Received: 1 February 2017

Revised: 27 April 2017

Accepted: 19 May 2017

DOI: 10.1111/jch.13055

ORIGINAL PAPER

WILEY

Comparative effectiveness of antihypertensive drugs in
nondiabetic patients with hypertension: A population-based

study

Marina Amaral de Avila Machado MSc, PhD?

| Cristiano Soares de Moura MSc, PhD? |

Yishu Wang MSc? | Coraline Danieli MSc, PhD? | Michal Abrahamowicz PhD® |

Sasha Bernatsky MD, PhD?®

Division of Clinical Epidemiology, McGill
University, Health Center Research Institute,
Montreal, Quebec, Canada

Department of Epidemiology, Biostatistics
and Occupational Health, McGill University,
Montreal, Quebec, Canada

3Division of Clinical Epidemiology and
Department of Epidemiology, Biostatistics
and Occupational Health, McGill University
and McGill University Health Center Research
Institute, Montreal, Quebec, Canada

“Divisions of General Internal Medicine

and Clinical Epidemiology, Department of
Medicine, McGill University and McGill
University Health Center Research Institute,
Montreal, Quebec, Canada

Correspondence

Louise Pilote, Division of Clinical
Epidemiology, McGill University Health Center
Research Institute, Montreal, Quebec, Canada.
Email: louise.pilote@mcgill.ca

Funding information

This research was supported by a grant from
the Drug Safety and Effectiveness Network
of the Canadian Institutes of Health Research
(DPR-126990)

1 | INTRODUCTION

| Hassan Behlouli PhD! | Louise Pilote MD, MPH, PhD*

The authors compared the effectiveness of thiazide diuretic (TD), angiotensin-
converting enzyme inhibitor (ACEIl), angiotensin receptor blocker (ARB), and calcium
channel blocker (CCB) monotherapies for the treatment of nondiabetic hypertension
using MarketScan Databases 2010-2014. Multivariable Cox regression models as-
sessed whether the addition of a new antihypertensive drug, treatment discontinua-
tion, or switch and major cardiovascular or cerebrovascular events varied across
groups. A total of 565 009 patients started monotherapy with ACEls (43.6%), CCBs
(23.6%), TDs (18.8%), or ARBs (14.0%). Patients who took TDs had a higher risk for
either drug addition or discontinuation than patients who took ACEIs (hazard ratio
[HR], 0.69 [95% Cl, 0.68-0.70] vs HR, 0.81 [95% Cl, 0.80-0.81]), ARBs (HR, 0.67 [95%
Cl, 0.66-0.68] vs HR, 0.66 [95% Cl, 0.65-0.67]), and CCBs (HR, 0.85 [95% ClI, 0.84-
0.87] vs HR, 0.94 [95% CI, 0.93-0.95]). Conversely, patients who took TDs experi-
enced a lower risk of clinical events compared with patients who took ACEls (HR, 1.24
[95% Cl, 1.15-1.33]), ARBs (HR, 1.28 [95% ClI, 1.18-1.39]), and CCBs (HR, 1.35 [95%
Cl, 1.25-1.46]). Our results provide a strong rationale for choosing TDs as first-line

monotherapy for the control of hypertension.

expense included prescription medication,* yet the appropriate treat-

The overall prevalence of hypertension in the United States is 38% in
men and 40% in women. Hypertension leads to major clinical, public
health, and economic impacts attributable to its high prevalence and
high risk for cardiovascular disease, such as coronary disease, stroke,
peripheral artery disease, and heart failure.? Hypertension awareness
and treatment have increased over the past 2 decades, leading to
improvements in the proportion of patients with blood pressure (BP)
control from 28% in 1999-2000 to 47% in 2009-2010 in the United
States.’

As a result, direct costs for treating hypertension in the United
States was $45 billion annually in 2011-2012 and 40% of this

ment for hypertension is related to decreased mortality and morbid-
ity associated with cardiovascular disease and, therefore, might be
cost-effective.’ According to the Eighth Joint National Committee
(JNC 8), first-line therapy for hypertension in the general population
should include thiazide diuretic (TD), calcium channel blocker (CCB),
angiotensin-converting enzyme inhibitor (ACEIl), or angiotensin re-
ceptor blocker (ARB) monotherapy.6 TDs are cheaper than other
antihypertensive classes and have great potential for cost-savings
when used as first-line therapy in the treatment of hypertension.”®
Moreover, evidence from clinical trials, including a Cochrane review,
has endorsed this class of drug as the preferred first-line treatment for

hypertension.?*°
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On the other hand, prescribing practices are not consistent with
this evidence!! and the debate as to which class of drugs should be the
initial therapy needs to be further addressed. Comparative effective-
ness research can inform about different interventions and strategies
and enhance medical decision-making and improve health outcomes.?
In this study, we compared the utilization patterns and effectiveness of
the four drug classes recommended by JNC 8 with either TDs, ACEls,
ARBs, or CCBs given as monotherapy to adults with hypertension

without diabetes mellitus in a large population-based cohort.

2 | METHODS

2.1 | Data source

We built a retrospective cohort using the Truven Health MarketScan
Research Databases (2010-2014) that contain patient-level health-
care claims from employers, health plans, and hospitals in the United
States. Americans with employer-provided health insurance have
been included in a 230 million unique patient cohort since 1995.
We used three databases: (1) the Commercial Plans and Encounters
Database comprises comprehensive inpatient, outpatient, emergency
department, pharmacy claims, enrollment, and eligibility informa-
tion; (2) the Medicare Supplemental and Coordination of Benefits
Database containing the same data elements as those appearing in the
Commercial Database; and (3) the Health Risk Assessment Database

with self-reported data on clinical variables.*>4

2.2 | Cohort

For cohort entry in this study, individuals were required to have
at least one pharmacy claim for the medications under study (TDs,
ACEls, ARBs, or CCBs) between January 1, 2011, and September 30,
2014, and the cohort entry was defined as the date of the first claim
for one of these drugs. Only patients on monotherapy with one of
these drugs at cohort entry were included. Patients were eligible for
the study if they were 18 years or older; had at least 12 continuous
months of medical and pharmacy coverage prior to cohort entry; and
had two physician outpatient billing claims or one hospital discharge
with a primary or secondary diagnosis of hypertension (International
Classification of Diseases, Ninth Revision [ICD-9] codes 401.xx), 1 year
before or 1 month after cohort entry.

We used a new-user design in which patients using any medica-
tion of interest 1 year before cohort entry were excluded. Patients
were also excluded if they had a diagnosis of diabetes (ICD-9 codes
250.xx). In addition, to eliminate patients with other indications for
antihypertensive drugs, individuals were excluded if they had un-
stable angina (ICD-9 codes 411.1x), congestive heart failure (ICD-9
codes 428.X), atrial fibrillation (ICD-9 codes 427.3x), or myocardial
infarction (ICD-9 codes 410.0-410.9) 1 year prior to the cohort
entry. Finally, pregnant women (ICD-9 code 650) with a diagnosis
of hypertension or gestational hypertension (ICD-9 code 642.xx)
within 9 months before or 6 months after the pregnancy date were
excluded.
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2.3 | Outcomes

We evaluated drug use patterns and assessed, as a primary outcome,
the addition of a new antihypertensive drug. Other outcomes were
assessed separately, such as discontinuation of therapy and switch-
ing to a new antihypertensive drug. These events were considered to
be evidence of suboptimal treatment (ineffectiveness or intolerance)
with the initial drug. Adding a new drug was defined as a prescription
for an antihypertensive drug from a different class without discon-
tinuation of the index drug. The new drug must have been added
on or before the end of the days supplied by the latest index drug
prescription. An antihypertensive drug class was considered to be
discontinued when no prescription from the same class was issued
90 days after the patient exhausted the supply provided in the most
recent prescription. Switching was defined as a prescription of a drug
in a different antihypertensive class after but within 90 days of the
discontinuation date. Time to addition and time to switch were de-
fined as the time from the cohort entry to the date of prescription of
the new drug. Time to discontinuation was defined as the time from
the cohort entry until the discontinuation date (the last prescription
expired). Of note, not all such outcomes were mutually exclusive
since switching could occur only after discontinuation (Figure 1).
We also assessed the occurrence of a clinical outcome that in-
cluded cardiovascular and cerebrovascular fatal and nonfatal events
that occurred between 90 days after cohort entry until the end of fol-
low-up. We defined a composite measure of the first event among
stroke (ICD-9 codes 430, 431, 432.0x, 432.1x, 432.9x, 433.1x 434.90,
434.91, 435, and 436), acute myocardial infarction (ICD-9 codes
410.0-410.9), congestive heart failure (ICD-9 codes 428.X), and un-
stable angina (ICD-9 codes 411.1x), and the events were also assessed
separately. The time to event was defined as the time from cohort
entry to the first of either physician outpatient billing claims or hospi-
tal discharges with a primary or secondary diagnosis related to one of
the four events described above.' For all analyses, we looked for the

first occurrence of the outcome.

2.4 | Exposure

We considered four groups of exposure based on the initial mono-
therapy (TDs, ACEls, ARBs, or CCBs). Patients were followed from
cohort entry until the earliest date of the outcome of interest (con-
sidered separately in the two sets of analyses), loss of medical and
pharmacy coverage, death, or end of study data (December 31, 2014).
Date of death was obtained from hospital discharge data. For clinical
outcomes, patients were additionally censored when one of the four

clinical events of interest occurred.

2.5 | Statistical analyses

Descriptive analyses compared baseline characteristics of patients
using means, standard deviations, medians, and interquartile intervals
for continuous variables and frequency distributions for categorical

variables.
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FIGURE 1 Outcomes definition:
addition of a new antihypertensive drug,
discontinuation of therapy, and switch to a
new antihypertensive drug. ACEI indicates
angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; CCB,
calcium channel blocker; TD, thiazide

ARB, or CCB

Cohort entry: first prescription for TD, ACEI,

Monotherapy

Time to addition

Cohort entry: first prescription for TD, ACEI,

Monotherapy

Time to discontinuation

Cohort entry: first prescription for TD, ACEI,

Monotherapy

End of follow-up
Addition: prescription of a new
antihypertensive drug class

Association of drugs of different classes

End of follow-up
Discontinuation: no prescription from the
same class 90 days after last prescription

>90-day gap

End of follow-up
Switching: prescription of a new

Discontinuation antihypertensive drug class

<90 days

Time to switch

diuretic

We plotted drug-specific Kaplan-Meier curves for addition,
discontinuation, switch, and composite clinical outcomes and com-
pared them using the log-rank test. We also estimated the adjusted
hazard ratios (HRs) and 95% confidence intervals (Cl) using mul-
tivariable Cox proportional hazards models to assess, in separate
analyses, the risks of: (1) addition, (2) discontinuation, (3) switching,
and clinical outcomes, (4) separately for each event, and (5) using
the composite clinical outcome. In all between-drugs comparisons,
TD was used as the reference category. In the multivariable models,
we adjusted the differences between the drug groups for baseline
(cohort entry) potential confounders: age, sex, year of cohort entry,
employment status (full-time vs other), and region of residence
(rural vs urban). We also adjusted for potential confounders that
were measured during the 1 year prior to cohort entry: diagnosis
of cerebrovascular disease, dyslipidemia, Charlson comorbity index,
and three indicators of health service use, assessed by the number
of: (1) emergency department visits, (2) physician visits, and (3) hos-
pitalizations. To test the proportional hazards assumption and, for
continuous covariates, to test for their possibly nonlinear associa-
tions with the logarithm of the hazard, we used flexible spline-based
extension of the Cox model of the composite clinical outcome.® To
explore whether the comparisons of the effects of different drugs
differed between women and men, we tested two-way sex-by-drug
interactions. In the case of a significant interaction (P<.05 for the
multivariable model-based Wald test), the corresponding analyses
were repeated separately for men and women.

We performed five sensitivity analyses. First, available data for
deaths were only registered in hospital data; thus, to ensure that pa-
tients were still alive during the follow-up, we performed a sensitiv-

ity analysis using the date of the last encounter with health service
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(pharmacy claim, medical visit, or hospitalization) as an additional
criterion for censoring patients. Second, we considered only pa-
tients who had at least two pharmacy claims. In a third analysis, the
clinical outcomes were defined when a cardiovascular and cerebro-
vascular event occurred at any time after cohort entry. The last two
sensitivity analyses were performed with a cohort of patients who
had at least one measurement of BP within 6 months prior or up to
7 days after cohort entry, and we additionally adjusted the models
for systolic BP and body mass index (both variables were not avail-
able for the entire cohort). One analysis was performed using the
same approach applied in the main analysis and the other in which
we assessed drug exposure in a time-dependent manner, so that
each patient’s follow-up time was divided into consecutive time in-
tervals, with a new interval starting whenever the antihypertensive
therapy changed. All analyses were performed using SAS version 9.4
(SAS Institute Inc).

3 | RESULTS

A total of 565 099 patients with hypertension who filled at least one
prescription for any of the medications of interest and met our co-
hort entry criteria were included in the study (Figure 2). The most fre-
quent initial monotherapy involved ACEls (43.6%) followed by CCBs
(23.6%), TDs (18.8%), and ARBs (14.0%). The list of the most frequent
drugs included within each of the classes is presented in Table S1.
The overall median age was 55 years (interquartile interval, 46-63
years) and half of the patients were women (51.7%). Baseline clinical
characteristics were similar across groups, with the exception that TD

initiators had a lower frequency of dyslipidemia and CCB initiators

95U80]7 SUOWIWIOD BAIER.D 8|qedl[dde 8Ly Aq peusenob aJe Sajoie YO ‘85N JO Sa|nJ Joj Al 8UIUO A1 UO (SUOHIPUOD-PUR-SWBH W00 A8 | 1M A1 1[pU1|UO//:SdNY) SUORIPUOD Pue SWIe 1 8y 89S " [7202/TT/S0] Uo Areiqiauliuo AB(IM ‘SSOET UOITTTT OT/10p/u00 A8 | Akeq 1 jpuljuo//Sdny wiouy pepeojumod ‘0T ‘2T0Z ‘9LT.TSLT


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fjch.13055&mode=

002
2 | \WiLEY

MACHADO ET AL.

Individuals with at least one pharmacy claim for ACEL TD,
CCB, ARB 2011-2014 (n=12,036,089 )

Individuals taking monotherapy with ACEI, TD, CCB, ARB
(n=7,492,902)

Individuals with hypertension diagnosis (n=3,207,115)

Individuals without previous use of antihypertensive drugs
from TD, CCB, ACEI or ARB classes (n=1,599,140)

Individuals 18 years or older (n=1,592,739)

‘ Individuals without diabetes (n=1,196,683) ‘

Individuals without pregnancy or gestational hypertension
(n=1,189,534)

Individuals with continuous enrolment for 12 months + drug
coverage during follow-up (n=625,256)

Individuals without other diseases (n1=565,099)

4,543,187 individuals excluded because they
were not taking monotherapy.

FIGURE 2 Flow diagram of included patients in the cohort. From individuals excluded because they were not taking monotherapy,
3 816 044 (84%) were using combination of two drugs and the most frequent combinations were thiazide diuretics (TDs)/angiotensin-
converting enzyme inhibitors (ACEls) (26%), TDs/angiotensin receptor blockers (ARBs) (20%), ACEls/calcium channel blockers (CCBs) (10%),

ACElIs/p-blockers (BBs) (8%), and TDs/BBs (6%)

had a higher frequency of acute renal disease, cerebrovascular dis-

eases, and kidney disease (Table 1).

3.1 | Addition of a new drug

More TD initiators added a new antihypertensive drug compared with
ACEI, ARB, and CCB initiators. The median time to adding a new drug
was 90 days (interquartile interval, 30-269) for TD initiators, which was
shorter than the other groups (Table 2). This trend was confirmed in
Kaplan-Meier curves (P<.0001 for log-rank test, Figure 3) and in adjusted
Cox models (ACEl initiators: HR, 0.69 [95% Cl, 0.68-0.70]; ARB initiators:
HR, 0.67 [95% Cl, 0.66-0.68]; CCB initiators: HR, 0.85 [95% Cl, 0.84-
0.87] compared with TD initiators) (Figure 4). There were significant in-

teractions by sex for this outcome. TD initiators of both sexes had higher
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risk of a new drug addition compared with the other drug groups; how-
ever, the risks among women and men differed as the HRs for women

were closer to the null value 1.0 (P for interaction <.0001, Figure 4).

3.2 | Discontinuation

Risk of treatment discontinuation was higher among patients starting with
TDs compared with CCBs, ACEls, and ARBs (P<.0001 for log-rank test;
Table 2, Figure 3). After adjustment for covariates, patients who started
therapy with ACEls (HR, 0.81; 95% Cl, 0.80-0.81), ARBs (HR, 0.66; 95%
Cl, 0.65-0.67), CCBs (HR, 0.94; 95% Cl, 0.93-0.95) were significantly
less likely to discontinue their initial therapy than those who started with
TD initiators (Figure 4). Among women, the risk of discontinuation was
similar for CCB and TD initiators (HR, 0.99; 95% Cl, 0.97-1.01) but men

were significantly less likely to discontinue the CCB treatment than to
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TABLE 1 Baseline characteristics of patients with hypertension included in the study

All patients (N=565099) TD (n=106 409)  ACEI (n=246 282) ARB (n=79 081) CCB (n=133 327)

Women, No. 51.7 64.2 45.1 50.1 55.0
Age, median (1Ql), y 55 (46-63) 53 (44-61) 54 (46-62) 56 (47-63) 57 (47-65)
Year of cohort entry
2011 35.2 37.2 34.9 34.1 34.9
2012 30.8 30.4 30.9 315 30.4
2013 20.9 204 20.8 21.7 21.2
2014 13.1 12.0 13.4 12.7 13.5
Urban residency 81.9 81.7 79.9 85.0 83.9
Full-time employment 39.8 42.8 40.2 40.6 36.4
Charlson comorbidity index, mean (SD)* 0.31(0.72) 0.25(0.63) 0.28 (0.68) 0.30 (0.67) 0.44 (0.85)
Comorbidities®
Acute renal disease 1.1 0.5 0.7 0.7 2.7
Cerebrovascular diseases 6.4 4.2 6.2 5.8 8.9
Chronic obstructive pulmonary 11.8 11.0 10.3 12.0 15.2
disease
Dyslipidemia 413 36.1 42.4 46.2 40.6
Moderate or severe kidney disease 2.3 1.2 1.8 2.4 4.1
No. of emergency department visits, 0.49 (1.18) 0.48 (1.15) 0.44 (1.02) 0.38(0.89) 0.65 (1.56)
mean (SD)?
No. of physician visits, mean (SD)? 10.09 (11.38) 9.39 (10.42) 9.09 (10.30) 10.42 (10.87) 12.28 (13.74)
No. of hospitalizations, mean (SD)? 0.16 (0.49) 0.11(0.41) 0.13(0.45) 0.11(0.39) 0.27 (0.66)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; 1Ql, interquartile interval;

TD, thiazide diuretic. SD, standard deviation.

“Based on outpatient and/or inpatient claims within 1 year prior to index date.

discontinue TD treatment (HR, 0.87; 95% Cl, 0.85-0.88 [P for interaction
<.0001]) (Figure 4). In contrast, among the users of the two other drugs,
for both women and men, the time to discontinuation was significantly

longer than among the TD users (P for interaction <.0001, Figure 4).

3.3 | Switching to a new drug

Among patients who discontinued therapy, TD initiators were more
likely to switch to another drug compared with those initiated on
ACEls (HR, 0.80; 95% Cl, 0.78-0.83) and ARBs (HR, 0.75, 95% Cl,
0.72-0.78) (Figure 4).

3.4 | Cardiovascular outcomes

During a mean follow-up of 273 days while on monotherapy with
any of the four drug groups, 9024 cardiovascular or cerebrovascular
events were observed. The incidence rates for the composite out-
come of cardiovascular and cerebrovascular events were 1.7, 2.5,
2.7, and 3.7 per 100 person-years for users of TDs, ACEls, ARBs, and
CCBs, respectively (Table 2). Results from the Kaplan-Meier curves
confirm this trend (P<.0001 for log-rank test, Figure 3). The composite
outcome was driven mostly by stroke, with incidence rates of 1.1, 1.6,
1.9, and 2.3 per 100 person-years for TDs, ACEls, ARBs, and CCBs,
respectively (Table 2). After adjusting for potential confounders,
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monotherapy with ACEls (HR, 1.24; 95% ClI, 1.15-1.33), ARBs (HR,
1.28; 95% Cl, 1.18-1.39), or CCBs (HR, 1.35; 95% Cl, 1.25-1.46) was
associated with significantly higher risks of cardiovascular or cerebro-
vascular events compared with TD monotherapy. The adjusted HR
for stroke followed a similar trend in all comparisons as well as when
comparing ACEls or CCBs with TDs for the outcome of congestive
heart failure; however, for other outcomes, there was no difference
between agents (Figure 5). There were no significant interactions by
sex for the composite clinical outcome and stroke. For the other less
frequent clinical outcomes, the interactions with sex were also not
statistically significant, possibly because of a low number of events
and, thus, inadequate statistical power (data not shown).

The analyses based on the flexible model revealed that the propor-
tional hazards assumption was rejected for ACEls: the associated hazard in-
crease was highest in the first few months of follow-up and then gradually
decreased toward the null effect after about 1 year. No violations of the
proportional hazards hypothesis were found for other drug classes, indicat-

ing that the corresponding HRs were stable across the follow-up interval.

3.5 | Sensitivity analyses

The results for Cox regression analysis did not change materially in
all sensitivity analyses, with few exceptions. The analyses that in-

cluded only patients with BP measures at baseline showed that the
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TABLE 2 Number of events, incidence, and time to event for drug use outcomes and clinical outcomes

Outcomes

Addition

No. of events

Incidence per 100 person-y

Time to event, median (IQl), d
Discontinuation

No. of events

Incidence per 100 person-y

Time to event, median (1Ql), d
Switch

No. of events

Incidence per 100 person-y

Time to event, median (IQl), d
Composite of clinical outcomes

No. of events

Incidence per 100 person-y

Time to event, median (1Ql), d
Stroke

No. of events

Incidence per 100 person-y

Time to event, median (1Ql), d
Acute myocardial infarction

No. of events

Incidence per 100 person-y

Time to event, median (1Ql), d
Congestive heart failure

No. of events

Incidence per 100 person-y

Time to event, median (1Ql), d
Unstable angina

No. of events

Incidence per 100 person-y

Time to event, median (1Ql), d

TD (n=106 409)

41766
90.7
90 (30-269)

45527
98.8
66 (30-162)

6784
12.2
120 (100-171)

940
1.7
215(131-391)

590
11
205 (133-365)

120
0.2
264 (144-489)

196
0.4
212 (117-396)

99
0.2
257 (162-417)

ACEI (n=246 282)

78 007

54.4
110 (30-306)

102 729

71.7
90 (30-206)

14 252

8.7
120 (91-182)

3918
25
233 (144-405)

2599
1.6
229 (142-404)

388
0.3
242 (152-406)

734
0.5
240 (143-391)

375
0.2
234 (148-429)

ARB (n=79 081)

26 251

50.0
152 (47-382)

29001

55.2
90 (30-247)

4532
7.8
142 (120-240)

1539
2.7
251 (154-434)

1080
1.9
245 (152-420)

120
0.2
283 (170-509)

267
0.5
251 (152-457)

127
0.2
261 (153-507)

CCB (n=133 327)

48 661

76.8
115 (30-332)

55781

88.0
54 (30-145)

8802
11.8
120 (97-148)

2627
3.7
222 (137-385)

1613
2.3
222 (137-389)

261
0.4
259 (153-436)

698
1.0
224 (136-379)

193
0.3
221 (134-431)

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; IQl, interquartile interval;

TD, thiazide diuretic.

comparisons of CCBs vs TDs for addition, discontinuation, and switch
did not reach significance, and all comparisons for the clinical out-
comes were inconclusive. However, when this cohort of patients was
analyzed using drug exposure as a time-dependent variable, those
who took TDs were less likely to experience clinical outcomes com-
pared with those who took ACEIls and CCBs (Tables S2-56).

4 | DISCUSSION

This retrospective cohort study shows that patients with hyperten-

sion who add a new drug or discontinue their first therapy do so a few
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months after initiation, and drug classes are associated with different
risk of addition, discontinuation, and switch. TDs as first monotherapy
were associated with higher risk of addition and discontinuation com-
pared with initiators of ACEIs, ARBs, or CCBs. On the other hand, TDs
as monotherapy was associated with a lower risk of cardiovascular
and cerebrovascular events compared with monotherapy with ACEls,
ARBs, or CCBs. Stroke, a leading outcome related to hypertension,
drove the results of the composite outcome in our study.

TD initiation was associated with a higher rate of addition in our
study. However, an Asian cohort showed a different result: women
who initiated first antihypertensive therapy with ACEls had a higher
rate of addition (31.1%) compared with diuretics (9.9%) and CCBs
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FIGURE 3 Kaplan-Meier curves for outcomes of (A) addition of a new antihypertensive drug, (B) therapy discontinuation, (C) switch to a
new antihypertensive drug, and (D) composite of clinical outcomes. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin

receptor blocker; CCB, calcium channel blocker; TD, thiazide diuretic

(9.6%).17 The literature otherwise shows similar results for the out-
come of discontinuation presented in our study. A previous study
using MarketScan Research Data from 2001 and 2003 reported that
patients using hydrochlorothiazide were more likely to discontinue
therapy than those starting amlodipine, lisinopril, and valsartan.’® Our
investigation adds to this study the analysis of the outcomes of ad-
dition and switch as well as clinical events. In a cohort of Medicaid
beneficiaries, after 6 months of therapy, those using diuretics had a
2-fold higher likelihood of discontinuing therapy compared with pa-
tients using CCBs or ACEls.Y Elderly patients from the province of
Ontario, Canada, initially prescribed diuretics were less likely to per-
sist on therapy compared with those taking ACEls, ARBs, or CCBs.%°
Finally, a study in the United Kingdom using a database of general
practitioner visits showed that 20% of patients with newly diagnosed
and treated hypertension discontinued drug therapy within 6 months
and the median time until discontinuation was shorter for those tak-
ing TDs (1.50 years) than those taking ACEls (2.24 years) and CCBs
(1.86 years).?! Thus, TDs appear to be associated with higher rates of
discontinuation in several cohorts, possibly because of lesser ability
to control BP.

Our study showed that TD users were less likely to experience
cardiovascular and cerebrovascular events. However, previous stud-

ies have indicated that some antihypertensive drug classes lead
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to similar clinical outcomes. A cohort study from the province of
Saskatchewan, Canada, found similar frequency of death from any
cause, stroke or transient ischemic attack, myocardial infarction, and
unstable angina among users of atenolol (2.3%), ACEls (3.6%), hy-
drochlorothiazide (2.9%), and calcium antagonists (3.9%), while aten-
olol was not associated with difference in risk compared to other
drugs after adjustment by covariates.??> A study including women
aged 50 years or older reported that there was a slight increase
of risk for patients taking CCBs compared with TDs; however, this
became nonsignificant after adjustment for risk factors and exclu-
sion of women with diabetes mellitus. There were no significant dif-
ferences in coronary disease events and strokes between patients
taking ACEls or diuretics.2®> On the other hand, a Cochrane review
and the Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT) reported different results. The review
indicated that using thiazides as a first-line choice reduces coronary
heart disease events compared with other classes.” ALLHAT showed
that chlorthalidone was similarly effective in preventing coronary
heart disease compared with doxazosin, lisinopril, and amlodipine,
but chlorthalidone was more effective in preventing heart failure and

).10 Other observational stud-

stroke (than doxazosin or lisinopril only]
ies assessed intermediate outcomes, such as the CARTaGENE study,

which reported that peripheral and central BP measurements were
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FIGURE 4 Adjusted hazard ratios for comparisons of monotherapy
of angiotensin-converting enzyme inhibitors (ACEls), angiotensin
receptor blockers (ARBs), and calcium channel blockers (CCBs) vs
thiazide diuretic (TDs) for outcomes of utilization patterns: addition

of a new antihypertensive drug, therapy discontinuation, switch to a
new antihypertensive drug. Cox regression models were adjusted by
sex (except the models with drug-sex interaction), age, age squared,
year of cohort entry, urban area, number of emergency department
visits 1 year prior, number of physician visits 1 year prior, number

of hospitalizations 1 year prior, Charlson comorbidity index, and
cerebrovascular diseases and dyslipidemia 1 year prior. AdjHR indicates
adjusted hazard ratio; LCI, lower confidence interval; UCI, upper

confidence interval
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similar across groups receiving monotherapy of TDs, ACEls, ARBs, or
CCBs in patients with hypertension aged 40 to 69 years from the
province of Quebec, Canada.?* A study of patients on monotherapy
indicated that TDs, ACEls, ARBs, and CCBs had nonclinical relevant
differences in the decrease of BP during follow-up (median duration
of 6.5 months); however, patients initiated on ACEls had significantly
higher rates of goal attainment (defined by Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure [JNC 7] guidelines) than pa-
tients initiated on TDs.? In summary, previous cohorts showed that
TDs are at least as effective as other drug groups in patients with
hypertension.

Our study investigated effect modifications by sex. A review of
population-based studies indicated that women at all ages have a 30%
higher likelihood than men to be treated pharmacologically for hyper-
tension.?® In our study, women were more often prescribed TDs, and dif-
ferences were observed regarding addition, discontinuation, and switch
of antihypertensive drugs among women and men; however, no inter-
action by sex was found for clinical outcomes. Sex differences in stroke
risk have been reported and women are at higher risk likely because
of longer life expectancy and older age at the time of stroke onset.?”
However, an analysis from ALLHAT showed that systolic BP decreased
slightly less in women than men following antihypertensive therapy and
fewer women reached outcomes of all-cause mortality, coronary heart
disease, cardiovascular disease, stroke, heart failure, and cancer.?®

Our study indicates that TDs are an effective antihypertensive
therapy and, according to the literature, are likely cost-effective.?’
A cost-effectiveness analysis from ALLHAT indicates that the life-
time cost for patients initially treated with chlorthalidone was lower
than for amlodipine or lisinopril therapies, whereas lifetime quality-
adjusted days were not significantly different with amlodipine or
lisinopril compared with chlorthalidone. This economic analysis
concludes that using chlorthalidone as the first drug for the treat-
ment of hypertension can be cost-saving.29 Despite this evidence,
other drug classes have been prescribed more frequently than TDs
for patients with hypertension as shown by our study and other in-
vestigations. Less than 17% of patients on monotherapy from the
Primary Care Audit of Global Risk Management (PARADIGM) study
were using diuretics and elderly patients from Ontario starting
therapy had a decrease in prescriptions of diuretics from 23.1% in
1999/2000 to 16.5% in 2009/2010 and an increase in prescriptions
of ARBs from 1.3% to 14.2%.3°3! Thus, TDs should be favored as

first-line therapy in patients with hypertension.

5 | STUDY LIMITATIONS

Our study has some limitations that should be taken into account.
First, the study design precludes the assessment of reasons for ad-
dition, discontinuation, or switch, as well as of BP measurements
during follow-up, race or ethnicity, and other clinical and lifestyle
information that could be associated with the study outcomes. Of
note, discontinuation may have occurred after BP levels achieved
control. Second, there is a potential for confounding by indication
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FIGURE 5 Adjusted hazard ratios for comparisons of monotherapy of angiotensin-converting enzyme inhibitors (ACEls), angiotensin receptor
blockers (ARBs), and calcium channel blockers (CCBs) vs thiazide diuretics (TDs) for outcomes of cardiovascular and cerebrovascular events:
composite of clinical outcomes, stroke, acute myocardial infarction, congestive heart failure, and unstable angina. Cox regression models were
adjusted by sex, age, age squared, year of cohort entry, urban area, number of emergency department visits 1 year prior, number of physician
visits 1 year prior, number of hospitalizations 1 year prior, Charlson comorbidity index, and cerebrovascular diseases and dyslipidemia 1 year
prior. AdjHR indicates adjusted hazard ratio; LCl, lower confidence interval; UCI, upper confidence interval

because it is possible that patients with higher susceptibility to diseases. The short time period from cohort entry to cardiovascular
cardiovascular events were less likely to be prescribed TD mono- and cerebrovascular events indicates that confounding by indication
therapy, as CCBs are commonly used in patients with cardiovascular may partially explain the results. In addition, this study included only

RIGHTSE LI MN iy

95U8917 SUOWIWIOD SAITE81D 3|qeal|dde auy Ag peusenob afe sop e WO ‘8sn Jo S3|nJ o) Aleld1 U1UO A1 UO (SUONIPUOD-PUE-SULIB) 0D AS 1 ARIq 1 ]BU1|UO//SANY) SUONIPUOD pue SWiS 1 8U) 385 *[7202/TT/S0] U0 ARid 1 8UluO AS|IM ‘SSOST URI/TTTT 0T/I0p/wWod A8 1M Alelqpuluo//sdny woi) papeojumoq ‘0T ‘2TOZ ‘9LTLTS.T


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Fjch.13055&mode=

MACHADO ET AL.

008
% | WiLEY

patients covered by commercial medical and pharmacy plans in the
United States, thus the results are not generalizable to others with-
out these benefits. Also, in an analysis of pharmacy claims, the rate
of discontinuation may be underestimated because patients could
obtain their drug therapies outside the health plan. The use of ICD
codes from administrative databases to define hypertension can be
debatable; however, patients who were taking antihypertensive drug
and those with other diagnoses for which these drugs are indicated
were excluded. Thus, we can assure a low level of uncertainty in
the definition of our sample. Nevertheless, the large sample size of
our study allowed for comparison of antihypertensive drug classes
in terms of drug utilization and effectiveness. Finally, differences
in outcomes were still identified and this potential misclassification

could bias the results towards the null.

6 | CONCLUSIONS

Our study offers evidence from a real-world population and sup-
ports prior findings that TDs are a preferred first-choice drug class
in treating hypertension in adults without diabetes mellitus. Patients
with hypertension on monotherapy with TDs exhibited a lower risk
of cardiovascular and cerebrovascular events compared with patients
taking ACEls, ARBs, and CCBs. However, TD initiators were more
likely to add a new antihypertensive drug or discontinue treatment
compared with ACEI, ARB, or CCB initiators.
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