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Abstract

Aims—Limited information is available on long-term antihypertensive and lipid-lowering therapy
effects on hypertensive patients with atrial fibrillation/flutter (AF/AFL) compared to those
without. AF/AFL at baseline or during the Antihypertensive and Lipid-Lowering Treatment to
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Prevent Heart Attack Trial (ALLHAT) (mean follow-up 4.9 years) markedly increased risk of
stroke, heart failure, CHD, and all-cause mortality. We aimed to determine if AF/AFL continued to
impact outcomes during post-trial follow-up (mean 3.8 years).

Methods—~Patients were randomized to chlorthalidone, amlodipine, or lisinopril, and to
pravastatin vs. placebo in the lipid-lowering trial (LLT). Of 31,473 available subjects, AF/AFL
occurred in 854; 383/14,371 chlorthalidone (2.7%), 247/8,565 amlodipine (2.9%), and 224/8,537
lisinopril (2.6%). Post-hoc analyses utilized administrative databases for post-trial data.
Individuals with AF/AFL were compared to those without during post-trial. Outcomes were
analyzed by treatment groups for the antihypertensive and LLT trials.

Results—Among 854 AF/AFL participants, 491 (57.5%) died: 220 in-trial, 271 post-trial. Ten-
year all-cause mortality rates for those with in-trial AF/AFL were similar for chlorthalidone and
lisinopril, but lower for amlodipine (68, 66, and 49 per 100 persons, respectively); adjusted HR for
amlodipine vs. chlorthalidone was 0.68 (95% Cl, 0.54-0.87). Ten-year all-cause mortality rates
were 57 vs. 65 per 100 persons (pravastatin vs. usual care); non-CVD mortality rates, 18 vs. 39 per
100 persons (pravastatin vs. usual care) (adjusted HR=0.46, 95% CI, 0.24-0.86).

Conclusion—Post-trial follow-up revealed continued deleterious AF/AFL effects. The
amlodipine (ALLHAT) and pravastatin (ALLHAT-LLT) treatment groups showed lower all-cause
and non-CVD mortality compared to the chlorthalidone and usual-care groups, respectively.

Keywords
Atrial fibrillation; heart failure; stroke; antihypertensive therapy

INTRODUCTION

Atrial fibrillation (AF) is the most common arrhythmia in older adults, with direct and
indirect influences on cardiovascular disease (CVD) outcomes.1 We previously reported
from the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial
(ALLHAT),6 that baseline and incident AF were strong risk factors for heart failure (HF),
stroke, fatal and non-fatal coronary heart diseases (CHD), and mortality.” Also,
randomization to any of the study drugs (the diuretic chlorthalidone, calcium-channel
blocker [CCB] amlodipine, or angiotensin-converting enzyme inhibitor [ACE-I] lisinopril)
did not significantly influence AF incidence or its impact on study outcomes.’

In the ALLHAT lipid component (ALLHAT-LLT),8 randomization to pravastatin versus
usual treatment did not influence AF/AFL incidence nor the effect of AF/AFL on clinical
outcomes.’8

This study reports the impact of baseline and incident AF and atrial flutter (AF/AFL) during
the active surveillance phase of ALLHAT (mean follow-up 4.9 years) plus 4 additional years
of passive follow-up using national databases (total mean follow-up 8.8 years). We examine

(1) whether baseline and incident AF/AFL continue to influence clinical outcomes post-trial,
and (2) whether this influence is modified by the original randomized treatments.

J Natl Med Assoc. Author manuscript; available in PMC 2018 October 01.
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METHODS

Details of ALLHAT’s design have been published.® Eligible participants were >= 55 years
old, with systolic blood pressure (BP)=140 mmHg and/or diastolic BP=90 mmHg, and/or
taking 1-3 antihypertensive medications with a BP of <160/100 mmHg at randomization,
with at least 1 additional CHD risk factor (including pre-existing CVD and/or
cerebrovascular disease). Individuals with a history of symptomatic HF or left ventricular
ejection fraction (EF)<35% were excluded. Active follow-up of ALLHAT participants ended
March 31, 2002 (mean active follow-up, 4.9 years).

It was recognized at ALLHAT’s inception that post-trial follow-up would be important in
assessing long-term antihypertensive treatment effects. Informed consent was sought for
active study participation and passive post-study morbidity/mortality follow-up. The
University of Texas Health Science Center Institutional Review Board approved the long-
term follow-up study.

ALLHAT’s Extension Study protocol can be found at http://allhat.sph.uth.tmc.edu/. The pre-
specified primary outcome was CVD mortality. Secondary outcomes included total and
cause-specific mortality, CVD, CHD, stroke, and HF. During extended follow-up,
hospitalizations and deaths were ascertained using administrative databases. Information on
post-trial medications, BP, outpatient morbidity/treatment, and laboratory data were not
collected.

Cause of death was determined by investigators during the trial.10 All-cause mortality data
were available for the extended cohort (all non-Canadian participants) through National
Death Index (NDI) and Social Security Administration databases for in-trial and post-trial
periods. Death certificates were obtained for deaths discovered through administrative
databases and used to confirm patient identification; NDIAP/us provided 1CD-10 coded
causes-of-death. Details of the mortality outcome have been published.11

ECGs were recorded at baseline and biannually at clinical sites using standardized
procedures and were coded by the ECG Reading Center (University of Minnesota,
Minneapolis)® for rhythm, with AF and AFL coded separately using Minnesota Code
definitions.” Per study protocol, paroxysmal AF data were not specifically collected apart
from the baseline and biannual ECG readings.

Statistical analyses used STATA software (version 12) (2011; Stata Corporation, College
Station, TX). To compare baseline characteristics of participants with baseline or incident
AF/AFL to those without, contingency tables and Z-tests were used. Analyses of treatment
effects on risks for outcomes were performed using Cox regression. Follow-up included
randomized trial (mean follow-up, 4.9 years) and subsequent extension period (mean follow-
up, 3.8 years). AF/AFL mortality rates were calculated using Kaplan-Meier method.
Adjusted mortality rates and adjusted hazard ratios (HRs) were calculated using Cox
regression and baseline characteristics. Time-dependent Cox regression was used to estimate
HRs associated with treatment interventions separately for in-trial and post-trial periods.
Treatment HRs for mortality were calculated with baseline or incident AF/AFL development
as a time-dependent variable, and tests for interactions conducted to determine whether
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treatment effects differed. Given the many multivariate, subgroup, and interaction analyses
performed, statistical significance at the 0.05 level should be interpreted cautiously. Unless
otherwise indicated, post-trial HRs described in this report are adjusted.

A total of 33,357 ALLHAT participants were randomly assigned to chlorthalidone,
amlodipine, and lisinopril. For this analysis, 31,473 participants remain after removing 1331
with either no ECG or for whom AF/AFL incidence or prevalence could not be determined,
and 553 Canadian participants for whom post-trial mortality was unobtainable. During the
trial, 383/14,371 chlorthalidone participants (2.7%); 247/8565 amlodipine participants
(2.9%); and 224/8537 lisinopril participants (2.6%) had baseline or incident AF/AFL (total,
854 events: 803 AF and 51 AFL). Of the 803 AF events, 315 were baseline (prevalent) and
488 incident. Of the 51 AFL events, 16 were baseline (prevalent) and 35 incident. Of those
with baseline or incident AF/AFL, 491/854 (57.5%) were dead at the end of the extended
follow-up period (through December, 2006): 220 in-trial and 271 post-trial deaths (Figure 1

[AD).

Baseline characteristics are provided in Table 1. Participants with baseline or incident
AF/AFL were older, more often male or non-Black, more likely to have a history of CVD,
CHD, LVH, and had lower estimated glomerular filtration rates (eGFR).

The average numbers of antihypertensive medications for those with AF/AFL were 1.96,
1.84, and 1.94 for the chlorthalidone, amlodipine, and lisinopril treatment groups,
respectively. For those without AF/AFL, the average numbers of antihypertensive
medications were 1.62, 1.66, and 1.80 for the chlorthalidone, amlodipine, and lisinopril
treatment groups, respectively (data not shown).

Mortality and fatal/non-fatal outcomes adjusted for baseline characteristics are shown in
Table 2 and Figure 2. HRs were significantly increased for all-cause mortality, CHD, stroke,
HF, other CVD, and non-CVD., and for combined mortality/morbidity outcomes for stroke,
HF, CHD, and combined CVD, for those with AF/AFL compared to those without. There
were several statistically significant treatment-by-baseline/incident AF/AFL interactions: for
all-cause mortality amlodipine (HR=1.43) compared to chlorthalidone (HR=2.11) [p-value
for interaction: 0.001], stroke mortality with amlodipine (HR=3.99) compared to
chlorthalidone (HR=1.45) [p-value for interaction: 0.022], and non-CVD mortality with
amlodipine (HR=0.93) compared to chlorthalidone (HR=1.72) [p-value for interaction:
0.002]. Further analyses examining CHD risk for those with AF/AFL vs. without were
performed to determine if results would differ by sex or race (Black vs. Non-Black); no
significant interactions were found (data not shown).

Ten-year mortality rates of those with AF/AFL were similar for chlorthalidone and lisinopril
but lower for amlodipine, with 10-year all-cause mortality rates per 100 persons of 68 for
chlorthalidone, 49 for amlodipine, and 66 for lisinopril. Compared to chlorthalidone, the
adjusted HR for amlodipine was 0.68 (95% CI, 0.54-0.87) and for lisinopril, 0.83 (95% ClI,
0.66-1.05) (Table 3).

J Natl Med Assoc. Author manuscript; available in PMC 2018 October 01.
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Ten-year CVD and non-CVD mortality was similar for chlorthalidone and lisinopril but
lower for amlodipine, with 10-year CVD mortality rates per 100 persons of 45
(chlorthalidone), 32 (amlodipine), and 42 (lisinopril). Compared to chlorthalidone, the
adjusted HR for amlodipine was 0.78 (95% ClI, 0.57-1.06) and for lisinopril, 0.81, (95% ClI,
0.59-1.11). The 10-year non-CVD mortality rates were 37 (chlorthalidone), 19
(amlodipine), and 36 (lisinopril). Compared to chlorthalidone, the adjusted HR for
amlodipine was 0.55 (95% ClI, 0.37-0.83) and for lisinopril, 0.83 (95% Cl, 0.58-1.19)
(Table 3).

A total of 10,355 ALLHAT-LLT participants were randomly assigned to pravastatin and
usual care (UC). For this analysis, 10,001 participants remained after removing 198 with no
ECG or for whom AF/AFL incidence or prevalence could not be determined, and after
excluding 156 Canadian participants for whom post-trial mortality was unobtainable (Figure
1 [B]). During the trial (through March 2002), 123/4987 pravastatin participants (2.5%) and
122/5014 UC participants (2.4%) had baseline or incident AF/AFL (245 total AF/AFL
events). Of participants with baseline or incident AF/AFL, 54.3% (133/245) were dead at the
end of extended follow-up: 57 in-trial deaths, and 76 post-trial.

Baseline characteristics for those with and without in-trial baseline or incident AF/AFL for
ALLHAT-LLT are provided in Table 1. Those with baseline or incident AF/AFL were older,
more often male or non-Black, more likely to have a history of CVVD and CHD, and had
lower eGFR.

Adjusted mortality outcomes are shown in Table 4. Kaplan-Meier mortality (all-cause, CVD,
and non-CVD) curves are shown in Figures 2 and 3. HRs for mortality showed significantly
increased risk of death due to all causes, CHD, stroke, HF, other CVD, and non-CVD for
those with versus without AF/AFL. HRs for fatal/non-fatal outcomes showed significantly
increased risk for HF and combined CVD. There were no statistically significant treatment-
by AF/AFL interactions in either of the adjusted analyses in Table 4 except for non-CV
mortality in pravastatin (adjusted HR=0.95) compared to UC (adjusted HR=2.29).

Mortality rates for those with AF/AFL were not significantly lower for pravastatin compared
to UC, with10-year all-cause rates per 100 persons of 57 for pravastatin and 65 for UC. Ten-
year CVD mortality rates were 38 (pravastatin) and 31 for (UC), and, for non-CVD
mortality, 18 (pravastatin) and 39 (UC) with an adjusted HR (pravastatin compared to UC)
of 0.46 (95% ClI, 0.24-0.86, £=0.016) (Table 5).

DISCUSSION

The first part of this paper sought to establish whether or not the significant impact of
prevalent or incident AF/AFL during the ALLHAT trial continued during the post-trial
period. The answer is decidedly positive. Participants with AF/AFL continued to suffer 2- to
3-fold higher CVD risk compared to participants without. These findings are consistent with
reports from multiple studies in diverse populations demonstrating deleterious influences of
long-term AF/AFL on CVD and stroke.3 1213 ALLHAT clearly demonstrates these
outcomes in a high-risk hypertensive population.

J Natl Med Assoc. Author manuscript; available in PMC 2018 October 01.
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Our second objective was to examine whether use of 3 primary antihypertensive study
medications exerted an effect on CVD outcomes post-trial. The use of amlodipine was
associated with a lower risk of all-cause, CVD, and non-CVD mortality compared to
chlorthalidone. This finding stands in contrast to the lack of modifying effect of any of the
antihypertensive medications on outcomes during the trial. There is little literature to support
a reliable long-term primary role of amlodipine for AF prevention or suppression, despite a
suggestion that it might have an anti-fibrotic effect when used long-term.14-16 Amlodipine’s
primary use has been as an antihypertensive agent.10: 14

Similarly, diuretics have not been assumed to have a primary role in arrhythmia prevention,
except as related to anti-aldosterone properties. The effectiveness of diuretics as
antihypertensive and anti-HF agents might be expected to indirectly influence AF-related
outcomes, whereas the side effects of hypokalemia would have an opposite effect.1”: 18 The
stronger effect of chlorthalidone on CVD outcomes compared to amlodipine or lisinopril
began early, generally within 2 years of the trial’s onset, suggesting an early negative effect
rather than a positive effect of amlodipine.10

A large meta-analysis of antihypertensive trials, including ALLHAT, assessing HF outcomes
found diuretics better than ACE-Is and CCBs in reducing HF risk, presumed due to
hypertension control.19 We found no significant differences between these drugs on AF-
related outcomes in the completed trial, and no obvious explanation for amlodipine’s
improved outcomes compared to chlorthalidone and lisinopril post-trial.

The use of a lipid-lowering agent to modify CVD outcomes in people with AF/AFL was
examined. By lowering lipids, persons with AF/AFL related to atherosclerotic CVD could
possibly have a lower risk of long-term CVD outcomes. However, assignment to pravastatin
in the ALLHAT-LLT did not influence AF incidence.” Here, only in non-CVD mortality did
pravastatin have a favorable effect over UC. Mortality in those with AF is believed to be
largely arrythmogenic or HF-related,19-26 neither of which is strongly associated with lipid
levels. Furthermore, the possibility that statins might have a beneficial anti-inflammatory
effect on the genesis and persistence of AF/AFL has not been consistently borne out in
multiple studies and meta-analyses.20-21

The conditions influencing the atria which facilitate the development of persistent or
recurrent AF/AFL, anatomical and pathophysiologic, are the subject of ongoing
investigations. Results that cannot be readily attributed to accepted mechanisms or do not
conform to prior experiences are not unusual.27:28

The strengths of this study include the large high-risk hypertensive diverse ALLHAT
population, including minorities and diabetics. Weaknesses of this study include lack of
post-trial data regarding antihypertensive treatment. Also, ALLHAT was not designed to
assess the influence of AF on outcomes; observations here are post-hoc.® Treatment group
comparisons of outcomes following incident AF, about two-thirds of the combined AF/AFL
cases, are not protected by randomization, and could be confounded by unmeasured
characteristics, earlier morbid events, or AF with different clinical characteristics.

J Natl Med Assoc. Author manuscript; available in PMC 2018 October 01.
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Nevertheless, ALLHAT provided the opportunity to observe the major influences of
prevalent and incident AF on study outcomes. Our findings strongly suggest the need for
future comparative effectiveness trials such as ALLHAT, involving high-risk, diverse
hypertensive populations, which include plans to assess the influence of AF on study
outcomes and to determine the optimal antihypertensive and/or lipid-lowering agents in
preventing or reducing the major cardiovascular consequences of atrial fibrillation.
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Influence of Prevalent and Incident Atrial Fibrillation on Post-Trial Major
Events in ALLHAT: Implications

As the US population ages, atrial fibrillation (AF) will continue to increase. Its cost is
immense: clinically, AF has been directly linked to subsequent stroke, heart failure,
CHD, and mortality; economically, AF represents a steeply growing burden on society.
Patients with AF incur twice as many hospitalizations and four times as many
cardiovascular hospitalizations as those without (Curr Med Res Opin 2005;21(10):1693—
1699). AF increases the risk of stroke by five-fold (www.stroke.org); these patients
frequently require acute hospitalization plus long-term care and ongoing therapy.
Hypertension is a major risk factor of AF. ALLHAT confirmed that high-risk
hypertensive patients with AF experience increased CVD, stroke, and mortality compared
to those without. We have long known that treatment of hypertension reduces stroke risk
(SHEP results, ALLHAT stroke results in Black population); ALLHAT data suggest that
adequate control of hypertension is paramount to reduction of atrial fibrillation and its
severe morbidity and mortality outcomes.
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Figure 2.
Kaplan-Meier curves of cumulative incidence of all-cause mortality, cardiovascular death,

and non-cardiovascular death for cases with baseline atrial fibrillation/atrial flutter or in-trial
atrial fibrillation/atrial flutter, for all chlorthalidone, amlodipine, and lisinopril groups
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Kaplan-Meier curve of cumulative incidence of all cause-mortality, cardiovascular death,
and non-cardiovascular death for cases with either baseline atrial fibrillation/atrial flutter or
incident baseline atrial fibrillation/atrial flutter, for the pravastatin and usual care groups
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