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Serum potassium levels predict blood pressure
response to aldosterone antagonists in resistant
hypertension

Gadi Shlomai1,2, Tal Sella2, Yehonatan Sharabi, Avshalom Leibowitz and Ehud Grossman

The objective of this study was to identify factors associated with the blood pressure (BP) response to spironolactone—

aldosterone receptor antagonist as an add-on therapy in patients with resistant hypertension (HTN). We retrospectively reviewed

the data of subjects with resistant HTN who were treated with add-on spironolactone in a large HTN clinic. A paired Student’s

t-test was used to assess the differences between the BP values before and during spironolactone administration, and

multivariate analysis was used to assess the predictors of a satisfactory BP response (a decrease in systolic BP 410%). We

analyzed the data of 48 hypertensive participants. The add-on spironolactone therapy had a significant BP-lowering effect in

both systolic and diastolic BP values (Po0.01 for both). Baseline serum potassium levels of o4.5 mEq l�1 were associated

with a satisfactory BP response (Po0.01). Furthermore, every decrement of 1 mEq l�1 of serum potassium was independently

associated with a fivefold higher rate of achieving a satisfactory BP response to spironolactone therapy (P¼0.024). Additional

factors independently associated with an improved systolic BP response were old age (P¼0.033), body mass index (P¼0.033)

and high baseline systolic BP (P¼0.004). Our results support the use of add-on spironolactone therapy in patients with

resistant HTN who are elderly and obese and have high systolic BP and serum potassium levels o4.5 mEq l�1.
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INTRODUCTION

Arterial hypertension (HTN) constitutes a pivotal, modifiable cardi-
ovascular risk factor for stroke, coronary artery disease, heart failure
and end-stage renal disease.1 Antihypertensive therapy profoundly
reduces the risk of HTN-related morbidity and mortality.2 Notably,
regardless of the agent employed, monotherapy fails to adequately
control blood pressure (BP) in 470% of patients.3 Resistant HTN is
defined as not at goal BP (systolic BP o140mmHg and diastolic BP
90mmHg) despite the use of at least three antihypertensive
medications of different drug classes at optimal doses, usually
including a diuretic.4

Spironolactone is a nonselective aldosterone receptor antagonist
and a potassium-sparing diuretic. The beneficial effect of adminis-
tering spironolactone to lower BP has been previously demonstrated
in patients with uncontrolled and true resistant HTN, even if they had
essential HTN.5–13 These findings have been reflected in the British
Hypertension Society guidelines since 2004,2,14 which recommend
spironolactone as fourth-line therapy when BP is uncontrolled by
other pharmacological measures.

The BP-lowering capacity of spironolactone is well established.
However, it is unclear who will favorably respond to this medication.
Because treatment with spironolactone is not well tolerated, particu-
larly in males, and may lead to hyperkalemia and renal deterioration,
it is important to identify patients in whom spironolactone therapy
will be highly effective. Several trials have shown that the BP-lowering
effect of spironolactone correlates with a higher baseline BP;7,15

however, other studies have failed to demonstrate such an
association.15,16 The baseline serum potassium levels, plasma renin
activity and aldosterone levels have also been previously suggested to
be potential predictors for BP response to spironolactone; however,
the published data thus far show conflicting results.5–7,9,11,17,18

Previously described factors that are likely associated with better BP
response include body mass index,15 waist circumference and lower
aortic stiffness.6

The objectives of this study were to evaluate the BP-lowering effect
of spironolactone, as an add-on therapy, in patients with uncontrolled
and resistant HTN and to identify potential factors that may predict a
favorable BP response to spironolactone therapy.
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METHODS

Patients
This retrospective study was conducted in the HTN clinic of the Chaim Sheba

Medical Center, Tel Hashomer, Israel. We reviewed the charts of 4105

hypertensive patients who were treated at our HTN clinic between 1 January

2003 and 31 December 2011. We identified those who initiated spironolactone

therapy during the course of the treatment. We included in this analysis only

patients with essential HTN, who were on nonpharmacological measures and

were treated with two or more antihypertensive medications, before spirono-

lactone therapy was administered. The participants continued their prior

antihypertensive regimen, and their laboratory and demographic data and BP

levels were recorded before and after the initiation of spironolactone treatment.

According to standard clinic protocol, all of the patients were screened for

secondary HTN during their initial visit. Consequently, those with suspected

secondary HTN were excluded from the current analysis. Follow-up visits

ranged from 2 weeks to 2 years.

Data collection
The demographic and clinical characteristics were recorded for each subject.

Co-morbidities were self-reported. All of the patients underwent laboratory

evaluations including serum glucose, renal function and electrolyte assessments

before spironolactone initiation.

Blood pressure was measured according to the American Heart Association

guidelines, using a mercury sphygmomanometer. The mean of two measure-

ments, obtained by trained physicians after the patient had rested for 5min in

the sitting position, was recorded during every visit. For study purposes, the

BP values were collected and measured on the following two specific dates: the

date on which spironolactone therapy was initiated and on the first subsequent

follow-up visit.

Statistical analysis
All of the statistical analyses were conducted using a standard statistical

software package (SPSS 17.0, SPSS, Chicago, IL, USA). The results are

presented as the mean values with standard deviations for normally distributed

continuous variables and as medians for variables with asymmetric distribu-

tions. Consistent with previous publications,6 the BP response to

spironolactone was also evaluated as the percentage change from baseline

values [(first BP—second BP/first BP)� 100] and was considered to be

satisfactory if the value was greater than 10%. Paired Student’s t-tests were

used to assess the differences between the office BP levels before and after

spironolactone administration. The chi-square test for categorical variables and

the unpaired t-test or Mann–Whitney test for continuous variables were

performed to determine significant differences in baseline characteristics

between satisfactory and unsatisfactory responders. The same tests were

applied for additional comparisons of the study population stratified by the

baseline potassium level (X4.5 or o4.5mEq l�1). To identify the predictors of

a satisfactory BP response, a multivariate logistic regression was performed

with adjustment for variables if a significant difference was found between the

subgroups. Two models were used: baseline potassium concentration was

defined as a continuous variable in the first model and as a categorical variable

(o4.5 vs X4.5mEq l�1) in the second model. Po0.05 was considered to be

statistically significant.

RESULTS

Patient characteristics
We identified 63 patients who were eligible for inclusion in the study.
The complete data for 48 patients included demographics, co-
morbidities and laboratory evaluation. Of the 48 hypertensive patients
included in our study, the majority of the patients were males, tended
to be overweight and were likely to have a medical history of diabetes
and coronary heart disease (Table 1). The subjects were treated using
various antihypertensive drug classes, mainly diuretics and renin–
angiotensin axis blockers. The majority (87.5%) of the patients met
the definition of resistant HTN, using at least three antihypertensive
agents, including a diuretic. The median number of medications used

by patients in our study population was 4 (Table 1). Left ventricular
hypertrophy was observed in 70.4% of the patients tested, and
microalbuminuria was observed in 30.8% of the patients tested
(Table 1).

Patients’ baseline characteristics stratified by systolic blood
pressure response
In the entire group, the addition of spironolactone (mean dose,
20.6±13.6mg per day) decreased systolic BP (SBP) from 156±23 to
147±21mmHg and diastolic BP (DBP) from 87±16 to 78±18mm
Hg (Po0.01 for both) (Figure 1). Seventeen patients (35%) exhibited
satisfactory SBP response (410% BP reduction). Those patients with
satisfactory SBP responses had higher baseline SBP levels and lower
serum potassium levels than those without satisfactory responses
(Table 2). Other baseline characteristics and laboratory parameters
were similar in those with and without satisfactory SBP responses

Table 1 Population baseline characteristics

Characteristics Values

N 48

Sex (male)—n (%) 29 (60.4)

Age (years)—mean (s.d.) 65.4 (11)

BMI (kg m�2)—mean (s.d.) 28.3 (4.9)

Pre-spironolactone BP—mean (s.d.)

Systolic BP, mmHg 156 (23)

Diastolic BP, mmHg 87 (16)

Comorbidities—n (%)

Diabetes 16 (33.3)

Hyperlipidemia 1 (2.1)

Ischemic heart disease 11 (22.9)

Cerebral vascular disease 0 (0.0)

Smoking 3 (6.3)

Antihypertensive drugs—median (s.d.) 4.0 (1.0)

Antihypertensive drugs, number—n (%)

2 6 (12.5)

3 10 (20.8)

4 25 (52.1)

5 7 (14.6)

Antihypertensive drugs, type—n (%)

Beta blocker 40 (83.3)

Calcium channel blocker 41 (85.4)

ACE inhibitor/AR blocker 42 (87.5)

Diuretic 44 (91.7)

Alpha blocker 10 (20.8)

Laboratory values—median (s.d.)

Sodium, mEq l�1 140 (3.35)

Potassium, mEq l�1 4.3 (0.79)

Creatinine, mgdl�1 1.08 (0.24)

Urea, mgdl�1 40 (16.3)

Target organ damage—n/tested (%)

Left ventricular hypertrophy 19/27 (70.4)

Microalbuminuria 8/26 (30.8)

Abbreviations: ACE, angiotensin-converting enzyme; AR, angiotensin receptor; BMI, body mass
index; BP, blood pressure.
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(Table 2). The pretreatment medications did not predict a satisfactory
response. Notably, treatment with angiotensin-converting enzyme
inhibitors/angiotensin receptor blockers and beta-blockers showed a
trend towards an association with a lesser SBP response to spirono-
lactone therapy (Table 2).

The effect of spironolactone on blood pressure stratified by
baseline serum potassium levels
Baseline potassium levels of o4.5mEq l�1 were recorded in 26
patients. An add-on spironolactone therapy decreased systolic and
diastolic BP significantly only in patients with baseline potassium
levels of o4.5mEq l�1 (161±24 to 146±21mmHg, and 91±20 to
79±21mmHg, respectively; Po0.01 for both) (Figure 1).
A multivariate analysis showed that every 1mEq decrement in

serum potassium was independently associated with a fivefold higher
rate of achieving satisfactory SBP response (P¼ 0.024) (Table 3). The
use of a categorical multivariable model demonstrated that a baseline
potassium level of o4.5mEq l�1 was associated with a 12-fold
increase in the rate of achieving satisfactory SBP response
(P¼ 0.017) (Table 3). Additional factors independently associated
with satisfactory SBP response are older age (P¼ 0.033), increased

body mass index (P¼ 0.033) and higher baseline SBP values
(P¼ 0.004) (Table 3).

DISCUSSION

This study corroborates the role of spironolactone treatment in the
management algorithm of patients with uncontrolled and resistant
HTN. Our findings suggest that lower baseline potassium levels,
higher pre-treatment SBP values, old age and obesity are associated
with an improved SBP response to spironolactone treatment.
Numerous trials have previously demonstrated the beneficial effect

of spironolactone therapy for controlling BP in patients with resistant
HTN.5–13 Notably, the degree of BP reduction observed in our study
was modest, albeit significant, compared with the majority of
previous trials. This outcome could be attributed, in part, to the
severity of HTN in our cohort because many patients were treated
with four antihypertensive medications before spironolactone
initiation. Another plausible explanation is that, despite having
resistant HTN, our population had lower baseline SBP values
compared with several other studies in which BP reduction was
more prominent.6,8,9,11 It is also likely that the baseline serum
potassium levels, which are associated with BP response to
spironolactone, were relatively high because only 26 patients had

Figure 1 Systolic and diastolic blood pressure values before (light boxes) and after (dark boxes) spironolactone commencement. The blood pressure values

are described for the entire study population and stratified by a serum potassium level of 4.5 mEq l�1. *P values derived from paired t-test comparisons of

blood pressures before and after spironolactone therapy.
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levels o4.5mEq l�1; therefore, the response in the entire group was
only modest. Satisfactory SBP reduction was achieved in only 35% of
the patients; however, it is noteworthy that even those without a
satisfactory BP response exhibited some degree of decrease in SBP
because the overall effect of an add-on spironolactone therapy was
significant.
The pathophysiology of resistant HTN is usually multifactorial,

including poor patient adherence, concomitant renal disease or
secondary etiologies, vascular stiffness and aldosterone break-
through.9,19 Although the primary mechanism underlying the effect
of spironolactone on BP reduction is likely natriuresis and diuresis,
aldosterone blockade plays a significant role in vascular stiffness
modulation, sympathetic tone attenuation20 and endothelial function
protection.21 These extra-renal effects could mediate the additional
BP-lowering capacity of spironolactone therapy among patients who
are already receiving intense treatment with various types of
antihypertensive medications.
This study demonstrates that the BP response to spironolactone

depends on serum potassium levels. The lower the baseline potassium

levels, the better the BP reduction. We have previously shown that
pretreatment serum potassium levels o4mEq l�1 were associated
with a greater BP reduction.11 de Souza et al.6 have also demonstrated
that lower serum potassium levels were independently correlated with
decreased SBP. However, other authors have failed to establish such an
association.7 In the present study, we showed a remarkable BP
decrease following an add-on spironolactone therapy in patients
with serum potassium levels o4.5mEq l�1. Our findings concur with
the most recent British guideline recommendations, which support
the use of spironolactone for resistant HTN treatment if serum
potassium levels are o4.5mEq l�1.
Contrary to traditional teaching, hypokalemia in hypertensive

patients is not sine qua non for primary hyperaldosteronism.
In the Primary Aldosteronism Prevalence in hYpertension Study
(PAPY), the prevalence of primary hyperaldosteronism among
newly diagnosed hypertensive patients was 11.2%.22 We believe
that in our study o5% of the patients could have primary
aldosteronism because our standard clinic protocol for excluding
secondary HTN includes measurements of plasma renin activity and
aldosterone in patients with initial potassium levels o4mmol l�1.
Hypokalemia, even in the absence of primary hyperaldosteronism,
may reflect elevated aldosterone levels. Many patients in our study
had low serum potassium levels because of thiazide treatment. In
these patients, spironolactone therapy was administered in addition to
thiazide treatment. Relative baseline hypokalemia, regardless of the
etiology, seems to be associated with better BP response to
spironolactone therapy and appears to minimize the risk of
hyperkalemia. Thus, it is prudent to continue thiazide treatment

Table 2 Baseline characteristics by adequate (410%) systolic blood

pressure response to spironolactone

SBP response

Variable 410% p10% P-value

n 17 31

Sex (male)—n, % 12 (70.6) 14 (45.2) 0.286

Age (years)—mean (s.d.) 65.2 (13.1) 65.5 (9.9) 0.926

BMI (kgm�2)—mean (s.d.) 29.1 (4.9) 27.9 (4.9) 0.445

Pre-spironolactone BP—mean (s.d.)

Systolic BP, mm Hg 168 (25) 150 (19) 0.006

Diastolic BP, mm Hg 92 (25) 82 (12) 0.152

Comorbidities—n (%)

Diabetes 7 (41.2) 9 (29.0) 0.393

Hyperlipidemia 1 (5.9) 0 (0.0) 0.172

Ischemic heart disease 2 (11.8) 9 (29.0) 0.173

Cerebral vascular disease 0 (0.0) 0 (0.0) —

Smoking 1 (5.9) 2 (6.5) 0.938

Antihypertensive drugs—median (s.d.) 3.5 (1.0) 4.0 (1.0) 0.205

Antihypertensive drugs—n (%)

Beta blocker 12 (70.6) 28 (90.3) 0.079

Calcium channel blocker 14 (82.4) 27 (87.1) 0.656

ACE inhibitor/AR blocker 13 (76.5) 29 (93.5) 0.087

Diuretic 15 (88.2) 29 (93.5) 0.524

Alpha blocker 5 (29.4) 5 (16.1) 0.278

Laboratory values—median (s.d.)

Sodium, mEq l�1 140 (3.0) 140 (3.6) 0.786

Potassium, mEq l�1 3.95 (0.6) 4.55 (0.8) 0.037

Creatinine, mgdl�1 0.98 (0.3) 1.1 (0.2) 0.398

Urea, mg dl�1 34 (16.8) 41 (16.0) 0.317

Target organ damage—n/tested (%)

Left ventricular hypertrophy 9/11 (81.8) 10/16 (62.5) 0.280

Microalbuminuria 5/11 (45.5) 3/15 (20.0) 0.165

Abbreviations: ACE, angiotensin-converting enzyme; AR, angiotensin receptor; BMI, body mass
index; BP, blood pressure; SBP, systolic blood pressure.

Table 3 Multivariate logistic regression for adequate (410%)

systolic blood pressure response to spironolactone with potassium as

a continuous (a) and a categorical (b) variable

Variable OR 95% CI P-value

(a)

Gender

Male 1 — —

Female 0.29 0.04–1.88 0.196

Age

1-year increment 1.16 1.03–1.30 0.033

BMI

1 kgm�2 increment 1.29 1.02–1.62 0.033

K

1 mEq l�1 decrement 5.00 1.23–20.00 0.024

Systolic BP

1 mmHg increment 1.08 1.03–1.14 0.004

(b)

Gender

Male 1 — —

Female 0.21 0.03–1.62 0.134

Age

1-year increment 1.17 1.02–1.34 0.023

BMI

1 kgm�2 increment 1.3 1.01–1.69 0.045

K

44.5 mEq l�1 1 — —

o4.5mEq l�1 12.13 1.57–93.61 0.017

Systolic BP

1 mmHg increment 1.07 1.02–1.13 0.005

Abbreviations: BMI, body mass index; BP, blood pressure; K, potassium.
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when spironolactone is added to the regimen of a patient with
resistant HTN.
We have shown that higher baseline SBP levels are also associated

with an improved response to add-on spironolactone therapy. The
results of previous trials have been inconsistent. Several studies found
that higher pretreatment BP values were associated with better BP
reduction;7,15 however, other studies failed to establish such an
association.12

Our findings suggest that obesity is associated with an improved
BP response to spironolactone. de Souza et al.6 showed that higher
waist circumference predicted greater spironolactone-induced SBP
reduction. The correlation between higher body mass index and
improved BP reduction was also suggested by Khosla et al.15 The
improved BP response to spironolactone in obese patients may be
explained by the role of adipose tissue in the pathophysiology of
mineralocorticoid excess.23–25 Adipose tissue has been shown
to release angiotensinogen- and aldosterone-stimulating factors,
thereby increasing aldosterone production by the adrenal gland.24

Old age was also associated with an improved BP response to
spironolactone treatment. Age-related changes in salt sensitivity and
in mineralocorticoid receptor machinery in the central nervous
system might play a role in the improved response to spironolactone
in old age.
Our study has several limitations. First, this retrospective study

includes only patients who had all the required information in their
medical files. Second, although the study group was small, we were
able to identify the predictors of satisfactory responses to the add-on
spironolactone therapy.
In conclusion, we presented data that support the use of add-on

spironolactone treatment for patients with uncontrolled HTN. The
most beneficial effect is evident among older patients with lower
serum potassium levels, higher pretreatment SBP response and
obesity. Additional prospective outcome studies are necessary to
elucidate the role of spironolactone in preventing cardiovascular
morbidity and mortality rates and to identify potential predictive
factors for satisfactory BP responses to spironolactone therapy.
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