found because none of the trials reported covariate information on these
quantities. Racial difference in baseline BP or previous treatment is another source of
variability that could explain differences in response (see Supplementary Table S2 online).
Although racial differences in baseline BPs may partly explain the observed white-black
difference in BP response for CCBs, it is unlikely to explain the entire difference. A
previously published meta-analysis included studies in which blacks tended to have slightly
higher baseline BP than whites, yet found whites to have greater BP reduction when treated
with a angiotensin-converting enzyme inhibitor but lower BP reduction when treated with a
ccB.19

We have extended previous studies of racial disparity in responsiveness to CCB
monotherapy not only by including more recent studies, but also by examining several
outcome measures. Moreover, our study makes a more careful assessment of between-
studies variance than do previous publications, including a sensitivity analysis for the impact
of removing two studies that may be incommensurate in some ways. By comparing race-
specific BP reduction, estimating mean white—black differences in BP reduction, comparing
the likelihood of patients in each race group reaching a specified BP target, constructing
distributions of BP decrement by race, and calculating the overlap in the BP reduction
distributions, we have comprehensively examined the literature to investigate comparative
efficacy. However, due to the inherent limitations of our data, most notably the observed
heterogeneity between studies, there may occur racial differences in BP response in either
direction that were not reflected in our pooled analyses. Despite these caveats, however, it
remains clear that there is extensive overlap in response between racial groups in all studies.
The absence of quantitative evidence for substantial differences in BP response rules out a
rational role for patients’ race in clinical decisions about use of CCB monotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1].
Systolic and diastolic blood pressure reduction from baseline: white-black differences (95%
confidence interval).
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