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Abstract

Objective—Resistant hypertension (RHTN), blood pressure (BP) at least 140/90 mmHg despite
using at least three different medications, including a diuretic, is associated with high dietary
sodium and hyperaldosteronism. Mineralocorticoid receptor antagonists are recommended for
treatment of RHTN, however, BP response to these agents varies widely. In the current analysis,
we assessed predictors of BP response to spironolactone in patients with RHTN.

Methods—We retrospectively evaluated the BP response to adding spironolactone 12.5-25 mg to
existing medications. A favorable BP response was defined as a reduction in SBP of at least 10
mmHg. Tested variables included baseline characteristics and biochemical parameters.

Results—A total of 79 patients with RHTN were included in the analysis. Evaluated patients
were more likely women (53.2%) and African-American (55.8%); were generally obese (76%)
and were prescribed an average of four antihypertensive medications. Baseline SBP was 153.6

+ 22.3 mmHg; addition of spironolactone resulted in a mean reduction of 15.5 £+ 20.7 mmHg.
Patients with high urinary sodium excretion (= 200mEq/24h) had a significantly greater BP
reduction compared with patients with normal excretion (< 200mEq/24h) (P = 0.008).
Multivariable analysis identified 24 h urinary sodium excretion as a significant predictor of BP
response (P = 0.021) after controlling for potential confounders, including primary aldosteronism.

Conclusion—The antihypertensive effect of spironolactone is positively related to urinary
sodium excretion regardless of aldosterone status. These findings suggest that mineralocorticoid
receptor antagonists may be of preferential benefit in counteracting the BP effects of high dietary
sodium.
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INTRODUCTION

Resistant hypertension (RHTN), defined as blood pressure (BP) at least 140/90mmHg
despite using at least three medications, including a diuretic, is a common clinical problem
[1-2]. Crosssectional studies have shown that 10-15% of the hypertensive population have
RHTN [3]. Despite lifestyle modifications and use of combination therapies, 30-50% of
patients in hypertension specialty clinics do not achieve BP goal [4].

High dietary sodium intake and hyperaldosteronism are commonly associated with RHTN
[5]. In addition, miner-alocorticoid receptor antagonists (MRAS) are widely recognized as an
effective add-on therapy for patients with poorly controlled RHTN, including those with
normal aldosterone levels [1-6].

As with other classes of antihypertensive agents, the BP response to MRAS varies widely, in
patients with RHTN [6]. Identification of predictors of BP response with MRA use would
serve to maximize and potentially broaden their antihypertensive benefit. The purpose of this
study was to identify patient characteristics, hemodynamic parameters, and biochemical
variables that predict a favorable BP response to adding spironolactone to existing multidrug
regimens in patients with uncontrolled RHTN.

METHODS

The study is a retrospective analysis of consecutive patients referred to the University of
Alabama at Birmingham (UAB) Hypertension Clinic for evaluation and treatment of
apparent RHTN between 2012 and 2014.

Study population

The analysis included 79 patients with apparent RHTN defined as having clinic BP at least
140/90 mmHg despite use of at least three drug regimen, including a diuretic. The majority
of patients were on a four drug treatment regimen comprised of an angiotensin converting
enzyme inhibitor or an angiotensin receptor blocker, a long-acting dihydropyridine-type
calcium channel blocker (amlodipine), a diuretic (chlorthalidone 25 mg), and a § blocker
(carvedilol). A total of 33 patients were receiving clonidine or hydralazine as a fourth drug.
As part of our routine care, all patients were advised to ingest a low-sodium/high-fiber diet

[1].

Baseline parameters

All baseline assessments were done prior to administration of spironolactone. Assessed
variables included demographics (age, sex, height, weight, BMI, obesity defined as BMI =
30kg/m? [7]), medical history (duration of hypertension, comorbidities, number and class of
medications), and biochemical analysis [serum potassium, creatinine, estimated glomerular
filtration rate (GFR, ml/min per 1.73 m?) [8], serum aldosterone concentration (SAC, ng/dl),
plasma renin activity (PRA, ng/ml per h), aldosterone-to-renin ratio (ARR)], and 24 h
urinary excretion of aldosterone (U-Aldo, ug/24h), sodium (U-Na*, mEq/24h), potassium
(U-K*, mEq/24h), cortisol (U-C, ug/24h), and creatinine (U-Cr, mg/24h).
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Blood pressure management algorithm

The BP response was determined after adding spironolactone 12.5 or 25 mg once daily as a
fourth or fifth drug to the above three to four-drug regimen in all patients. The follow-up
assessment was 4—6 weeks after adding spironolactone in all patients. Follow-up assessment,
as per standard of care at the UAB hypertension clinic, includes BP measurement, serum
electrolytes, and assessing for breast tenderness and/or gynecomastia.

Exclusion criteria

Exclusion criteria for this analysis included: receiving an MRA upon referral, suspicion of
being nonadherent with prescribed medications, failure to report for follow-up within the 4—
6 week time period after starting spironolactone, reporting adverse effects with
spironolactone necessitating withdrawal of the medication, addition of eplerenone or other
new medications along with spironolactone or dosage adjustments of existing were excluded
from analysis, and inadequate urine collection (based on urine creatinine [9]).

Blood pressure assessment

Outcome

BP in the clinic was measured using the auscultatory method with Welch Allyn Tycos 509
Wall and Mobile Aneroid Sphygmomanometers by a trained physician according to
published guidelines [10]. At the first clinic visit, BP was taken in both arms with the higher
BP reading was used in future visits. Patients were seated for 5 min prior to measurement,
with feet on the floor, arm supported at heart level and with use of a correctly sized cuff
(encircling at least 80% of arm circumference). Three BP readings were taken at 2 min
intervals and with the second and third readings being averaged to obtain the clinic BP.

Secondary causes of RHTN, such as renovascular disease, obstructive sleep apnea,
pheochromocytoma, or Cushing’s syndrome [6] were assessed by biochemical evaluation,
imaging, or a sleep study as clinically indicated.

Patients were considered to have a favorable BP response to spironolactone if they had at
least 10 mmHg reduction in SBP on their follow-up clinic visit. Primary aldosteronism was
defined as PRA less than 1 ng/ml per h and U-Aldo more than 12ug/24h. For purpose of
analysis, U-Na* was dichotomized at 200 mEq/24 h, the recommended upper limit of
normal for our hospital laboratory.

The study was approved by the UAB Institutional Review Board and conducted according to
institutional guidelines.

Statistical analysis

Demographics and clinical characteristics were summarized using descriptive statistics
(mean £ SD or percentage). Student’s #test and XZ test (or Fisher’s exact test) were used to
test for associations between demographics/clinical characteristics and favorable BP
response to spironolactone. Specifically the SBP reduction was compared between patients
with U-Na* at least 200 mEq and U-Na* less than 200 mEq/24 h. Variables that did not meet
the normality assumption were tested using a nonparametric method. To identify variables
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that were predictive of favorable BP response to spironolactone, while adjusting for potential
confounders, a multivariable logistic regression was performed. To avoid overfitting the
model, only variables with Pless than 0.20 [11] in the bivariate analysis were selected for
inclusion into the final model. Multicollinearity was assessed using Spearman correlation
matrix and variance inflation factor [12]. The inclusion criteria for the multivariable model
were based on clinical importance, correlation p less than 0.40 and variance inflation factor
less than 5 [13-15]. The goodness-of-fit of this model was verified by c statistic. A Pvalue
of less than 0.05 was considered statistically significant in two-tailed statistical tests. All
analyses were conducted using SAS 9.4 software (SAS Institute, Cary, North Carolina,
USA).

Study participants

In total, 79 consecutive patients with apparent RHTN referred to the UAB Hypertension
Clinic were included the analysis. Tables 1-3 show baseline characteristics, comorbidities,
and baseline laboratory measures, respectively of all analyzed patients and compares those
patients with a favorable BP response (yes) vs. patients with an unfavorable BP (no)
response to spironolactone.

Demographics

Patients were on average 56.2 + 12.3 years old with slightly more women (53.2%) and
African-Americans (55.8%). Patients had a mean baseline SBP of 155 + 23.5 mmHg.

Comorbidities are shown in Table 2. More than two-thirds of the study participants were
obese (mean BMI 34.5 + 7 kg/m?2). The prevalence of diabetes was 32.9 and 30.4% had been
diagnosed with obstructive sleep apnea. History of coronary artery disease (5.1%), heart
failure (10.1%), prior stroke (2.5%), and atrial fibrillation (6.3%) was uncommon. However,
45.6% had dyslipidemia and 46.2% had primary aldosteronism.

Mean biochemical values are shown in Table 1. Mean serum potassium was 3.7 + 0.4mEq/dI
and the mean GFR of 77.6 + 21.7 ml/min per 1.73 m2. Almost half (46.2%) of the patients
had parameters consistent with biochemical primary aldosteronism (Table 1). The mean U-
Na* was 200 + 97.4mEq/24h during normal dietary intake.

Effects of spironolactone on blood pressure

After the addition of spironolactone to the treatment regimen, the mean reduction in SBP
and DBP at 4-6 weeks follow-up was 15.5 + 20.7mmHg and 4.5 = 12.1 mmHg, respectively
(Table 1). There was no significant difference in BP response to spironolactone whether
patients were on 12.5 (n=7/79) or 25 mg (n= 72/79) of spironolactone.

Bivariate analysis indicated that sex, primary aldosteronism, ARR, U-Na*, U-K*, U-C, and
U-Cr were associated with reduction in SBP (< 0.05). In particular, a significant difference
in SBP reduction was observed between patients with at least 200 and less than 200 mEq/24
h (22.2 vs. 9.9 mmHg, respectively; £=0.008, Fig. 1). A multivariable analysis confirmed
that U-Na* and baseline SBP were independent predictors of favorable SBP response after
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adjusting for potential confounding variables, including primary aldosteronism (Table 4).
The U-Na* yielded an odds ratio of 1.27 (P= 0.021), implying that for every 20 meq/24h
increase in U-Na*, there is a 27% increase in the likelihood of favorable SBP response.
DISCUSSION

The current findings indicate that patients with uncontrolled RHTN ingesting a high-sodium
diet, as indicated by 24 h urinary sodium excretion, have a significantly greater BP response
to spironolactone, irrespective of their aldosterone status, compared with patients ingesting a
normal sodium diet. To our knowledge, this is the first study to show that dietary sodium
intake mediates the BP response to an MRA independent of aldosterone levels.

The effect of dietary sodium on BP has been evaluated in a large number of observational
and clinical trials, including both hypertensive and normotensive individuals, and in a
limited number of studies of patients with RHTN. A recent Cochrane review comparing
effect of low (< 120 mmol) and high-sodium (= 150 mmol) diet on BP showed that in
hypertensive whites short-term sodium reduction resulted in a 5.48mmHg reduction in BP.
However, in whites with normal BP, a low-sodium diet decreased SBP by 1.27mmHg. In
Asians and African-Americans, sodium restriction has resulted in greater BP reduction, but
there were fewer studies that included these ethnic and racial groups [16]. A recently
updated meta-analysis that included randomized clinical trials with modest reductions in
sodium for an average of 4 weeks indicated that in both hypertensive and normotensive
patients dietary sodium reduction decreased SBP and DBP irrespective of ethnicity and race.
Moreover, a significant correlation between SBP reduction and 24 h urinary sodium levels
was found, that is, the greater the reduction in urinary sodium excretion the greater the
decrease in SBP [17]. In a prospective, randomized study, Pimenta ef a/. evaluated the
effects of dietary sodium reduction on BP in patients with RHTN. In a crossover evaluation,
they compared the effects low (46.1 + 26.8 mmaol/24h) vs. High-sodium diet (252.2 + 64.6
mmol/24h). The mean office BP was significantly reduced by 22.7 and 9.1 mmHg,
respectively, in this difficult to treat cohort [18]. In conclusion, a low-sodium diet causes a
significant reduction in SBP especially in RHTN patients and less so in normotensive
patients.

To stratify the BP response in relation to dietary sodium intake, a bivariate analysis
comparing patients with U-Na* less than or at least 200mEg/24h was done (Fig. 1). The
findings demonstrated that patients with U-Na* at least 200 mEq/24 h (n= 37) had a greater
SBP mean reduction of 22.2 mmHg [95% confidence interval (Cl): —29.2, — 15.3 mmHg],
whereas those U-Na* less than 200 mEq/24 h (7= 41) had a mean SBP reduction of
9.8mmHg (95% CI: —-15.9, —3.8mmHg) (P= 0.008). Therefore, patients with RHTN
ingesting a high-sodium diet (= 200 mEqg/24 h) were more likely to have a favorable SBP
response (= 10 mmHg reduction).

A multivariate analysis confirmed that U-Na* serves as an independent predictor of SBP
response to spironolactone after adjusting for confounding variables, that is, the greater the
sodium intake the more likely patients with RHTN will have a favorable SBP response to
spironolactone (Table 4). Age, sex, and race did not affect the SBP response to
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spironolactone. Although, aldosterone excess is strongly associated with RHTN [5,18-22]
and likely contributes importantly to sodium and fluid retention; the sodium effect on SBP
response was independent of primary aldosteronism, SAC, U-Aldo, and ARR. Therefore,
independent of aldosterone status, a favorable SBP response to spironolactone in RHTN is
observed with greater sodium intake.

Studies of hypertensive populations suggest that serum potassium levels influence the
response to spironolactone. Sharabi ef a/. evaluated patients with essential hypertension on at
least two antihypertensive agents and elevated BP (SBP > 140 mmHg) and without
hyperaldosteronism. He compared BP reduction when spironolactone was added vs. addition
of other antihypertensive agents. The mean reduction in SBP was 23.2 with spironolactone
and 7.6 mmHg with other antihypertesives addition, respectively. The BP reduction in
patients receiving spironolactone was significantly greater when initial serum potassium was
less than 4mmol/l (28 £ 17 mmHg) compared with at least 4mmol/l (14 £ 13mmHg), P=
0.04 [23]. A recent study identified predictors of a satisfactory BP response defined as more
than 10% reduction in SBP after beginning spironolactone in 48 patients with RHTN. Serum
potassium less than 4.5mmol/l was associated with a satisfactory BP response and every 1
mEg/l lower level in serum potassium was independently associated with a five-fold
increased likelihood of a satisfactory response [24]. In our study, the mean baseline serum
potassium was 3.7 £ 0.4 mEg/l (mmol/l) and unlike the above studies, serum potassium level
was not shown to be a predictor of BP response to spironolactone.

In our analysis, SAC, ARR, nor U-K* predicted BP response to spironolactone even after
multivariable adjustment. Our results were consistent with other studies, including the
Addition of Spironolactone in Patients with Resistant Arterial Hypertension trial. This trial
included patients who were on at least three antihypertensive agents, including a diuretic,
and with a serum aldosterone/PRA ratio (ARR) more than 17 and baseline potassium of 4.1
mmol/l or less had a larger BP reduction in response to spironolactone compared with
receiving placebo [25]. In a prospective study performed on patients with true RHTN based
on 24 h ambulatory BP monitor, 175 Brazilian patients received spironolactone in doses of
25-100 mg daily. Neither plasma aldosterone or the ARR predicted a better BP response. In
that study after a median of 7 months the mean ambulatory BP reductions were 16 and 9
mmHg, respectively in the group receiving 25 and 100 mg of spironolactone (95% Cls: 13—
18 and 7-10mmHg; £< 0.001). Office SBP decreased by 14 mmHg as well and controlled
BP was reached in 48% of patients. Factors associated with better response were higher
waist circumference, lower aortic wave velocity, and lower serum potassium, the latter being
in contrast with our results [26]. In another study conducted by Parathasarathy et a/. similar
observations were made in mild-to-moderate hypertensive patients, that is, ARR did not
predict the BP response to spironolactone [27].

Overall, prior studies are consistent in reporting limited value of aldosterone levels or ARR
to predict BP response to MRAs, whereas the role of potassium status demonstrates
conflicting results. In the current study, we did not observe serum or urinary potassium
levels to be predictive of a favorable BP response to spironolactone. The current study,
however, investigated the role of dietary sodium for the first time and found that high dietary
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sodium intake quantified by urinary sodium excretion was an independent predictor of SBP
response to spironolactone.

Strengths of the current analysis include evaluation of a diverse, well characterized cohort,
including rigorous assessment of aldosterone status by measurement of serum aldosterone,
PRA, and 24 h U-Aldo excretion. Study limitations include its retrospective design and lack
of ambulatory BP monitoring to exclude patients with white coat RHTN and lack of rigorous
assessment of medication adherence.

In conclusion, the antihypertensive benefit of spironolactone is positively related to high
dietary sodium intake independent of aldosterone levels. If extrapolated to general
hypertensive cohorts, these findings suggest that the use of MRAs may be of preferential
benefit in counteracting the effects of high dietary sodium intake [28]. Prospective studies
are needed to test this for this hypothesized benefit.
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ARR aldosterone-to-renin ratio

BP blood pressure

GFR glomerular filtration rate

MRAs mineralocorticoid receptor antagonists
PRA plasma renin activity

RHTN resistant hypertension

SAC serum aldosterone concentration
U-Aldo urinary aldosterone

u-C urinary cortisol

U-Cr urinary creatinine

U-K* urinary potassium

U-Na* urinary sodium
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Reviewers’ Summary Evaluations
Referee 1

The goal of the study was to identify patient characteristics, hemodynamics, and
biochemical parameters that predict a favorable blood pressure response to addition of
spirono-lactone to existing multi-drug treatment regimen in patients with resistant
hypertension. Using multivariable analysis, urinary sodium excretion was identified as a
significant predictor of favorable systolic blood pressure response after controlling for
potential confounders including primary aldosteronism. These findings suggest that
miner-alocorticoid receptor antagonists may be of benefit in counteracting blood pressure
effect of high dietary sodium. They warrant further large-scale clinical studies of the
impact of aldosterone on increased urinary sodium excretion.

Referee 2

The strengths of this study are the novelty of the observation and the potential practical
use of the study. Weaknesses include: the relatively small number of patients included;
this is not a prospective interventional study and potential biases cannot be excluded; the
inclusion of patients with primary aldosteronism; the non-generalizability of the data to
other patient populations.
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FIGURE 1.
Box plot showing SBP reduction in resistant hypertension patients with urinary sodium

excretion at least 200 and less than 200 mEqg/24 h. The asterisk denotes the mean; the line
inside the box depicts the median; the upper and lower hinges represent 25th and 75th
percentile, respectively.
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Baseline characteristics and the results of bivariate analysis for favorable SBP reduction (= 10 mmHg) of

patients treated with spironolactone

Favor able SBP Reduction

Parameters All(n=79 Yes(n=54) No(n=25) Pvalue
Age (years), mean £ SD 56.2 +12.3 57.7+11.6 53.0+13.5 0.12
Women, 7 (%) 42.0(53.2%) 30.0 (55.6%) 7.0(28.0%)  0.02
African-Americans, /7 (%) 43.0 (55.8%) 26.0 (50.0%) 17.0 (68.0%) 0.14
BMI (kg/m?), mean + SD 34.5 (7.0%) 34.8 (7.2%) 33.9 (6.9%) 0.60
Obesity (BMI > 30Kg/m2), 17 (%) 57.0 (76.0%) 40.0 (76.9%) 17.0(73.9%) 0.78
SBP (mmHg), mean £ SD 155.0+235 157.7+£23.6 149.0+225 0.13
DBP (mmHg), mean + SD 85.2+14.9 84.2+143 87.4+16.3 0.38
Year(s) of hypertension, mean + SD 17.4+£10.7 17.7+10.1 16.6 +12.0 0.68
Number of antihypertensive medications, mean + SD 41+10 41+11 39+10 0.50
SBP at follow-up (mmHg), mean + SD 139.5+24.9 1327+21.1 154.1+26.2 NA
Mean SBP reduction at Follow-up (mmHg), mean + SD 155+20.7 -251+158 5.08+14.1 NA

NA, not assessed.
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TABLE 2
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Characteristics and the results of bivariate analysis for favorable SBP reduction (=10mmHg) of patients treated

with spironolactone

Favor able SBP Reduction

Characteristics All(n=79 Yes(n=54) No(n=25) Pvalue
Diabetes mellitus, 77 (%) 26 (32.9%) 19 (73.1%) 7 (28%) 0.53
Obstructive sleep apnea, 771(%) 24 (30.4%) 16 (29.6%) 8 (32%) 0.83
Coronary artery disease, /77 (%) 4 (5.1%) 3 (5.6%) 1 (4%) 1.00
Heart failure, 1 (%) 8 (10.1%) 5 (9.3%) 3 (12%) 0.7
Dyslipidemia, 77 (%) 36 (45.6%) 31(57.4%) 12 (48%) 0.43
Atrial fibrillation, 7 (%) 5 (6.3%) 3 (5.6%) 2 (8%) 0.65
Stroke, 7 (%) 2 (2.5%) 1 (1.9%) 1 (4%) 0.54
Primary aldosteronism 36 (46.2%) 30 (56.6%) 6 (24%) 0.007

Primary aldosteronism: plasma renin activity less than 1ng/ml/h and urinary aldosterone more than 12ug/24 h.
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Baseline laboratory measures and the results of bivariate analysis for favorable SBP reduction (=10mmHg) of

patients treated with spironolactone

Favorable SBP reduction

Laboratory measures All (n=79) Yes(n=54) No (n =25) P value
Serum creatinine (mg/dl), mean £ SD 1.0+0.3 1.0+0.3 1.0+0.3 0.79
Serum potassium (mEqg/24h), mean + SD 3.7+0.4 3.8+04 37104 0.38
Glomerular filtration rate (ml/min/1.73m?2), mean + SD 776+217 75.4+19.4 823+252 0.19
Serum aldosterone concentration (ng/dl), mean + SD 143 +10.1 15.3+11.0 122+7.7 0.20
Plasma renin activity (ng/ml/h), mean + SD 1.7+35 16+38 1.9+3.0 0.73
Aldosterone-to-renin ratio, mean + SD 223217 257+24.1 15.0+13.1 0.016
Urinary aldosterone (ug/24 h), mean + SD 17.2+13.0 18.2+12.7 15.2+13.6 0.35
Urinary sodium (mEqg/24h), mean + SD 200.0+£97.4 214.7+101.2 170.2+819 0.04
Urinary potassium (mEg/24h), mean + SD 71.0+36.5 76.5+33.8 58.8 +40.1 0.01
Urinary cortisol (ug/24h), mean + SD 80.3+90.3 102.4 +94.7 34.3+£59.0 0.0003
Urinary creatinine (mg/24h), mean £ SD 1729.8 +646.8 1833.7+667.6 1505.4 + 546.5 0.04
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TABLE 4

Results of multivariable logistic regression for favorable SBP reduction of at least 10mmHg

Favor able SBP reduction

Parameters Adjusted oddsratio  95% confidenceinterval P value
Age (increasing years) 1.08 (0.99, 1.17) 0.09
Sex (women vs. men) 0.23 (0.04, 1.47) 0.12
Race (African-American vs. White) 4.76 (0.58, 39.1) 0.15
SBP (mmHg) 1.06 (1.02,1.11) 0.003
Comorbidities

Primary aldosteronism (Yes vs. No) 1.85 (0.25, 13.6) 0.55
Laboratory measures

Glomerular filtration rate (ml/min per 1.73 m?) 1.01 (0.98, 1.05) 0.54

Aldosterone-to-renin ratio 1.04 (0.97,1.12) 0.26

Urinary sodium (20 mEq/24 h) 1.27 (1.04, 1.55) 0.021

Urinary potassium (mEq/24 h) 1.01 (0.98, 1.03) 0.68

Urinary cortisol (ug/24 h) 1.02 (0.99, 1.04) 0.05
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