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Indirect evidence suggests that chlorthalidone may be
more effective than hydrochlorothiazide (HCTZ), but direct
comparisons are lacking. Using national Veterans Adminis-
trative pharmacy data from 2003 to 2008, the authors
performed a retrospective cohort study examining the
effectiveness of chlorthalidone and HCTZ among new thia-
zide users. For 1 year following the thiazide start, rates of
persistence of thiazide use, adequacy of response (defined
as the absence of additional new antihypertensive medica-
tions following thiazide initiation), and an overall composite
of treatment effectiveness incorporating both outcomes
were examined. In this cohort of >125,000 individuals,
persistence of thiazide use was higher for HCTZ than
chlorthalidone (72.0% vs 62.0%; P<.001), but among
thiazide-persistent users, more HCTZ users had additional

antihypertensives added compared with chlorthalidone
(76.4% vs 70.1%; P<.001). The overall composite treat-
ment response (thiazide persistence and no antihyperten-
sive additions) revealed a slight advantage for HCTZ over
chlorthalidone (50.7% vs 47.4%; P=.002). These findings
remained consistent after adjustment using multivariable
logistic regression. This study provides real-world clinical
data supporting a potential efficacy advantage of chlorthal-
idone among patients who tolerate the drug and remain
persistent with treatment; however, strategies to optimize
the way chlorthalidone is prescribed in clinical practice are
necessary to increase its overall effectiveness relative
to HCTZ. J Clin Hypertens (Greenwich). 2012;14:623–629.
�2012 Wiley Periodicals, Inc.

Thiazide diuretics are often considered a homogeneous
therapeutic class, where all agents reduce cardiovascu-
lar event risk equally as a direct consequence of anti-
hypertensive effects. While hydrochlorothiazide
(HCTZ) is the prototype thiazide, chlorthalidone is a
phthalimidine possessing distinct pharmacokinetics.1

Whether its unique effects result in meaningful phar-
macodynamic differences in hypertensive patients is
actively debated. Retrospective analyses of the Multi-
ple Risk Factor Intervention Trial (MRFIT) and one
small randomized trial comparing ambulatory blood
pressures (BPs) provide evidence suggesting that chlor-
thalidone is a more effective antihypertensive than
HCTZ at contemporary doses and may provide supe-
rior cardiovascular risk reduction.2–5 Moreover, the
preponderance of clinical trials demonstrating reduc-
tions in stroke and heart failure deaths with a diuretic
regimen have intentionally used chlorthalidone.1

Despite abundant outcome evidence with chlorthali-
done, prescriptions for HCTZ in the United States
outnumber chlorthalidone by nearly 20-fold.6 A tradi-
tional randomized, outcome-based trial between
HCTZ and chlorthalidone could determine efficacy
under idealized conditions, but even if chlorthalidone

was more effective than HCTZ in such a study, dis-
semination of this finding into practice may not be
assured.7 In the case of chlorthalidone, potential effi-
cacy advantages over HCTZ could be offset by practi-
cal use limitations. HCTZ is easier to prescribe in
clinical practice. It is more widely available in fixed-
dose combinations with other popular antihypertensive
classes, as well as potassium-sparing agents, which
may reduce laboratory monitoring burden. This
dilemma highlights the need for studies of comparative
effectiveness performed under real-world practice con-
ditions to compliment traditional efficacy trials.8

Therefore, we conducted an observational cohort
study to examine the comparative effectiveness of
HCTZ and chlorthalidone using national administra-
tive data from the Veterans Health Administration
(VA). We constructed pragmatic outcome measures
designed to reflect the end result of provider and
patient-related decision-making and provide a proxy
of treatment effectiveness in real-world clinical
practice.

METHODS
This retrospective cohort study examined the compara-
tive effectiveness of chlorthalidone and HCTZ among
veterans initiating therapy with either agent. For pur-
poses of this paper, both HCTZ and chlorthalidone
are referred to as thiazides. Administrative VA phar-
macy data were obtained from the Austin Information
Technology Center for fiscal years (FYs) 2003 through
2008. This research was approved by the University of
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Iowa’s institutional review board and the Iowa City
VA Research and Development Committee.

Study Cohort
Patients initiating thiazide diuretic treatment during
FY 2004 with chlorthalidone or HCTZ were selected.
New users were identified by an initial thiazide fill
during FY 2004 that was preceded by a 1-year period
with evidence of regular VA medication use but where
no thiazide fills occurred.6 These criteria excluded
patients transferring care to the VA who may have
been receiving a thiazide outside the VA system prior
to the first VA fill. To ensure adequate follow-up data,
patients were further required to have regular VA
medication use during the 2 years following thiazide
initiation.

Clinical Outcomes
Two primary treatment outcomes were considered
over the 1-year period following thiazide initiation:
nonpersistence and insufficient response. These out-
comes were selected to represent the real-world effec-
tiveness of thiazide use in the chronic management of
hypertension, where effectiveness is a balance of toler-
ability and benefit. The first outcome was persistence
of thiazide use, defined as a pattern of refills that
extended beyond the 1-year follow-up period with no
significant interruptions. An interruption occurred if
an interval between two consecutive thiazide fills
exceeded more than two times the days supply value
of the first fill; this was deemed nonpersistence. The
second outcome was adequate response, defined as
the absence of any new antihypertensive medications
started within the 1-year period following thiazide ini-
tiation. Initiation of new antihypertensive medication
during this period was termed insufficient response.
Finally, we determined composite treatment effective-
ness, which incorporated both treatment outcomes,
and was defined as persistent thiazide use without the
need for additional antihypertensive therapy during
the 1-year follow-up period.

Covariates
Use of nonthiazide antihypertensive medications was
assessed during several time periods in relation to thia-
zide initiation. Medications received in the year prior
to thiazide initiation, but not refilled after initiation,
were considered prior medication failures. Medications
filled both prior to and following thiazide initiation
without significant interruption in use were considered
as ongoing antihypertensive therapy. Medications
started on the same day or within 14 days of thiazide
initiation were considered as started concurrently with
the thiazide diuretic. The use of potassium-sparing
diuretics (ie, amiloride, spironolactone, or triamterene)
at the time of thiazide initiation was determined sepa-
rately from other antihypertensives and included either
ongoing use or concurrent initiation. Antihypertensives
started more than 14 days following thiazide initiation

were considered new medications and, as previously
noted, comprised the primary outcome measure defini-
tion of insufficient response.

The daily dose of thiazide at initiation was esti-
mated by dividing the product of the unit drug
strength and quantity dispensed fields by the days sup-
ply field. Daily doses were categorized as micro-dose
(�12.5 mg), low-dose (12.5 mg<dose �25 mg), and
high-dose (>25 mg).

Thiazide medication adherence was determined
among patients with persistent thiazide use during the
follow-up period and estimated by MED-OUT, a vali-
dated index based on medication refill patterns.9 In
brief, this index uses the days supply dispensed and
the time interval between individual refills to deter-
mine the proportion of days in which the patient was
without medication. For all statistical procedures, the
MED-OUT index was transformed by the expression
2*arcsine (�X). This transformation is used with vari-
ables expressed as percentages to eliminate the ten-
dency of the mean and the variance to be correlated,
which violates regression assumptions. For ease of
interpretation, adherence was expressed as (1 ) MED-
OUT), which reflects the proportion of days with
available medication.

Statistical Analysis
Clinical characteristics were compared between
chlorthalidone and HCTZ treatment groups using
chi-square tests for categorical variables and t tests for
continuous variables. Differences between treatment
groups in the unadjusted frequency of categorical out-
comes and in the time course of nonpersistence were
compared using chi-square tests. Multivariable logistic
regression was used to adjust for observed confound-
ing factors in the relationship between thiazide treat-
ment group and effectiveness outcomes. Separate
multivariable analyses were conducted for the two pri-
mary outcome measures, where ineffectiveness was
defined as nonpersistence to thiazide treatment in the
first model and insufficient treatment response (ie,
requiring the addition of new antihypertensive medica-
tion) in the second model. A replication analysis was
conducted using identical methods applied to patients
initiating thiazide treatment during FY 2006. All sta-
tistical procedures were conducted using SAS version
9.2 (SAS Institute Inc, Cary, NC), with P<.05 for the
statistical significance threshold.

RESULTS

Study Cohort
The stepwise selection of study patients is shown in
Figure 1. Nearly 1 million veterans received thiazide
diuretics during FY 2004 and 145,354 (16.0%)
patients were new thiazide starters. Of these, 126,808
(87.2%) had sufficient 2-year follow-up data and com-
prised the final study population. The clinical charac-
teristics of new users of chlorthalidone and HCTZ are
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contrasted in Table I. Several important differences
were observed and consistent with selective use of
chlorthalidone among patients with more treatment-
refractory hypertension. At the time of thiazide
initiation, chlorthalidone starters were taking more
antihypertensive medications, more likely to have ano-
ther antihypertensive agent started concurrently, and
more likely to have previous antihypertensive treat-
ment failure. Chlorthalidone starters were also less
likely to receive micro-dose therapy (�12.5 mg ⁄ d) or a
potassium-sparing diuretic concurrently at thiazide
initiation.

Unadjusted Clinical Outcomes
The unadjusted frequencies of clinical outcomes are
presented in Figure 2. The persistence of thiazide use
for 1 year following initiation was significantly higher
for HCTZ (72.4%) than for chlorthalidone (62.0%)
(v2=118; degrees of freedom [DF]=1; P<.001). How-
ever, patients treated with HCTZ were significantly
less likely to achieve an adequate response (70.1%)
compared with chlorthalidone (76.4%) (v2=26.1;
DF=1; P<.001) among patients who remained persis-
tent. When the two outcomes were considered simulta-
neously, the composite treatment response revealed a
small but statistically significant advantage for HCTZ
(50.7%) over chlorthalidone (47.4%) (v2=9.9; DF=1;
P=.002).

The time courses for nonpersistence or insufficient
response are compared in Table II. Overall, 35,270
patients were nonpersistent with thiazide treatment
over the 1-year follow-up period. Of these, 37.9% had
no refills following initiation, 31.2% had at least 2
medication fills but none beyond 180 days after initia-
tion, and the remaining 30.9% discontinued after
180 days. The time course of nonpersistence was simi-
lar between HCTZ and chlorthalidone users. Among
thiazide-persistent patients, 27,318 had an insufficient
response, as defined by the initiation of a new antihy-
pertensive medication. The largest proportion occurred
more than 180 days following thiazide initiation
(46.3%). The time course did not differ between
HCTZ and chlorthalidone groups.

Multivariable Clinical Outcome Predictors
In order to adjust for important sources of con-
founding, multivariable logistic regression models
were created for the two primary effectiveness out-
comes. In univariate analysis, chlorthalidone use was
associated with a significantly greater likelihood for

Any thiazide use in FY 2004
n = 908 777

First observed thiazide use 
in FY 2004

n = 303 721

New thiazide was 
hydrochlorothiazide or 

chlorthalidone
n = 290 682

Pre-existing thiazide 
use in FY 2003

n = 605 056

Other thiazide
n = 13 039

Insufficient evidence of 
prior VA pharmacy use

n = 145 328
New thiazide starters

n = 145 354
Insufficient evidence of 

VA pharmacy use 
during follow-up

n = 18 546Final Study Population
n = 126 808

FIGURE 1. Cohort selection. FY indicates fiscal year; VA, Veterans
Health Administration.

TABLE I. Clinical Characteristics of New Thiazide Users in FY 2004

Clinical Characteristic Chlorthalidone (n=2257) Hydrochlorothiazide (n=124,551) Statistics

Men, No. (%) 2180 (96.6%) 119,392 (95.9%) v2=2.99; DF=1; P=.084

Age, mean (SD), y 66.7 (11.4) 66.7 (11.2) t=0.08; DF=126,806; P=.96

AH failure in prior year, No. (%) 618 (27.4%) 29,382 (23.6%) v2=17.6; DF=1; P<.001

Thiazide monotherapy, No. (%)a 221 (9.8%) 20,943 (16.8%) v2=78.6; DF=1; P<.001

K-sparing at index, No. (%) 34 (1.5) 14,343 (11.5) v2=221; DF=1; P<.001

Concurrent AH started, No. (%) 576 (25.5) 19,290 (15.5) v2=169; DF=1; P<.001

Ongoing AH drug therapy, No. (%) v2=33.9; DF=3; P<.001

None 466 (20.6) 29,310 (23.5)

1 886 (39.3) 51,178 (41.1)

2 635 (28.1) 32,862 (26.4)

�3 270 (12.0) 11,201 (9.0)

Initial thiazide dose, No. (%) v2=302; DF=2; P<.001

Micro (�12.5 mg) 638 (28.3) 58,118 (46.7)

Low (12.5 mg<dose �25 mg) 1509 (66.9) 61,722 (49.6)

High (>25 mg) 110 (4.9) 4711 (3.8)

Abbreviations: AH, antihypertensive drug; DF, degrees of freedom; FY, fiscal year; K-sparing, potassium-sparing diuretic (eg, spironolactone, amilo-
ride, triamterene); SD, standard deviation. aThiazide monotherapy indicates no active AH drugs at baseline and no new AH drugs started concur-
rently with the thiazide.
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nonpersistence, compared with HCTZ (odds ratio
[OR], 1.60; 95% confidence interval [CI], 1.47–
1.75), and this relationship remained consistent after
statistical adjustment (OR, 1.62; 95% CI, 1.48–
1.76) (Table III). Other factors that were indepen-
dently associated with thiazide nonpersistence
included female sex, age, prior antihypertensive fail-
ure, concurrent antihypertensive initiation, use of a
potassium-sparing diuretic, and initial thiazide dose.
The number of antihypertensives used in ongoing
pharmacotherapy was U-shaped, where the lowest
risk for nonpersistence was observed for patients

receiving 1 or 2 agents, with elevated risk among
patients with no ongoing hypertension treatment
and those taking multiple antihypertensives (�3).
The FY 2006 replication analysis yielded highly con-
sistent findings, where the adjusted likelihood of
nonpersistence remained significantly elevated for
chlorthalidone compared with HCTZ (OR, 1.49;
95% CI, 1.37–1.62).

Independent predictors of insufficient treatment
response among thiazide-persistent patients are pre-
sented in Table IV. For this outcome, chlorthalidone
use was less likely to be associated with an insufficient

Primary Analysis, FY 2004
Chlorthalidone, N = 2 257

Hydrochlorothiazide, N = 124 551

Persistence: persistent thiazide use 
over the course of the one-year follow-
up period

Chlorthalidone: 
1 400 / 2 257 (62.0%)

Hydrochlorothiazide:           
90 138 / 124 551 (72.4%)

χ2=118; DF=1; p<0.001

Adequate Response: among thiazide 
persistent patients, no new
antihypertensive medications were 
added during the one-year follow-up 
period

Chlorthalidone: 
1 069 / 1 400 (76.4%)

Hydrochlorothiazide:           
63 151 / 90 138 (70.1%)

χ2=26.1; DF=1; p<0.001

Composite Treatment Response: 
persistent thiazide use and no new 
antihypertensive medications added 
during the one-year follow-up period

Chlorthalidone: 
1 069 / 2 257 (47.4%)

Hydrochlorothiazide:           
63 151 / 124 551 (50.7%)

χ2=9.9; DF=1; p=0.002

FIGURE 2. Unadjusted frequency of primary and composite treatment outcomes.

TABLE II. Time Course of Nonpersistence and Insufficient Response

Time course group Overall Chlorthalidone Hydrochlorothiazide

Nonpersistence, No.a 35,270 857 34,413

After single fill 13,370 (37.9%) 316 (36.9%) 13,054 (37.9%)

Two fills, but within 180 days 11,002 (31.2%) 298 (34.8%) 10,704 (31.1%)

Within 1 y 10,898 (30.9%) 243 (28.4%) 10,655 (31.0%)

Inadequate response, No.b 27,318 331 26,987

15–30 d 1900 (7.0%) 27 (8.2%) 1927 (7.1%)

31–90 d 5529 (20.2%) 71 (21.5%) 5458 (20.2%)

91–180 d 7216 (26.4%) 81 (24.4%) 7135 (26.4%)

181–365 d 12,646 (46.3%) 152 (45.9%) 12,494 (46.3%)

aTest for difference in time course distribution between hydrochlorothiazide and chlorthalidone: v2=5.7; degrees of freedom (DF)=2; P=.0580. bTest
for difference in time course distribution between hydrochlorothiazide and chlorthalidone: v2=1.31; DF=3; P=.7268.
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treatment response, compared with HCTZ (OR, 0.71;
95% CI, 0.63–0.80). Of note, greater thiazide adher-
ence was independently protective against insufficient

treatment response (OR, 0.85; 95% CI, 0.83–0.87).
The FY 2006 replication analysis yielded highly consis-
tent findings, where the adjusted likelihood of insuffi-

TABLE III. Predictors of Thiazide Nonpersistence

Primary Analysis, FY 2004 (N=126,808) Replication Analysis, FY 2006 (N=113,994)

Clinical Characteristic

Univariate Models

OR (95% CI)a
Adjusted Model

OR (95% CI)b
Adjusted Model

OR (95% CI)b

Chlorthalidone 1.60 (1.47–1.75) 1.62 (1.48–1.76) 1.49 (1.37–1.62)

Women 1.05 (0.99–1.12) 1.11 (1.04–1.18) 1.15 (1.074–1.22)

Age 1.009 (1.008–1.010) 1.010 (1.009–1.011) 1.014 (1.013–1.015)

AH failure in prior year

None Reference Reference Reference

�1 1.04 (1.01–1.07) 1.02 (0.98–1.05) 1.04 (1.01–1.08)

�2 1.22 (1.14–1.29) 1.19 (1.12–1.27) 1.15 (1.08–1.22)

K-sparing at index 1.23 (1.19–1.28) 1.19 (1.15–1.24) 1.20 (1.14–1.25)

Concurrent AH started 1.11 (1.07–1.15) 1.05 (1.01–1.09) 1.01 (0.97–1.04)

Ongoing AH drug therapy

None 1.15 (1.12–1.19) 1.17 (1.14–1.21) 1.20 (1.16–1.24)

1 or 2 Reference Reference Reference

�3 1.13 (1.08–1.18) 1.10 (1.06–1.15) 1.07 (1.02–1.11)

Initial thiazide dose

Micro (�12.5 mg) 0.95 (0.93–0.97) 0.95 (0.93–0.97) 0.96 (0.94–0.99)

Low (12.5 mg<dose �25 mg) Reference Reference Reference

High (>25 mg) 1.19 (1.120–1.27) 1.19 (1.11–1.26) 1.07 (1.00–1.16)

Abbreviations: AH, antihypertensive drug; FY, fiscal year; K-sparing, potassium-sparing diuretic (eg, spironolactone, amiloride, triamterene). aOdds
ratios (ORs) and 95% confidence intervals (CIs) for univariate models separately examining the association between nonpersistence and each
individual clinical characteristic. bORs and 95% CIs for a single multivariable logistic regression model controlling for all clinical characteristics
specified in the Table.

TABLE IV. Predictors of Insufficient Response Among Thiazide-Persistent Patients

Primary Analysis, FY 2004 (N=91,538) Replication Analysis, FY 2006 (N=82,230)

Clinical Characteristic

Univariate Models

OR (95% CI)a
Adjusted Model

OR (95% CI)b
Adjusted Model

OR (95% CI)b

Chlorthalidone 0.73 (0.64–0.82) 0.71 (0.63–0.80) 0.72 (0.63–0.81)

Women 0.88 (0.81–0.94) 0.79 (0.73–0.85) 0.76 (0.71–0.83)

Age 0.995 (0.994–0.996) 0.996 (0.995–0.997) 0.995 (0.993–0.996)

AH failure in prior year

None Reference Reference Reference

�1 1.35 (1.31–1.40) 1.40 (1.35–1.45) 1.32 (1.27–1.37)

�2 1.26 (1.18–1.36) 1.28 (1.19–1.37) 1.20 (1.12–1.29)

K-sparing at index 0.90 (0.86–0.94) 0.77 (0.73–0.81) 0.78 (0.74–0.83)

Concurrent AH started 0.85 (0.82–0.89) 0.72 (0.69–0.75) 0.71 (0.68–0.74)

Ongoing AH drug therapy

None 1.29 (1.25–1.33) 1.34 (1.29–1.39) 1.40 (1.35–1.45)

1 or 2 Reference Reference Reference

�3 0.90 (0.85–0.95) 0.88 (0.84–0.93) 0.90 (0.85–0.95)

Initial thiazide dose

Micro (�12.5 mg) 0.83 (0.81–0.86) 0.83 (0.81–0.86) 0.80 (0.780–0.83)

Low (12.5 mg< dose �25 mg) Reference Reference Reference

High (>25 mg) 1.00 (0.93–1.08) 1.05 (0.97–1.13) 1.11 (1.02–1.21)

Adherencec 0.85 (0.83–0.87) 0.85 (0.83–0.87) 0.84 (0.82–0.87)

Abbreviations: AH, antihypertensive drug; FY, fiscal year; K-sparing, potassium-sparing diuretic (eg, spironolactone, amiloride, triamterene). aOdds
ratios (ORs) and 95% confidence intervals (CIs) for univariate models separately examining the association between insufficient response and each
individual clinical characteristic. bORs and 95% CIs for a single multivariable logistic regression model controlling for all clinical characteristics
specified in the Table. cAdherence measured by 1 MED-OUT.9
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cient treatment response remained significantly lower
for chlorthalidone compared with HCTZ (OR, 0.72;
95% CI, 0.63–0.81).

Sensitivity Analyses
The primary analyses were conducted using similar
dosing categories for chlorthalidone and HCTZ. How-
ever, because there is evidence that chlorthalidone is
approximately twice as potent as HCTZ, we
conducted sensitivity analyses using an alternative
potency assumption of chlorthalidone being twice as
potent as HCTZ. Two different approaches were used:
(1) a continuous dose variable, where dose was
adjusted for the chlorthalidone group to account for
the potency difference; and (2) separate dosing thresh-
olds for chlorthalidone and HCTZ for the micro-,
low-, and high-dose categories. Both approaches pro-
duced numerically different parameter estimates for
the main effect (ie, chlorthalidone vs HCTZ), but
these differences were not outside the bounds of the
95% CI of the primary analysis (ie, the sensitivity
analyses did not yield statistically different results).
Similarly, the sensitivity analyses yielded slightly differ-
ent parameter estimates across the covariates in the
multivariable models, but the overall results were
unaltered (data not shown).

DISCUSSION
The comparative effectiveness of HCTZ and chlorthal-
idone is a key question in hypertension management,
and our study is the first to investigate the question
using a real-world cohort of thiazide users. We found
that patients are more likely to remain persistent with
HCTZ than chlorthalidone following initiation of
either agent. However, for those who remain persis-
tent on chlorthalidone, there is an apparent efficacy
advantage in that they are less likely to require further
additional antihypertensives. Our study was conducted
in a national sample comprising more than 125,000
patients, and findings remained consistent when the
analysis was replicated in a separate cohort using iden-
tical methods.

There are several potential explanations for lower per-
sistence rates among patients initiating chlorthalidone.
The most direct interpretation is that HCTZ is better tol-
erated than chlorthalidone. However, this observation is
complicated by several factors, including differences in
dosing and potency and in the selection bias of which
patients are prescribed chlorthalidone. Historically,
HCTZ was often used at doses in excess of 50 mg ⁄ d, but
contemporary once-daily administration of 12.5 to
25 mg ⁄ d produces lower rates of electrolyte distur-
bances and other adverse events.1 Chlorthalidone is
about twice as potent as HCTZ at these contemporary
doses.10 Despite this potency difference, chlorthalidone
starters in our cohort received significantly higher initial
doses than those initiating HCTZ. Moreover, HCTZ
users were more likely to be prescribed a concurrent
potassium-sparing diuretic, which may have protected

against electrolyte disturbances. While we attempted to
control for differences in dosing and potassium-sparing
diuretic use, residual confounding could partially
explain our findings. Differences in persistence rates
could also reflect the tendency of prescribers to reserve
chlorthalidone for more difficult-to-treat patients, who
may have treatment-refractory hypertension and be at
higher risk for adverse effects. This assertion was sup-
ported in our cohort, as chlorthalidone starters were tak-
ing more antihypertensive medications, were more likely
to have another antihypertensive agent started concur-
rently, and were more likely to have previous antihyper-
tensive treatment failure. We adjusted for known
sources of selection bias, but randomization is the only
methodological tool that can fully annul these biases.

Among thiazide-persistent patients, chlorthalidone
demonstrated a clinical advantage over HCTZ, as fewer
patients required additional antihypertensive medica-
tions during the first year of thiazide therapy. This find-
ing contributes to a growing body of literature
suggesting that chlorthalidone may be more effective
because of a longer half-life and more prolonged dura-
tion of action, greater effect in lowering nighttime BP, or
possible pleiotropic effects unrelated to BP.2–5,11,12

Answering the question of whether to use HCTZ or
chlorthalidone may seem relatively insignificant; how-
ever, hypertension affects one quarter to one third of
adults, and approximately 32% of patients with hyper-
tension are prescribed thiazide diuretics.13, 14 Small clini-
cal differences could therefore translate into meaningful
effects on millions of individuals.

LIMITATIONS
We acknowledge several important limitations of our
analysis. The lack of a randomized design increases the
potential for bias and unmeasured confounding,
although our findings are strengthened by the multivari-
able and replication analyses. Furthermore, the direc-
tion of the selection bias we observed from known
confounding factors, such as initial dosing and concur-
rent use of potassium-sparing diuretics, was toward
finding a better composite outcome in patients starting
HCTZ. If confounding due to unknown factors fol-
lowed the same directionality, it is likely that the higher
persistence observed among HCTZ users may be at least
partly attributable to selection bias. However, applying
this same directionality suggests that the greater efficacy
of chlorthalidone among medication-persistent patients
is not due to selection bias and may actually be underes-
timated in this observational cohort. A second potential
limitation is that we did not assess actual BP control
rates or cardiovascular-related end points. Determina-
tion of BP control utilizing electronic records has been
shown to differ by almost 25% from actual visits under
research protocol,15 while comparing long-term cardio-
vascular outcomes in observational studies of hyperten-
sion is particularly difficult because of frequent and
unrestricted medication exposures. As an example,
more than 50% of patients initially treated with a thia-
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zide in our cohort discontinued the drug or were started
on a new antihypertensive within just 1 year.

While a randomized controlled design would clearly
be superior in determining the comparative efficacy or
effectiveness of HCTZ vs chlorthalidone, sample size
and cost considerations make this unlikely to occur,
and the external validity of such a study may suffer if
the treatment arms are not constructed in a way that
reflects how care is actually delivered in practice. In
the absence of these data, pragmatic designs such as
ours focusing on the real-world utilization of these
agents are a viable alternative for exploring the
comparative effectiveness of these agents.

CONCLUSIONS
Our study provides real-world clinical data supporting
the premise that chlorthalidone is more effective
among patients who remain persistent on the drug.
However, this advantage may be offset from an
effectiveness standpoint given underlying barriers to
prescribing chlorthalidone, as well as in the selection
biases in how it is used clinically. We suggest that
future studies focus on strategies to optimize how
chlorthalidone is prescribed in clinical practice in
order to increase its real-world effectiveness.
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