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1 | INTRODUCTION

Abstract

This post hoc analysis of the Systolic Blood Pressure Intervention Trial (SPRINT) ex-
amined the performance of chlorthalidone (C) versus amlodipine (A) monotherapies.
ANOVA was used to analyze the differences in systolic blood pressure (SBP) response
between C and A. Logistic regression was used to examine monotherapy failure (add-
ing a second antihypertensive agent or switching to a different antihypertensive
agent) rates. Four hundred ninety-one participants were treated with C monotherapy
(n =210, mean dose = 22 mg/day) or A monotherapy (n = 281, mean dose = 7 mg/day).
There was a significant difference in mean SBP reduction between the C and A mono-
therapies at the third visit (higher reduction with A, adjusted p = .018). Unadjusted
analysis showed a higher failure with C in the standard treatment group. Although
the average SBP at failure was higher and above the 140 mm Hg cutoff that indicated
monotherapy failure with A (142.60) compared with C (138.40), more participants on
C failed despite having SBP below the 140 cutoff. This was probably due to decisions
made by the investigative teams to change the antihypertensive regimen, because, in
their opinion, the clinical picture required it. After adjusting for baseline characteris-
tics, C had higher failure than A only in the standard treatment group (1.64 odds ratio
[OR], 95% CI 1.06-2.56, p = .028). A sub-analysis including participants who had never
used antihypertensive treatment before randomization had similar results (2.57 OR,
95% Cl 1.34-5.02, p = .004). Overall, in SPRINT chlorthalidone was associated with
higher monotherapy failure than amlodipine in the standard treatment group because

of decisions of the investigative teams.

renal complications, and death and is responsible for a significant

proportion of health care expenditures in the United States.'™
Hypertension is a highly prevalent condition that is associated Normalizing blood pressure at any stage can reduce these risks.>®

with an increased risk for cardiovascular (CV), cerebrovascular, For patients with stage 1 hypertension and an estimated 10-year
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atherosclerotic cardiovascular disease risk of 10% or higher,
the 2017 ACC/AHA guidelines recommend monotherapy with
angiotensin-converting enzyme inhibitors, angiotensin-receptor
blockers, “thiazide or thiazide-type” diuretics, or calcium channel
blockers.” Out of the available options, chlorthalidone and am-
lodipine are two once daily monotherapies that are supported by
several studies.®'? Chlorthalidone, a thiazide-type diuretic that
acts at the distal convoluted tubule in the nephrons to block the so-
dium chloride symporter to promote diuresis, has a bioavailability
of about 60% and elimination half-life of 45-60 h.*** Amlodipine,
a third-generation dihydropyridine calcium channel blocker that
acts at the voltage-dependent L-type calcium channels to inhibit
calcium ion influx into vascular smooth muscle and promote vaso-
dilation, has a 60%-80% bioavailability and elimination half-life of
40-60 h.1®

However, there are few studies that compared the effective-
ness of chlorthalidone and amlodipine monotherapies.®17® The
Systolic Blood Pressure Intervention Trial (SPRINT) presents an
opportunity to compare these two agents. In the trial, “chlor-
thalidone was encouraged as the primary thiazide-type diuretic,
and amlodipine as the preferred calcium channel blocker.”*?
Furthermore, prior studies are limited by their low numbers of
participants and analyses of data that included participants who
were no longer on monotherapy. We compared the efficacy and
safety of monotherapy with amlodipine and chlorthalidone in the
SPRINT trial.X?

2 | METHODS

2.1 | Data source and participant selection

We used SPRINT data from the Biologic Specimen and Data
Repository Information Coordinating Center (BioLINCC) of the
National Heart, Lung, and Blood Institute.?® Although this manu-
script is based on SPRINT data, it does not represent the SPRINT
trial. SPRINT was a NIH sponsored study that examined the ef-
fect of intensive treatment (SBP target of <120 mm Hg) versus
standard treatment (SBP target of <140 mm Hg) on CV events
and mortality.19 SPRINT participants were at least 50 years old
with a SBP of 130-180 mm Hg and had an increased risk of CV
events. Participants with diabetes mellitus or prior stroke were
excluded. Participants had follow-up visits once every month
for the first 3 months, and every 3 months thereafter. More de-
tails on SPRINT inclusion and exclusion criteria along with study
design and treatment protocols can be found elsewhere.:?1:22
In this study, SPRINT participants were on either amlodipine or
chlorthalidone monotherapy at randomization and participants
who were on two or more antihypertensive medications or on
monotherapy with a medication other than amlodipine or chlo-
rthalidone at randomization were excluded. The Rutgers Robert
Wood Johnson Medical School Institutional Review Board has ap-
proved this study.

2.2 | Outcomes and variables
The primary efficacy outcomes were SBP response and monother-
apy failure rate. Monotherapy failure was defined as the addition
of a second medication or switching to a different antihyperten-
sive medication. The primary safety outcome was the occurrence
of the following SPRINT prespecified adverse events: hypotension,
syncope, injurious falls, electrolyte abnormalities, bradycardia, and
acute kidney injury/failure.19

Information on the following variables was included: age, sex,
race/ethnicity, baseline SBP, comorbidities, body mass index (BMI),
smoking, alcohol use, family history of CV disease (CVD), and history

of antihypertensive medication use prior to randomization.

2.3 | Statistical analysis

Comparisons of the baseline characteristics of the amlodipine
and chlorthalidone groups were made using Pearson's chi-square
test with Yates' continuity correction. For low cell counts, Fisher's
exact test was used. Differences in continuous variables were as-
sessed using T tests. Kaplan-Meier curves for monotherapy failure
rates within 105 days from randomization were computed. Logistic
regression was used to determine the probability of a participant
being on chlorthalidone based on baseline SBP, SPRINT treatment
group assignment, BMI, history of myocardial infarction, race, sex,
age, Hispanic ethnicity, atrial fibrillation, kidney infection, cancer,
history of smoking, and history of antihypertensive medication
use. The probability was used as a propensity score. Differences in
monotherapy failure rates at Visit 1, 2, and 3 were analyzed for the
standard and intensive treatment groups using logistic regression
adjusting for the factors in the propensity score, and the model was
weighted using inverse propensity score weighting. A sub-analysis
of antihypertensive treatment-naive participants in the standard and
intensive treatment groups was performed with similar analytical
methods (excluding history of antihypertensive medication use from
the propensity score). Differences in SBP between amlodipine and
chlorthalidone were analyzed using standard ANOVA with adjust-
ments for the factors mentioned above and weighted using inverse

propensity score weighting.

3 | RESULTS

3.1 | Participant characteristics

Table 1 displays other baseline demographic and clinical character-
istics. Table 2 summarizes the comorbidities in each group. There
were no statistically significant differences in baseline comorbidi-
ties. There were 491 participants (5.25% of the SPRINT participants)
in this study who were on either amlodipine monotherapy (N = 281)
or chlorthalidone monotherapy (N = 210) at randomization in the
SPRINT trial. In the amlodipine monotherapy group, the mean age
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TABLE 1 Differencesin demographics

and characteristics in amlodipine and X auicdlPlne S UL

chlorthalidone Variable (N =281) (N =210) p-value
Mean age + SD in years 67.6 +9.5 64.2+89 <.001
Male 196 (70%) 150 (71%) 762
White 166 (59%) 131 (62%) .517
Black 105 (37%) 70 (33%) 408
Other 10 (4%) 9 (4%) .860
Non-hispanic 261 (93%) 204 (97%) .06
Mean body mass index kg/m? 28.1 29.6 .002
Use of alcohol 14 (5%) 9 (4%) .884
Family history of CVD 161 (57%) 117 (56%) 44
History of smoking 150 (53%) 129 (61%) 178
Non-hypertensive medication 34 (12%) 33 (16%) .319
Mean SBP mm Hg at randomization 138.2 144.1 <.001
Intensive treatment group 105 (37%) 126 (60%) <.001
History of antihypertensive use® 211 (75%) 34 (16%) <.001

Abbreviations: CVD, cardiovascular disease; SBP, systolic blood pressure; SD, standard deviation.

2Any hypertensive medication before randomization.

TABLE 2 Differences in comorbidities for amlodipine and
chlorthalidone

Amlodipine Chlorthalidone

Variables (N =281) (N =210) p-value
Atrial fibrillation 9 (3.21%) 4(1.9%) .543
Angina 11 (3.91%) 3(1.43%) 173
Myocardial infarction 10 (3.56%) 4(1.9%) 415
Ulcer 18 (6.41%) 14 (6.67%) 1
Crohns 6(2.14%) 4 (1.9%) 1
Diverticulitis 20 (7.12%) 9 (4.29%) 261
Gallbladder 16 (5.69%) 10 (4.76%) .801
Kidney infection 33(11.74%) 21 (10%) .642
Benign prostatic 46 (16.37%) 31 (14.76%) 719

hyperplasia
Osteoarthritis 69 (24.64%) 42 (20%) 269
Rheumatoid arthritis 24 (8.54%) 3(6.19%) 422
Gout 28 (9.96%) 11 (5.24%) .081
Peripheral vascular 9 (3.2%) 4 (1.9%) .547

disease
Transient ischemic 6(2.14%) 1(0.48%) .25

attack
Anemia 40 (14.23%) 2(10.48%) .27
Low back pain 119 (42.35%)  75(35.71%) 163
Cataracts 83(29.54%) 0(23.81%) 19
Depression 59 (21%) 4 (21.05%) 1
Anxiety 22(7.83%) 19 (9.05%) 751

was 67.6 years (standard deviation [SD] 9.5 years) and 70% were
male. In the chlorthalidone monotherapy group, the mean age
(SD) was lower (64.2 [8.9] years, p < .001) and 71% were male. The

chlorthalidone monotherapy group had a higher mean baseline SBP
than the amlodipine monotherapy group (144 mm Hg vs. 138 mm
Hg, p <.001).

A higher proportion of the chlorthalidone participants were
in the intensive group compared with the amlodipine participants
(60% vs. 37%, p < .001). The chlorthalidone monotherapy group
had a higher mean baseline BMI than the amlodipine monotherapy
group (30 vs. 28, p < .001). Also, the chlorthalidone monotherapy
group had a lower proportion of participants with a history of an-
tihypertensive medication use before randomization (16% vs. 75%,
p <.001).

3.2 | Blood pressure response

At randomization, amlodipine monotherapy was prescribed at a
mean dose of 7 mg/day (median 5 mg with an interquartile range of
5-10 mg) and chlorthalidone monotherapy was prescribed at a mean
dose of 22 mg/day (median 25 mg with aninterquartile range of 12.5-
25 mg). Both monotherapy regimens lead to reductions in mean SBP
in all groups, which is shown in Figures 1 and 2. Overall, differences
in mean SBP reduction between the amlodipine and chlorthalidone
monotherapies were significant at the third visit (adjusted p = .018).
In the antihypertensive treatment-naive participants, however, this

difference was not significant (adjusted p = .256).

3.3 | Monotherapy failure rates

Table 3 shows the number of participants who were still on mono-
therapy at the end of each visit. At the end of the third visit, the
following percent of participants were still on monotherapy:
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FIGURE 1 Weighted Mean Change

in Systolic Blood Pressure (SBP) from
randomization at each of the first three
monthly visits in participants while

on monotherapy. By the third visit,
difference in weighted mean change

in SBP between chlorthalidone and
amlodipine monotherapies was significant.
The following are the differences in
weight mean change in SBP between
chlorthalidone and amlodipine for visit 1,
visit 2, and visit 3:1.30 mm Hg (p =.2130),
0.50 mm Hg (p = .7666), and -5.76 mm Hg
(p=.018)

Third Visit

chlorthalidone standard (56.0%) vs. amlodipine standard (79.5%),
and chlorthalidone intensive (26.2%) vs. amlodipine intensive
(37.1%). In the antihypertensive treatment-naive participants, the
following percent of participants at the end of the third visit were
still on monotherapy: chlorthalidone standard (48.5%) vs. amlodi-
pine standard (73.3%), and chlorthalidone intensive (24.1%) vs. am-
lodipine intensive (25.0%). In the standard group, majority of the
participants were on target SBP for both the amlodipine (A) and
chlorthalidone (C) groups. In the standard group at visit 1, 73% (125
of 171) of the A group and 75% (61 of 81) of the C group were reach-
ing their SBP target (<140 mm Hg). During Visit 2, 78% (124 of 158)
of the A group and 70% (42 of 60) of the C group were meeting
their SBP target. For visit 3, 74% (109 out of 148) of the A group
and 66% (35 of 53) of the C group were meeting their SBP target. In
the intensive group, majority of the participants were not on target
SBP. In the intensive group at visit 1, 20% (21 of 104) of the A group
and 30% (37 of 123) of the C group were meeting their SBP target
(<120 mmHg). During Visit 2, 40% (25 of 63) of the A group and 39%
(28 of 71) of the C group were meeting their SBP target. For visit 3,
50% (21 out of 42) of the A group and 45% (20 of 64) of the C group
were meeting their SBP target.

Chlorthalidone monotherapy had higher failure rates than am-
lodipine monotherapy up to the end of the third month after ran-
domization (at the end of 3 months after randomization, Figure 3).
The adjusted odds ratio (OR) comparing monotherapy failure rates
of chlorthalidone to amlodipine in the standard treatment group

at visit 3 was 1.64 (95% CI [1.06, 2.56], p = .028). The adjusted
OR comparing monotherapy failure rates of chlorthalidone to am-
lodipine in the intensive treatment group at visit 3 was 1.44 (95%
Cl [0.96, 2.17], p = .076), indicating that there were no significant
differences in failure rates between the two medications. The ad-
justed ORs for failure of chlorthalidone monotherapy versus am-
lodipine monotherapy at the end of the first visit and second visit
were 2.73 (95% CI [1.55, 4.94], p < .001) and 1.56 (95% CI [0.96,
2.53], p =.072), respectively, in the standard group. No differences
were seen in the intensive group at visit 1 (p = .787) and visit 2
(p =.765).

Figure 4 displays the distribution of the SBPs at each of the first
three monthly visits of all participants who failed monotherapy. The
following are the percent of monotherapy failing participants who
had SBP below 140 mm Hg for chlorthalidone standard vs. amlodip-
ine standard at visits 1, 2, and 3:38.1% vs. 35.7%, 62.5% vs. 60.0%,
and 42.9% vs. 41.7%, respectively. The following are the percent of
monotherapy failing participants who had SBP below 120 mm Hg
for chlorthalidone intensive vs. amlodipine intensive at visits 1, 2,
and 3:7.8% vs. 0.0%, 10.7% vs. 9.5%, and 14.29% vs. 0.0%, respec-
tively. This indicates that in the standard groups for both chlorthali-
done and amlodipine monotherapies there were large proportions of
monotherapy failing participants who were reaching the target SBP
(<140 mm Hg). Furthermore, although the average SBP at failure was
higher and above the 140 mm Hg cutoff that indicated monother-
apy failure with amlodipine (142.60) compared with chlorthalidone
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FIGURE 2 Weighted Mean Change
in Systolic Blood Pressure (SBP) from o
randomization at each of the first three a4
monthly visits in antihypertensive
treatment-naive participants while

on monotherapy. By the third visit,
difference in mean change in SBP
between chlorthalidone and amlodipine
monotherapies was not significant.

The following are the differences in
weight mean change in SBP between
chlorthalidone and amlodipine for visit 1,
visit 2, and visit 3:6.23 mm Hg (p =< .001),
1.56 mm Hg (p = .586), and -5.07 mm Hg
(b =.256)

mm Hg

Weighted Mean Change in SBP from Randomization by Visit in Treatment Naive Participa

First Visit

E Amlodipine B Chlorthalidone

Second Visit
Visit Number

Third Visit

TABLE 3 Participants still on monotherapy by end of specified visit

All participants

Group At randomization N = 491
Chlorthalidone standard 84
Chlorthalidone intensive 126
Amlodipine standard 176
Amlodipine intensive 105

Antihypertensive treatment-naive participants

At visit 1 N = 366

Atvisit 2 N =299 At visit 3N = 259

62 54 47
75 a7 33
162 152 140
67 46 39

Group At randomization N = 246
Chlorthalidone standard 68
Chlorthalidone intensive 108
Amlodipine standard 30
Amlodipine intensive 40

(138.40), more participants on chlorthalidone failed in spite of hav-
ing SBP below the 140 mm Hg cutoff.

Figure 5 shows the monotherapy failure rate curves for both
standard and intensive groups in antihypertensive treatment-naive
participants. The sub-analysis found a higher monotherapy fail-
ure rate in the chlorthalidone group (2.57 OR, 95% CI [1.34, 5.02],
p = .004) at the end of 3 months after randomization, in the stan-

dard group. In contrast, in the intensive treatment group there was

At visit 1 N = 162 Atvisit 2N = 117 Atvisit 3N =91
47 39 33
62 37 26
28 26 22
25 15 10

no statistically significant difference (1.10 OR, 95% CI [0.64, 1.88],
p =.732) in the failure rates.

3.4 | Adverse events

There was a total of 4 prespecified adverse events. In the amlodi-

pine monotherapy group, there were one acute kidney injury and
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one injurious fall. In the chlorthalidone monotherapy group, there
were two cases of hypotension.

4 | DISCUSSION

This study showed that in SPRINT chlorthalidone was associated
with a higher monotherapy failure rate than amlodipine in the stand-
ard treatment group. Although the average SBP at failure was higher
and above the 140 mm Hg cutoff that indicated monotherapy failure
with amlodipine (142.60) compared to chlorthalidone (138.40), more
participants on chlorthalidone failed in spite of having SBP below
the 140 mm Hg cutoff. The investigative teams decided to add a
second antihypertensive agent despite the participants achieving
the target SBP goal of the trial. The investigative teams probably
made these decisions because, in their opinion, the clinical picture
required it.

It is less likely that the distribution of baseline characteristics
of chlorthalidone and amlodipine monotherapy participants and
SPRINT randomization and protocol were major contributors to the
differences in monotherapy failure rates. The differences in mono-
therapy failure rates persisted in the standard treatment groups in
the adjusted analysis. In the Treatment of Mild Hypertension study,
a lower percentage of patients on chlorthalidone monotherapy
than amlodipine monotherapy was still on their initial regimen at
48 months (67.5% vs. 82.5%)."

Although the differences in mean SBP reduction were statisti-
cally significant at the third visit, the decisions of the investigative
teams were more important than the observed differences in SBP
reduction in explaining the differences in monotherapy failure
rates. The SBP responses of the chlorthalidone monotherapy group
and amlodipine monotherapy group are consistent with the litera-
ture 810161723 Fyrthermore, in the sub-analysis of antihyperten-
sive treatment-naive participants in which chlorthalidone still had a
higher failure rate, the differences in SBP reduction were not statis-
tically significant. This is consistent with the study by Grimm Jr et al,
which compared chlorthalidone versus amlodipine monotherapies
versus placebo in patients with isolated systolic hypertension, and
a study by Moes et al, which examined chlorthalidone versus am-
lodipine monotherapies in a randomized crossover trial.®¢ In both
studies, the differences in BP responses between chlorthalidone
and amlodipine were not statistically significant. The differences in
results could be due to differences in study population, study design,
starting dose, and dose titration.

The differences in monotherapy failure rates between chlortha-
lidone and amlodipine monotherapies were not statistically signifi-
cant in the intensive treatment group probably, because the range
of SBP lowering did not allow large SBP differences to occur. In the
SPRINT trial, despite an average of 2.8 BP medications, the intensive
treatment group had a mean SBP of 121.5 mm Hg throughout the
3.26 years of follow-up.'? This highlights the difficulty of achieving a
SBP lower than 120 mm Hg.
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FIGURE 4 Distribution of systolic blood pressure (SBP) at each of the first three monthly visits of all participants on amlodipine (A) or
chlorthalidone (C) monotherapies who failed monotherapy. The first-row panels are for Visit 1. The second-row panels are for Visit 2. The
third-row panels are for visit 3. The first column is for the standard group participants on A or C monotherapies. The second column is for
the intensive group participants on A or C monotherapies. For the standard group participants on A or C monotherapies, at each visit, the
interquartile range (IQR) crosses below the target of 140 mm Hg (blue bar). This indicates that many participants who failed monotherapy
had SBPs that were at target. However, for the intensive group, this was not the case as the IQRs are above the 120 mm Hg target (blue bar)

Adverse events of chlorthalidone and amlodipine are more com-
mon at higher doses than those used in the SPRINT trial and those
recommended by guidelines.”?%?* As a result, in this study, each
monotherapy group had only two adverse events.

This study has limitations that are inherent to post-hoc analyses.
SPRINT participants were randomized to standard or intensive SBP
targets, and the investigative teams were able to choose any of the
protocol approved medications. Investigative teams decided how to

titrate the dose to achieve the SBP target goal. Data for dose titration
are not available. A small percentage (5.25%) of the SPRINT partici-
pants met criteria for this study. Although this manuscript is based on
SPRINT data, it does not represent the SPRINT trial. However, this
study has numerous strengths. This study had a significantly higher
number of participants on chlorthalidone or amlodipine monothera-
pies compared with the other studies mentioned above. These other
studies required participants to have a minimum SBP of 140 mm
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Hg, which is Stage 2 hypertension where treatment with combina- ACKNOWLEDGEMENTS
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