
Review
Dose doubling, relative potency, and dose equivalence
of potassium-sparing diuretics affecting blood
pressure and serumpotassium: systematic review
andmeta-analyses
George C. Rousha, Michael E. Ernstb, John B. Kostisc, Shamima Yeasminb, and Domenic A. Sicad
Journal of Hypertension 2016, 34:11–19

aUCONN School of Medicine and St. Vincent’s Medical Center, Department of
Medicine, Bridgeport, Connecticut,, bUniversity of Iowa Hospital and Clinics, Depart-
ment of Family Medicine, Iowa City, Iowa,, cCardiovascular Institute, Rutgers-Robert
Wood Johnson Medical School, Chairman, Department of Medicine, New Brunswick,
New Jersey, and dDepartment of Medicine and Pharmacology, Virginia Common-
wealth University, Richmond, Virginia, USA

Correspondence to George C. Roush, MD, FACP, St. Vincent’s Medical Center, 2800
Main P.O. Box 708, New York, NY 10021 USA. Tel: +1 203 622 3033; fax: +203 625
9556; e-mail: groush@gcr0.com

Received 23 July 2015 Revised 26 August 2015 Accepted 27 August 2015

J Hypertens 34:11–19 Copyright � 2015 Wolters Kluwer Health, Inc. All rights
reserved.

Jo
Background: Potassium-sparing diuretics (PSDs) are
valuable antihypertensives with additional benefits
unrelated to control of systolic blood pressure (SBP).
However, their key parameters affecting SBP and serum
potassium are poorly defined, fostering underutilization.

Method: Consequently, we conducted systematic reviews
and meta-analyses, yielding 3668 articles and ultimately 84
randomized comparisons.

Results: For office SBP, overall placebo-adjusted changes
were triamterene –1.9 (low dose only), amiloride –9.9,
spironolactone –13.2, and eplerenone –9.2. Differences in
antihypertensive effect were due to potency rather than
efficacy. Doubling amiloride, eplerenone, and
spironolactone doses reduced SBP (95% confidence limits)
on average by –2.3 (–3.1, –1.5). Relative antihypertensive
potencies were spironolactone>amiloride>eplerenone.
Spironolactone had significantly greater antihypertensive
potency than amiloride, –4.0 (–7.4, –0.6), and
eplerenone, –5.5 (–7.4, –3.6). Dose equivalencies were
eplerenone–spironolactone 4.5-to-1 (e.g., eplerenone
125�spironolactone 25), amiloride–spironolactone 3.3-to-
1, and eplerenone–amiloride 1.4-to-1. Increases in serum
potassium from amiloride and spironolactone at commonly
used doses averaged 0.14–0.29 mEq/l; the dose doubling
effect was 0.16 (0.10, 0.22). Spironolactone caused
greater hyperkalemia than amiloride across their dose
ranges: 0.14, P¼0.043. Seven features make important
bias unlikely: a comprehensive literature search, adjustment
for covariates, all models explaining 95–100% of the
between-study variability, similar dose doubling effects
among PSDs, two different methods giving the same
potency sequence, similar results from double blind
comparisons, and similar results for eplerenone versus
spironolactone from analysing direct comparison data (i.e.,
no meta-regression) for office and 24-h SBP.

Conclusion: This synthesis accomplishes for PSDs what
has already been achieved for thiazide-type diuretics and
other antihypertensives and can guide the application of
these underutilized medicines.

Keywords: amiloride, diuretics, eplerenone,
spironolactone, triamterene
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SPIR, spironolactone; TRIAM, triamterene
INTRODUCTION
R
ecommended as first line agents in hypertension
guidelines [1,2], thiazide and thiazide-like diuretics
are useful in resistant hypertension and in salt sen-

sitive forms of hypertension common in black patients, the
elderly, obese, and diabetic patients [3]. Potassium-sparing
diuretic agents (PSDs) are also valuable in the above
conditions [4–7]. However, in many instances clinicians
have been reluctant to prescribe them for control of blood
pressure because their effects on blood pressure and serum
potassium are poorly defined.

Preclinical data and clinical usage have generally indi-
cated their potassium sparing effects and have suggested
that spironolactone (SPIR) may be particularly potent, but
have not provided quantification via randomized trials.
Several trials of SPIR and eplerenone (EPLER) did examine
dose response patterns but did not report on the three key
parameters: dose doubling, relative potency, and dose
equivalence. Only one trial compared EPLER and SPIR
and reported that EPLER was ‘approximately 50 to 75%’
as potent as SPIR but was not more precise than this,
provided no confidence limits, and did not mention dose
equivalency or the effects of dose doubling. A comprehen-
sive search of multiple databases using exploded keywords
 Health, Inc. All rights reserved.
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of PSDs for hypertension yields only two prior meta-
analyses (discussed below), neither of which addresses
the issues of dose doubling, relative potency, and dose-
equivalence. Thus, these three important features of PSDs
have never been quantified.

In contrast, these parameters have been quantified for
thiazides, thiazide-like diuretics, and other antihyperten-
sives [8–12]. Prior to these important publications (as with
PSDs), the situation for these agents was primarily limited to
commonly held beliefs based on individual clinical studies
or preclinical data. Thus, we asked ourselves: If these other
antihypertensives deserve quantification, why not PSDs,
particularly in view of the fact that these latter agents have
benefits unrelated to blood pressure (see below) and are
likely underutilized? The present analysis addresses these
deficiencies.

METHODS

Search strategy
Following recommended guidelines [13] and using each of
the four diuretics as keywords with ‘exploded’ application,
we searched PubMed, EMBASE, and the Cochrane Central
Register of Controlled Trials from inception through 31 May
2015 and accomplished a manual check of all references
from prior meta-analyses [14,15]; clinical trials registered at
clinicaltrials.gov and abstracts published in 2014 and 2015
were also searched. Trial selection: One coauthor (G.R.)
determined trial eligibility and performed quality assess-
ment and data extraction. In this study, trial selection and
quality assessment were based on objective criteria readily
ascertained by reading the individual articles, but if an
uncertainty had arisen (which did not occur), the opinions
of coauthors were readily available.

Inclusion criteria were randomization of patients with
hypertension (as defined by the articles’ authors) using a
parallel or crossover design with a placebo group, using a
fixed dose, and having SBP or serum potassium as out-
comes. The effect of the crossover design on SBP was
examined in each type of analysis. Excluded were trials
with the following characteristics: limited to renal, liver,
pulmonary, or psychiatric disease; a focus on heart failure;
trials of serum potassium with a duration of less than 2
weeks, trials of blood pressure with a duration of less than 4
weeks or more than 6 months (the latter because long
duration trials are likely to be focused on outcomes other
than BP and therefore may have measured BP less rigor-
ously); and reported in other than English (owing to the
inability to retrieve such articles). Trials measuring standing
BPs only were excluded; where both sitting and supine BPs
were given, sitting BP was used. Also excluded were trials
wherein the antihypertensive was titrated to its effect on the
outcome of interest. However, it was decided to waive this
last exclusion criterion for evaluating the effect of EPLER on
serum potassium because fixed dose trials for this important
relationship are lacking.

Data extraction was accomplished by using a uniform
table with key items as described below. All data required
for the analysis were available in the articles. Where the
standard error was unavailable, this was computed as the
standard deviation divided by the square root of the
 Copyright © 2015 Wolters Kluwe
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number of participants. Of the 58 randomized comparisons
with SBP as the outcome, it was necessary to read 25
standard errors and six mean SBPs from graphs rather than
from tables. This was shown to have near perfect precision:
reader versus reader correlations and readers versus table
correlations of 1.000 (see Figure S1, http://links.lww.com/
HJH/A534, for methodologic details).

Quality assessment
Quality assessment was done as per the Cochrane Collab-
oration risk of bias tool and the JADAD score. The latter is
preferred by some meta-analysts, but others have presented
reasons for discouraging its use [16]. Two additional
features to evaluate quality were whether the focus of
the study was on blood pressure and whether the SBP
was taken after 5þminutes of resting because both of these
features may affect the accuracy of SBP measurement.
Egger’s method tested for possible publication bias [17].
Two strategies were used to address the impact of data
quality on the results: A secondary analysis was performed
limited to double blind trials only. Secondly, we examined
the relationship of SBP to presence or absence of double
blinding, a focus on BP as the primary outcome, and 5þ
minutes of rest prior to taking blood pressure.

Data analysis
For assessment of potency and dose equivalence, the
amiloride (AMIL) dose levels of 2.5, 5, 10, 20, and 40mg
were considered analogous to EPLER and SPIR dose levels
of 25, 50, 100, 200, and 400. The Knapp Hartung random
effects model was used throughout. Meta-regression quan-
tified the effect on SBP and serum potassium from different
doses and quantified the relative potencies among PSDs
[18]. Comprehensive Meta-Analysis (CMA) software, ver-
sion 3.2.00089, March 24, 2014 was used for all analyses. For
EPLER only, where patients were randomized to two or
more different doses, there was only one placebo arm with
which to provide a placebo-adjusted effect, raising the
issues of double counting and collinearity. To address
the former, the number in the placebo arm was set equal
to its original total divided by the number of different
dosage arms [16]. To address the latter, a supplementary
analysis examined the dose–response effect without
placebo adjustment.

To examine and correct for possible bias, we analysed
changes of SBP and serum potassium in relation to 14 trial
characteristics (see Tables S4 and S5, http://links.lww.com/
HJH/A534): baseline SBP, baseline serum potassium, cross-
over trial, double blinding, percentage men, mean age,
black ethnicity, low renin hypertension, resistant hyperten-
sion, background antihypertensives, background use of
angiotensin converting enzyme inhibitors or angiotensin
receptor blockers, weeks of follow up, and Focus&Rest (a
variable describing whether the primary focus of the study
was on BP, which is taken after 5þ minutes of rest). When
there was a significant relationship (P< 0.05 unadjusted for
multiple tests) between the covariate and the outcome, the
effect of adjusting for this variable in the analysis was
examined with respect to the proportion of the between-
study variability explained and the fit of the model.
Although there are no iron clad rules pertaining to the
r Health, Inc. All rights reserved.
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number of studies per covariate adjusted, we followed the
concept that this ratio be at least 10 to 1 [18], with the
exception of one instance wherein a model with nine trials
was adjusted with one covariate (see AMIL in Table 2).
These adjustments were well supported by improvements
in the fit of the models and improvements in the percentage
of between-study variability explained by the models: from
0 to 100% for the AMIL comparison and from 48–73% to
95–100% for the others.

Sensitivity analyses were performed in which each trial
was excluded and the remaining trials analysed to determine
whether the overall result was being particularly affected.

To obtain the relative potencies among EPLER, AMIL,
and SPIR, we used two methods. One was based on
obtaining the relative potencies in three two-drug models
(i.e. SPIR versus AMIL, SPIR versus EPLER, and AMIL versus
EPLER). For the second method, the R2, the fit, and the
statistical significance of each of the three possible sequen-
ces were examined in a three three-drug model. The
 Copyright © 2015 Wolters Kluwer

TABLE 1. Characteristics of trials comparing the four potassium sp
references and other trial characteristics

First author Number, baseline SBP

Triamterene

Kohvakka 26, 170, CO

Webb I 129, 148, CO

Webb II 141, 146, CO

Amiloride

Chrysant 26, 152

Hood 51, 151, CO

Koskelainen 148, CO

Laffer 83, 142

Matthesen 23, 146, CO

Saha 98, 142

Salmela 40, 181

Stears 37, 144, CO

Spironolactone

Carey 42, 160, CO

Clement 9, 173, CO

Cranston 10, 179, CO

Davies 10, 145, CO

Hood 51, 151, CO

Johnston 52, 175, CO

Laffer 83, 142

Leary 19, 154, CO

Matthesen 23, 146, CO

Ramsay 15, NR, CO

Saha 98, 142

Swaminathan 38, 163, CO

Toner 18, NR

Vaclavik 150, 154

Weinberger 101, 154

Wolf 92, 173, CO

Eplerenone

Calhoun 524, 158

Karns 155, 153

Saruta 193, 153

Weinberger 409, 154

White 400, 153

CO, crossover trial; NR, not reported.
aThe average follow-up was 7.5 weeks.
bThe dose began at 25 and increased to 50 if the potassium and creatinine were normal.
cThe dose began at 25 and increased to 50 if the potassium was normal.
dEplerenone given in divided doses twice daily.
eRandomized different patients to once daily and twice daily dosing with total daily dose identic

Journal of Hypertension
method for obtaining dose equivalency is given in the
supplement, http://links.lww.com/HJH/A534.

Direct comparisons, rather than the indirect comparisons
of meta-regression, were available from a trial by Wein-
berger et al. who randomized patients to SPIR 100, EPLER
50� 1/day, EPLER 100� 1/day, EPLER 400� 1/day, EPLER
25 BID, EPLER 50 BID, or EPLER 200 BID. This provided the
relative potency of EPLER versus SPIR at 100 mg and a
dose–response effect for EPLER from the six observations.
An additional benefit of the Weinberger trial is that out-
comes included both office and 24-h SBP.

RESULTS

General findings and model fitting
The total studies initially identified were 3668, which led
to 28 publications and 84 randomized comparisons
for analysis (Figure S2, http://links.lww.com/HJH/A534,
Table 1, Tables S1–S3, references in supplement, http://
 Health, Inc. All rights reserved.

aring diuretic interventions with placebo. See supplement for

Once daily milligram dose Weeks of follow-upa

37.5, 75 12

50 2 (Potassium study)

50 2 (Potassium study)

5 4

20, 40 5

5 8

10 5

10 4

10 5

2.5 4

20 4

400 6

200 4

125 6

41b 16

50, 100 5

150 12

10 5

100, 200 8

50 4

25, 50, 100, 200 4

25 9

41c 4

50 5 (Potassium study)

25 8

100 8

100 6

100d 8

100d 8

50, 100, 200 8

50, 100, 400e 8

25, 50, 100, 200 12

al.
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FIGURE 1 Percentage of randomized trials which were of high quality, not reported, or low quality. F-U 90%þ: percentage of trials with follow-up of 90% or greater.
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links.lww.com/HJH/A534). Quality assessment: The
Cochrane Risk of Bias and the JADAD scores are shown
in Fig. 1 and Table S3, http://links.lww.com/HJH/A534,
respectively. Seventy-five per cent of the randomized com-
parisons were double blind, and, for the SBP analysis, 96%
of the comparisons had BP as a primary focus (Fig. 1, Table
S2, http://links.lww.com/HJH/A534). Whether most trials
monitored adherence is unclear. Only Laffer et al. stated
that this was done. The crossover design did not have a
detectable effect on SBP when included in a model also
including dose. There was no evidence for publication bias
for either SBP or serum potassium (P> 0.390 in all instan-
ces). Results were nearly identical when analyses were
limited to double blind trials only (see below). Minimum
duration of titration intervals was generally not specified.

Models based on the logarithm of the dose were gener-
ally as good or better than models based on the dose itself
and were therefore used throughout. Other prominent
meta-analyses of antihypertensives have also fit the log
dose rather than the dose itself [8,9]. These results corre-
spond to the dose multiples in drug preparations [e.g. for
milligram doses of spironolactone: 25, 50 (25�2), and 100
(25�4)].

SBP was reduced by –1.9 mmHg from triamterene
(TRIAM) (given only at low doses). Other PSDs produced
overall reductions of –9.2 to –13.2 (Table 2). The stratifi-
cation of the PSD effect by dose is given in Figure S4, http://
links.lww.com/HJH/A534. The sensitivity analysis demon-
strated that no particular trial was primarily responsible for
the overall effect (Figure S5, http://links.lww.com/HJH/
A534).

Other than log dose, there were 16 instances wherein
eight of the covariates were significantly related to change
in SBP or serum potassium (Tables S4 and S5, http://links.
lww.com/HJH/A534). Each of these eight variables was
introduced as an independent variable into a model in
which the log dose was the other independent variable
 Copyright © 2015 Wolters Kluwe
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with either SBP or serum potassium as the dependent
variable. Of these eight variables, two continued to be
statistically significant: black ethnicity and Focus&Rest
(an independent variable describing whether the primary
focus of the study was on BP, which is taken after 5þ
minutes of rest).

Of note, baseline SBP has previously been associated
with a decline in SBP on follow-up [19], a finding confirmed
by our analysis (see Table S4, http://links.lww.com/HJH/
A534). Although predictive of SBP decline by itself, baseline
SBP was not predictive after dose was entered into the
model.

Reductions in SBP
The effects on SBP change from dose doubling of AMIL,
EPLER, and SPIR were similar (Table 2; Fig. 2; P> 0.413 for
differences in slope). Including all three drugs in the same
model gave a reduction from dose doubling of –2.3 mmHg
and narrowed the confidence limits to (–3.1, –1.5). The
dose–response effect of EPLER on 24-h ambulatory SBP
was similar to EPLER’s effect on office SBP (Table 2 and
Figure S3, http://links.lww.com/HJH/A534). Regarding
collinearity, the only drug of concern was EPLER; dose
doubling gave a result of –2.4 (–3.3, –1.5), P< 0.001.

For the relative potencies among EPLER, AMIL, and SPIR,
the firstmethodbasedon two-drugmodels (Table 3) showed
a sequenceof SPIR>AMIL>EPLER. For the secondmethod,
the above sequence explained 100% of the between-study
variability and gave the best fit (P¼ 0.504), whereas the two
other sequences explained less than 100% and fit the data
much less well (P¼ 0.108 and 0.025). Thus, the two methods
showed the same sequence (Fig. 3).

Both AMIL and EPLER had significantly less antihyper-
tensive potency than SPIR: –4.0 and –5.5, respectively
(Table 3). Dose equivalencies were 3.3-to-1 for AMIL-SPIR
and 4.5-to-1 for EPLER-SPIR. Analysis limited to double
blind trials agreed well with these results (Table 3). Direct
r Health, Inc. All rights reserved.
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TABLE 2. Effect of dose doubling on SBP and serum potassium

Unadjusted model Adjusted model Change from

Drugs in model
Trials

patients
Overall change

(95% CI)
Independent

variables
R2, P

for fitb
Independent

variables
R2, P for

fitb
Change over
dose range

dose doubling
(95% CI) P value

Outcome: SBP reduction in mmHg from single drug models
TRIAM 2/52 –1.9 (–9.2, þ5.4)a NA NA NA NA NA NA

AMIL 9/667 –9.9 (–12.9, –6.9) Dose 000, 0.144 Dose, blacks 100, 0.684 –8.3 –2.1 (–5.4, 1.8) 0.180

EPLER 15/1580 –9.2 (–11.4, –7.0) Dose 65, 0.030 Dose, F&R 100, 0.596 –9.0 –2.2 (–3.3, –1.1) <0.001

EPLER (24 h)c 13/1002 –9.7 (–11.9, –7.5) Dose 100, 0.995 (none) 100, 0.995 –10.1 –2.5 (–4.1, –1.0) 0.004

SPIR 20/938 –13.2 (–16.3, –10.0) Dose 73, 0.117 Dose, F&R 100, 0.587 –10.9 –3.0 (–4.5, –1.4) <0.001

Outcome: SBP reduction in mmHg from multi-drug models
AMIL and EPLER 24/2247 –9.4 (–11.0, –7.7) Drug, dose 52, 0.011 Drug, dose, F&R 100, 0.453 –8.0 –2.0 (–3.0, 1.0) <0.001

SPIR and AMIL 29/1605 –11.8 (–14.1, –9.5) Drug, dose 48, 0.019 Drug, dose, F&R 95, 0.373 –8.6 –2.4 (–3.7, –1.1) <0.001

SPIR and EPLER 35/2518 –10.9 (–12.8, –9.0) Drug, dose 74, 0.015 Drug, dose, F&R 100, 0.711 –9.9 –2.5 (–3.3, –1.6) <0.001

AMIL, EPLER, and SPIR 44/3185 –10.6 (–12.2, –9.0) Drug, dose 69, 0.005 Drug, dose, F&R 100, 0.561 –9.2 –2.3 (–3.1, –1.5) <0.001

Outcome: serum potassium increase in mEq/l
TRIAM 8/270 0.26 (0.15, 0.37)d NA NA NA NA NA NA

AMIL 7/636 0.37 (0.15, 0.60) Dose 100, 0.670 (none) 100, 0.670 0.72 0.18 (0.07, 0.29) 0.009

SPIR 12/569 0.43 (0.29, 0.57) Dose 100, 0.818 (none) 100, 0.818 0.58 0.14 (0.06, 0.22) 0.002

AMIL and SPIR 19/1205 0.41 (0.31, 0.52) Drug, dose 100, 0.931 (none) 100, 0.931 0.67 0.16 (0.10, 0.22) <0.001

95% CI, 95% confidence interval; NA, not applicable. Meta-regression cannot be accomplished with only two comparisons. Blacks: black patients only, F&R: focus on BP and BP taken
after resting 5þ minutes.
aThe ratio of the maximum to the minimum dose was 2 for triamterene and 16 for the other medications.
bR2 is the percentage of the between-trial variability explained by the model.
c24-h ambulatory SBP as the outcome.
dIn the studies of serum potassium, dose ratios for TRIAM, AMIL, and SPIR are 2, 12, and 16 respectively.

Dose doubling, relative potency, and dose equivalence of potassium sparing diuretics
comparisons of EPLER with SPIR were confirmatory, based
on our analysis of the Weinberger data (Table 3).

Increases in serum potassium. For TRIAM, there were
eight randomized comparisons with serum potassium as
the outcome, but the dose range was limited (only two-fold
versus 12- to 16-fold for the other drugs). Therefore, TRIAM
was analysed only for its overall effect. Figure 4 provides
results for AMIL and SPIR. Compared to AMIL, SPIR was
found to promote statistically significant greater hyper-
kalemia over the dose ranges (Table 3, Fig. 4).

In six titration-to-effect trials [see the reference for Sica
(2003) in the supplement, http://links.lww.com/HJH/
A534], EPLER doses of 0, 50, 100, and 200 mg had potass-
iums of 4.26 (4.24–4.28), 4.65 (4.60–4.70), 4.65 (4.56–4.75),
and 4.74 (4.72–4.77), respectively. Each of the EPLER-
induced serum potassium values differed significantly from
the value without EPLER treatment.

DISCUSSION
This body of work quantifies for the first time the effects of
dose doubling, relative potency, and dose equivalence
from PSDs on SBP and serum potassium. The general
concept that EPLER is less potent than SPIR was confirmed
and now has been quantified. However, it is perhaps
surprising that the EPLER-SPIR dose equivalency is as high
as it is: 4.5-to-1. Another new finding is AMIL’s significantly
lesser potency than SPIR with a dose equivalence of about
3-to-1. Thus, if SPIR is poorly tolerated, this synthesis
provides the appropriate doses for transitions to two differ-
ent PSDs, one an aldosterone antagonist and the other an
epithelial sodium channel (ENaC) inhibitor. Another new
result is the greater hyperkalemic effect of SPIR compared
to AMIL, a finding compatible with SPIR’s greater antihy-
pertensive potency. This synthesis also demonstrates that
there is a modest increase in serum potassium (0.1 to
 Copyright © 2015 Wolters Kluwer
Journal of Hypertension
0.3 mEq/l) from commonly used doses of SPIR and AMIL.
The abstract summarizes the several methodologic
strengths of our study, such as covariate adjustment and
the use of different methods to derive the same parameters.

A 2010 meta-analysis found that the effect of spirono-
lactone monotherapy at 25 mg produced no statistically
significant effect and that there was no dose–response
effect, but this meta-analysis did not include two recently
published trials large trials [14]. A 2012 meta-analysis,
limited to low dose ENaC inhibitors, did not find a signifi-
cant impact on SBP but did not examine the effect at higher
doses [15]. Neither of these two studies examined the effects
of dose doubling, relative potency, and dose equivalence.

How do the present results compare with existing
knowledge of other antihypertensives? Several important
studies are revealing [8–12]. Of these, two are particularly
relevant, and both used indirect comparisons [8,9]. Law
et al. determined that the reduction in SBP from dose
doubling of all major antihypertensives was –1.9 mmHg
[8], a reduction less than the –2.3 for PSDs in the present
analysis. Peterzan et al. found that the differences among
three thiazide type diuretics (hydrochlorothiazide, chlor-
thalidone, and bendroflumethiazide) were due to potency
rather than efficacy (a finding mirrored by the present
results) [9]. The latter authors also determined the potency
sequence, provided results to compute the dose equiva-
lencies, confirmed the general belief that hydrochlorothia-
zide is less potent than chlorthalidone, and quantified
this relationship.

Clearly, PSDs have benefits unrelated to their antihyper-
tensive effects. Compared to potassium supplements, PSDs
more effectively counter thiazide-induced hypokalemia
[20]. Both AMIL and SPIR reduce thiazide-induced ventric-
ular ectopy [21,22]. In hypertensive patients, thiazide users
on PSDs (AMIL, TRIAM, or SPIR) versus no PSDs have a 70%
lower relative risk for primary cardiac arrest [23]. Used by
 Health, Inc. All rights reserved.
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FIGURE 2 Placebo and multivariate-adjusted dose response effects for three potassium sparing diuretics. Circles represent each trial with the size of the circle reflecting the
magnitude of its impact on the results. The line is a fitted trend line. The three slopes do not differ from one another, P>0.413. Focus&Rest: an independent variable
describing whether the primary focus of the study was on BP, which is taken after 5þ minutes of rest.
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TABLE 3. Relative potency and dose equivalence for potassium sparing diuretics. The relative antihypertensive potency from the two
2-drug models (EPLER-AMIL and AMIL-SPIR) is SPIR > AMIL > EPLER, consistent with the R2 and the fit of the three-drug model
(Fig. 3)

Outcome Trials patients Method
Variables
adjusted Relative potency: (95% CI) P value

Dose
equivalencea

OSBP reduction 242 247 Indirect Dose, F&R EPLER < AMIL: –0.9 (–3.5, þ1.6) 0.450 1.4

OSBP reduction 222 046 Indirect DBb Dose, F&R EPLER < AMIL: –0.9 (–3.5, þ1.6) 0.372 1.4

OSBP reduction 291 644 Indirect Dose, F&R AMIL < SPIR: –4.0 (–7.4, –0.6) 0.024 3.3

OSBP reduction 241 456 Indirect DBb Dose, F&R AMIL < SPIR: –3.4 (–7.3, þ0.4) 0.374 3.1

OSBP reduction 352 557 Indirect Dose, F&R EPLER < SPIR: –5.5 (–7.4, –3.6) <0.001 4.5

OSBP reduction 302 260 Indirect DBb Dose, F&R EPLER < SPIR: –5.5 (–7.5, –3.6) <0.001 4.6

OSBP reduction 1409 Directc NA EPLER < SPIR: –6.9 (–11.5, –2.3) 0.004 5.4

24-h SBP reduction 1409 Directc NA EPLER < SPIR: –5.2 (–11.2, þ0.8) 0.090 4.0

Serum Kþ increase 191 205 Indirect Dose AMIL < SPIR: þ0.14 (þ0.00, þ0.27) 0.043 1.8

Serum Kþ increase 111 100 Indirect DBb Dose AMIL < SPIR: þ0.15 (–0.03, þ0.34) 0.093 1.8

24-h SBP, 24-h ambulatory SBP; 95% CI, 95% confidence interval; F &R, focus on BP as outcome and BP taken after a rest of 5þ minutes; NA, not applicable; OSBP, office SBP.
aThe dose of the weaker drug expressed as a multiple of the dose of the stronger drug. For example, to achieve the same SBP reduction, EPLER and AMIL are dosed at 1.4 to 1.
bDB, double-blind trials only.
cWeinberger’s trial allowed a direct comparison of SPIR at 100 mg with EPLER at 100 mg.

Dose doubling, relative potency, and dose equivalence of potassium sparing diuretics
itself, hydrochlorothiazide’s ability to reduce cardiovascular
events is inferior to other antihypertensives [24–26],
whereas fixed dose combinations of hydrochlorothiazide-
TRIAM and hydrochlorothiazide-AMIL substantially reduce
cardiovascular events [27–30]. Indeed, evidence suggests
that AMIL-hydrochlorothiazide and TRIAM-hydrochloro-
thiazide reduce coronary mortality and sudden cardiac
death by 37 and 53%, respectively [31]. In systolic heart
failure, aldosterone antagonists reduce sudden cardiac
death, cardiovascular mortality, and total mortality by 23
to 26% [32].

Although at commonly used doses the impact of PSDs
on serum potassium is modest, it is nonetheless prudent
to consider risk factors for hyperkalemia. These include
renal insufficiency, diabetes, heart failure, older age, con-
comitant use of nonsteroidal anti-inflammatory drugs, anti-
fungal agents, erythromycin, and other antihypertensives
 Copyright © 2015 Wolters Kluwer
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(propranolol, nondiuretic renin–angiotensin–aldosterone
inhibitors, diltiazem, and verapamil) [33]. Foods high in
potassium are white beans, spinach, skin of potato, acorn
squash, avocado, apricot, banana, salmon, and yogurt.

Limitations of this study should be noted. This synthesis
was based primarily on office rather than 24-h ambulatory
SBP. There were few data on TRIAM, few data on serum
potassium at fixed doses of EPLER, and no data in patients
with specific co-morbidities, at least in part because of
exclusion criteria.

Undoubtedly, the most important concern involves the
use of indirect comparisons (although direct comparisons
were confirmatory for the eplerenone–spironolactone
relationships). This situation for PSDS is comparable to that
for thiazides and other major antihypertensives [8–12]. Most
certainly, a well done randomized trial making head-to-
head comparisons would be ideal. However, to simulate
 Health, Inc. All rights reserved.

miloride Spironolactone

t - 0.8 if drug = Amil - 5.3 if drug = spir

) by three potassium sparing diuretics. Circles represent each trial with the size of
cy is eplerenone<amiloride<spironolactone. Focus&Rest: an independent variable
inutes of rest.
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FIGURE 4 Placebo and covariate-adjusted changes in serum potassium from amiloride and spironolactone. The dose–response patterns are not significantly different,
P¼0.528. Considering the effects of the two drugs simultaneously (the 2-drug model in the last row of Table 2) estimates the median increase in serum potassium as
0.45 mEq/l (range 0.14–0.77). Doses of 2.5–5 mg for amiloride and 25–50 mg for spironolactone increased serum potassium on average by 0.14–0.29. The drug-adjusted
effect from dose doubling is 0.16. Across the dose ranges, spironolactone was significantly more hyperkalemic than amiloride by 0.14, P¼0.043.

Roush et al.
the present study with SBP as the outcome (Total N¼ 3185),
such a trial would have to be quite large for a blood
pressure and serum potassium outcome study (e.g. 3200
patients or more depending on the desired statistical
power), with 15 arms (randomization of each of the three
agents at five different doses). All PSDs are generic, and we
believe that obtaining the funds to conduct such a study
would be quite challenging.

The present study, however, is a valuable alternative to a
head-to-head trial. Strengths of this synthesis include the
seven elements summarized in the abstract. Although the
possibility of bias can never be excluded with absolute
certainty, these features have made important bias unlikely.

In conclusion, these results have done for PSDs what has
already been accomplished for thiazide-type diuretics and
 Copyright © 2015 Wolters Kluwe
18 www.jhypertension.com
for all other major antihypertensives. The PSD class of
antihypertensives is particularly valuable in salt sensitive
hypertension, in resistant hypertension, and for reducing
mortality from thiazide-induced hypokalemia. When thia-
zides are administered, it is recommended that PSDs be
used in most instances [34], although this advice is fre-
quently (if not usually) ignored, often because the effects of
PSDs on BP and serum potassium have been poorly
defined. This synthesis will facilitate and guide the appli-
cation of these underutilized medications.
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Reviewers’ Summary Evaluation

Reviewer 1
It does provide clinical guidance that is otherwise lacking in
terms of the antihypertensive and potassium-increasing
effects of these three commonly used agents. Obviously,
direct head-to-head comparisons would be preferable, but
unlikely to ever be done.
 Health, Inc. All rights reserved.
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