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Effect of spironolactone in patients with resistant arterial hypertension
in relation to age and sex: Insights from the aspirant trial

JanVadlavik?, Richard Sedlak®, Jiri Jarkovsky*, Eva Kocianova?, Milos Taborsky?

Background. There are currently limited data on whether the effect of spironolactone in patients with resistant arterial
hypertension depends on age and sex.

Methods. Patients with an office systolic blood pressure (BP) >140 mmHg or diastolic BP >90 mmHg, despite treat-
ment with at least 3 antihypertensive drugs including a diuretic, were randomly assigned to receive spironolactone or
a placebo for 8 weeks in a double-blind, placebo-controlled, multicentre trial (ASPIRANT).

Results. Analyses were done on 55 patients treated with spironolactone and 56 patients treated with placebo.
Significant reductions of office systolic BP (-8.9 + 6.7 mmHg, P=0.012), 24-h ABPM systolic BP (-7.9 + 7.2 mmHg, P=0.032)
and ABPM day-time systolic BP (-7.5 + 7.1 mmHgq) after 8 weeks of spironolactone treatment, compared to placebo,
were only observed in patients with a median age >62 years. The office and ABPM systolic BP reductions in patients
aged <62 years and diastolic BP reductions by spironolactone in both age groups were not significant compared to
placebo. Women tended to have a nonsignificantly higher reduction in systolic BP with spironolactone treatment, and
there was no difference in diastolic BP reduction between women and men.

Conclusions. Spironolactone only leads to a reduction of systolic BP in older patients with resistant arterial hyperten-

sion aged >62 years, and is effective to a similar extent in men and women.
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INTRODUCTION

Resistant hypertension is defined as blood pressure
(BP) that remains above goal in spite of the concur-
rent use of 3 antihypertensive agents of different classes
prescribed at optimal dosages; one of the 3 agents used
should be a diuretic'.

Spironolactone is a mineralocorticoid receptor antago-
nist which was shown to lower blood pressure effectively
in patients with resistant arterial hypertension. A num-
ber of uncontrolled trials showed the positive effect of
small doses of spironolactone (25-50 mg) in lowering
blood pressure in patients with resistant arterial hyper-
tension>'2. The addition of spironolactone to other anti-
hypertensive medications usually led to a marked decrease
of systolic BP (-14 to -36 mmHg) and diastolic BP (-7 to
-12.5 mmHg) (ref.). A recent randomized, double-blind,
placebo-controlled, multicentre trial (ASPIRANT) found
a significant decrease of systolic, but not diastolic BP, with
the addition of 25 mg of spironolactone compared to a
placebo in patients with resistant hypertension'.

Currently, it is not completely clear how to identify
patients for which treatment with spironolactone is most
effective. There are only limited data on whether the effect
of spironolactone treatment in patients with resistant arte-
rial hypertension depends on age and sex. Therefore, we

decided to perform a post-hoc analysis of the data from
the randomized ASPIRANT trial*.

METHODS

ASPIRANT was an investigator-led, prospective, mul-
ticentre, randomized, double-blind, placebo-controlled,
parallel-group trial. The design and main results of the
trial have been described previously'*. In brief, we en-
rolled patients older than 18 years with resistant arterial
hypertension, defined as office systolic BP >140 or dia-
stolic BP >90 mmHg despite being treated with at least
three antihypertensive drugs, including a diuretic. Patients
with diabetes or chronic kidney disease (defined as serum
creatinine >133 umol/L or proteinuria >300 mg/day) were
enrolled if the office BP was >130/80 mmHg.

For safety reasons, we excluded all patients with se-
vere hypertension (systolic BP >180 or diastolic BP >110
mmHg), those with renal insufficiency with serum creati-
nine >180 umol/l or glomerular filtration rate <40 mL/
min calculated by the MDRD formula, hyperkalemia
>5.4 mmol/L, hyponatremia <130 mmol/L, porphyria,
pregnant or lactating women or women of fertile age not
using effective contraception, patients with known prior
hypersensitivity to the drug Verospiron (spironolactone;
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Table 1. Patient demographics and baseline characteristics according to age groups.

Patient characteristics Below median age Above median age P
Age (years) <62 >62

Spironolactone group (N) 28 27

Demographic characteristics

Sex (female) 7 (25.0%) 11 (40.7%) 0.259
Height (cm) 175.8 (£9.3) 170.3 (£7.5) 0.012
Weight (kg) 103.1 (£18.5) 90.5 (£12.9) 0.004
BMI (kg/m?) 33.4 (£5.9) 31.1 (£3.8) 0.104
Heart rate (bpm) 70.2 (x10.4) 65.3 (£9.9) 0.049
Systolic BP

ABPM day-time BP (mmHg) 146.6 (£16.1) 142.7 (£13.4) 0.368
ABPM night-time BP (mmHg) 134.3 (x19.5) 138.5 (¢18.6) 0.354
24-h ABPM BP (mmHg) 143.9 (+15.3) 142.3 (x11.7) 0.873
Office BP (mmHg) 153.1 (£11.5) 156.8 (£9.0) 0.245
Diastolic BP

ABPM day-time BP (mmHg) 87.6 (x11.4) 79.4 (£9.3) 0.002
ABPM night-time BP (mmHg) 78.8 (£10.5) 74.5 (£15.7) 0.148
24-h ABPM BP (mmHg) 84.1 (¥10.2) 77.9 (£9.4) 0.016
Office BP (mmHg) 96.9 (£9.7) 88.2 (+10.0) <0.001
Baseline serum laboratory characteristics

Na (mmol/L) 139.7 (x2.4) 141.1 (£3.0) 0.085
K (mmol/L) 4.2 (x0.4) 4.1 (+0.5) 0.926
CI (mmol/L) 103.7 (¥3.6) 104.2 (+4.0) 0.697
Urea (mmol/L) 5.7 (3.8;9.7) 6.2 (4.0; 10.4) 0.285
Creatinine (umol/L) 80.0 (53.0; 107.0) 83.0 (66.0; 128.0) 0.151
Glycaemia (mmol/L) 6.4 (4.6; 20.3) 5.9 (5.0;9.1) 0.972
Plasma renin activity (ng/mL/h) 0.7 (0.1; 5.8) 0.2 (0.1; 4.0) 0.087
Aldosterone (ng/L) 101.0 (50.0; 261.0) 79.0 (21.0; 297.0) 0.102
Aldosterone/renin ratio’ 13.8 (1.6; 196.9) 16.0 (1.3; 297.0) 0.364
Medication at randomization

Angiotensin-converting enzyme inhibitor 25(89.3%) 17 (63.0%) 0.029
B blocker 20 (71.4%) 21 (77.8%) 0.758
Calcium channel blocker 25 (89.3%) 24 (88.9%) 1.000
Diuretics 28 (100.0%) 27 (100.0%)

Angiotensin II receptor blocker 11 (39.3%) 14 (51.9%) 0.422
o blocker 1(3.6%) 7(25.9%) 0.025
Centrally acting antihypertensives 19 (67.9%) 13 (48.1%) 0.176
Other antihypertensives 2(71%) 0(0.0%) 0.491
Median number of antihypertensives 5.0 (3.0; 6.0) 4.0 (3.0; 6.0) 0.644

Data are mean (SD) when normally distributed and median (5" and 95" percentile range) when they have non-normal distributions. Categorical
variables are number (%). Statistical significance was tested by Mann Whitney U test.

fCalculated as serum aldosterone (ng/L)/[ 10 x plasma renin activity (ng/mL/h)].
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Table 2. Patient demographics and baseline characteristics according to sex.

Patient characteristics Men Women P
Spironolactone group (N) 37 18

Demographic characteristics

Age (years) 60.4 (£10.6) 63.3 (£7.1) 0.293
Height (¢cm) 177.3 (£6.5) 164.6 (£6.6) <0.001
Weight (kg) 101.4 (+16.4) 87.8 (£15.0) 0.010
BMI (kg/m?) 32.2 (+4.8) 32.4 (£5.7) 0.921
Heart rate (bpm) 67.5 (£10.5) 68.4 (£10.4) 0.614
Systolic BP

ABPM day-time BP (mmHg) 143.3 (£13.6) 147.4 (£17.2) 0.609
ABPM night-time BP (mmHg) 134.2 (+18.4) 140.8 (+20.0) 0.209
24-h ABPM BP (mmHg) 141.5 (£12.8) 146.4 (£14.7) 0.222
Office BP (mmHg) 153.4 (£10.3) 158.1 (+10.2) 0.181
Diastolic BP

ABPM day-time BP (mmHg) 84.6 (£9.6) 81.4 (£13.8) 0.209
ABPM night-time BP (mmHg) 77.4 (£11.2) 75.2 (£17.3) 0.479
24-h ABPM BP (mmHg) 82.0 (¥9.0) 79.1 (£12.5) 0.190
Office BP (mmHg) 93.5 (£9.7) 90.8 (+12.7) 0.360
Baseline serum laboratory characteristics

Na (mmol/L) 140.4 (£3.2) 140.5 (+2.0) 0.921
K (mmol/L) 4.2 (£0.5) 4.1 (x0.5) 0.865
CI (mmol/L) 103.8 (¢4.1) 104.3 (¢3.2) 0.413
Urea (mmol/L) 6.2 (3.8; 11.6) 5.3(3.3; 10.4) 0.203
Creatinine (umol/L) 90.0 (58.0; 128.0) 66.0 (50.0; 137.0) <0.001
Glycaemia (mmol/L) 6.0 (4.5; 10.5) 6.0 (5.0; 20.3) 0.666
Plasma renin activity (ng/mL/h) 0.5(0.1; 5.5) 0.3(0.1; 9.4) 0.864
Aldosterone (ng/L) 94.0 (23.0; 315.0) 91.0 (21.0; 261.0) 0.419
Aldosterone/renin ratio’ 12.9 (1.6; 297.0) 15.2 (0.7; 153.0) 0.881
Medication at randomization

Angiotensin-converting enzyme inhibitor 30 (81.1%) 12 (66.7%) 0.314
B blocker 27 (73.0%) 14 (77.8%) 1.000
Calcium channel blocker 32 (86.5%) 17 (94.4%) 0.651
Diuretics 37 (100.0%) 18 (100.0%)

Angiotensin II receptor blocker 15 (40.5%) 10 (55.6%) 0.389
o blocker 5(13.5%) 3 (16.7%) 1.000
Centrally acting antihypertensives 19 (51.4%) 13 (72.2%) 0.160
Other antihypertensives 2 (5.4%) 0(0.0%) 1.000
Median number of antihypertensives 4.0 (3.0; 6.0) 5.0 (4.0; 7.0) 0.302

Data are mean (SD) when normally distributed and median (5" and 95" percentile range) when they have non-normal distributions. Categorical

variables are number (%). Statistical significance was tested by Mann Whitney U test.

fCalculated as serum aldosterone (ng/L)/[ 10 x plasma renin activity (ng/mL/h)].
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Table 3. Change of patient characteristics at 8 weeks compared to baseline according to age.

Age

Patient characteristics below/ 'flbOVC Spirz)rrll:);:;c)tone F(’La:selg;) thivafzgni?fp Pt
median
Systolic BP
ABPM day-time systolic BP I 85(13.0) 49 (£11.0)  3.6(9.7;2.5)  0.459
(mm He) 1 0.0 (£12.4)  2.5(+135) 15 (-14.6:0.4)  0.028
ABPM night-time systolic BP I 83(£149)  -L1(£192)  7.2(-16.0;16)  0.055
(mm He) 1l 4.1 (£19.9)  4.5(£157) 9.6 (-19.504)  0.119
24-h ABPM systolic BP I 93 (+1L1)  -38(121)  S5.4(113;05)  0.069
(mm He) 1 2.1 (£12.5)  -42(x137)  -19(-15.1:0.7)  0.032
Office systolic BP 1 9.8 (£15.6) -6.1 (£17.5) -3.8 (-12.2; 4.7) 0.303
(mm He)? 1 9.6 (£143)  -10.8(£9.6) -89 (15.6;2.1)  0.012
Diastolic BP
ABPM day-time diastolic BP I 45(£10.0) 2.6 (8.7)  -1.9(-6.6:28)  0.263
(mm He) 1l 3.8 (+5.5) 3.9(+£76)  0.1(3.53.8) 0947
ABPM night-time diastolic BP I 5.6(9.0)  0.4(11.8)  -5.1(10502)  0.054
(mm He) 1 5.6(+12.1)  5.4(:93)  02(-62:58)  0.706
24-h ABPM diastolic BP I 40 (+8.0)  25(+80)  -15(5.6:2.5)  0.548
(mm He) 1 4.4 (£5.9) 4.1 (274)  02(3.9;34)  0.630
Office diastolic BP I 5.6(£10.2) 2.8(x9.4)  29(7821)  0.106
(mm He)? 1 7.6 (+9.0) 59(+7.0)  -1.8(62:27) 0520
Pulse pressure®
ABPM day-time pulse pressure 1 4.0 (£8.2) -2.3(%6.9) -1.7 (-5.5; 2.1) 0.411
(mm He) 1 6.3 (£8.7) 1.4(£9.6)  17(-127:27)  0.005
ABPM night-time pulse pressure 1 2.7 (£11.6) -0.7 (x10.0) 2.1 (-7.5;3.4) 0.270
(mm He) 11 85(£13.6) 09 (£11.1)  9.4(-162;2.5)  0.005
24-h ABPM pulse pressure 1 -5.3 (£6.3) -1.4 (£5.6) -3.9 (-6.9;-0.9) 0.006
(mm He) 1 7.7 (+8.0) 01(298) 76 (-125:-2.8)  0.006
Office pulse pressure 1 4.2 (£11.2) -3.3 (¢x13.0) -0.9 (-7.1; 5.3) 0.865
(mm He)* 1l 120 (£10.0) 49 (£10.0) 71 (-12.6;-1.6)  0.013

Data are mean (SD). Age groups are defined according to median: I (<62 years), II (>62 years). There are 28 and 27 patients below and above
median respectively in spironolactone group and 32 and 24 patients below and above median respectively in placebo group.

*Difference between spironolactone and placebo group is expressed as difference in their means supplemented by 95% confidence interval.
fStatistical significance was tested by Mann-Whitney U test. *Average of 2" and 3™ office BP measurements. *Calculated as systolic BP minus
diastolic BP in all measured parameters.
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Table 4. Change of patient characteristics after 8 weeks of spironolactone treatment*.

Patient characteristics Men Women P
Spironolactone group (N) 37 18

Systolic BP

ABPM day-time systolic BP (mmHg) -8.3 (£12.9) -11.2 (£12.2) 0.484
ABPM night-time systolic BP (mmHg) -8.8 (£15.7) -15.9 (£20.8) 0.244
24-h ABPM systolic BP (mmHg) 9.5 (x11.6) -13.0 (£12.0) 0.306
Office systolic BP (mmHg) -13.8 (¥12.0) -16.4 (¥21.5) 0.389
Diastolic BP

ABPM day-time diastolic BP (mmHg) 4.2 (£8.2) 4.2 (£7.8) 0.774
ABPM night-time diastolic BP (mmHg) -5.1(£9.3) 6.7 (£12.9) 0.414
24-h ABPM diastolic BP (mmHg) 4.4 (£7.1) -3.7 (£6.8) 0.753
Office diastolic BP (mmHg) -6.2 (£10.1) -71.3 (£8.7) 0.936
Pulse pressure®

ABPM day-time pulse pressure (mmHg) 4.2 (£8.5) -7.0 (+£8.2) 0.255
ABPM night-time pulse pressure (mmHg) 3.8 (£11.2) 9.3 (£15.4) 0.103
24-h ABPM pulse pressure (mmHg) 5.1 (#7.1) 9.3 (£6.7) 0.037
Office pulse pressure (mmHg) -7.5 (£8.3) 9.1 (£15.9) 0.713

*Compared to baseline according to sex. Data are mean (SD). Statistical significance was tested by Mann Whitney U test.
$ Calculated as systolic BP minus diastolic BP in all measured parameters.

Richter Gedeon Ltd., Czech Republic) or currently using
any aldosterone antagonist (spironolactone, eplerenone
or canreonate).

Patients were randomly assigned in a one-to-one ratio
to receive either spironolactone at a dose of 25 mg once
daily or a placebo once daily in the morning, as an add-
on to their current antihypertensive therapy, in a blinded
manner. After randomization, patients were followed for
8 weeks. Office blood pressure was recorded by a cali-
brated mercury sphygmomanometer in seated patients
with their arm supported as the average of the 2nd and
3rd measurements. At baseline and 8 weeks, 24-h ambula-
tory blood pressure monitoring (ABPM) was performed
using validated devices'®!. Average day-time blood pres-
sure was calculated from values measured between 09:00
and 21:00, average night-time blood pressure from values
measured between 01:00 and 06:00 and average 24-hour
blood pressure was calculated from all the values recorded
by ABPM (ref.’®).

Serum sodium, potassium, chlorides, urea and cre-
atinine, plasma renin activity (PRA), plasma aldosterone
and aldosterone/renin ratio (ARR), microalbuminuria
and proteinuria in a 24-h urine sample were measured
at baseline and at 8 weeks. Patients did not change the
dosage or quantity of their antihypertensive medication
throughout the trial.
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To perform this analysis, patients were stratified
by baseline age and sex. Standard descriptive statistics
were applied in the analysis. Continuous variables were
described using mean and standard deviation when the
prerequisite of normality was fulfilled, and the median
and 5" and 95" percentile range in case of non-normal
distribution. Categorical variables were described by the
number of cases and the percentages of categories. The
statistical significance of differences between groups was
analyzed using the Mann Whitney U test and the Kruskal
Wallis test. Statistical analysis was computed using SPSS
19.0.1 (IBM Corporation, New York, U.S.A.).

RESULTS

A total of 117 patients were enrolled in the trial from
September 2007 to June 2010, with follow-up during the
following 2 months. The trial profile has been published.
Of the 59 and 58 patients enrolled into the spironolac-
tone and placebo arms, 4 and 2 patients discontinued
treatment prematurely (due to adverse events or protocol
violation). Analyses were done with 55 patients who were
treated with spironolactone and 56 patients treated by
placebo who finished the trial.

To assess whether the effect of spironolactone depend-
ed on age, patients were divided into two groups based on
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the median age of the spironolactone group (62 years).
Baseline characteristics of the patients according to age
groups and sex are shown in Tables 1 and 2. The mean
office BP was 155/93 mmHg, mean 24-hour ABPM blood
pressure was 143/81 mmHg. Isolated systolic hyperten-
sion (office systolic BP >140 mmHg and diastolic BP <90
mmHg) was present in 36.4% of patients. Patients were
using a mean of 4.6 antihypertensive drugs. All patients
used diuretics, mostly hydrochlorothiazide or indapamide.

When compared to placebo, only patients with a me-
dian age >62 years had significant reductions of office
systolic BP (-8.9 = 6.7 mmHg, P=0.012), 24-h ABPM sys-
tolic BP (-7.9 £ 7.2 mmHg, P=0.032) and ABPM day-time
systolic BP (-7.5 £ 7.1 mmHg) after 8 weeks of spironolac-
tone treatment (see Table 3). The respective systolic BP
reductions in patients aged <62 years were not statistically
significant. Diastolic BP was not significantly influenced
by spironolactone treatment in either group (Table 3).

Of the 55 patients treated with spironolactone, 37
were men and 18 women. Women had a significantly
larger 24-h ABPM pulse pressure reduction (-9.3 +6.7
mmHg) compared to men (-5.1 £7.1 mmHg) (P=0.037)
(see Table 4), but tended to have only a nonsignificantly
larger reduction in systolic BP with spironolactone treat-
ment, and there was no difference in diastolic BP reduc-
tion between women and men (Table 4).

DISCUSSION

This subanalysis of a randomized trial showed that
the addition of spironolactone in patients with resistant
arterial hypertension using a mean of 4.6 antihyperten-
sive drugs, led to a reduction in systolic BP only in older
patients. Spironolactone treatment was effective to a
similar extent in men and women with resistant arterial
hypertension.

Several trials reported conflicting data on whether the
BP response to spironolactone can be predicted by age
and sex. In one of the earliest reports by Nishizaka et al.,
no significant correlation was found between the degree
of BP reduction and age, body mass index and baseline
biochemical parameters®. In the retrospective evaluation
of a cohort of 344 patients by Engbaek et al., a numeri-
cally larger reduction in systolic BP (-26.6 mmHg at 3
months), but not diastolic BP (-9.2 mmHg at 3 months),
was observed with low-dose spironolactone treatment in
women compared to men (-20.6 mmHg and -10.2 mmHg
at 3 months) (ref.!).

In a multivariate analysis of a prospective trial of 175
patients by de Souza et al., age and sex were not inde-
pendently associated with a systolic BP decrease during
spironolactone administration (sex, P=0.33, and age,
P=0.78) or satisfactory (>10%) systolic BP response to
spironolactone (sex, P=0.39, age, P=0.82) (ref.!?). The
only factors associated with better response were greater
waist circumference, lower aortic pulse wave velocity, and
lower serum potassium'®,

In the nonrandomized post-hoc analysis of the Anglo-
Scandinavian Cardiac Outcomes Trial-Blood Pressure

389

Lowering Arm by Chapman et al., there were modest but
significantly greater reductions in diastolic BP among pa-
tients aged 60+ compared with younger participants (dif-
ference -2.86 mmHg, P<0.001), among women compared
to men (difference -1.78 mmHg, P=0.002), and among
participants with diabetes compared with those without
(difference -1.13 mmHg, P=0.025) (ref.¢).

A prospective trial comparing the spironolactone and
doxazosin treatment in resistant hypertension by Rodilla
et al., found that patients who achieved BP control with
treatment were younger (63 years compared to 67 years,
P=0.04), with lower glucose levels, and fewer had meta-
bolic syndrome or diabetes®.

In a cohort of 46 patients with resistant hyperten-
sion and chronic kidney disease stage 2 or 3 reported
by Khosla et al., female gender with BMI > 30 predicted
greater systolic BP response to aldosterone antagonism
(15£8 mmHg in women, -8£6 mmHg in men) with an
odds ratio of 1.31 (P=0.04) (ref.”). Another paper by
Mahmud et al. reported a significant correlation between
age and the fall in systolic BP (» = 0.39, P<0.05) but not
diastolic BP (r=0.05, NS) (ref.?).

Vascular stiffness is one of the major factors contrib-
uting to resistant hypertension. Stiffness of the arterial
wall in conductance arteries increases with increasing age,
leading to increased pulse wave velocity. The reflected
pressure wave returns to the heart not in the diastole but
in the end of the systole, thus increasing systolic blood
pressure’. Recent randomized trials showed that spirono-
lactone predominantly decreased systolic BP, more than
diastolic BP (ref.'*??). Spironolactone also, significantly
more than thiazide diuretics, reduced pulse wave velocity
and augmentation index®’. We postulated that, because
of these properties, spironolactone could be an effective
treatment for older patients with isolated systolic hyper-
tension!. The decrease of arterial stiffness by spironolac-
tone might explain its effect on systolic blood pressure
predominantly in older people aged >62 years in this anal-
ysis. Despite the higher baseline diastolic BP in patients
aged <62 years in our trial the reduction of diastolic BP
with spironolactone was comparable in both age groups.

Both in clinical trials and in clinical practice the deci-
sion to recommend spironolactone is influenced by the
patients’ age and sex, with reluctance to recommend this
agent to young men in order to avoid possible adverse
effects on sexual function®. However, low doses of 25 mg
spironolactone daily have a low occurrence of side effects
- around 7% a year®. This analysis shows that a similar BP
lowering effect of spironolactone can be expected both in
men and women with resistant hypertension.

A potential limitation of this analysis is the relatively
small sample size. It is possible that recruitment of a
substantially larger number of patients could have shown
a more pronounced effect of spironolactone in certain
subgroups.

In conclusion, this analysis shows that spironolac-
tone treatment only leads to a reduction of systolic BP
in older patients aged >62 years with resistant arterial
hypertension, and is effective to a similar extent in men
and women. Since spironolactone is a cheap and widely
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available drug, its use in older patients with isolated sys-
tolic hypertension is appealing, but needs to be explored
in further studies.
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