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Abstract

Background—Secondary analyses of clinical trial data suggest that, compared with other agents,
angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARB) are
associated with lower risk of incident atrial fibrillation (AF) in patients with heart failure, but data
from the hypertension trials have been inconsistent. Information is scant about the association of
beta-blocker use with AF risk in hypertensive patients without heart failure.

Methods—We conducted a population-based case-control study to determine whether
antihypertensive treatment with ACE inhibitors/ARBs or beta-blockers, compared with diuretics,
was associated with the risk of incident AF in a community practice setting. All patients (810 AF
cases, 1,512 control subjects) were members of Group Health, an integrated health-care delivery
system, were pharmacologically treated for hypertension, and did not have heart failure. Medical
records were reviewed to confirm the diagnosis of incident AF and to collect information on
medical conditions and health behaviors. Information on antihypertensive medications was
obtained from a pharmacy database.

Results—Single-drug users of an ACE inhibitor/ARB had a lower risk of incident AF compared
with single-drug users of a diuretic (adjusted odds ratio [OR] 0.63, 95% confidence interval [CI]
0.44-0.91). Single-drug use of beta-blockers was not significantly associated with lower AF risk
(OR 1.05, 95% CI 0.73-1.52), and none of the most commonly-used two-drug regimens was
significantly associated with AF risk, compared with single-drug use of diuretic.

Conclusion—In a general hypertensive population without heart failure, single-drug use of ACE
inhibitors/ARBs was associated with lower AF risk.
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Introduction

Methods

Atrial fibrillation (AF) is common, affecting over 2 million Americans 1, and is increasing
in incidence over time as the population ages 2' 3. Clinical research in AF has generally
focused on methods to interrupt AF once it has occurred. Relatively little is known about
interventions, including antihypertensive medications, that may prevent or delay AF onset.
Given the high morbidity and mortality associated with AF, research to prevent it is critical.

In secondary analyses of data from clinical trials, inhibitors of the renin-angiotensin system,
including angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor
blockers (ARBSs), have been associated with lower AF risk in patients with heart failure 4+ 5.
On the other hand, in the hypertension trials, the association with AF risk has been
inconsistent 4, and a benefit of ACE inhibitors or ARBs in a general hypertensive population
has not been demonstrated. The addition of beta-blockers in patients with heart failure who
are already receiving ACE inhibitors has also been associated with lower AF risk 6, but
information is scant about AF risk in patients without heart failure receiving beta-blocker
treatment for hypertension. We conducted a population-based study to determine whether
antihypertensive treatment with ACE inhibitors/ARBs or beta-blockers was associated with
risk of incident AF in a community practice setting. We hypothesized that compared with
diuretics, both therapeutic classes would be associated with lower AF risk.

Setting and Design

This case-control study was conducted at Group Health (GH), a large integrated health care
delivery system in Washington State. The GH Human Subjects Review Committee
approved study procedures.

Study Population

We identified all GH enrollees assigned an International Classification of Diseases, Ninth
Revision (ICD-9) code for AF (427.31, atrial fibrillation; or 427.32, atrial flutter) during any
inpatient or outpatient visit between October 1, 2001 and December 31, 2004, who had
never before been assigned an ICD-9 code for AF during their GH enrollment. Trained
abstractors reviewed medical records to verify the AF diagnosis and to confirm that the AF
was of new onset; verified cases were retained as AF cases. We required that the AF
diagnosis be confirmed by 12-lead electrocardiogram and clinically recognized by a
provider. Perioperative AF was included only if it persisted to the time of hospital discharge
(n =4 cases), and new AF that occurred as part of a terminal hospitalized illness was
excluded.

Control subjects were shared between this study and ongoing case-control studies of
myocardial infarction (MI) 7, stroke 8, and venous thromboembolism 9 at GH. Control
subjects were chosen at random from GH enrollment lists, were frequency matched to Ml
cases by age (by decade), sex, and year of identification, and had no history of clinically
recognized AF.

We defined an index date for all subjects as the date the AF first came to clinical attention
for cases or a random date for control subjects. Eligible subjects were age 30 to 84 years
with at least four health care visits before the index date, to increase the likelihood that
information would be available on health conditions. Subjects with a pacemaker were
excluded as it could interfere with AF identification or could affect the extent of surveillance
for AF. Subjects with a diagnosis of heart failure before the index date were excluded
because this analysis was designed to study the association of antihypertensive medications
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with new-onset AF in patients with hypertension but without clinically recognized heart
failure. All case and control subjects included in this analysis had a physician diagnosis of
hypertension and were treated at the index date with one or more antihypertensive
medications.

Data collection

The GH ambulatory medical record includes notes from primary care and specialty
physician visits, emergency department notes, discharge summaries, information from
telephone contacts, electrocardiograms, Holter monitor reports, and laboratory and
diagnostic test reports. Trained abstractors reviewed the entire medical record for each
subject, covering a mean of 22 years of enroliment, to gather data on the following
covariates, which were assessed prior to the index date: the most recent measured height,
weight, and blood pressure, diabetes mellitus, valvular heart disease, angina, presence and
duration of hypertension, and history of MI, stroke, peripheral vascular disease, or
revascularization procedure. Subjects were asked about race and smoking status in telephone
interviews. For subjects who did not complete a telephone interview, these data were
obtained from medical record review.

Medication use

The GH pharmacy database was the primary source of information about medication use.
Since 1977, the pharmacy database has included a record for each prescription dispensed to
GH enrollees from a GH pharmacy. Among patients in this age group, 96% of GH members
report filling all or almost all prescriptions through GH pharmacies 10. Each pharmacy
record includes the drug type and dose, quantity dispensed, and intended days supply of the
prescription. To determine current use of a particular drug at the index date, we searched the
pharmacy data for the prescription immediately preceding the index date. If the patient
received enough pills to last until the index date, assuming 80% compliance with prescribing
instructions, then the patient was considered a user of the drug on the index date. If so, and if
the subject was also a user at 30 and/or 60 days prior to the index date, the subject was
classified as a current user. Because only 5% of control subjects and 8% of AF cases
currently used ARBs at the index date, ARB use was classified together with ACE inhibitor
use in a single group (“ACE inhibitor/ARB”) in all analyses.

Covariates: variable definitions

Diabetes was defined as present if a physician diagnosis was found in the medical record
and the subject was receiving insulin or oral hypoglycemic medication at the index date.
Atherosclerotic disease was defined as a history of MI, angina, coronary revascularization,
ischemic stroke, carotid endarterectomy, or peripheral vascular disease before the index
date. Duration of hypertension was defined as the interval from the date of first hypertension
treatment until the index date.

Statistical analyses

We performed descriptive analyses to examine the characteristics of AF case and control
subjects, and the characteristics associated with use of various classes of antihypertensive
medication among control subjects. Multivariate logistic regression was used to examine the
adjusted risk of new-onset AF associated with the most common one-drug and two-drug
antihypertensive regimens. Single-drug users of a diuretic were the reference group for all
analyses because diuretic alone was one of the most common regimens, and because
diuretics are recommended as the initial drug of choice for the treatment of hypertension 11.
In a secondary analysis, the association of antihypertensive regimen with AF risk was
examined in subgroups of subjects with and without underlying atherosclerotic disease or
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diabetes. All models were adjusted for the matching variables of age (as a continuous
variable), sex, and calendar year, and for atherosclerotic disease and diabetes. Goodness of
fit of the models was evaluated with the Hosmer-Lemeshow goodness-of-fit test, and could
not be rejected for any of the estimated models shown. Results from analyses that assumed
100% compliance with medication instructions yielded results similar to those that assumed
80% compliance; therefore, only the results for the latter are presented.

In analyses restricted to users of single-drug antihypertensive regimens, we examined AF
risk according to daily dose of antihypertensive medication. We categorized the daily drug
dose at the index date into 3 groups. Daily doses equal to the modal daily dose for each
generic drug were considered medium, daily doses below the modal dose were considered
low, and daily doses above the modal dose were considered high. Duration of use of each
drug was estimated for users of single-drug antihypertensive regimens by counting the
number of prescriptions filled in each drug class and multiplying by the median days supply
provided for drugs in that class. Duration of use was classified into two categories, below
and above the median of 4 years of use.

All analyses were conducted using Stata 10 (Stata Corporation, College Station, TX).

During the study period, 946 AF cases and 1,707 control subjects with treated hypertension
were identified. Of these, 810 (86%) AF cases and 1,512 (89%) control subjects were
sufficiently compliant with their antihypertensive medication to be classified as current users
at the index date and were included in the analysis. As expected, patients with AF had a
higher prevalence of angina, myocardial infarction, valvular heart disease, and diabetes,
compared with control subjects (Table 1). AF cases also had slightly longer GH enrollment
and duration of hypertension, slightly higher systolic blood pressure, and used on average a
larger number of antihypertensive medications than control subjects.

The four antihypertensive drug classes most commonly used by both AF cases and control
subjects were diuretics, beta-blockers, calcium channel blockers, and ACE inhibitors/ARBs.
Preferred drugs on the GH formulary during the period of the study included
hydrochlorothiazide, which accounted for 84% of drugs in its therapeutic class in current use
at the index date; atenolol, 87%; felodipine, 34%; and lisinopril, 86%. Drugs in all other
therapeutic classes, including peripheral vasodilators and centrally and peripherally-acting
antiadrenergic agents, were used by few AF cases and control subjects (Table 1), and were
not considered further in this analysis.

Among the 1,512 control subjects, the choice of antihypertensive agent was related to the
presence or absence of atherosclerotic disease and diabetes (Table 2). For example, beta-
blockers were used by 39% of control subjects without atherosclerotic disease, and by 54%
of those with atherosclerotic disease, after adjustment for age and sex. Beta-blockers,
calcium channel blockers, and ACE inhibitors/ARBs were more commonly used in patients
with atherosclerotic disease than in those without, and diuretics were less commonly used.
Calcium channel blockers and ACE inhibitors/ARBs were more commonly used in patients
with diabetes than in those without.

Among the 810 AF cases and 1,512 control subjects studied, 576 (71%) cases and 1,162
(77%) control subjects used one of the most common single-drug and two-drug
antihypertensive regimens at the index date: single-drug treatment with a diuretic, a beta-
blocker, a calcium channel blocker, or an ACE inhibitor/ARB, or two-drug treatment with
various combinations of these drugs (Figure 1). Compared with single-drug users of a
diuretic, only single-drug users of an ACE inhibitor/ARB had a lower risk of incident AF. In
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particular, single-drug use of beta-blockers was not significantly associated with lower risk
of AF, and none of the two-drug regimens was significantly associated with AF risk,
compared with single-drug use of diuretic. Risks were similar after further adjustment for
duration of treated hypertension, body mass index, achieved systolic blood pressure, or
statin use, after excluding the 32 AF cases and 21 control subjects with valvular heart
disease, or after excluding the 61 AF cases and 34 control subjects who used furosemide as
part of any regimen.

We conducted a secondary analysis in subgroups with and without atherosclerotic disease or
diabetes (Figure 2). Among 1,124 subjects without either condition, ACE inhibitor/ARB use
was associated with lower AF risk compared with diuretic use, but this difference did not
reach statistical significance. Among the 614 subjects with atherosclerotic disease or
diabetes, ACE inhibitor/ARB use remained significantly associated with a lower risk of
incident AF. Compared with diuretic use, beta-blocker use was associated with slightly
higher AF risk in subjects without atherosclerotic disease or diabetes, and with a slightly
lower AF risk in those without, but confidence intervals included unity and these differences
were not statistically significant. None of the other antihypertensive regimens was
significantly associated with AF risk in either subgroup, although there was a suggestion of
reduced AF risk associated with use of beta-blocker plus ACE inhibitor/ARB in the
subgroup with atherosclerotic disease or diabetes. Statistical evidence was lacking for
heterogeneity in the drug regimen-AF associations in these two subgroups (interaction
p=0.64).

Subjects on a single-drug antihypertensive regimen tended to receive a drug from a single
therapeutic class for long periods of time and received few or no drugs from the other
classes during their GH enrollment (Table 3). For example, users of an ACE inhibitor/ARB
at the index date had filled a median of 19 prescriptions for ACE inhibitors/ARBs, one
prescription for a diuretic, and zero prescriptions for calcium channel blockers or beta-
blockers during a median enrollment of 22 years.

Among single-drug users of diuretics, beta-blockers, calcium channel blockers, or ACE
inhibitors/ARBsS, the risk of AF did not differ according to the daily dose of the drug at the
index date (below, at, or above the modal dose for their drug) compared with low dose
diuretic use, or by duration of use of that drug (< or > 4 years), compared with diuretic use
for < 4 years.

Discussion

In this population-based study of patients with treated hypertension, single-drug users of
ACE inhibitors or ARBs had a lower risk of incident AF than single-drug users of diuretics.
The association was similar in subgroups with and without underlying atherosclerotic
disease or diabetes. The risk of AF in users of beta-blockers alone or in users of two-drug
regimens that included ACE inhibitors/ARBs was not significantly different from that of
diuretic users.

Strengths of our study include the population-based design, the study of a general population
of treated hypertensives, the ability to study patients on single-drug antihypertensive
regimens, the large number of carefully-validated AF cases, ascertainment of AF presenting
in both the inpatient and outpatient setting, and the comparable ascertainment of potential
confounding factors in AF cases and control subjects. The use of the GH pharmacy database
permitted assessment of antihypertensive use in an unbiased fashion, and the presence of a
drug formulary tended to limit prescribing to a few agents. Patients on single-drug regimens
tended to stay on a drug from the same class for a long period of time. We used restriction,
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stratification, and adjustment to minimize the possibility of confounding. All subjects were
enrollees of a health maintenance organization and thus had similar access to health care.

Nonetheless, our study was observational and antihypertensive drugs were not assigned at
random. Unknown or unmeasured confounding factors may exist for which adjustment was
not possible. Measurement error in the assessment or estimation of covariates and their
severity may have resulted in incomplete adjustment and residual confounding. In particular,
in analyses that compared AF risk for users of two-drug regimens versus a diuretic alone,
residual confounding by hypertension severity or sequelae may have obscured differences in
AF risk. Ascertainment of AF may not have been complete, as we were only able to identify
AF cases that came to clinical attention.

Angiotensin Il has been shown to mediate atrial remodeling by promoting myocyte
hypertrophy, fibroblast proliferation, collagen accumulation, inflammatory cell infiltration,
and apoptosis, and by interfering with atrial electrophysiology (reviewed in 12 and 13). In
small studies with careful measurement of left atrial size and function, ACE inhibitor and
ARB treatment have been shown to reverse left atrial remodeling in the setting of diastolic
dysfunction and left atrial enlargement in humans 14, and in the setting of pacing-induced
AF in a canine model 15. Consistent with these findings, in secondary analyses of incident
AF from several heart failure trials, ACE inhibitor or ARB use has been uniformly
associated with lower AF risk 4+ 5.

The findings for AF risk in patients with hypertension but not heart failure have been less
clear. In analyses of incident AF as a secondary endpoint over 5-6 years’ follow-up in the
Captopril Prevention Project (CAPPP) 16 and Swedish Trial in Old Patients with
Hypertension-2 (STOP-H-2)17, neither study found ACE inhibitors to be associated with
AF risk. In CAPPP, captopril was compared with a thiazide or a beta-blocker in
hypertensive subjects 25-66 years of age; in STOP-H-2, enalapril or lisinopril were
compared with a beta-blocker or a diuretic or both in subjects 70-84 years of age. On the
other hand, in two trials in hypertensive subjects selected for high cardiovascular risk, ARB
use was associated with lower AF risk in secondary analyses. In the Losartan Intervention
for End Point Reduction in Hypertension (LIFE) trial 18, which studied losartan versus
atenolol in hypertensive patients with left ventricular hypertrophy by electrocardiogram,
losartan was associated with a 33% reduction in AF incidence over 4.8 years.

In the Valsartan Antihypertensive Long-term Use Evaluation (VALUE) trial 19, which
studied valsartan versus amlodipine in high-risk patients with diabetes, current smoking,
elevated cholesterol, left ventricular hypertrophy, renal impairment, or clinically recognized
cardiovascular disease, valsartan use was associated with a 16% reduction in AF incidence.
Our findings add to this evidence by demonstrating lower AF risk with single-drug ACE
inhibitor/ARB compared with diuretics in a general hypertensive population without heart
failure. Differences in findings between studies may be due to the inclusion of subjects at
different underlying risk of AF, due to incomplete ascertainment of AF events, or due to
simultaneous use of antihypertensive agents from more than one therapeutic class, which
makes it difficult to ascertain the effects of individual classes of drugs.

Beta-blockers may interfere with the recognition of AF symptoms by the patient due to
slowed ventricular rates 20, and may decrease AF risk by several mechanisms. Beta-
blockers inhibit renin secretion and may reduce atrial remodeling; they reduce
sympathetically-mediated effects on automaticity and conduction, including shortening of
the atrial refractory period; and they decrease the magnitude of potassium currents 6. In the
perioperative setting, and particularly in the setting of cardiac surgery, beta-blockers reduce
the risk of AF 21, and withdrawal of beta-blockers before surgery is associated with
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postoperative atrial arrhythmias 22. In patients with heart failure, most studies have found
lower AF risk in beta-blocker recipients versus placebo 6. But despite several theoretical
pathways by which beta-blockers might decrease the risk or recognition of incident AF, our
findings do not suggest that they have this net effect in hypertensive patients without
clinically recognized heart failure.

Hypertension, left ventricular hypertrophy, and heart failure increase the risk of incident AF
23725. Existing evidence suggests that ACE inhibitor/ARB therapy reduces AF risk in
patients with heart failure, hypertrophy, or other markers of high cardiovascular risk. The
results of our study suggest that this benefit applies to single-drug users of ACE inhibitors/
ARBs in the general hypertensive population as well.
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Nof AF N of Adjusted OR
Antihypertensive Cases Controls (95% Cl) Adjusted OR and 95% ClI)
Treatment Treatment
Single drug regimens: < Better Worse —
Diuretic 108 189 1.00 (Reference) ®
Beta-blocker 94 196 1.05 (0.73, 1.52) —
Calcium channel blocker 32 60 0.76 (0.45, 1.29) —_—
ACE inhibitor/ARB 94 284 0.63 (0.44, 0.91) —
Two-drug regimens:
Diuretic + beta-blocker 76 140 0.93 (0.63, 1.36) —G
Diuretic + CCB 24 42 0.75 (0.41, 1.35) &
Diuretic + ACE/ARB 88 149 1.01(0.69, 1.48) —_—
Beta-blocker + ACE/ARB 60 102 0.77 (0.50, 1.20) —_— 1
5 1 1.5

Figure 1. Association of antihypertensive drug therapies with AF risk among 1,738 treated
hypertensives using the most common one and two-drug regimens at the index date

AF = atrial fibrillation, OR = odds ratio, Cl = confidence interval, ACE = angiotensin
converting enzyme, ARB = angiotensin receptor blocker, CCB = calcium channel blocker
ORs adjusted for the matching variables of age, sex, and calendar year, and for

atherosclerotic disease and diabetes mellitus
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Antihypertensive

1,124 Subjects Without Atherosclerotic Disease or Diabetes

Page 10

614 Subjects With Atherosclerotic Disease or Diabetes

NofAF Nof  Adjusted OR NOfAF Nof  Adjusted OR
Cases Controls  (95% Cl) Adjusted OR" and 95% CI Cases Controls ~ (95% Cl) Adjusted OR™* and 95% Cl
Treatment Treatment Treatment Treatment
Single drug regimens ~ Better  Worse — ~ Better Worse —
Diuretic 80 164 1.00 (Reference) . 28 25 1.00 (Reference) .
Beta-blocker 63 154 1.20(0.79,1.84) — — 31 42 0.73(0.35,155) — e
ccB 15 38 0.75(0.38, 1.48) - 17 22 067(0.28,161) -
ACE inhibitor/ARB 48 167  0.72 (0.46, 1.11) - 46 117 047(024,094) | o
Two-drug regimens:
Diuretic + BB 50 114 0.92 (059, 1.44) — e 2 26 0.92(0.41,2.06) —_——
Diuretic + CCB 10 29 072(033,161) | o | 14 13 069(0.26, 1.81) -
Diuretic + ACE/ARB 43 102 0.94 (0.59, 1.50) — 45 47 0.98(0.48, 2.00) —_——
BB + ACE/ARB 17 30 127 (0.64,2.55) e 4 72 051(0.26,1.03) °
5 1 1.5 2 25 5 1 15 2

Figure 2. Association of antihypertensive drug therapies with AF risk in subjects with or without
a history of atherosclerotic disease or diabetes, among 1,738 hypertensives using the most
common one and two-drug regimens at the index date

AF = atrial fibrillation, OR = odds ratio, Cl = confidence interval, ACE = angiotensin

converting enzyme, ARB = angiotensin receptor blocker, BB = beta-blocker, CCB =

calcium channel blocker

* Adjusted for age, sex, and calendar year
** Adjusted for age, sex, calendar year, atherosclerotic disease, and diabetes mellitus
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Table 1

Characteristics of atrial fibrillation case and control subjects

AF case subjects N =

Control subjects N =

P-value, controls vs.

Characteristic 810 1,512 cases
Age, mean (SD) 73 (9) 67 (11) *
Male, % 46 58 *
Black, % 3 5 0.06
Years enrolled at GH, mean (SD) 23 (13) 21 (13) <0.01
Duration of hypertension, yrs, mean (SD) 12 (9) 11 (9) <0.001
Current smoking, % 6 7 0.29
Body mass index (kg/m?), mean (SD) 30(7) 30 (6) 0.93
Angina, % 18 11 <0.001
Myocardial infarction, % 11 7 <0.01
Atherosclerotic disease**, % 40 26 <0.001
Valvular heart disease, % 6 2 <0.001
Diabetes mellitus, % 19 16 <0.05
Systolic blood pressure, mmHg, mean (SD) 140 (21) 138 (18) <0.01
Diastolic blood pressure, mmHg, mean (SD) 77(12) 78 (11) 0.06
Controlled hypertension (SBP<140 and DBP<90), % 46 48 0.22
Number of antihypertensive medications at index date, % <0.001

1 42 49

2 36 35

>3 22 16
Antihypertensives used at index date, % T

Diuretic 55 49 <0.01

Beta-blocker 48 43 <0.05

Calcium channel blocker 23 19 <0.05

ACE inhibitor/ARB 51 53 0.59

other ¥ 9 6 <0.05

AF = atrial fibrillation, GH = Group Health, SD = standard deviation, ACE = angiotensin converting enzyme, ARB = angiotensin receptor blocker

*
Age and sex were frequency-matching variables

Fk

Atherosclerotic disease was defined as a history of myocardial infarction, angina, coronary revascularization, ischemic stroke, carotid

endarterectomy, or peripheral vascular disease.

TPatients could be on more than one antihypertensive drug

iOther drug classes include peripheral vasodilators and centrally and peripherally-acting antiadrenergic agents

Race was missing in 5 cases and 35 control subjects; years enrolled in GH in 6 cases and 9 control subjects; BMI in 6 cases and 34 control subjects;

and duration of hypertension in 27 cases and 46 control subjects.
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