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Abstract

Thiazide-type diuretics have been recommended for initial treatment of hypertension in most
patients, but should this recommendation differ for patients with and without coronary heart
disease (CHD)? The Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial (ALLHAT) was a randomized, double-blind hypertension treatment trial in 42,418
participants with high risk of combined cardiovascular disease (CVD) (25% with pre-existing
CHD). This post-hoc analysis compares long-term major clinical outcomes in those assigned
amlodipine (n=9048) or lisinopril (n=9054) with those assigned chlorthalidone (n=15,255),
stratified by CHD status. After 4-8 years, randomized treatment was discontinued. Total follow-
up (active treatment + passive surveillance using national databases for deaths and
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hospitalizations) was 8-13 years. For most CVD outcomes, ESRD, and total mortality, there were
no differences across randomized treatment arms regardless of baseline CHD status. In-trial rates
of CVD were significantly higher for lisinopril compared with chlorthalidone, and rates of heart
failure were significantly higher for amlodipine compared with chlorthalidone in those with and
without CHD (overall HRs: 1.10, p<0.001 and 1.38, p<0.001, respectively). During extended
follow-up, significant outcomes according to CHD status interactions (p=0.012) were noted in
amlodipine versus chlorthalidone comparison for CVD and CHD mortality, HR=0.88, p=0.04 and
0.84, p=0.04, respectively, in those with CHD at baseline and 1.06, p=0.15 and 1.08, p=0.17 in
those without. The results of the overall increased stroke mortality in lisinopril compared to
chlorthalidone (HR=1.2; p=0.03) and hospitalized heart failure in amlodipine compared to
chlorthalidone (HR=1.12; p=0.01) during extended follow-up did not differ by baseline CHD
status. In conclusion, these results provide no reason to alter our previous recommendation to
include a properly dosed diuretic (such as chlorthalidone 12.5-25 mg/day) in the initial
antihypertensive regimen for most hypertensive patients.
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Thiazide-type diuretics are included in agents recommended for initial treatment of
hypertension in most patients, including those with chronic coronary heart disease (CHD).12
Angiotensin-converting enzyme (ACE)-inhibitors and beta-blockers are recommended for
initial treatment of hypertension in all patients with chronic CHD.3 The Antihypertensive
and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) was a randomized,
double-blinded, comparative effectiveness trial with 42,418 patients aged 55 and older at
high risk of cardiovascular disease (CVD), including pre-existing CHD. The overall results
of ALLHAT indicated that neither a calcium channel blocker (CCB) (amlodipine; 2.5-10
mg/day), an angiotensin-converting enzyme (ACE)-inhibitor (lisinopril;10-40 mg/day), nor
an alpha-receptor blocker (doxazosin; 2-8 mg/day) was superior to thiazide-like diuretic
(chlorthalidone 12.5-25 mg/day) in preventing CHD or any other major cardiovascular or
renal outcome. Chlorthalidone was superior in preventing heart failure (HF) and stroke (for
stroke, compared with doxazosin, and for Blacks, with lisinopril).#=® To further assess the
relative efficacy of these agents among patients with pre-existing CHD, participants were
stratified by presence or absence of pre-existing CHD at time of enrollment and analyzed
according to their randomized drug assignment. Incidence of the primary outcome, as well
as predefined secondary outcomes (stroke, all-cause mortality, end-stage renal disease
[ESRD], combined CHD [CHD and its components], and combined CVD ([CVD and its
components]) was determined for each subgroup, and hazard ratios (HRs) comparing
amlodipine and lisinopril to chlorthalidone were estimated.

METHODS

ALLHAT participants were men and women aged =55 years with stage 1 or 2 hypertension
and at least one additional CHD risk factor, including pre-existing CVD. Of 42,418 subjects,
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33,357 were randomly assigned to chlorthalidone (n=15,255), amlodipine (n=9048), or
lisinopril (n=9,054).# A fourth arm of the study, which included 9,061 participants assigned
to doxazosin, was terminated early’-® and is not included in this analysis, along with 250
other participants (0.7%) whom baseline CHD status was not ascertained. Of those with
known CHD status at entry, 8,415 participants (25%) had pre-existing evidence of CHD,
with medical records indicating =1 of the following: known prior myocardial infarction (MI)
(including silent MI), angina, primary cardiac arrest, angiographically-defined coronary
stenosis > 50%, reversible perfusion defects on cardiac scintigraphy, or prior coronary
revascularization procedures.*® The rationale and details of the ALLHAT design have been
previously published.1? Study medications were identically-appearing chlorthalidone,
lisinopril, or amlodipine capsules. Blood pressure (BP) lowering was achieved by titrating
blinded study drug dose and adding open-label step 2 (atenolol, clonidine, or reserpine) or
step 3 (hydralazine) agents as necessary to obtain a BP goal of <140/90 mm Hg; each BP
result was the average of 2 seated measurements taken by trained observers using
standardized techniques.

Follow-up visits were conducted at 1, 3, 6, 9, and 12 months and every 4 months thereafter.
Outcomes were analyzed using an intent-to-treat approach. The primary outcome was a
composite of fatal CHD or nonfatal MI. Four major prespecified secondary outcomes
included all-cause mortality, fatal and nonfatal stroke, combined CHD (primary outcome,
coronary revascularization, or hospitalized angina), and combined CVD (combined CHD,
stroke, treated angina, HF [fatal, hospitalized, or treated without hospitalization], or
peripheral arterial disease). End-stage renal disease (dialysis, renal transplant, or kidney
disease death), cancer events, gastrointestinal bleeding, and individual components of major
outcomes were also prespecified. Standardized procedures were used for reporting and
validating study outcomes and have been published previously in detail.®

After trial close-out in March 2002, blinded randomized treatment was discontinued, clinics
and patients were unblinded as to the treatment assignment, and ALLHAT participants were
passively followed through 2006.11-13 Post-trial follow-up was accomplished using the
National Death Index (NDI), Social Security Administration (SSA), Centers for Medicare
and Medicaid Services (CMS), and the United States Renal Data System (USRDS)
databases. Post-trial mortality data and non-fatal ESRD were unavailable for Canadian
participants (n=553), because necessary identifying information was unavailable. Post-trial
nonfatal outcome data on hospitalized events other than ESRD were available only for
participants from non-Veterans Affairs U.S. clinical centers who had valid Medicare or
Social Security numbers (65% of all participants).

Data were summarized as means and standard deviations for continuous variables and
number of subjects and percentage for categorical variables. Baseline characteristics were
compared in participants across baseline CHD strata, and BP and medication use data at 36
months of follow-up were compared in participants across baseline CHD and treatment
strata. Glomerular filtration rate (GFR) was estimated using the simplified Modification of
Diet in Renal Disease (MDRD) Study equation.# Significance testing was performed using
the t-test for continuous covariates and contingency table analyses for categorical covariates.
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The proportional hazards model was used to determine time-to-event HRs and 95%
confidence intervals (CI). Heterogeneities of treatment effects across baseline CHD strata
were examined by testing for treatment-CHD stratum interactions using P values <0.05.
Given the many subgroup and interaction analyses performed, statistical significance at the
P <0.05 level should be interpreted with caution. All statistical analyses were carried out
using STATA version 11.0 (College Station, Texas).

All participants gave written informed consent, and all centers obtained institutional review
board approval. The investigational review board of The University of Texas Health Science
Center at Houston approved the long-term follow-up study.

RESULTS

The number of participants by CHD status who entered the trial and their status at the end of
the in-trial period (March, 2002) are shown in Figure 1. There were 8,415 participants with
CHD at baseline and 24,692 participants without randomized into ALLHAT, of whom 6,768
(80%) and 20,911 (85%), respectively, were known alive at the end of the in-trial period.

Those with CHD compared with those without were slightly older, more likely to be male,
less likely to be Black, more likely to have higher education attainment, and more likely to
be on antihypertensive treatment prior to enrollment (Table 1). Also, they had slightly lower
systolic blood pressure (SBP), lower HDL- and LDL-cholesterol, lower BMI, lower
estimated GFR, and were less likely to be in the lipid-lowering trial due to study eligibility
criteria. In addition, they were less likely to have diabetes and fewer were smokers—also
likely due to eligibility criteria. The prevalence of atrial fibrillation at baseline was low but
greater in those with CHD. There were almost no significant differences across the 3 drug
treatment groups in baseline BP or other characteristics at enrollment within either CHD
subgroup. During the post-trial period, we passively followed 8,238 participants with and
24,316 participants without evidence of CHD at baseline for mortality status and 6,456
participants with and 20,629 participants without CHD for morbidity status!! (see online
supplemental Figures S1 and S2).

BP decreased substantially during the first year and showed modest further decreases over
subsequent years in both CHD subgroups in all treatment groups, although decreases in SBP
were less in those without CHD than in those with across treatment groups (Figure 2 and
Table 2). Together with ~1 mm Hg higher baseline BPs, this resulted in 1-2 mm Hg higher
SBPs in those without CHD than in those with during the study. Diastolic BPs showed
similar differences between CHD subgroups. In those with CHD, mean reduction in SBP
from baseline was 1-2 mm Hg greater with chlorthalidone than with lisinopril or
amlodipine. Mean attained SBP in those with CHD was 1-2 mm Hg lower in chlorthalidone
versus lisinopril and amlodipine arms. Randomized treatment-related differences were
greater in those without CHD: follow-up SBPs were 2-3 mm Hg lower in the chlorthalidone
than in either amlodipine or lisinopril arm.

While BP control rates were lower with lisinopril compared to chlorthalidone or amlodipine,
more than 60% of participants were controlled to <140/90 mm Hg at year 4, and mean BP
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was <140/90 mm Hg in both CHD subgroups. The percent of participants with controlled
BP (<140/90 mm Hg) was higher in those with CHD than in those without by 2%-5% at
baseline across treatment groups, and this difference increased to 3%—8% after 4 years of
follow-up. BP control rates at year 4 were lowest with lisinopril in both CHD subgroups.

Diabetes prevalence (based on examining only fasting blood glucose levels at baseline rather
than glucose levels and/or history of diabetes, as in Table 1) was lower in those with
baseline CHD than in those without (Table 2).15 During follow-up, fasting blood glucose
increased least in the lisinopril arm and most in the chlorthalidone arm in both CHD
subgroups (Table 2). The percentage of participants with fasting blood glucose >126 mg/dL
at 2 and 4 years of follow-up increased by 3%—-5% with chlorthalidone, by 1%—2% with
amlodipine, and changed by between 0% and —1% with lisinopril in both CHD subgroups.
During follow-up, changes in serum K*, serum cholesterol, and serum creatinine were
similar in both CHD subgroups to that reported previously overall (data not shown).8 For the
post-trial period, data are not available on glucose, potassium, cholesterol or creatinine
levels, or BP.

Six-year event rates for the primary outcome of nonfatal MI and fatal CHD were higher in
those with versus those without baseline CHD, 17.2 vs. 9.9 per 100 participants (Tables 3
and 4). Rates for the 4 major secondary endpoints of all-cause mortality, combined CHD,
combined CVD, and fatal and non-fatal stroke were all lower in those without baseline CHD
(Figure 3). Rates for other prespecified secondary endpoints, including fatal or treated with
or without hospitalization HF, angina, coronary revascularization, peripheral arterial disease,
and ESRD, as well as for a post-hoc endpoint of fatal or hospitalized HF were also lower in
those without CHD compared to those with baseline CHD.

There was only one statistically significant treatment by CHD subgroup interaction
(interaction p=0.04), for CHD mortality in the amlodipine comparison with chlorthalidone.
Notably, the HRs did not reach statistical significance in either CHD stratum, with
amlodipine/chlorthalidone HR, 0.82 [95% CI , 0.64-1.03] for those with CHD versus HR,
1.09 [95% ClI, 0.92-1.29] for those without CHD. In the absence of other significant
interactions and given the non-significant HRs, this single significant interaction is not
convincing.

Similar to 6-year rates, 10-year event rates were higher in those with baseline CHD
compared to those with no pre-existing CHD. There were statistically significant outcomes
according to CHD status interactions (p=0.012) in amlodipine versus chlorthalidone
comparison for CVD and CHD mortality. For CVD mortality, HRs (95% CI) were 0.88
(0.78-0.99) in those with baseline CHD and 1.06 (0.98-1.15) in those without. For CHD
mortality, the HRs (95% CI) were 0.84 (0.71-1.00) in those with CHD at baseline and 1.08
(0.97-1.22) in those without (Supplemental Tables S1 and S2). For other outcomes, the
previously reported overall HRs, including HF for amlodipine comparison with
chlorthalidone and stroke mortality for lisinopril comparison with chlorthalidone, apply to
both strata.®
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DISCUSSION

Subgroup analyses of ALLHAT extend findings of this trial and other studies by confirming
the consistency of results in those with and without evidence of CHD at baseline. In
ALLHAT, no differences in outcomes by CHD status at baseline were detected for either the
in-trial or extension periods with the exception of the amlodipine-chlorthalidone comparison
for (1) CHD mortality in-trial and (2) CHD and CVD mortality through the extension period
(in-trial + post-trial). For (1), the comparison was not significant in either CHD subgroup or
overall whereas for (2) the comparisons were significant among those with CHD at baseline
(p=0.04 for both) but not among those without CHD at baseline. Given the many analyses
performed, this may just be the play of chance.

For the in-trial period, there were significantly higher rates of HF, stroke, and combined
CVD for lisinopril compared to chlorthalidone and of HF for amlodipine compared to
chlorthalidone. Of these, only the HF result for amlodipine versus chlorthalidone persisted
through the extension period, with a 12% (p=0.16) and 13% (p=0.02) increased risk for
amlodipine versus chlorthalidone in those with and without CHD at baseline, respectively (P
for interaction was not statistically significant; overall HR,1.12 [p=0.01]). The significantly
higher stroke mortality during the extension period overall (HR, 1.20; 95% CI 1.10-1.41)
for lisinopril versus chlorthalidone did not differ significantly by CHD status. 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.

Our findings of similarity of antihypertensive drug effects on major clinical outcomes in
those with and without CHD are consistent with results of other trials and with recent
hypertension treatment guidelines.2-16:17 They also constitute a substantial and substantive
addition to a sparse body of evidence in this important area of treatment of hypertension. A
recently published meta-analysis!® showed a similar effect on subsequent CHD events
compared to placebo or drugs other than beta-blockers regardless of prior CHD status.
However, comparisons of beta-blockers with placebo included trials that enrolled patients
immediately post-acute Ml and trials that evaluated treatment of HF with systolic
dysfunction. Notably, the definition of “history of CHD” included “history of HF.”
ALLHAT was included as a trial with no CHD at baseline.

In a systematic review of evidence from randomized controlled trials for primary prevention
of CVD, ¥ including ALLHAT, the authors confirmed our established clinical conclusion
that none of the commonly used antihypertensive drugs was superior to the diuretics in
preventing any major cardiovascular outcome or total mortality and that diuretics were
superior in preventing HF. Specifically, in this multiple treatment meta-analysis, diuretic
was superior to beta-blockers, CCBs, angiotensin-receptor blockers and alpha blockers in
preventing HF. The HF outcome for the ACE-inhibitors comparison with diuretics (HR,
0.88;95% ClI, 0.76-1.06) was also consistent with the overall ALLHAT result for the
unadjudicated endpoint of hospitalized HF20— a post-hoc outcome which we then centrally
adjudicated?! and further analyzed by left ventricular ejection fraction (LVEF),22 before
concluding that the diuretic chlorthalidone (12.5-35 mg/day) was superior to the ACE-
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inhibitor lisinopril (10-40 mg/day) in preventing HF, especially HF with preserved LVEF.
As would have been expected, ACE-inhibitors, alpha-receptor blockers and CCBs, but not
beta-blockers, were superior to diuretics in preventing diabetes, or, specifically, in not
inducing dysglycemia, which we and others®23 have shown to have no long-term clinical
consequences for major morbidity and mortality. However, we were surprised to see, in the
same systematic review (17), that diuretics were not superior to alpha-blockers for
preventing stroke (HR=0.85; 95% CI; 0.66-1.12), especially that this outcome was based on
a single clinical trial which had to be ALLHAT. Yet, in ALLHAT, the HR for stroke in
doxazosin compared to chlorthalidone was 1.26 (95% ClI; 1.10-1.46, p=0.001) and for
stroke mortality, 1.39 (95% CI; 1.03-1.89, p=0.03).8 However, we understand that the ACE-
inhibitor result for stroke was different than in ALLHAT, given the race-by-treatment
interaction for this outcome absence in other trials of meaningful numbers of Blacks among
whom stroke is known to be more frequent than in other populations. Specifically, within
ALLHAT for those without CHD at baseline, the HR for lisinopril vs. chlorthalidone for
stroke among Blacks was 1.43 (95% Cl,1.15-1.75) and for non-Blacks, 0.94 (95% CI, 0.78-
1.15).

Only 3 major clinical trials reported outcomes stratified by the presence or absence of CVD
or CHD at baseline: (1) the Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT) trial?4
excluded those with prior M1 and showed no differences between those with and without
otherwise-defined CVD; (2) the Intervention as a Goal in Hypertension Treatment
(INSIGHT) trial?® showed no differences between those with and without prior MI; and (3)
the Heart Outcomes Prevention Evaluation (HOPE) trial?6 included both hypertensive and
non-hypertensive high-risk patients with diabetes or evidence of CVD and showed no
difference in outcomes among those with and without history of baseline CHD. The
International VVerapamil-Trandolapril Study (INVEST),2” which enrolled 22,576
hypertensive patients with CHD, compared a CCB verapamil sustained release-based
strategy (Step 2 treatment: trandorapril 2 mg once or twice a day) with an atenolol-based
strategy (Step 2 treatment: hydrochlorothiazide 25 mg once or twice a day). It showed both
strategies to be equally effective in preventing death and major cardiovascular outcomes. In
ALLHAT, diuretic chlorthalidone-based treatment was superior to the CCB amlodipine-
based treatment in preventing HF and unsurpassed for preventing mortality and other major
cardiovascular and renal outcomes. While some advocate use of beta-blockers other than
atenolol for treatment of hypertension in patients with preexisting CHD, evidence is lacking
beyond acute M1 settings.

This analysis has many strengths, including the size and rigorous conduct of ALLHAT and
clinical event follow-up for 99% of participants. There are also some known and potential
limitations, including the post hoc nature of this analysis.#11

The similarity of the treatment effects in ALLHAT by CHD status at baseline is robust
because of its large sample size and rigorous design and execution. Given the totality of to-
date evidence, we believe that the ALLHAT conclusion reported for the entire cohort that
neither lisinopril nor amlodipine is superior to chlorthalidone for initial therapy of
hypertension and that properly dosed chlorthalidone is superior in preventing HF and stroke
(for stroke, compared with lisinopril in Blacks) also applies to the subgroups defined by
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CHD status. Consequently, these results provide further support for the original ALLHAT
conclusion that properly dosed thiazide-type diuretics such as chlorthalidone (12.5-25 mg/
day) should be included in the initial treatment regimen in most patients with hypertension.
Further research is needed to define drug combinations for optimal health outcomes in
patients with and without CHD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Kaplan-Meier curves for morbidity and mortality rates by treatment group and coronary
heart disease status at baseline
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