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ABSTRACT

BACKGROUND: Chlorthalidone has proven efficacy to reduce cardiovascular morbidity and mortality, yet
it is infrequently used in practice. This study provides a direct comparison of chlorthalidone with
hydrochlorothiazide, each combined with the angiotensin receptor blocker azilsartan medoxomil, on blood
pressure reduction and control rates.
METHODS: This is a randomized, double-blind, titrate-to-target blood pressure trial comparing the single-
pill combination of azilsartan medoxomil and chlorthalidone versus co-administration of azilsartan med-
oxomil and hydrochlorothiazide in participants with stage 2 primary hypertension. After 2 weeks of
treatment with azilsartan medoxomil 40 mg alone, all participants also received 12.5 mg of diuretic for 4
weeks (up to week 6) and were titrated to 25 mg for another 4 weeks (up to week 10) if they failed to
achieve target blood pressure. The primary end point was change in clinic systolic blood pressure. Target
blood pressure was defined as clinic blood pressure �140/90 mm Hg for participants without diabetes or
chronic kidney disease or �130/80 mm Hg for participants with diabetes or chronic kidney disease.
RESULTS: The mean age of the 609 participants was 56.4 years, and the mean baseline clinic blood pressure was
164.6/95.4 mm Hg. The primary end point analysis at week 6 demonstrated a greater reduction of clinic systolic
blood pressure for the chlorthalidone (�35.1 mm Hg) versus hydrochlorothiazide combination (�29.5 mm Hg)
mean difference, �5.6 mm Hg; 95% confidence interval, �8.3 to �2.9; P �.001). The mean difference in
4-hour ambulatory systolic blood pressure at week 6 was �5.8 mm Hg (95% confidence interval, �8.4 to
3.2; P �.001), favoring the azilsartan medoxomil/chlorthalidone group. The percentage of participants achieving

arget clinic blood pressure at week 6 was greater for the chlorthalidone versus hydrochlorothiazide combination
64.1% vs 45.9%, P �.001). Drug discontinuations due to adverse events were not statistically significantly
ifferent between groups (9.3% vs 7.3%, P � .38), and hypokalemia was uncommon in both groups.
ONCLUSIONS: Chlorthalidone combined with azilsartan medoxomil provides better blood pressure re-
uction and a higher likelihood of achieving blood pressure control than hydrochlorothiazide combined
ith azilsartan medoxomil. This benefit occurred without a difference in safety measurements.
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Although blood pressure control rates have improved
over the past decade,1 achievement of blood pressure

oals continues to be challenging in clinical practice. A
umber of inroads to improve hypertension control have
ccurred with the earlier initiation of combination ther-
py in the course of disease,2 as outlined in updated
uidelines from around the world.3-6 The use of combi-
ation therapy as an initial approach to treat hypertension

as finally gained acceptance worldwide.

http://ClinicalTrials.gov
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Most guidelines suggest thiazide-type diuretics with a
blocker of the renin-angiotensin-aldosterone system as an
initial therapy to help achieve blood pressure goals. Al-
though the majority of outcome trials documenting cardio-
vascular event risk reduction in patients with hypertension
are with chlorthalidone, hydro-
chlorothiazide has been the di-
uretic most commonly prescribed
by physicians and included in
most diuretic renin-angiotensin-
aldosterone system blocker single-
pill combinations.6

There are many pharmacologic
and clinical differences between
hydrochlorothiazide and chlorthali-
done, as outlined in recent stud-
ies.7,8 In particular, chlorthali-

one, including its metabolites,
as a longer half-life8,9 than hy-

drochlorothiazide and its metab-
olites. Thus, data using ambula-
tory blood pressure monitoring
demonstrate superior blood pres-
sure control of chlorthalidone
over hydrochlorothiazide.8

Azilsartan medoxomil is a novel
renin-angiotensin-aldosterone sys-
tem blocker that demonstrates supe-
riority on 24-hour blood pressure control over 2 other angio-
tensin receptor blockers.10-12 The current study examines the
effects of combining azilsartan medoxomil with hydrochlo-
rothiazide or chlorthalidone on blood pressure reduction, con-
trol rates, and safety and tolerability.

MATERIALS AND METHODS

Study Design
This was a 10-week, randomized, double-blind, double-dummy,
titrate-to-target blood pressure study comparing the antihyperten-
sive efficacy and safety of a single-pill combination containing
azilsartan medoxomil and chlorthalidone with the co-administra-
tion of azilsartan medoxomil and hydrochlorothiazide in partici-
pants with primary hypertension (Figure 1).

Randomization and Masking
Before randomization, all participants received 2 weeks of
single-blind treatment with placebo only. Previously treated
participants stopped taking their antihypertensive medica-
tions 1 to 2 weeks before the placebo run-in, resulting in a
3- to 4-week washout of other blood pressure-lowering
agents. After the washout/run-in was complete, participants
were randomized using an interactive voice-activated re-
sponse system. Eligible participants were randomized and
initially received 2 weeks of single-blind treatment with
azilsartan medoxomil 40 mg once per day. Participants were
instructed to dose their study medication once daily in the
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morning with or without food. At the end of 2 weeks,
participants received their randomized, double-blind, dou-
ble-dummy treatment for 8 weeks: azilsartan medoxomil/
chlorthalidone 40/12.5 mg¡ 40/25 mg titration strategy or
azilsartan medoxomil � hydrochlorothiazide 40/12.5 mg¡
40/25 mg titration strategy. At the end of week 6, investi-

gators were instructed to titrate the
study drug from the initial to the
higher dose for participants who
had not achieved target blood
pressure; otherwise, participants
continued their initial dose of dou-
ble-blind treatment. The double-
dummy process and the interac-
tive voice–activated response
system were used throughout the
entire study to ensure that ran-
domized treatment was accurately
assigned and that all patients took
the same number of identically ap-
pearing pills (1 tablet and 1 cap-
sule) at each dosing interval.

Target blood pressure was de-
fined as mean trough, sitting,
clinic blood pressure �140/90
mm Hg for participants without
diabetes or chronic kidney disease
or �130/80 mm Hg for partici-
pants with diabetes or chronic kid-

ney disease. Randomization was stratified by race (ie, black
or not black). Clinic, seated blood pressure was measured at
each study visit, and ambulatory blood pressure was re-
corded at baseline, week 6, and week 10.

Study Participants
Inclusion Criteria. Participants aged �18 years with pri-

ary hypertension were recruited from 66 investigative
ites in the United States and Russia. Before initiation of
ny study procedures, each participant was informed of the
tudy details and signed an informed consent form approved
y regional institutional review boards. At randomization,
ach participant was required to have a clinic, seated sys-
olic blood pressure �160 and �190 mm Hg (stage 2
ypertension).

xclusion Criteria. These included known or suspected
econdary hypertension or severe diastolic hypertension
�119 mm Hg); severe renal impairment (estimated glo-
erular filtration rate �30 mL/min/1.73 m2); known or

suspected renal artery stenosis; clinically relevant or unsta-
ble cardiovascular diseases; poorly controlled diabetes (he-
moglobin A1c �8.0%); clinically significant hepatic abnor-
malities; and abnormal potassium levels (ie, above or below
normal range). In addition, a 24-hour ambulatory blood
pressure at baseline of insufficient quality, poor adherence
during the placebo run-in period, and night-shift work also
were exclusionary. All pregnant or nursing women and
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proved means of contraception also were excluded. Con-
comitant use of other antihypertensive agents or medica-
tions known to affect blood pressure was not permitted.

Blood Pressure Assessment
Clinic blood pressure was measured at baseline and each
post-randomization visit (weeks 2, 4, 6, 8, and 10) with a
nonautomated, mercury-free sphygmomanometer (Green-
light 300; Accoson, Harlow, UK). Three clinic blood pres-
sure measurements were obtained at 2-minute intervals ap-
proximately 24 hours after the previous dose of study
medication and after participants were seated for 5 minutes;
results of the 3 measurements were averaged. For assess-
ment of orthostatic hypotension, a single blood pressure
measurement was obtained after the participant remained
standing for 2 minutes.

Twenty-four-hour ambulatory blood pressure monitoring
was recorded with a portable, automated device (Model
90207; Spacelabs, Inc, Issaquah, Wash) during the 24 hours
before randomization, at the intermediate week 6 visit, and
after the final dose of study drug at week 10. For partici-
pants who discontinued prematurely, a final ambulatory
blood pressure monitoring was attempted if the participant
received at least 4 weeks of double-blind treatment. Ambu-
latory blood pressure monitoring was initiated immediately
after study drug administration in the clinic and was mea-

Figure 1 Study design. All participant
initiating AZL-M/CLD or AZL-M � H
diuretic dose was to be up-titrated to 25 m
achieved. *The number (percentage) of p
from 12.5 to 25 mg at week 6. ABPM � a
azilsartan medoxomil; AZL-M/CLD � azi
bination; AZL-M � HCTZ � azilsartan m
sured every 15 minutes between 6 AM and 10 PM and every
20 minutes between 10 PM and 6 AM. Minimum quality
control criteria for the ambulatory blood pressure monitor-
ing readings included a starting time of 8 AM � 2 hours, a
monitoring period of at least 24 hours, record of at least
80% of the expected blood pressure readings, no more than
2 nonconsecutive hours with �1 valid blood pressure read-
ing, and no consecutive hours with �1 valid blood pressure
reading. If a recording was unsuccessful at baseline or
week 10, the treatment period could have been extended
and the ambulatory blood pressure monitoring could have
been repeated within 4 to 5 days. If the repeat recording
failed, the ambulatory blood pressure data were consid-
ered nonevaluable.

Safety Assessments
Safety monitoring procedures included recording of adverse
events, clinical laboratory test results, vital sign measure-
ments, electrocardiogram findings, and physical examina-
tion findings. At each visit, the investigator assessed
whether the participant had experienced any adverse events,
and the participant could report events spontaneously
throughout the study. Each event was categorized as non-
serious or serious and according to whether or not it resulted
in discontinuation of treatment. Safety laboratory parame-
ters were evaluated at each visit, with key laboratory pa-
rameters including those related to renal function (serum
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creatinine ratio), electrolyte homeostasis (serum potassium,
sodium, chloride, calcium, and magnesium), and metabolic
function (serum uric acid, glucose, and lipids). In addition,
investigators were instructed to report any serum creatinine
elevation, �30% from baseline and greater than the upper
limit of normal, as an adverse event of special interest.
Participants with creatinine values elevated �50% from
baseline and greater than the upper limit of normal were to
be considered for discontinuation if confirmed by a repeat
test within 5 to 7 days.

Adherence Assessment
Because the trial design was double-blind, double-dummy,
all participants were dispensed the same number of identi-
cally appearing pills (1 tablet and 1 capsule) at each dosing
interval throughout the trial. Participants were required to
return their study medication at each clinic visit, and pill
counts were performed to document appropriate adherence,
which was defined as taking 80% to 120% of the dispensed
pills.

Statistics
End Points. The primary end point was change in trough,
eated clinic systolic blood pressure at weeks 6 and 10. The
ual time points were selected because they represent the
ffect before and after the optional titration at week 6.
econdary end points included change from baseline in
linic diastolic blood pressure and 24-hour mean systolic
nd diastolic blood pressures by ambulatory blood pressure
onitoring. Analyses also were performed on night-time

12 AM to 6 AM) and trough (last 2 hours of dosing interval,
hours 22-24) readings. The proportion of participants
achieving target blood pressure at each visit also was
evaluated.

Analysis of End Points. The primary end point was eval-
uated using an analysis of covariance with treatment as a
fixed effect and baseline clinic systolic blood pressure as a
covariate. All statistical tests were 2-sided at the 5% signif-
icance level, and results were presented with 95% confi-
dence intervals (CIs) and P values. A stepwise testing pro-
edure was used to control the type I error rate. The first
reatment test was done at week 6. If it was statistically
ignificant at a significance level of 5%, then the treatment
omparison at week 10 was performed at the 5% signifi-
ance level. Secondary clinic and ambulatory blood pres-
ure end points were analyzed with a similar statistical
odel. Analyses of the clinic blood pressure measurements
ere based on the last observation carried forward method.
logistic model with treatment as a fixed effect and base-

ine systolic blood pressure value as a covariate was used in
he analysis of responder rates; an odds ratio and its 95% CI
ere estimated. Exploratory subgroup analyses were per-

ormed for each end point by age (�65, �65 years), sex,
ace (black, white, other), baseline clinic systolic blood

ressure (less than median, median or greater), body mass g
ndex (BMI) (�30, �30 kg/m2), renal function (calculated
glomerular filtration rate �90 [normal], �60 to �90 [mild
mpairment], �30 to �60 mL/min/1.73 m2 [moderate im-

pairment]), and presence of diabetes. For these sub-
groups, post hoc analyses were performed on the primary
end point at week 6 before titration (when all participants
were receiving 12.5 mg of diuretic), using the primary
analysis model by including the subgroup as a fixed
effect to the analysis of covariance along with the treat-
ment subgroup interaction. Adverse event P values were
calculated using a 2-sided Fisher exact test without ad-
justment for multiplicity.

Sample Size. A sample size of 600 randomized participants
(300 per group) was determined sufficient to achieve at least
90% power to detect a difference of 4 mm Hg between the
azilsartan medoxomil/chlorthalidone group and the azilsar-
tan medoxomil � hydrochlorothiazide group for the pri-

ary end point of clinic systolic blood pressure by a 2-sam-
le t test, assuming a 2-sided significance level of 5%, a

standard deviation of 14 mm Hg, and a 15% dropout rate.

RESULTS

Study Participants
Participants (n � 1652) were screened at 66 sites in the
United States and Russia. Of these, 1193 participants
(72.2%) entered the single-blind placebo run-in period, and
609 participants (51%) were randomized to treatment at 63
sites; 303 and 306 participants were randomized to the
azilsartan medoxomil/chlorthalidone and azilsartan medox-
omil � hydrochlorothiazide treatment groups, respectively
(Figure 2).

Demographics
The demographic and baseline characteristics are summa-
rized in Table 1. The mean age was 56.4 years, the per-
centage of male and female participants was similar, and the
percentage of black participants was 13.8% (84). The mean
baseline clinic blood pressure at randomization before any
active treatment was 164.6/95.4 mm Hg. An analysis found
differences in 2 baseline subgroups (Table 1). When tested
for interactions with primary outcome variables, however,
there were no interactions.

Primary Outcome
The primary end point of change in clinic systolic blood
pressure before titration at week 6 demonstrated a mean
difference of �5.6 mm Hg (95% CI, �8.3 to �2.9; P �.001)
Figure 3A) in favor of azilsartan medoxomil/chlorthali-
one. After 6 weeks of treatment, participants with uncon-
rolled blood pressure were to be titrated to a higher dose of
iuretic (Figure 1). Fewer participants in the azilsartan
edoxomil/chlorthalidone group (93 [30.8%]) were titrated

han those in the azilsartan medoxomil � hydrochlorothiazide

roup (139 [45.9%]) (P �.001). Nevertheless, at the end of
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week 10, a greater mean (difference, 95% CI) systolic blood
pressure reduction was maintained in the azilsartan medox-
omil/chlorthalidone group compared with the azilsartan med-
oxomil � hydrochlorothiazide group (�5.0 mm Hg; 95% CI,
�7.5 to �2.5; P �.001) (Figure 3A).

Secondary Outcomes
Azilsartan medoxomil/chlorthalidone reduced 24-hour mean
systolic blood pressure to a significantly greater extent than
azilsartan medoxomil � hydrochlorothiazide at the end of
weeks 6 and 10 (Figure 3B). Likewise, for both clinic and
24-hour mean diastolic blood pressure, greater blood
pressure reduction also was observed in the azilsartan
medoxomil/chlorthalidone group compared with the azil-
sartan medoxomil � hydrochlorothiazide group at both
study points (Table 2). An analysis of nocturnal systolic
blood pressures between groups did not show differ-
ences; however, there were distinct differences in early
morning, trough systolic blood pressures between groups
(Figure 3C).

Azilsartan medoxomil/chlorthalidone treatment resulted
in a greater proportion of participants achieving target blood
pressure at the end of week 6 compared with azilsartan
medoxomil � hydrochlorothiazide (189 [64.1%] vs 134
[45.9%], P �.001) (Table 3). Despite the fact that more
participants were titrated to the higher diuretic dose at week
6 in the azilsartan medoxomil � hydrochlorothiazide group,

Figure 2 Disposition of participants. Data are n
single-pill combination; AZL-M � HCTZ � azilsart
a greater proportion of participants achieved target blood
pressure at the end of week 10 in the azilsartan medoxomil/
chlorthalidone group (211 [71.5%] vs 182 [62.3%], P �
.013).

For nearly all the analyzed subgroups, treatment with
azilsartan medoxomil/chlorthalidone led to greater de-
creases in clinic systolic blood pressure compared with
azilsartan medoxomil � hydrochlorothiazide at the end of
week 6 (Figure 4). We further tested for interactions, and
there was no statistical evidence (P �.10) that response to
treatment was dependent on any one of the subgroups of
age, sex, race, BMI, renal function, or diabetes. Adherence
to medications between groups showed no significant dif-
ference (289 [95.7%] for azilsartan medoxomil/chlorthali-
done and 294 [97.0%] for azilsartan medoxomil � hydro-
chlorothiazide; P � .396).

Adverse Events
The safety profiles of the azilsartan medoxomil/chlorthali-
done and azilsartan medoxomil � hydrochlorothiazide
groups were similar and are summarized in Table 4. Al-
though the frequencies of total adverse events and drug
discontinuations due to adverse events were slightly higher
in the azilsartan medoxomil/chlorthalidone group, the dif-
ferences were not significant (Table 4). The most common
adverse events accounting for study drug discontinuation
were dizziness (3 [1.0%] vs 5 [1.7%]) and increased serum
creatinine (12 [4.0%] vs 6 [2.0%]) in the azilsartan medox-

ZL-M/CLD � azilsartan medoxomil/chlorthalidone
oxomil � hydrochlorothiazide co-administered.
(%). A
omil/chlorthalidone and azilsartan medoxomil � hydro-
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chlorothiazide groups, respectively. Consecutive elevations
of serum creatinine �50% from baseline and greater than
he upper limit of normal were similar in the azilsartan
edoxomil/chlorthalidone and azilsartan medoxomil � hy-

rochlorothiazide groups (3 [1.0%] vs 1 [0.3%], respec-
ively). Serum potassium levels �3.4 mmol/L were ob-
erved in 5 participants (1.7%) and 1 participant (0.3%) in
he azilsartan medoxomil/chlorthalidone and azilsartan me-
oxomil � hydrochlorothiazide groups, respectively. There
ere 2 unwitnessed, sudden deaths of unknown cause, 1 in

ach group.

DISCUSSION
The results of this superiority study indicate that chlortha-
lidone combined with azilsartan medoxomil results in more
effective blood pressure reduction and control rates com-
pared with hydrochlorothiazide combined with azilsartan
medoxomil, at comparable doses of diuretic. This superior-
ity of azilsartan medoxomil/chlorthalidone on blood pres-

Table 1 Demographics and Baseline Character

Characteristic

Sex, n (%)
Male
Female

Age (y), mean (SD)
Age categories (y), n (%)

�45
45-64
�65

Race, n (%)
Caucasian
Black or African American
American Indian or Alaska Native
Asian
Native Hawaiian or Other Pacific
Islander
Multiple

Weight (kg), mean (SD)
BMI (kg/m2), mean (SD)
eGFR category (mL/min/1.73 m2), n (%)

Moderate impairment, �30 to �60
Mild impairment, �60 to �90
Normal, �90

Chronic kidney disease, n (%)
Diabetes, n (%)

AZL-M/CLD � azilsartan medoxomil/chlorthalidone
omil � hydrochlorothiazide co-administered; BMI � b
SD � standard deviation.

*Two-sided P value (exact) based on Pearson chi-s
†Two-sided P value based on 2-sample t test.
‡Two-sided P value (exact) based on Pearson ch

multiracial subjects not counted under each race comp
black or African American, and other. The following rac
Alaska Native, Asian, Native Hawaiian or Other Pacific
sure lowering also was evident on ambulatory blood pres-
sures after 4 weeks of combination therapy. The azilsartan
medoxomil/chlorthalidone combination is well tolerated
with a side effect profile similar to that of azilsartan med-
oxomil � hydrochlorothiazide. The use of azilsartan med-
oxomil/chlorthalidone as combination therapy is more
likely to achieve blood pressure goals compared with a
similar combination with hydrochlorothiazide.

Between group differences in systolic blood pressure of
�5 mm Hg favoring the azilsartan medoxomil/chlorthali-
done combination were observed in this study. When this
blood pressure difference is applied to large cohorts, it
would be predicted to translate into more than a 20% car-
diovascular event relative risk reduction with the azilsartan
medoxomil/chlorthalidone combination over azilsartan me-
doxomil � hydrochlorothiazide.13,14

One of the reasons chlorthalidone fell out of favor many
years ago was its proclivity to generate hypokalemia, which
may increase mortality among patients with hypertension.15

This concern was raised in the early 1980s before wide-

/CLD
303)

AZL-M � HCTZ
(N � 306) P Value

.746*
(47.9) 151 (49.3)
(52.1) 155 (50.7)
� 10.8 55.9 � 11.0 .324†

.515*
(14.2) 50 (16.3)
(62.4) 195 (63.7)
(23.4) 61 (19.9)

.037‡
(83.2) 265 (86.6)
(15.2) 38 (12.4)
(2.0) 1 (0.3)
(1.0) 2 (0.7)
(0.3) 0

(1.7) 0
� 19.2 90.6 � 19.3 .054†
(6.12) 31.8 (6.10) .026

.967†
(7.6) 24 (7.8)
(59.4) 184 (60.1)
(33.4) 98 (32.0)
(7.9) 24 (7.8) �.999*
(10.2) 35 (11.4) .696*

pill combination; AZL-M � HCTZ � azilsartan medox-
ss index; eGFR � estimated glomerular filtration rate;

est.

e test, with mutually exclusive race categories (ie,
The analysis is based on 3 race categories: Caucasian,
rouped into the “other” category: American Indian or
r, and Multiple.
istics
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71
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3
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24
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and potassium supplements and when chlorthalidone doses
averaged between 50 and 100 mg per day. In this and other
more recent trials, such high doses were shown to be un-

Figure 3 Change from baseline in (A) clinic systolic
and (C) trough (22-24 hours after dosing) systolic blood
The diuretic dose was to be up-titrated from 12.5 to 25 m
at week 6 (n [%]): 93 (30.8%) for AZL-M/CLD versus
of AZL-M/CLD versus AZL-M � HCTZ. Data are
ambulatory blood pressure monitoring; AZL-M/CLD �
AZL-M � HCTZ � azilsartan medoxomil � hydrochl

Table 2 Change From Baseline in Clinic Diastolic Blood Pressu

Study Visit AZL-M/CLD

linic diastolic pressure N � 295
Baseline 95.5 � 0.5
Week 2 �7.1 � 0.5
Week 6† �15.0 � 0.6
Week 10 �16.4 � 0.5

24-h mean diastolic pressure N � 227
Baseline 85.9 � 0.7
Week 6*† �14.7 � 0.6
Week 10 �15.2 � 0.5

AZL-M/CLD � azilsartan medoxomil/chlorthalidone single-pill com
co-administered.

Data are the least-squares mean � standard error or least-squares me
*AZL-M/CLD n � 179, AZL-M � HCTZ n � 162 at week 6 only.
†Diuretic dose was to be up-titrated from 12.5 to 25 mg for participa
for AZL-M/CLD versus 139 (45.9%) for AZL-M � HCTZ.
necessary for benefit,8,9 and thus the incidence of hypoka-
lemia is reduced. In this trial, hypokalemia was uncommon
with chlorthalidone or hydrochlorothiazide in combination

pressure and (B) 24-hour mean systolic blood pressure
ure assessed by ambulatory blood pressure monitoring.
participants who had not achieved target blood pressure
5.9%) for AZL-M � HCTZ. aP �.001 for comparison
uares mean � standard error of the mean. ABPM �
rtan medoxomil/chlorthalidone single-pill combination;
zide co-administered; SBP � systolic blood pressure.

24-Hour Mean Diastolic Blood Pressure

M � HCTZ Difference P Value

� 292
.5 � 0.6 — .972
.0 � 0.5 �1.0 (�2.5 to 0.4) .153
.2 � 0.55 �3.7 (�5.2 to �2.2) �.001
.7 � 0.5 �2.7 (�4.1 to �1.3) �.001
� 230

.5 � 0.7 — —

.9 � 0.6 �3.8 (�5.5 to �2.1) �.001

.6 � 0.5 �2.6 (�4.1 to �1.1) �.001

n; AZL-M � HCTZ � azilsartan medoxomil � hydrochlorothiazide

CI), with last observation carried forward.
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with azilsartan medoxomil and was rarely a cause of treat-
ment discontinuation.

Higher achievement of blood pressure goals, especially
in the presence of a renin-angiotensin-aldosterone system
blocker, may be associated with an acute increase in serum
creatinine. In patients with renal insufficiency, it is common
for serum creatinine to increase as much as 30% to 35%

Table 3 Proportion of Participants Achievi
Pressures by Visit

Study Visit
AZL-M/CLD
N � 295

AZL-M �
N � 292

Week 6* 189 (64.1) 134 (45.9
Week 10 211 (71.5) 182 (62.3

AZL-M/CLD � azilsartan medoxomil/chlorthalid
medoxomil � hydrochlorothiazide co-administered

Data are n (%) or odds ratio � standard error (
*Diuretic dose was to be up-titrated from 12.5

achieved. Participants who discontinued the study
observation carried forward method; therefore, t
up-titrated at week 6 (Figure 1) was lower than
participants with uncontrolled blood pressure at w

Figure 4 Subgroup analyses for chang
baseline characteristics. Closed circles (●)
AZL-M/CLD group and the AZL-M � H
was 162.7 mm Hg. Baseline estimated gl
mL/min/1.73 m2. *P �.05 versus AZL-M
from baseline. AZL-M/CLD � azilsartan
tion; AZL-M � HCTZ � azilsartan med
BMI � body mass index; CI � confid

filtration rate; SBP � systolic blood pressure; S
after initiation of angiotensin receptor blockers or angioten-
sin-converting enzyme inhibitors, especially if blood pres-
sure decreases to �140/90 mm Hg when chronically ele-
vated at � 20 to 40 mm Hg above this level.16 Patients with
chronic hypertension and subsequent endothelial dysfunc-
tion may be more susceptible to this phenomenon because
of less effective autoregulation of renal blood flow.17 How-

h Systolic and Diastolic Target Blood

Odds Ratio P Value

2.25 � 0.40 (1.59-3.17) �.001
1.57 � 0.29 (1.10-2.24) .013

gle-pill combination; AZL-M � HCTZ � azilsartan

), with last observation carried forward.
g at week 6 if target blood pressure had not been
week 6 were included in the analysis by the last
entage of participants whose diuretic dose was
be expected on the basis of the percentage of

baseline to week 6 in clinic SBP by
sent the treatment difference between the
roup. The median clinic SBP at baseline
lar filtration rate categories expressed as
TZ. Data are least-squares mean change
omil/chlorthalidone single-pill combina-
� hydrochlorothiazide co-administered;

interval; eGFR � estimated glomerular
ng Bot

HCTZ

)
)
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.
95% CI
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ever, a systematic review of clinical studies using renin-
angiotensin-aldosterone system blockade with a primary
renal outcome end point demonstrates that a sustained and
early increase of 30% to 35% in serum creatinine is asso-
ciated with a slower decline in kidney function over the next
6 to 7 years.18 Not only renin-angiotensin-aldosterone sys-
em blockade but also the magnitude of blood pressure
eduction was associated with early increases of serum
reatinine.18 This magnitude of increase in serum creatinine

has been observed in renal outcome trials in which renin-
angiotensin-aldosterone system blockers demonstrated a
marked slowing of diabetic kidney disease progression.19,20

Thus, small sustained increases in creatinine elevations may
not reflect a true adverse effect, but rather a physiologic
response to effective volume and blood pressure reduction.
In this study, investigator reports of increased serum creat-
inine of this magnitude were slightly more common with the
single-pill combination azilsartan medoxomil/chlorthali-
done than with co-administration of azilsartan medoxomil
with hydrochlorothiazide, albeit not significantly (Table 4).
However, these reports of increased creatinine were based
on single elevations and are contrasted by the relatively low
frequency of consecutive elevations, indicating that creati-
nine increases were reversible and consistent with hemody-
namic rather than structural changes in the kidney. Al-
though this study was not powered to assess the impact of
changes in serum creatinine, other long-term studies using
chlorthalidone do not demonstrate adverse renal effects.21,22

Study Limitations
A study limitation is the relatively low proportion of elderly

Table 4 Overview of Adverse Events

Event

Any adverse event
Most common adverse events (�2% in either gro

Dizziness
Serum creatinine increased*
Headache
Fatigue
Asthenia
Hypotension
Upper respiratory tract infection

Adverse events resulting in study drug discontinu
Serious adverse events

Death‡

AZL-M/CLD � azilsartan medoxomil/chlorthalidone
omil � hydrochlorothiazide co-administered.

Data are participants n (%).
*Investigators were instructed to report any serum c

upper limit of normal as an adverse event of special in
†Proportion of adverse events that resulted in pat
‡Two sudden deaths were considered not related (n

HCTZ group) to the study drug by the investigators.
(22%) and black (14%) participants. Because previous stud-
ies with azilsartan medoxomil clearly demonstrated antihy-
pertensive efficacy in black participants,12 and subgroup
analyses of chlorthalidone outcome trials have shown car-
diovascular event risk reduction in black participants with
hypertension,23 additional studies in this population will be
important.

CONCLUSIONS
Chlorthalidone in combination with azilsartan medoxomil
decreased blood pressure more effectively than hydrochlo-
rothiazide in combination with azilsartan medoxomil at
equal or higher hydrochlorothiazide doses. Furthermore,
because azilsartan medoxomil has greater efficacy com-
pared with other angiotensin receptor blockers (eg, valsar-
tan and olmesartan) on 24-hour ambulatory monitoring,10-12

the combination of this angiotensin receptor blocker with
chlorthalidone may be an effective therapeutic option to
achieve blood pressure control in patients at high cardio-
vascular risk.
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