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Abstract

To determine whether an angiotensin-converting enzyme inhibitor (lisinopril) or calcium channel
blocker (amlodipine) is superior to a diuretic (chlorthalidone) in reducing cardiovascular disease
incidence in gender subgroups, we carried out a prespecified subgroup analysis of 15,638 female
and 17,719 male participants in the Antihypertensive and Lipid-Lowering to Prevent Heart Attack
Trial (ALLHAT). Total follow-up (active treatment + passive surveillance using national
administrative databases to ascertain deaths and hospitalizations) was 8 to 13 years. The primary
outcome was fatal coronary heart disease or nonfatal myocardial infarction. Secondary outcomes
included all-cause mortality, stroke, combined cardiovascular disease (coronary heart disease
death, nonfatal myocardial infarction, stroke, angina, coronary revascularization, heart failure, or
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peripheral vascular disease), and end-stage renal disease. In-trial rates of heart failure, stroke, and
combined cardiovascular disease were significantly higher for lisinopril compared to
chlorthalidone, and rates of heart failure were significantly higher for amlodipine compared to
chlorthalidone in both men and women. There were no significant treatment gender interactions.
These findings did not persist through the extension period with the exception of the heart failure
result for amlodipine versus chlorthalidone, which did not differ significantly by gender. For both
women and men, rates were not lower in the amlodipine or lisinopril groups than in the
chlorthalidone group for either the primary coronary heart disease outcome or any other
cardiovascular disease outcome, and chlorthalidone-based treatment resulted in the lowest risk of
heart failure. Neither lisinopril nor amlodipine is superior to chlorthalidone for initial treatment of
hypertension in either women or men.
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Introduction

Cardiovascular disease (CVD) is the leading cause of morbidity and mortality among
women in developed countries, and elevated blood pressure (BP) is a leading contributor to
this phenomenon.1: 2

While the benefits of lowering elevated BP in reducing CVD morbidity and mortality in the
population as a whole have been well-established, until recently, data documenting the
specific benefits of antihypertensive treatment on reducing the CV complications of
hypertension in women were not available.3 Furthermore, prior to the Antihypertensive and
Lipid-Lowering to Prevent Heart Attack Trial (ALLHAT), CVD outcome data comparing
the effects of non-diuretic-based antihypertensive therapy (i.e., angiotensin-converting
enzyme [ACE] inhibitors or calcium channel blockers [CCBs]) to diuretic therapy in women
were absent. This is particularly significant, because hypertension is highly prevalent,
difficult to control, and associated with a high incidence of CVD complications in older
women, the population that was enrolled in ALLHAT.4-% Data from the Framingham Heart
Study showed an age-related decline in BP control rates that was more pronounced in
women than in men.% Among the oldest participants with hypertension, only 23% of women
(vs. 38% of men) were controlled to BP <140/90 mmHg. A cross-sectional analysis of data
from the 2005 National Ambulatory Medical Care Survey and the National Hospital
Ambulatory Medical Care Survey also showed that among patients with hypertension,
women were less likely than men to meet BP control targets.” The gender disparity was
particularly large in the elderly, where the odds ratio of having controlled BP in women
compared to men was 0.62 (95% ClI, 0.45-0.85). It is not clear from these studies whether
the gender disparity in BP control rates in elderly patients was related to true treatment
resistance among women due to biological factors or to incompletely understood
characteristics of the health care delivery system.

Hypertension. Author manuscript; available in PMC 2014 July 29.
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ALLHAT was a randomized, double-blind, NHLBI-sponsored trial that recruited 42,418
participants and compared an ACE inhibitor (lisinopril), an alpha blocker (doxazosin), and a
calcium channel blocker (amlodipine), each with a diuretic (chlorthalidone).8: @ ALLHAT
reported that chlorthalidone was not surpassed in preventing CHD compared to doxazosin,
lisinopril, or amlodipine; was more effective than these agents in preventing heart failure
(HF); and was more effective than doxazosin or lisinopril in preventing stroke and a
composite of CVD outcomes.10 Results for the doxazosin arm, which was terminated early,
have been reported in several papers, and are not included here.11-17

The ALLHAT cohort included 47% women with a mean age of 67 years at enrollment and
pre-specified subgroups in the trial included women and men.8: @ Thus, ALLHAT offers an
excellent opportunity to compare the effects on CVD outcomes of representatives of the
newer classes of antihypertensive agents versus those of the diuretic chlorthalidone in a
large population of older, higher risk women. In addition, we tested whether 5 years of in-
trial randomized antihypertensive treatment resulted in persistence or de novo development
of mortality and morbidity differences over extended follow-up of 8-13 years.18-21 The
primary outcome for the long-term (in-trial plus post-trial) analyses was CVD mortality.
This report details the results of the in-trial and post-trial analyses by gender. In particular,
we now examine in detail the interactions of gender and treatment in determining CVD
outcomes with emphasis on treatment effects in women.

The rationale and design of ALLHAT have been presented elsewhere” and more extensive
details are in the online supplement.8 Briefly, participants were women and men age =55
years with hypertension and at least one additional risk factor for CHD events.8: 2 All
participants gave written informed consent, and all centers obtained institutional review
board approval. The study adhered to the principles of the Declaration of Helsinki and Title
45, U.S. Code of Federal Regulations, Part 46, Protection of Human Subjects.

Participants (n = 33,357) were assigned by a computer-generated randomization schedule to
chlorthalidone, amlodipine, or lisinopril in a ratio of 1.7:1:1, respectively. Goal BP in each
randomized group was <140/90 mmHg achieved by titrating the assigned study drug (step 1)
and adding open-label agents (step 2 or 3) when necessary. Method of BP measurement is
detailed elsewhere.?2

The primary outcome was a composite of fatal CHD or nonfatal M1.8-10 Four major pre-
specified secondary outcomes were: 1) all-cause mortality; 2) fatal and nonfatal stroke; 3)
combined CHD (the primary outcome, coronary revascularization, hospitalized angina); and
4) combined CVD (combined CHD, stroke, other treated angina, HF [fatal, hospitalized, or
treated non-hospitalized], and peripheral arterial disease). Individual components of the
combined outcomes also were examined. Other pre-specified secondary outcomes included
cancer and end-stage renal disease (ESRD) (dialysis, renal transplant or death). For the in-
trial plus post-trial periods, the primary outcome was CV mortality and secondary outcomes
were mortality, stroke, CHD, HF, CVD, and ESRD. For details on the use of national
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databases, see online supplement and Cushman et al.1® For the post-trial period, data are not
available on medications, serum chemistries, or blood pressure levels.

Statistical Analyses

Results

Baseline characteristics and intermediate outcomes were compared across treatments within
each gender subgroup using analysis of variance for continuous covariates and contingency
table analyses for categorical data. Data were analyzed according to participants’
randomized treatment assignments regardless of their subsequent medications (i.e.,
intention-to-treat analysis). Six-year cumulative event rates for the in-trial data and 10-year
event rates for the post-trial data were calculated using the Kaplan-Meier procedure. Cox
proportional hazards models were used to obtain hazard ratios (HRs) and 95% confidence
intervals (Cls) for time-to-event outcomes and included the participant’s entire trial
experience for both the in-trial and the combined in-trial plus post-trial periods.
Heterogeneity of treatment effects across gender subgroups was examined by testing for
treatment x gender interaction with the proportional hazards model using P<.05. Given the
many multivariate, subgroup, and interaction analyses performed, statistical significance at
the .05 level should be interpreted with caution. Stata version 11 (Stata Corp, College
Station, Tex) was used for all analyses. Further details are provided in the major ALLHAT
outcomes paper,10 the ALLHAT extension paper,1 and the ALLHAT extension protocol
(wwwe.allhat.org).

A consort diagram (Figure 1) shows the number of participants who entered the trial and
their status at the end of the in-trial period (March, 2002) by gender. There were 17,719 men
and 15,638 women randomized into ALLHAT.

Baseline characteristics

Women accounted for 47% of the ALLHAT population (Table 1). They were slightly older
(by ¥ year), were more likely to be Black (41% vs. 30%) and Hispanic (19% vs. 13%), and
had lower educational attainment. While there was little difference by gender in percentages
of those 55-64, there were fewer women than men among those aged 65-80 years old (49%
vs. 53%), whereas there were more women among those aged 80 years and older (8.4% vs.
4.8%). The percent on treatment at entry were similar in men and women (~90%). Women
compared with men had slightly higher systolic BP (147.0 mmHg vs. 145.6 mmHg), higher
HDL and LDL-cholesterol (52 mg/dL vs. 42 mg/dL and 141mg/dL vs. 131 mg/dL,
respectively), higher BMI (30.6 vs. 29.1), slightly lower estimated GFR (76.6 ml/min/
1.73m2vs. 78.7 ml/min/1.73m2), and were more likely to be participants in the lipid-
lowering trial (25.5% vs. 23.6%) due to the ALLHAT-LLT eligibility criteria. Women were
more likely to have diabetes (43.9% vs. 39.5%), less likely to have a history of CHD (19.3%
vs 30.9%) or other form of atherosclerotic CVD (48.2% vs. 54.5%), including Ml, stroke, or
coronary revascularization, and fewer were smokers (19.4% vs 24.1%). The prevalence of
atrial fibrillation at baseline was low and about half that in men (0.7% vs. 1.3%). There were
no significant differences across the 3 drug treatment groups in baseline BP or other baseline
characteristics within either gender subgroup, except for: 1) history of Ml or stroke in
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women, which was lower in the lisinopril group (16.6%) than in the chlorthalidone and
amlodipine groups (18.5% and 18.8%, respectively); 2) history of CHD in men, lower in the
amlodipine (29.7%) versus chlorthalidone group (31.5%); and 3) estimated GFR in men,
which was lower in chlorthalidone group (78.3) versus amlodipine group (79.1).

During the post-trial period, we were able to passively follow 17, 411 men and 15,393
women for mortality status and 9,537 men and 12,086 women for morbidity status (see
Supplemental Figure 1). The larger differential between the sexes for morbidity status
occurred because of the lack of follow-up of VA participants, who were mostly male. (See
Cushman et al.18 for details).

Intermediate Outcomes

BP decreased substantially during the first year of the study and showed modest further
decreases over subsequent years in both genders in all treatment groups, although the
decreases in systolic BP were slightly less in women than in men across treatment groups
(Figure 2 and Table 2). Together with higher baseline BPs, this resulted in significantly
higher systolic BPs in women than in men during the study. Diastolic BPs showed only
minor differences between genders. In women, the mean reduction in systolic BP from
baseline was 2-3 mmHg greater with chlorthalidone than with lisinopril and 0.4-1 mmHg
greater with chlorthalidone than with amlodipine. The mean attained systolic BP in women
was 2—-3 mmHg lower on chlorthalidone vs lisinopril, and differed by <ImmHg on
chlorthalidone vs amlodipine. Treatment related differences were smaller in men: follow-up
systolic BPs were 1.3-1.5 mmHg lower on chlorthalidone than on either amlodipine or
lisinopril. Follow-up diastolic BPs in men were similar in all 3 treatment groups.

While BP control rates were lower with lisinopril compared with chlorthalidone or
amlodipine, more than 60% of participants were controlled to <140/90 mmHg at year 4, and
mean BP was <140/90 mmHg in both gender subgroups. The percent of participants with
controlled BP (<140/90 mmHg) was lower in women than in men by 1% to 4% at baseline
across treatment groups, and this difference increased to 6% in the chlorthalidone and
lisinopril groups, but decreased to 2% in the amlodipine group after 4 years of follow-up. BP
control rates at year 4 were lowest with lisinopril in both gender subgroups; control rates
with chlorthalidone and amlodipine were similar in women, but greater with chlorthalidone
than amlodipine in men.

Diabetes prevalence based on only examining fasting blood glucose levels at baseline (rather
than glucose levels and/or history of diabetes as in Table 1) was higher in women versus
men, 30.7% versus 28.0% (Table 2).23 During follow-up, fasting blood glucose increased
the least in the lisinopril arm, and the most in the chlorthalidone arm in both gender
subgroups (Table 2). The percentage of participants with fasting blood glucose >126 mg/dL
at 2 and 4 years of follow-up increased by 2%-5% with chlorthalidone, increased by 1%-—
2% with amlodipine, and changed by between +1% and —3% with lisinopril in both gender
groups. During follow-up, changes in serum K*, serum cholesterol, and serum creatinine
were similar to what has been reported previously in both genders (data not shown).10 For
the post-trial period, data are not available on glucose, potassium, cholesterol or creatinine
levels, or blood pressure.
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In-Trial Primary and Secondary Outcomes

Six-year event rates for the primary outcome of nonfatal MI and fatal CHD were lower in
women than in men, 9.1 vs. 13.9 per 100 participants (Table 3). Between treatments, no
significant differences were noted in either gender subgroup. Rates for the secondary end-
points of all-cause mortality, combined CHD, combined CVD, stroke, heart failure (treated/
fatal/hospitalized), and cancer were all lower in women. Rates for components of the
secondary endpoints, including angina, coronary revascularization, and peripheral arterial
disease, were also lower in women, while rates for hospitalized/fatal HF and ESRD were
similar in women and men.

Between treatments, no significant differences were found for all-cause mortality or its
subcomponents, CV or combined CHD mortality, in either gender (Figures 3A&B). In
women, stroke mortality rates tended to be lower (HR=0.86 P=0.45, for amlodipine versus
chlorthalidone) and higher, (HR=1.38, P=0.07, for lisinopril versus chlorthalidone). In men,
these differences were smaller and also not statistically significant and there were no
significant gender-treatment interactions (P>.36). Combined CVD and heart failure (treated/
fatal/hospitalized) were significantly increased in the lisinopril versus chlorthalidone arms in
both women and men whereas both heart failure outcomes were in the amlodipine versus
chlorthalidone arms. Stroke was significantly increased for women only in the lisinopril
versus chlorthalidone comparison. There were no significant treatment gender interactions.
Individual components of the combined CVD endpoint did not differ by gender. Regarding
other secondary outcomes, rates for cancer or ESRD were not different in the amlodipine
and lisinopril arms versus the chlorthalidone-arm for either women or men.

Extension Results

No significant differences appeared in CV mortality for amlodipine (hazard ratio [HR], 1.01;
95% confidence interval [Cl], 0.93-1.10) or lisinopril (HR, 0.96; Cl, 0.88-1.05), each
compared with chlorthalidone, overall, or for men or women (Supplemental Table 1 and
Supplemental Figure 2). The only significant differences in secondary outcomes were for
hospitalized and fatal HF, which was higher with amlodipine (HR, 1.12; Cl, 1.02-1.22), and
stroke mortality, which was higher with lisinopril (HR, 1.20; CI, 1.01-1.41), each compared
with chlorthalidone. While men had a significantly higher HF risk (HR=1.17, P=.03), there
were no significant interactions by sex.

The only significant treatment gender interaction noted was for cancer mortality for
amlodipine versus chlorthalidone. For women, the HR was 1.20, 95% CI (1.02-1.40); for
men, it was 0.93, 95% CI (0.82-1.05), P for interactions =.01. With regard to comparison of
rates by gender, men had higher overall total, CVD, and CHD 10-year mortality rates than
women, whereas the stroke and HF 10-year morality rates were similar, overall, and within
each treatment group. For combined fatal/nonfatal outcomes, men had higher 10-year rates
of CHD, CVD, stroke, cancer, and ESRD, but similar 10-year rates for HF.

Hypertension. Author manuscript; available in PMC 2014 July 29.
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Discussion

Subgroup analyses of ALLHAT extend the findings of this trial and those of other studies by
confirming the consistency of the results in both genders.10: 2428 |n ALLHAT, no
differences in CVD outcomes by gender were detected for the in-trial or extension periods.

For the in-trial period, there were significantly higher rates of HF, stroke, and combined
CVD for lisinopril compared to chlorthalidone, and significantly higher rates of HF for
amlodipine compared to chlorthalidone. These findings did not persist through the extension
period with the exception of the HF result for amlodipine versus chlorthalidone.18 Though
men had a significant 17% increased risk for amlodipine versus chlorthalidone, this was not
significantly different from the result for women. Also, the finding of significantly higher
stroke mortality during the extension period overall (HR, 1.20, Cl, 1.10-14.1) for lisinopril
versus chlorthalidonel8 did not differ significantly by sex. These results could be consistent
with many other post-trial results wherein the medications used, including the use of
diuretics, likely became more similar across the randomized groups, or could be due to
chance.

In a previous summary of the ALLHAT findings,2? it was noted that BP differences may
account for some but not all of the advantages seen with chlorthalidone. ALLHAT has
reported analyses using achieved BP levels as time-dependent covariates in a Cox
proportional hazard regression model showing that after adjustment for BP, the differences
in risk of stroke and HF between treatment arms remain statistically significant, with only
slight reduction in the hazard ratios.1014. 17.30 Also, in this previous summary,2? it was
noted that at doses equivalent to that used in ALLHAT (chlorthalidone, average of 20 mg/
day), it is likely that attributes of chlorthalidone extend to the class of thiazide and thiazide-
type diuretics.

There was one significant treatment by gender interaction for the extended follow-up for
cancer mortality (P=.01 for interaction) for amlodipine versus chlorthalidone--women had
an HR=1.20 (95%Cl, 1.02-1.40, P=.02) whereas men had an HR=0.93 (95% CI, 0.82-1.05,
P=.26). For the in-trial period, the results were similar — significant treatment x gender
interaction (P=.03 for interaction) for amlodipine versus chlorthalidone — women had an
HR=1.19 (95% CI, 0.93-1.51, P=.16) whereas men had an HR=0.82 (0.68-0.97, P=.02).
Given the many analyses performed, this may just be the play of chance.

These findings are consistent with results of a prospectively designed overview by the Blood
Pressure Lowering Treatment Trialists” Collaboration of 31 randomized controlled trials of
antihypertensive treatment with CVD outcomes that included 87,349 women and 103,268
men.3 The Collaboration, which included ALLHAT, tested whether there were important
differences between genders in the effects of different BP-lowering regimens.3 Separate
overviews were carried out for trials comparing active agents with placebo, more intensive
with less intensive BP-lowering regimens, and one active agent with another. For all
treatment comparisons, mean baseline BPs were slightly higher for women compared with
men, but achieved BP reductions were comparable in both sexes. There was no evidence of
a difference in the effects of BP-lowering treatment regimens between women and men for
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any CVD outcome except stroke. For stroke, there was some evidence that women, but not
men, derive greater benefit from CCB-based regimens than ACE inhibitor-based regimens.
Evidence for this interaction was of borderline (P=.05) statistical significance and, in view
of the large number (42) of subgroup analyses made in the study, was attributed by the
authors to chance. Overall, there was no evidence that women and men derived different
levels of outcome benefit from BP reduction or that regimens based on different drug classes
were more effective in one sex than the other. Based on these observations, the authors
concluded that a patient’s gender should not influence decisions about the need for BP-
lowering therapy, the magnitude of BP reduction to be sought, or the selection of drug class.

These findings reinforce the conclusions of earlier overviews of aggregated data from
randomized trials that compared active treatment with placebo or less systematically treated
controls and reported results by gender.31-33 The earlier analyses concluded that treatment
effects (as assessed by hazard ratios) on morbidity and mortality did not differ between
women and men. While absolute benefit of treatment did differ between genders for some
outcomes (e.g. greater for coronary heart disease and mortality in men) but not others (e.g.
stroke), the gender differences in absolute benefit were entirely attributable to differences in
underlying risk. With regard to choice of first-step drugs, early trial evidence suggested no
significant differences in major outcomes between diuretic-based and beta-blocker-based
treatment in either gender.

Other outcome trials of BP treatment that reported results by gender confirm the ALLHAT
findings. With regard to CCB-based treatment, the placebo-controlled Systolic Hypertension
in Europe trial reported no interaction by gender for either stroke or cardiac outcomes,3* and
one direct comparator trial, the Controlled Onset Verapamil Investigation of Cardiovascular
End Points (CONVINCE) trial?® reported no gender difference in relative risks for the
primary composite CV outcome in the study as a whole, which were near unity, or between
treatment arms (verapamil vs. beta-blocker or diuretic). A pre-specified subgroup analysis
from the Valsartan Antihypertensive Long-term Use Evaluation (VALUE) trial found a
relative excess of the primary composite CV endpoint with valsartan-based compared with
amlodipine-based treatment in women but not in men.3% 36 Much of this outcome benefit
was attributed to greater BP reduction with amlodipine in women. However, the authors
questioned whether there is a genuine gender difference in the cardiac protection afforded by
the amlodipine-based vs. valsartan-based treatment because the trend toward less HF in
valsartan-treated patients was significant only in men.

The results of ALLHAT differ from those of a smaller trials carried out in a less diverse
population in which many fewer events were reported. The Australian National Blood
Pressure-2 (ANBP-2) trial showed a lack of benefit of ACE inhibitor (enalapril)-based
treatment compared with diuretic-based treatment in women, but not in men.3” There was a
nonsignificant interaction by gender in the context of an overall marginally significant
difference (P=.05) favoring the ACE inhibitor for all CV events/total mortality. Only 524
events were observed in women in ANBP-2, suggesting that the apparent lack of benefit of
ACE inhibitor treatment reflected inadequate power to detect a beneficial effect of renin-
angiotensin-aldosterone system blockade in hypertensive women, in whom event rates are
lower than in men. The different results may also reflect differences in baseline
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characteristics of the populations included in ANBP-2 compared with ALLHAT. ANBP-2
included an older population with higher baseline systolic and diastolic BPs and lower
prevalence of CHD, cerebrovascular disease, diabetes and smoking.

Perspectives

The similarity of the treatment effects in ALLHAT by gender is robust because of the large
sample size equally distributed between men and women. The ALLHAT conclusion
reported for the whole cohort that neither lisinopril nor amlodipine is superior to
chlorthalidone for initial therapy of hypertension also applies to the pre-specified subgroups
defined by gender. These drugs did not surpass the diuretic chlorthalidone in lowering BP,
tolerability, or in preventing major clinical complications of hypertension.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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