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The effect of spironolactone in patients with resistant arterial hypertension  
in relation to baseline blood pressure and secondary causes of hypertension

Jan Vaclavika, Richard Sedlakb, Jiri Jarkovskyc, Eva Kocianovaa, Milos Taborskya

Aims. There are currently limited data about whether the effect of spironolactone in patients with resistant arterial 
hypertension depends on baseline blood pressure and the presence of a secondary cause of hypertension. 
Methods. Patients with office systolic blood pressure (BP) >140 mmHg or diastolic BP >90 mmHg, despite treatment 
with at least 3 antihypertensive drugs including a diuretic, were randomly assigned to receive spironolactone or a pla-
cebo for 8 weeks in a double-blind, placebo-controlled, multicentre trial (ASPIRANT). 
Results. Analyses were done with 55 patients treated with spironolactone. The degree of BP reduction after 8 weeks 
of spironolactone treatment did not differ significantly between the three tertiles of baseline systolic BP and patients 
with and without a secondary cause of hypertension. The reduction of office systolic, office diastolic BP and office pulse 
pressure was significantly lower in the highest tertile with baseline diastolic BP > 97 mmHg.
Conclusions. Spironolactone treatment is effective to a similar extent both in patients with and without a secondary 
cause of hypertension and regardless of the baseline value of systolic BP. Less effect of spironolactone was found in 
patients with the highest baseline diastolic BP. 
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INTRODUCTION 

Resistant hypertension is a common clinical prob-
lem faced by both primary care clinicians and special-
ists worldwide. It is defined as blood pressure (BP) that 
remains above goal in spite of the concurrent use of 
3 antihypertensive agents of different classes prescribed 
at optimal dosages; one of the 3 agents used should be 
a diuretic1. 

The prevalence of resistant hypertension is estimated, 
from large clinical trials, to be at least 10-15% of all hy-
pertensive patients2,3. In a recently published analysis of 
the NHANES Survey (National Health and Nutrition 
Examination Survey) the prevalence of resistant hyperten-
sion was 12.8% in patients treated with antihypertensive 
drugs and 8.9% in all adult patients with hypertension4. 
If no secondary cause of hypertension is found, the use 
of multidrug treatment regimens including 3, 4 or more 
antihypertensive drugs, is usually necessary to lower blood 
pressure and thus prevent future cardiovascular events5. 

 Spironolactone is a mineralocorticoid receptor antag-
onist which was shown to lower blood pressure effectively 
in both general hypertensive patients and patients with 
primary aldosteronism6-8. A number of uncontrolled trials 
showed the positive effect of small doses of spironolac-
tone in lowering blood pressure in patients with resistant 
arterial hypertension9-19. Spironolactone was usually ad-
ministered in a daily dose of 25-50 mg and its effect was 

usually assessed after 3-6 months. The addition of spirono-
lactone to other antihypertensive medications usually led 
to a marked decrease of systolic BP (-14 to -36 mmHg) 
and diastolic BP (-7 to -12.5 mmHg) (ref.20). A recent 
randomized, double-blind, placebo-controlled, multicentre 
trial (ASPIRANT) found a significant decrease of sys-
tolic, but not diastolic BP, with the addition of 25 mg of 
spironolactone compared to a placebo in patients with 
resistant hypertension21. 

Currently, it is not completely clear how to identify 
patients for which treatment with spironolactone would 
be most effective. There is only limited data on whether 
the effect of spironolactone treatment in patients with 
resistant arterial hypertension depends on baseline blood 
pressure and differs depending on the presence or absence 
of a secondary cause of hypertension. For this reason, we 
decided to perform a post-hoc analysis of the data from 
the randomized ASPIRANT trial21. 

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 previously21,22. We enrolled pa-
tients aged 18 years and above with resistant arterial hy-
pertension, defined as office systolic BP >140 or diastolic 
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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 cre-
atinine >133 µmol/L or proteinuria >300 mg/day) were 
enrolled if the office BP was > 130/80 mmHg. 

The study was done in accordance with the principles 
of the Helsinki declaration. The study protocol was ap-
proved by ethics review and by the State Institute for 
Drug Control of the Czech Republic. Written informed 
consent was obtained from all patients prior to enrol-
ment. This study was registered at clinicaltrials.gov as 
NCT00524615.

For safety reasons, we excluded all patients with 
severe hypertension (systolic BP >180 or diastolic BP 
>110 mmHg) who needed an immediate adjustment of 
treatment, those with renal insufficiency with serum cre-
atinine >180 µmol/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; 
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. The value was recorded as the 
average of the 2nd and 3rd measurements with a minimum 
delay of 3 minutes between the measurements. At baseline 
and 8 weeks, 24-h ambulatory blood pressure monitor-
ing (ABPM) was performed using validated devices23,24. 
Average day-time blood pressure was calculated from val-
ues measured between 09:00 and 21:00, average night-time 
blood pressure from values measured between 01:00 and 
06:00 and average 24 h blood pressure was calculated 
from all the values recorded by ABPM (ref.25). 

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. Free plasma metanephrines, 
serum TSH and urinary free and total cortisol in a 24 h 
urine sample were measured on baseline. Patients with 
a known secondary cause of hypertension were not en-
rolled into the trial, but the exclusion of secondary hyper-
tension was not required by the study protocol prior to 
enrollment. Patients did not change the dosage or quantity 
of their antihypertensive medication throughout the trial. 

After trial completion, patients were followed up clini-
cally until December 1st, 2011. To perform this analysis, 
patients were stratified by baseline systolic and diastolic 
blood pressure, and the presence or absence of a second-
ary cause of hypertension found during the follow-up after 
study completion. 

Standard descriptive statistics were applied in the anal-
ysis. Continuous variables were described using mean and 
standard deviation when the prerequisite of normality was 
fulfilled, and the median and 5th and 95th percentile range 
in case of non-normal distribution. Categorical variables 
were described by the number of cases and the percent-
ages of categories. The statistical significance of differenc-
es among groups was analysed 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-ups during the 
next 2 months. The trial profile has already been pub-
lished21. Of the 59 patients enrolled into the spironolac-
tone arm, 4 patients discontinued treatment prematurely 
(2 due to adverse events and 2 due to protocol violation). 
Analyses were done on 55 patients who were treated with 
spironolactone and finished the trial.	

Baseline characteristics of the patients are shown in 
Table 1. The mean patient age was approximately 61 years, 
the mean office BP was 155/93 mmHg and the mean 
24 h ABPM blood pressure 143/81 mmHg. Isolated sys-
tolic hypertension (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. 

To evaluate the BP response to spironolactone treat-
ment, patients were divided into tertiles according to base-
line systolic and diastolic BP (Tables 2 and 3). The degree 
of BP reduction after spironolactone treatment did not 
differ significantly between the three tertiles of baseline 
systolic BP (Table 2). However, the reduction of office 
systolic, office diastolic BP and office pulse pressure was 
significantly lower in the highest tertile with a baseline 
diastolic BP > 97 mmHg (Table 3). 

After trial completion, patients were clinically followed 
up for a further 16 to 49 months (median 28 months). In 
13 patients (24%), a secondary cause of hypertension was 
found during subsequent evaluation within 6 months after 
completion of the trial. Most common was primary aldo-
steronism (8 patients), followed by renovascular hyperten-
sion (3), obstructive sleep apnoea (1) and nephrogenic 
hypertension (1). Patients with and without a secondary 
cause of hypertension had comparable BP reductions with 
spironolactone treatment (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 antihypertensive 
drugs, led to a similar reduction in BP regardless of the 
presence or absence of a secondary cause of hypertension. 
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Per protocol, to make the trial results more easily 
transferable to non-study patients, all patients who pre-
sented at participating centres with resistant arterial hy-
pertension and met the inclusion criteria were included 
in the trial20,21. In 24% of patients enrolled in the trial, 
a secondary cause of hypertension was found during sub-
sequent evaluation after trial completion, with the most 
frequent cause being primary aldosteronism (61%) (ref.21). 

The possible influence of secondary causes of hyper-
tension on the trial results was regularly discussed during 

presentations of the ASPIRANT trial data at a number 
of medical conferences. The speakers often postulated 
that in patients with secondary hypertension, the effect 
of spironolactone would be less marked. However, this 
analysis showed the reverse. As primary aldosteronism 
is the most common cause of secondary hypertension, 
both in clinical practice and in this trial21,26, it is logical 
to expect an effective lowering of BP from spironolactone 
in this group of patients. Some degree of aldosterone ex-
cess often plays a role in patients with essential resistant 

Table 1. Patient demographics and baseline characteristics.

Patient characteristics Spironolactone group (n=55)

Demographic characteristics
Age (years) 61.4 (± 9.6)

Sex (female) 18 (32.7 %)

Height (cm) 173.1 (± 8.9)

Weight (kg) 96.9 (± 17.1)

BMI (kg/m2) 32.3 (± 5.1)

Heart rate (bpm) 67.8 (± 10.4)

Mean baseline blood pressure

Office BP (mmHg)  154.9 (± 10.4) / 92.6 (± 10.7)

ABPM day-time BP (mmHg) 144.7 (± 14.8) / 83.6 (± 11.1)

ABPM night-time BP (mmHg) 136.4 (± 19.0) / 76.7 (± 13.4)

24-h ABPM BP (mmHg) 143.1 (± 13.5) / 81.1 (± 10.2)

Baseline serum laboratory characteristics

Na (mmol/L) 140.4 (± 2.8)

K (mmol/L) 4.2 (± 0.5)

Cl (mmol/L) 104.0 (± 3.8)

Urea (mmol/L) 6.2 (3.8; 10.4)

Creatinine (µmol/L) 81.0 (56.0; 128.0)

Glycemia (mmol/L) 6.0 (4.6; 17.3)

Plasma renin activity (ng/mL/h) 0.4 (0.1; 5.8)

Aldosterone (ng/L) 94 (23; 297)

Aldosterone/renin ratio† 15.2 (1.6; 235.0)

Medication at randomization

Angiotensin-converting enzyme inhibitor 42 (76.4 %)

β blocker 41 (74.5 %)

Calcium channel blocker 49 (89.1 %)

Diuretics 55 (100.0 %)

Angiotensin II receptor blocker 25 (45.5 %)

α blocker 8 (14.5 %)

Centrally acting antihypertensives 32 (58.2 %)

Other antihypertensives 2 (3.6 %)

Median number of antihypertensives 4 (3; 6)

Data are mean (SD) when normally distributed and median (5th and 95th percentile range) when they have non-normal 
distribution. Categorical variables are count (%).
*Average of 2nd and 3rd office BP measurement. 
†Calculated as serum aldosterone (ng/L)/[10 x plasma renin activity (ng/mL/h)].
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Table 2. Change of patient characteristics after 8 weeks of treatment compared to baseline according to tertiles  
of systolic blood pressure at entry. 

Patient characteristics 1st Tertile* 2nd Tertile* 3rd Tertile* P†

Systolic blood pressure (mmHg) <149 149-159 >159

Spironolactone group (N) 13 22 20

Systolic BP

ABPM day-time systolic BP -6.0 (±9.1) -10.2 (±13.3) -10.4 (±14.0) 0.512

ABPM night-time systolic BP (mmHg) -10.7 (±14.7) -14.3 (±20.1) -8.0 (±16.8) 0.663

24-h ABPM systolic BP (mmHg) -7.8 (±10.0) -13.2 (±11.8) -9.6 (±12.8) 0.288

Office systolic BP (mmHg) -10.9 (±11.9) -15.4 (±14.3) -16.2 (±19.1) 0.416

Diastolic BP

ABPM day-time diastolic BP (mmHg) -0.7 (±9.5) -5.8 (±7.3) -4.5 (±7.5) 0.397

ABPM night-time diastolic BP (mmHg) -6.6 (±9.1) -6.3 (±9.9) -4.1 (±12.3) 0.907

24-h ABPM diastolic BP (mmHg) -2.2 (±7.6) -5.7 (±6.5) -3.8 (±7.0) 0.456

Office diastolic BP (mmHg) -5.3 (±8.8) -7.2 (±10.5) -6.8 (±9.4) 0.706

Pulse pressure§

ABPM day-time pulse pressure (mmHg) -5.3 (±5.4) -4.3 (±9.5) -5.8 (±9.2) 0.987

ABPM night-time pulse pressure (mmHg) -4.0 (±9.6) -8.0 (±14.3) -3.9 (±13.2) 0.504

24-h ABPM pulse pressure (mmHg) -5.6 (±5.0) -7.5 (±7.4) -5.9 (±8.3) 0.488

Office pulse pressure (mmHg)‡ -5.6 (±10.1) -8.3 (±9.2) -9.4 (±13.9) 0.378

Data are mean (SD). 
*Defined on the base of the whole dataset.
† Statistical significance was tested by Kruskal Wallis test.
§ Calculated as systolic BP minus diastolic BP in all measured parameters.

Table 3. Change of patient characteristics after 8 weeks of treatment compared to baseline according to tertiles  
of diastolic blood pressure at entry. 

Patients characteristics 1st Tertile* 2nd Tertile* 3rd Tertile* P†

Diastolic blood pressure (mmHg) <88 88-97 >97

Spironolactone group (N) 16 18 21

Systolic BP

ABPM day-time systolic BP -8.3 (±11.6) -14.2 (±11.5) -5.8 (±13.4) 0.117

ABPM night-time systolic BP (mmHg) -12.1 (±14.8) -13.0 (±15.7) -8.8 (±21.4) 0.540

24-h ABPM systolic BP (mmHg) -10.2 (±11.2) -14.3 (±9.7) -7.8 (±13.4) 0.203

Office systolic BP (mmHg) -13.4 (±11.6) -23.8 (±12.8) -7.7 (±17.0) 0.010

Diastolic BP

ABPM day-time diastolic BP (mmHg) -3.0 (±6.3) -6.6 (±6.2) -3.0 (±10.2) 0.286

ABPM night-time diastolic BP (mmHg) -2.9 (±11.6) -8.5 (±9.2) -5.1 (±10.5) 0.307

24-h ABPM diastolic BP (mmHg) -2.6 (±5.8) -6.6 (±5.2) -3.2 (±8.7) 0.159

Office diastolic BP (mmHg) -1.5 (±7.9) -12.1 (±5.0) -5.8 (±11.5) 0.003

Pulse pressure§

ABPM day-time pulse pressure (mmHg) -5.3 (±9.1) -7.6 (±8.9) -2.8 (±7.1) 0.225

ABPM night-time pulse pressure (mmHg) -9.2 (±7.8) -4.5 (±12.4) -3.7 (±15.9) 0.298

24-h ABPM pulse pressure (mmHg) -7.6 (±6.9) -7.7 (±7.5) -4.6 (±7.1) 0.360

Office pulse pressure (mmHg)‡ -11.9 (±9.5) -11.8 (±10.0) -1.9 (±11.1) 0.008

Data are mean (SD). 
* Defined on the base of the whole dataset.
† Statistical significance was tested by Kruskal Wallis test.
§ Calculated as systolic BP minus diastolic BP in all measured parameters.
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hypertension, and thus, in those patients, the addition of 
aldosterone antagonists seems correct from the patho-
physiological viewpoint. 

Several previous trials suggested that blood pressure 
decrease with treatment is higher in patients with higher 
baseline systolic and diastolic BP. In a cohort of 46 pa-
tients with resistant hypertension and chronic stage 2 or 
3 kidney disease reported by Khosla et al, patients with 
systolic BP values ≥ 160 mmHg and BMI ≥ 30 kg/m2 at 
baseline were more likely to have a ≥ 15 mmHg reduction 
in systolic BP, compared to the index visit, with an odds 
ratio of 1.63 (P=0.03) (ref.14). 

A multiple regression analysis by Rodilla et al. of a pro-
spective trial comparing spironolactone and doxazosin 
treatment in resistant hypertension, found the reduction 
in systolic BP after treatment to be independently asso-
ciated with baseline systolic BP (=0.6, 95% CI, 0.4-0.9; 
P<0.001) and the reduction of diastolic BP independently 
associated with the baseline diastolic BP (β=0.5, 95% CI, 
0.3-0.7; P≤0.001) (ref.27). Patients with baseline systolic 
BP <165 mmHg had a 2.56 times higher odds ratio of 
reaching good blood pressure control than patients with 
baseline systolic BP ≥ 165 mmHg (P=0.03) (ref.27).

Recent analysis by Janssen et al. showed that a change 
in BP with aldosterone antagonist treatment correlated 
significantly with baseline BP, urinary albumin-to-creati-
nine ratio, left ventricular hypertrophy and follow-up dura-
tion28. In the multivariate analysis, only higher baseline 
BP and longer follow-up duration independently predicted 
BP response in the long term28. 

In our analysis, the magnitude of BP reduction after 
spironolactone treatment did not differ significantly be-

tween patients with lower and higher baseline systolic 
BP. A surprising finding is that the reduction of office 
systolic and diastolic BP was highest in the middle tertile 
of baseline diastolic BP between 88 and 97 mmHg, with 
a less than expected BP decrease in the highest tertile 
with baseline diastolic BP > 97 mmHg. Although patient 
compliance was assessed by the number of returned tab-
lets21, we suggest that this discrepancy may be explained 
by a possibly poorer compliance with regard to the an-
tihypertensive medications in patients with the highest 
baseline BP values. 

Non-compliance with treatment in resistant hyperten-
sion may be more common than previously thought. In 
patients evaluated for secondary causes of hypertension 
in a tertiary hypertension centre, the total ratio of non-
compliant patients was found to be higher than 32% when 
assessed by the measurement of serum values of antihy-
pertensive drugs29. Our findings warrant further research, 
since the high baseline diastolic BP > 97 mmHg despite 
treatment with multiple antihypertensive drugs could pos-
sibly identify patients with poorer treatment compliance. 

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

CONCLUSION

Spironolactone treatment is effective to a similar ex-
tent in patients with and without a secondary cause of 

Table 4. Change of patient characteristics after 8 weeks of spironolactone treatment compared to baseline  
according to the presence or absence of secondary hypertension. 

Patient characteristics Secondary HT: no Secondary HT: yes P†

Spironolactone group (N) 42 13

Systolic BP

ABPM day-time systolic BP -9.4 (±12.6) -8.8 (±13.1) 0.905

ABPM night-time systolic BP (mmHg) -10.8 (±19.2) -12.2 (±11.8) 0.874

24-h ABPM systolic BP (mmHg) -10.6 (±12.0) -10.7 (±11.3) 0.898

Office systolic BP (mmHg)‡ -13.9 (±15.3) -17.2 (±16.9) 0.984

Diastolic BP

ABPM day-time diastolic BP (mmHg) -4.7 (±8.3) -2.4 (±7.0) 0.352

ABPM night-time diastolic BP (mmHg) -6.0 (±11.1) -4.3 (±8.4) 0.445

24-h ABPM diastolic BP (mmHg) -4.5 (±7.2) -3.2 (±6.5) 0.513

Office diastolic BP (mmHg)‡ -6.7 (±8.9) -6.3 (±12.0) 0.890

Pulse pressure§

ABPM day-time pulse pressure (mmHg) -4.7 (±8.2) -6.4 (±9.4) 0.843

ABPM night-time pulse pressure (mmHg) -4.8 (±14.2) -8.0 (±6.6) 0.559

24-h ABPM pulse pressure (mmHg) -6.1 (±7.3) -7.5 (±7.2) 0.890

Office pulse pressure (mmHg)‡ -7.2 (±10.7) -10.8 (±12.9) 0.627

Data are mean (SD). HT = hypertension. 
† Statistical significance was tested by Mann-Whitney U test.
§ Calculated as systolic BP minus diastolic BP in all measured parameters.
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hypertension and regardless of the baseline systolic BP. 
Less effect of spironolactone was found in patients with 
highest baseline diastolic BP. 

Further research is warranted to find whether the on-
treatment office blood pressure values may be useful for 
identifying non-compliant patients. 
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