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Abstract

Aims To compare the blood pressure (BP)-lowering efficacy of a chlorthalidone/amiloride combination pill with losartan,
during initial management of JNC 7 Stage I hypertension in patients with type 2 diabetes mellitus.

Methods In an a priori subgroup analysis of a randomized, double-blind, controlled trial, volunteers aged 30-70 years, with
stage I hypertension and diabetes mellitus, were randomized to 12.5/2.5 mg of chlorthalidone/amiloride (N=47) or 50 mg
of losartan (N=50), and followed for 18 months in 21 clinical centers. If BP remained uncontrolled after three months, study
medication dose was doubled, and if uncontrolled after six months, amlodipine (5 and 10 mg) and propranolol (40 and 80 mg
BID) were added as open label drugs in a progressive fashion.

Results Systolic BP decreased to a greater extent in participants allocated to diuretics compared to losartan (P <0.001).
After 18 months of follow-up, systolic BP was 128.4 +10.3 mmHg in the diuretic group versus 133.5 + 8.0 in the losartan
group (P <0.01). In the diuretic group, 36 out of 43 participants (83.7%) had a JNC 7 normal BP, compared to 31/47 (66%)
in the losartan group (P =0.089). Serum cholesterol was higher in the diuretic arm at the end of the trial. Other biochemical
parameters and reports of adverse events did not differ by treatment.

Conclusions Treatment of hypertension based on a combination of chlorthalidone and amiloride is more effective for BP
lowering compared to losartan in patients with diabetes mellitus and hypertension.

Trial registration Clinical trials registration number: NCT00971165
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Introduction

The European Society of Cardiology (ESC)/European Soci-
ety of Hypertension (ESH) 2018 Guidelines for manage-
ment of hypertension recommend renin-angiotensin system
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blockers as preferential agents for the management of hyper-
tension in patients with diabetes mellitus [1]. This prefer-
ence relies on presumptive pleiotropic effects, particularly of
angiotensin-converting enzyme inhibitors (ACEi) and angi-
otensin-receptor blockers (ARBs) [2]. The 2017 American
College of Cardiology (ACC)/American Heart Association
(AHA) guideline [3] advises therapy using agents from any
recommended class of first-line antihypertensive agents (i.e.,
diuretics, ACE inhibitors, ARBs, and CCBs) in the manage-
ment of hypertension in patients with diabetes mellitus, with
the exception that ACE inhibitors or ARBs may be consid-
ered in the presence of albuminuria.
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The effectiveness of ARB in the prevention of major car-
diovascular events and renal disease has been questioned
[4]. Some meta-analyses have suggested a lack of efficacy
for ARBs in the prevention of myocardial infarction and all-
cause mortality [5, 6], including a meta-analysis of trials in
patients with type 2 diabetes mellitus [7].

Prior to the PREVER-Treatment trial, the comparative
effectiveness of ARBs and diuretics for prevention of car-
diovascular and renal disease events had not been assessed
in randomized clinical trials. Even the BP-lowering effect
of these drugs had not been directly compared in trials with
a long period of follow-up before the publication of the
PREVER-Treatment trial [8]. In the PREVER-Treatment
trial, the combination of chlorthalidone and amiloride was
more effective compared to losartan for blood pressure (BP)-
lowering in 655 adults not taking BP-lowering medication
who had a systolic BP (SBP) 140-159 mm Hg or diastolic
BP (DBP) 90-99 mm Hg. In this report, we present the com-
parative effectiveness of the two treatments in the subgroup
of 97 participants with diabetes mellitus who were enrolled
in the PREVER-Treatment trial.

Methods

The PREVER-Treatment study was a randomized double-
blind controlled trial comparing the BP-lowering effective-
ness of chlorthalidone plus amiloride versus losartan for
the management of hypertension. The study was registered
at clinicaltrials.gov (NCT00971165) trial and the protocol
as well as main results have been published [8, 9]. Briefly,
the PREVER-Treatment trial was conducted in 21 academic
medical centers in Brazil, and was approved by the Research
Ethics Board of each participant institution. Starting in July
1, 2010, the enrollment of adults between 30 and 70 years
of age with an untreated systolic BP (SBP) 140-159 mm Hg
and/or diastolic BP (DBP) 90-99 mm Hg whose BP was not
controlled to an SBP < 140 mm Hg and DBP <90 mm Hg
after three months of non-drug recommendations (dietary
and physical activity) were eligible to be enrolled in the trial
and gave their informed consent prior to their inclusion in
the study. Participants were followed for 18 months and the
study closed September 30, 2014. This analysis details the
results in the 97 PREVER-Treatment participants with type
2 diabetes mellitus. The diagnosis of diabetes was based
on a fasting blood glucose > 126 mg.dl or glycated hemo-
globin > 6.5% or use of drugs for diabetes at the baseline
evaluation.

Participants were centrally randomized at a 1:1 ratio
to a chlorthalidone plus amiloride combination pill or
to losartan. Randomization was performed by a statisti-
cian at the data center using alphanumeric codes and a
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validated software, with variable block sizes of 4, 6, 8
or 10 and was stratified by center. The randomization
list was implemented by the study’s website independ-
ent of the team that enrolled participants and assigned
them to the trial groups. The initial doses of the two study
drugs were 12.5/2.5 mg for the chlorthalidone/amiloride
combination pill and 50 mg for losartan. At the third
month study visit, the dose was doubled if BP remained
uncontrolled. If BP was uncontrolled at the six month
visit, amlodipine 5 mg once a day was added, in an open
fashion, and increased to 10 mg if necessary at the nine
month visit. At the twelve-month visit, propranolol 40
twice a day was prescribed for patients with uncontrolled
BP, and the dose was doubled at the fifteenth month visit
if necessary. A final visit was conducted after 18 months
of follow-up.

The primary outcome was difference in mean BP
between the two treatment groups during follow-up. The
proportion of patients with controlled hypertension, inci-
dence of adverse events, development or worsening of
microalbuminuria, and left ventricular mass estimated by
ECG criteria were additional outcomes.

BP was measured by use of an automatic electronic
device (Microlife BP 3BTO-A, licensed for fabrication
by Micromed Biotecnologia Ltda, Brasilia, Brazil). An
average of two readings at each study visit was used to
estimate level of BP.

Adverse events were investigated through open ques-
tions and use of a semi-structured self-reported question-
naire, which queried presumed adverse effects of the study
drugs. Serum potassium, uric acid, glycosylated hemo-
globin, fasting serum glucose, serum cholesterol, LDL-
cholesterol and triglyceride levels, and microalbuminuria
were measured at baseline and the final follow-up visit.

The analysis of patients with diabetes mellitus was
specified a priori in the trial protocol, but there was no
sample size calculation for this subgroup analysis. A ran-
dom-effects linear model, fitted to SBP and DBP, was used
to compare BP by treatment group during follow-up. The
random-effects model included an intercept and a slope
to adjust for the within-participant correlation among the
longitudinal data. To examine the change in SBP and DBP,
we included an indicator variable for time (baseline, 3, 6,
9, 12, 15, and 18 months), an interaction term for treat-
ment by time, and the variable treatment in the model. The
rate of BP control by treatment assignment was compared
by means of Chi-square testing at the end of trial. Electro-
cardiographic estimates of left ventricular mass were com-
pared by use of ANOVA for repeated measurements test-
ing, and biochemical parameters were compared by means
of Student’s t-test for independent samples. All analyses
were performed with SPSS, Version 21.0. Armonk, NY.
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Results

In total, 655 participants were enrolled in the main trial. In
this a priori analysis, we included the 47 participants in the
diuretic group and 50 in the losartan group who had type 2
diabetes mellitus (Fig. 1).

Screened

Evaluated for eligibility

Enrolled in LSi BP out limits = 424
| Losses, quit = 306
Randomized | Lab abnormalities = 72

I 1
Chlorthalidone/amiloride Losartan
(n=333) (n=322)

Diabetes (n=50) ]

Diabetes (n=47) ‘

Diabetes (n=43)

Diabetes (n=47)

Analyzed
at 18 months

Fig. 1 Flow Diagram showing the progress of the patients throughout
the trial

Table 1 shows that there was a similar distribution of
baseline characteristics among the treatment arms. The vast
majority of trial participants (83%; 43 in the diuretic arm
and 47 losartan arm) were evaluated at the final study visit
(Fig. 1).

SBP decreased to a greater extent in the participants allo-
cated to diuretics compared to losartan during trial follow-up
(P<0.001) (Fig. 2). There was also a trend for lower average
DBP in the diuretic-based group but this was not statisti-
cally significant. After 18 months of follow-up, average SBP
was 128.4 +10.3 mmHg in participants randomized to diu-
retic therapy compared to 133.5+ 8.0 in those randomized
to losartan (P <0.01). In the diuretic group, 36 out of 43
participants (83.7%) had a SBP/DBP < 140/90 mm Hg at
their last study visit, compared to 31/47 (66%) the losartan
group (P=0.09). The proportion of participants that doubled
the dose of the investigational drugs and received additional
antihypertensive agents was not substantially different in the
two treatment groups (Fig. 2).

Serum cholesterol was higher in the diuretic arm at the
end of the trial, with a nominal but unadjusted probability
value of 0.042. Other biochemical measurements, including
microalbuminuria, did not differ significantly by treatment
group (Table 2). In addition, there was no difference in indi-
cators of excess adiposity (BMI, waist circumference and

Table 1 Baseline characteristics

o 8 . Characteristics Chlorthalidone/ Losartan (n=50) P value
of part1c1.pants with diabetes Amiloride (n=47)
enrolled in the PREVER-
Treatment trial (N (%) or Sex Male 20 (42.6) 27 (57.4) 0.42
mean + standard deviation) Age (years) 557487 562471
Skin color White 24 (51.1) 27 (54.0) 0.84
Non-white 23 (48.9) 23 (46.0) 0.75
Education (years) 9.0+4.8 10.1+4.1 0.24
Systolic BP (mm Hg) 143.6+6.2 142.4+6.9 0.38
Diastolic BP (mm Hg) 88.4+7.1 88.0+6.7 0.80
Body mass index (Kg/m?) 31.1+4.9 304 4.7) 0.43
Obese (BMI > 30 kg/m?) 23 (48.9) 26 (52.0) 0.84
Serum glucose (mg/dl) 153.1+58.2 148.5+65.6 0.71
Glycosylated hemoglobin (%) 75+1.8 7.4+2.0 0.79
Total cholesterol (mg/dl) 204.1+36.5 191.3+48.6 0.15
LDL-cholesterol (mg/dl) 119.1+36.9 114.7+33.7 0.08
HDL-cholesterol (mg/dl) 449+11.0 46.0+10.8 0.61
Triglycerides (mg/dl) 210.4+130.6 213.4+218.1 0.94
Creatinine (mg/dl) 0.78+0.16 0.84+0.24 0.13
Microalbuminuria 12.9+33.0 14.6 +48.8 0.84
Smoking Current 24.3) 1(2.0) 0.77
Never 28 (59.6) 32 (64.0)
Past 17 (36.1) 17 (34.0)
Alcoholic beverage consumption Current 27 (57.4) 28 (56.0) 0.82
Never 9(19.1) 12 (24.0)
Past 11 (23.3) 10 (20.0)
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Systolic BP 145 P <0.001 Table 3 Self-reported adverse events by treatment arm during trial
(mmHg) follow-up*
Number of reports by major group-  Chlortha- Losartan (50)
135 ings lidone/Ami-
l\l\./.__. loride (47)
Musculoskeletal complaints 12 (25.5) 9 (18.0)
125 " * S ' : . K Digestive complaints 5(10.6) 3(6.0)
Diastolic BP 95 Upper Respiratory Complaints 3(6.4) 3(6.0)
(mmHg) rrae Dizziness 3(6.4) 3(6.0)
Headache 2(4.3) 3(6.0)
85 Fatigue 2(4.3) 1(2.0)
£ i Urmary/Gynecologlcffll complaints 2 (4.3) 2 (4.0
¢—Chlorthalidone/ Blood pressure elevation 2(4.3) 2 (4.0)
amiloride 75 Edema 2(4.3) 1(2.0)
Basal  3th 6th 9th 12th  15th  18th Sexual complaints 0 (0) 1(2.0)
Follow-up (months) Fever 0 (0) ) (440)
Eye disorders 0 2 (4.0)
Fig.2 Systolic and diastolic blood pressure values by study group
during follow-up. The number of participants evaluated at each visit Dry mouth 2@43) 0O
and the number who were treated with the higher dosage of their Others 9(19.1) 17/ (34%)

assigned study drug as well as the number that received a prescription
for treatment with an open label drug is shown at each visit

Table2 Laboratory outcomes at 18 months

(mean + standard deviation)

of follow-up

Chlorthalidone/ Losartan (47) P
Amiloride (43)

Serum glucose (mg/dl) 158.7 +£68.3 1459+53.9 .33
Glycosylated hemoglobin (%) 7.7+2.0 75+2.1 14
Serum cholesterol (mg/dl) 201.8+42.1 185.2+33.8 .04
LDL-cholesterol (mg/dl) 117.2+35.5 106.3+32.0 .13
HDL-cholesterol (mg/dl) 46.6+12.9 49.0+14.7 43
Serum potassium (meq/dl) 4.4+0.6 45+0.5 34
Serum creatinine (mg/dl) 0.87+0.22 0.97+0.56 .29
Serum uric acid (mg/dl) 5.6+1.5 50+14 .09
Microalbuminuria (mg/L) 16.2+26.7 28.5+404 .09

waist/hip ratio) by treatment group. Likewise, there was no
significant difference in reports or adverse events by treat-
ment group (Table 3).

Discussion

This post-hoc but a priori analysis of the PREVER-Treat-
ment trial showed that the greater BP-lowering effect of
chlorthalidone and amiloride compared to losartan, that
was observed in the trial as a whole, was also noted in the
subset of trial participants with type 2 diabetes mellitus.
The magnitude of the BP difference during the trial and
at the final visit, after 18 months of treatment, is clinically

@ Springer

*Reported at least once by at least one patient

relevant. Based on meta-analysis findings [10], the approxi-
mately 5 mm Hg lower level of SBP noted during the last six
months of trial follow in the diabetics treated with diuretics
SBP would be expected hypothetically to result in approxi-
mately 20% fewer strokes and 10% fewer coronary events.
The finding that losartan was less effective in lowering BP
compared with chlorthalidone may explain, at least in part,
meta-analysis reports that angiotensin receptor blockers are
less effective for prevention of all-cause mortality and major
cardiovascular events [11]. Considering the pivotal role of
high BP in the causation of CV disease [12], management
of hypertension in patients with diabetes mellitus using diu-
retics, alone or in combination with other agents, may be
optimal, especially in settings where laboratory monitoring
is feasible. The association with a potassium-sparing agent
would be particularly useful in the treatment with isolated
thiazide-like diuretics [13].

Consistent with the overall trial experience and results
of larger trials, serum cholesterol levels were higher in the
diuretic arm at the end of the trial but the difference was
relatively small. The prevention of microalbuminuria with
losartan in placebo controlled randomized clinical trials con-
ducted in diabetics with nephropathy, [14, 15] was not iden-
tified in our comparison of losartan and a chlorthalidone/
amiloride combination pill.

Our findings are limited by the fact that the PREVER-
Treatment trial was not designed to compare the effec-
tiveness of diuretics and angiotensin receptor blockers for
prevention of major CV events. Another limitation is the
post-hoc nature of the analysis and relatively small sam-
ple size. Despite this, the sample size was adequate for
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detection of a difference in BP and the duration of follow-
up (18 months) was longer than in many previous reports
of antihypertensive drug treatment in adults with diabetes
mellitus. In addition, considerable attention was paid to
investigator/staff training and quality control for our BP
measurements, the principal outcome of interest. Finally,
the participation of more than 20 clinical centers distributed
throughout Brazil may be considered another strength of
our study.

In conclusion, treatment of hypertension using a combi-
nation of chlorthalidone and amiloride was more effective
for lowering BP compared with losartan.
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