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Abstract 

Subclinical myocardial dysfunction is prevalent among well-treated persons with 
HIV (PWH). We have previously demonstrated unique renin-angiotensin-aldosterone 
system physiology among PWH with metabolic dysregulation. Mineralocorticoid re-
ceptor blockade may be a targeted treatment strategy for subclinical heart disease in 
PWH. Forty-six PWH were randomized to receive either eplerenone 50 mg daily or pla-
cebo in a 6-month randomized, double-blinded, placebo-controlled trial. We assessed 
changes in N-terminal pro-B-type natriuretic peptide (NT-proBNP), a biomarker of cardiac 
stretch, under controlled posture and dietary conditions. The eplerenone- and placebo-
treated groups demonstrated a long duration of HIV with good immunological control. 
NT-proBNP levels were similar between the groups at baseline (41.1 [20.2, 97.9] vs 48.9 
[29.2, 65.4] ng/L, P = .80) and decreased significantly more in the eplerenone- vs placebo-
treated groups after 6 months (change NT-proBNP -9.6 [-46.8, 0.3] vs -3.0 [-17.0, 39.9] ng/L, 
P = .02 for comparison of change between groups). Decreases in NT-proBNP were inde-
pendent of changes in systolic and diastolic blood pressure, and related to decreases in 
high-sensitivity C-reactive protein (ρ = 0.32, P = .05) and inversely to increases in serum 
aldosterone (ρ =  -0.33, P =  .04) among all participants. Treatment with eplerenone for 
6 months vs placebo significantly decreases NT-proBNP levels among PWH, independent 
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of eplerenone’s known blood pressure-lowering effects. Further studies should elucidate 
whether lowering NT-proBNP in this at-risk metabolic population with subclinical heart 
disease will offer cardioprotection.
Clinical Trial Registration: NCT01405456
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The spectrum of cardiovascular disease (CVD) affecting the 
HIV population has grown to include myocardial dysfunc-
tion [1]. Prior studies suggest that approximately 50% to 
60% of the HIV population without overt clinical symptoms 
is expected to have underlying changes in cardiac structure 
and function [2, 3]. We have previously shown altered renin-
angiotensin-aldosterone system (RAAS) physiology in relation 
to metabolic disease and inflammation among people with 
HIV (PWH) [4]. Subsequently, in efforts to target this unique 
hormonal physiology, our group performed the first random-
ized clinical trial evaluating mineralocorticoid receptor (MR) 
antagonism in PWH [5]. MR activation may promote changes 
in the structure and function of the myocardium [6-9], and 
targeting of the RAAS system may improve critical pathways 
of inflammation and cardiac function. Few investigations of 
MR blockade among populations with subclinical myocardial 
dysfunction have been performed [10-13].

N-terminal pro-B-type natriuretic peptide (NT-proBNP), 
the prohormone of brain natriuretic peptide, is a biomarker 
of cardiac stretch and strain that can be diagnostic of heart 
failure and predict CVD mortality [14-16]. Some studies have 
shown NT-proBNP may be elevated in PWH [17, 18]. The 
natriuretic peptide hormonal system has critical feedback 
interactions with the RAAS hormone system to maintain 
sodium and volume homeostasis. In the current study, we 
sought to evaluate for the first time the effect of eplerenone 
on NT-proBNP among PWH, a population with RAAS 
dysregulation, to begin to understand the potential of MR 
blockade to improve myocardial dysfunction in PWH.

Methods

Participants

PWH, representing the general HIV population on anti-
retroviral therapy (ART), were recruited between January 
2012 and May 2017 at Massachusetts General Hospital 
(MGH) from the greater Boston area to enroll in a 6-month 
randomized, placebo-controlled trial to investigate the ef-
fects of eplerenone on insulin sensitivity [5]. In the current 
study, we leveraged this cohort to understand treatment 
effects of eplerenone on NT-proBNP in PWH. Data on 
NT-proBNP have not previously been published from this 
study. Participants were required to be 30 to 65 years old 
and have a history of HIV infection ≥ 5 years treated with 

continuous ART for at least 12 months before enrollment. 
Enrollment criteria were designed to ensure patients were 
on chronic ART, of a relevant age for subclinical CVD, 
and without a high likelihood of clinical heart disease. 
Additional inclusion criteria were increased abdominal 
girth based on National Cholesterol Education Program 
guidelines for waist circumference (> 102 cm in males and 
> 88 cm in females) to select for those who may have in-
creased RAAS activation and for evidence of abnormal 
glucose homeostasis (impaired fasting glucose [glucose > 
100 and < 126 mg/dL], impaired glucose tolerance [2-hour 
glucose > 140 and < 200  mg/dL], or fasting insulin >12 
mIU/mL) based on oral glucose tolerance testing. Exclusion 
criteria included uncontrolled hypertension (systolic 
blood pressure [BP] ≥ 160 or diastolic blood pressure ≥ 
100 mmHg), diabetes, known CVD including cardiomyop-
athy, and active pregnancy. In addition, current use of other 
medications targeting the RAAS pathway, potassium sup-
plementation, strong CYP3A4 inhibitors, or St. John’s Wort 
(a CYP3A4 inducer) were not allowed. Serum potassium > 
5.5 mEq/L, alanine aminotransferase > 2.5× the upper limit 
of normal, hemoglobin < 11 g/dL, creatinine > 1.5 mg/dL, 
or estimated glomerular filtration rate < 60 mL/min/1.73 
m2 were exclusionary laboratory values. All participants 
provided informed consent to participate. This study was 
approved by the Partners Human Research Committee.

Standardized Sodium Diets to Normalize 
Conditions for RAAS at Baseline and 6 Months

Before baseline studies, a 4-day food record intake was used 
to assess routine dietary sodium consumption. All partici-
pants were instructed by the nutritionist to supplement their 
usual diet with the appropriate number of broth packets 
(47.8 mEq Na+/packet) for 6 days to achieve a goal dietary 
sodium intake of 200 mEq/d. Twenty-four hour urine col-
lections were evaluated for adherence to sodium intake.

Laboratory Assessment at Baseline and 
6 Months

On the evening of day 6 of the sodium diet, participants 
were admitted to the MGH Translational and Clinical 
Research Center and instructed to fast for 12 hours and 
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lie supine overnight. On the following morning, a blood 
collection was performed. NT-proBNP was measured 
with the Cobas e602 (Roche Diagnostics, Indianapolis, 
IN). The measurement range for NT-proBNP was from 
5.0 to 35  000 pg/mL; inter-assay coefficients of variance 
(CVs) ranged from 3.7% to 4.1% at values between 135 
pg/mL and 4130 pg/mL. Serum aldosterone was evalu-
ated using solid-phase radioimmunoassay by the Coat-A-
Count method (sensitivity 2.5 ng/dL, Diagnostics Products, 
RRID:AB_2737007). Plasma renin activity was measured 
using the GammaCoat [125I] radioimmunoassay kit (sen-
sitivity 0.01  ng/mL/h, DiaSorin, RRID:AB_2736926). 
Plasma high-sensitivity C-reactive protein (hsCRP; R&D 
Systems, RRID:AB_2893119), monocyte chemoattractant 
protein-1 (MCP-1; R&D Systems, RRID:AB_2894843; 
https://scicrunch.org/resources/Antibodies/search?q=A
B_2894843&l=AB_2894843), and high-sensitivity IL-6 
(Invitrogen/Thermo Fisher, RRID:AB_2894844; https://
scicrunch.org/resources/Antibodies/search?q=AB_2894844
&l=AB_2894844) were quantified by ELISA.

Randomization and Blinding

A randomization key created by a biostatistician was pro-
vided only to the MGH Investigational Drug/Clinical Trials 
Pharmacy. The randomization was generated using the 
following strata: sex, age (< 45 or ≥ 45 years), and BP (< 
140/90 or ≥ 140/90  mmHg) and used a permuted block 
algorithm with a random block size of either 2 or 4 with 
the goal of allocating 1:1 to eplerenone or matching pla-
cebo. Identical blinded capsules were created for both the 
eplerenone and placebo preparations by the pharmacy. 
Study participants, investigators, and other study staff were 
all blinded to the randomization.

Following acquisition of baseline data, a dose of 25 mg 
daily was initiated for 1 week, then titrated to 50 mg daily 
for the entirety of the study.

Lifestyle Counseling

Participants in both treatment arms received standardized life-
style counselling over 6 months from a certified nutritionist 
at the MGH Translational and Clinical Research Center mod-
elled after American Association of Clinical Endocrinologists 
and National Cholesterol Education Program-Adult Treatment 
Panel III guidelines and the Diabetes Prevention Program.

Safety Visits

Safety visits were conducted at 1 week, 2 weeks, 4 weeks, 
2  months, and 3  months following randomization. 
Participants were interviewed for interval medical history 

and side effects. In addition, BP and laboratory values 
(serum creatinine, potassium, alanine aminotransferase, 
urine pregnancy test) were obtained. Participants were 
asked to return their unused study medication at scheduled 
safety visits and were provided with a new supply. The ac-
tual number of pills used was compared with the expected 
number of pills to be used to assess adherence. A Data and 
Safety Monitoring Board convened every 3  months for 
safety monitoring.

Statistical Analysis

Normality of variables was evaluated using the Shapiro-Wilk 
test. Variables with a normal distribution are reported as mean 
± standard error of the mean, and variables with a nonnormal 
distribution are reported as median (interquartile range). 
Categorical variables are shown as proportions. Baseline and 
change between baseline and 6-month NT-proBNP values were 
compared between randomization groups using the Wilcoxon 
rank-sum test. Within randomization group changes between 
baseline and 6 months were assessed using the paired Wilcoxon 
signed-rank test. One participant was excluded as an outlier 
for a baseline NT-proBNP > 450 ng/L, diagnostic for patho-
logic disease. The sample size was calculated initially based on 
the primary endpoint of the prior study evaluating the effect 
of eplerenone on insulin sensitivity among PWH [5]. With 46 
subjects, the current analysis had 80% power to detect a be-
tween group difference of 0.8 SD in the endpoint of interest, in 
this case NT-proBNP. Univariate relationships were assessed by 
Spearman ρ test. Additional exploratory analyses using linear 
regression modeling were performed to assess whether treat-
ment effects on NT-proBNP were independent of changes in 
BP. Statistical significance was determined to a 2-sided P < .05. 
Analyses were performed using SAS JMP (version 15).

Results

Participant Flow

One hundred and four PWH were recruited for a study to 
assess the effects of mineralocorticoid receptor blockade on 
insulin sensitivity. Of those participants screened, 46 PWH 
were randomized to receive either eplerenone (n = 25) or 
placebo (n = 21). NT-proBNP values were not available in 
4 participants who did not complete the study (eplerenone 
[n = 3] or placebo [n = 1]).

Baseline Demographics and Clinical 
Characteristics

Treatment arms (eplerenone vs placebo) did not 
differ by age (49  ± 2 vs 52  ± 1  years) or sex (62 vs 
70% male). Race was similar though the percentage 
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of participants with Hispanic ethnicity tended to be 
higher in the eplerenone vs placebo arms (38 vs 15%, 
P  =  .09). Clinical history of current hypertension  
(29 vs 35%), dyslipidemia (33 vs 25%), and tobacco use 
(24 vs 30%) was of similar proportions in the eplerenone- 
vs placebo-treated groups. The eplerenone- and placebo-
treated groups demonstrated a long duration of HIV 
(19 [10, 24] vs 20 [14, 23] years) and ART therapy use  

(8 [3, 17] vs 8 [4, 18] years) with good immunological 
control (CD4+ T-cell count 624 ± 55 vs 619 ± 51 cells/μL). 
Diastolic BP tended to be higher among those random-
ized to placebo vs eplerenone (86 ± 2 vs 80 ± 2 mmHg). 
Other parameters of RAAS hormones, metabolic indices 
(systolic BP, lipids, HbA1c, and body composition) and 
markers of inflammation did not differ by randomiza-
tion (Table 1).

Table 1. Baseline demographics and clinical characteristics of eplerenone- vs placebo-treated groups among persons with 

HIV

Eplerenone-treated   
(n = 21)

Placebo-treated   
(n = 20)

P  

Demographics
Age, y 49 ± 2 52 ± 1 .19
Race, %    
 Caucasian  
 African American  
 Other

57  
38  
5

40  
55  
5

.26  
--  
--

Hispanic ethnicity, % 38 15 .09
Male, % 62 70 .58
Current hypertension, % 29 35 .66
Current dyslipidemia, % 33 25 .56
Current tobacco use, % 24 30 .65
HIV parameters   
CD4+ T-cell count, cells/μL 624 ± 55 619 ± 51 .94
CD8+ T-cell count, cells/μL 846 ± 56 882 ± 80 .71
Log HIV viral load, copies/mL 1.46 ± 0.06 1.56 ± 0.13 .51
Undetectable viral load, % 81 70 .41
Duration HIV, y 19 (10,24) 20 (14,23) .65
Duration ART use, y 8 (3,17) 8 (4,18) .77
Current PI use, % 48 45 .87
Current NRTI use, % 95 95 .97
Current NNRTI use, % 38 60 .16
Current integrase inhibitor, % 29 20 .52
RAAS parameters   
PRA, ng/mL/h 0.3 (0.1, 0.4) 0.2 (0.1, 0.4) .72
Serum aldosterone, ng/dL 3.59 (2.49, 8.77) 4.51 (2.49, 6.29) .69
Metabolic parameters   
SBP, mmHg 130 ± 4 132 ± 3 .68
DBP, mmHg 80 ± 2 86 ± 2 .07
Triglycerides, mg/dL 172 ± 18 161 ± 15 .64
HDL cholesterol, mg/dL 42 (32, 51)  43 (35, 51) .60
LDL cholesterol, mg/dL 98 ± 5 97 ± 7 .93
Hemoglobin A1c, % 5.7 (5.5,6.0) 5.8 (5.4,6.1) .96
Body mass index, kg/m2 32.1 (28.0, 37.0) 32.3 (29.0, 34.1) .77
Iliac waist circumference, cm 110.6 (102.3, 116.5) 111.9 (105.1, 121.6) .43
Markers of inflammation and immune activation
IL-6, pg/mL 11.5 (6.9, 19.8) 7.8 (6.0, 14.7) .34
hsCRP, mg/L 3.3 (1.2, 7.9) 3.4 (1.5, 9.0) .82
MCP-1, pg/mL 209 ± 18 193 ± 12 .46

Data reported as mean ± standard error mean, percentage, or median (interquartile range).
Abbreviations: ART, antiretroviral therapy; DBP, diastolic blood pressure; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein; LDL, low-den-
sity lipoprotein; MCP-1, monocyte chemoattractant protein-1; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse tran-
scriptase inhibitor; PI, protease inhibitor; PRA, plasma renin activity; RAAS, renin-angiotensin-aldosterone system; SBP, systolic blood pressure.
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Treatment Effects on NT-proBNP

NT-proBNP levels were not different between the groups 
at baseline (41.1 [20.2, 97.9] vs 48.9 [29.2, 65.4] ng/L, 
P = .80). NT-proBNP levels decreased significantly more in 
the eplerenone- vs placebo-treated groups after 6 months 
(change NT-proBNP -9.6 [-46.8, 0.3] vs -3.0 [-17.0, 39.9] 
ng/L, P =  .02 for comparison of change between groups) 
(Fig. 1). Assessing within-group changes, the change within 
the eplerenone group was highly significant (P  =  .004), 
whereas the change within the placebo group was not 
(P = .40).

Relationship of Change in NT-proBNP With RAAS, 
Metabolic, and Inflammatory Parameters

Among all participants, a decrease in the percent change 
in NT-proBNP over 6 months was associated with a de-
crease in the percent change in hsCRP (ρ = 0.32, P = .05) 
and an increase in the percent change in serum aldos-
terone (ρ  =  -0.33, P =  .04). Among those randomized to 
eplerenone, the reduction in NT-proBNP related to a reduc-
tion in MCP-1 (ρ = 0.47, P = .04) (Table 2).

Multivariate Modeling to Assess Independent 
Effects of Eplerenone of NT-proBNP

In exploratory models, effects of eplerenone on NT-proBNP 
(β estimate -24.36, P = .008; β estimate -24.59, P = .008) 
were independent of changes on either systolic or dia-
stolic BP, respectively (Table 3). We also performed a sen-
sitivity analysis controlling for ethnicity in a multivariate 
model for eplerenone effects on NT-proBNP. In this model, 
eplerenone remained highly significantly related to the 
change in NT-proBNP (P = .01), independent of ethnicity, 
which had no effect in the model (P = .99).

Discussion

In the current study, we show for the first time that treat-
ment with an MR blocker significantly reduces NT-proBNP 
among a population of PWH selected for metabolic 
dysregulation with no known CVD. The relative median 
decrease in NT-proBNP levels was approximately 23% 
of baseline NT-proBNP levels among those treated with 
eplerenone.

Overall decreases in NT-proBNP appeared to be related 
to beneficial changes in inflammatory and immune in-
dices, hsCRP, and MCP-1. A majority of well-treated PWH 
(76%) were recognized to have myocardial inflammation 
and fibrosis on cardiac magnetic resonance imaging com-
pared well-matched persons without HIV [19]. In a popu-
lation of individuals without HIV, the Multi-Ethnic Study 
of Atherosclerosis study showed that among those without 
known CVD, elevated NT-proBNP correlates with imaging 
characteristics consistent with myocardial fibrosis [20] and 
decreased myocardial perfusion [21]. In addition, a greater 
change in NT-proBNP was linked to CVD events in the 
Multi-Ethnic Study of Atherosclerosis study, an important 
finding among participants from the general community 
without known CVD [22]. We have previously shown that 
eplerenone may have anti-inflammatory potential in the 
HIV population, but have not related these changes to the 
effects of eplerenone on NT-proBNP [5]. Indeed, even well-
treated PWH on ART demonstrate chronic inflammation 
[23] and the risk of heart disease remains increased in PWH 
after controlling for traditional risk factors [24, 25]. Thus, 
the chronic inflammatory state in HIV may drive the in-
creased risk of CVD in PWH.

We would expect aldosterone levels to increase with 
eplerenone because of physiologic feedback from MR 
blockade, which gives rise to an increase in upstream 
substrates. As such, we saw that the percent change in 
NT-proBNP was inversely correlated with the percent 
change in aldosterone (ie, a decrease in NT-proBNP was re-
lated to an increase in aldosterone), consistent with the ac-
tions of MR blockade to reduce NT-proBNP and increase 
aldosterone.

Given eplerenone’s known mechanism of action as an 
antihypertensive and the direct influence of volume status 
on NT-proBNP levels, we further investigated whether 
changes in NT-proBNP were dependent on measures of BP. 
Similar to prior studies in those without HIV, eplerenone’s 
actions on NT-proBNP consistently appeared to be inde-
pendent of BP-lowering effects. In comparison to these 
prior studies investigating MR antagonism on NT-proBNP, 
our study had the advantage of collecting the NT-proBNP 
under standardized controlled dietary and posture condi-
tions. Sodium intake and posture are critical stimuli for 
changes in the natriuretic peptide and RAAS hormones.

Figure 1. Comparison of the change in NT-proBNP after 6  months of 
treatment among persons with HIV randomized to eplerenone vs pla-
cebo. Box plots represent the 25th and 75th percentiles, and lines within 
the boxes represent the median.
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Few medications have been tested for their effects on 
NT-proBNP in PWH. To our knowledge, the current study 
of eplerenone is the first study to evaluate MR blockade 
on NT-proBNP in the HIV population. In this regard, MR 
blockade may have complementary anti-inflammatory 
properties [5] desirable to treat the HIV population with 
subclinical CVD and chronic inflammation compared to 
other strategies such as statins [26-28]. Although all our 
participants reported ART use and the majority had an un-
detectable viral load, some may have not been adherent. 
We did not formally assess ART compliance or specifically 
include a noncompliant group to determine whether dif-
ferences in NT-proBNP responses to eplerenone would be 
seen between these groups.

This study had strengths as well as limitations. Data on 
eplerenone effects were determined in a placebo-controlled 
trial under careful conditions of sodium intake, in a highly 
relevant population with known RAAS dysfunction. Though 
we evaluated changes in NT-proBNP, a surrogate measure 
of cardiac stretch and assessed inflammatory indices, we did 
not correlate these findings with pathologic changes in the 
heart. The Effects of Eplerenone on Cardiovascular Disease 
in HIV study (NCT02740179), an ongoing 12-month ran-
domized double-blinded, placebo-controlled trial, will allow 
us to investigate the effect of eplerenone on cardiac struc-
ture and function using coronary positron emission tom-
ography and cardiac magnetic resonance imaging among 
PWH to further associate changes in the myocardium and 

Table 3. Linear regression model to assess blood pressures determinants of NT-proBNP among persons with HIV

Δ NT-proBNP (ng/L)

Model 1 Model 2

 β Estimate (95% CI) P β Estimate (95% CI) P

 (R2 = 0.19; P = .02) (R2 = 0.17; P = .03)
Eplerenone arm -24.36 (-41.96 to -6.76) .008 -24.59 (-42.48 to -6.69) .008
Δ SBP (mmHg) 0.391 (-0.71 to 1.49) .48 NA NA
Δ DBP (mmHg) NA NA 0.13 (-1.57 to 1.83) .88

R2 represents the coefficient of determination and the proportion of variance explained by the model. Overall P value represents significance by the whole model 
ANOVA test.
Abbreviations: DBP, diastolic blood pressure; NA, not assessed in model; NT-proBNP, N-terminal pro B-type natriuretic peptide; SBP, systolic blood pressure.

Table 2. Correlations between change in NT-proBNP and RAAS, metabolic, and inflammatory parameters from baseline to 

6 months among persons with HIV

All participants  
(n = 41)  

%Δ NT-proBNP

Eplerenone-treated  
(n = 21)  

%Δ NT-proBNP

Placebo-treated 
(n = 20)  

%Δ NT-proBNP

 ρ P ρ P ρ P

RAAS parameters 
 %Δ PRA -0.20 .21 -0.24 .30 0.12 .62
 %Δ Serum aldosterone -0.33 .04 -0.38 .09 -0.14 .57
Metabolic parameters
 %Δ SBP -0.03 .84 -0.08 .72 -0.02 .95
 %Δ DBP -0.13 .42 -0.02 .94 -0.15 .53
 %Δ BMI -0.07 .69 -0.11 .64 -0.12 .63
 %Δ Iliac WC 0.02 .91 -0.21 .37 0.21 .38
Inflammatory parameters
 %Δ IL-6 0.13  .45 0.12  .61 0.06 .83
 %Δ hsCRP 0.32  .05 0.25  .29 0.25 .33
 %Δ MCP-1 0.27  .10 0.47  .04 -0.06 .82

Relationships determined by Spearman correlation coefficient.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; hsCRP, high sensitivity C-reactive protein; MCP-1; monocyte chemoattractant protein-1; 
NT-proBNP, N-terminal pro B-type natriuretic peptide; PRA, plasma renin activity; RAAS, renin-angiotensin-aldosterone system; SBP, systolic blood pressure; WC, 
waist circumference. 
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vasculature with changes in NT-proBNP. In addition, it 
would be important for studies to assess for myocardial 
changes with MR blockade using transthoracic echocardio-
gram. A further limitation of the study was the minimum age 
criteria of 30 years, which does not allow for assessment of 
this class of medication among a younger population with 
HIV infection. We did not formally analyze our results by 
HIV type. Although HIV-1 is the most common subtype of 
HIV, studies have shown that HIV-2 may have similar im-
munologic dysregulation to HIV-1 [29], and HIV-related 
mortality has been shown to relate to CD4 count regardless 
of type of HIV [30]. As such, we would hypothesize similar 
results in both subtypes of HIV provided both groups had 
similar baseline immunological control [31].

In conclusion, these initial data suggest some benefit 
of eplerenone to reduce NT-proBNP in the ART-treated 
HIV population, which is independent of the well-
recognized mechanism of action of MR antagonism as an 
antihypertensive. Changes in NT-proBNP related to im-
proved inflammatory indices. MR antagonism may have 
independent cardioprotective and anti-inflammatory prop-
erties that could be leveraged by targeting distinct RAAS 
physiology and an increased prevalence of inflammatory-
driven subclinical CVD in PWH—a population for which 
no current CVD treatment strategy exists.
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