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Abstract

Objectives: It is not known whether aldosterone levels are associated with increased mortality in patients with
pulmonary arterial hypertension (PAH). The primary goal of this study was to determine whether circulating aldosterone
levels predict severity of PAH in terms of hemodynamic characteristics and mortality.

Methods: Patients with stable PAH were enrolled at the Baylor PH program. The plasma levels of aldosterone
and BNP were measured. Clinical, hemodynamic, and outcome data was collected by chart review. Mean follow up
time from study enrollment was 39 + 102 months. Cox proportional hazards model was used to assess time to death.

Results: There were 125 PAH patients with plasma aldosterone levels. Median aldosterone level was 9.9 pg/ml
(25th-75th percentile: 4.1 pg/ml, 27.1 pg/ml) and median brain natriuretic peptide (BNP) level was 67.5 pg/ml (25th-
75th percentile: 31 pg/ml, 225 pg/ml). Aldosterone levels were not significantly associated with BNP levels, six-minute
walk distance, Borg dyspnea score, right ventricular systolic pressure, cardiac output and cardiac index. However,
the association between aldosterone and right atrial pressure was dependent on mineralocorticoid receptor blocker
treatment (Coef.=2.88, 95CI: 1.19, 4.56, p=0.001). By log-rank statistic there was no statistical difference between
the survival of patients divided by median aldosterone level (p=0.914). However, there was a significant difference in
patient survival between the BNP categories (p<0.001) such that those with high BNP level (>180 pg/mL) had a shorter
survival time.

conclusions: The aldosterone level was not associated with increased mortality in PAH but was a marker of

disease severity.
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Introduction

Pulmonary arterial hypertension (PAH) is a disease in which
increased right ventricular pressure leads to right heart failure and
decreased cardiac output [1]. Neurohormonal activation by the renin-
angiotensin-aldosterone system (RAAS) is an important regulatory
mechanism in the presence of low cardiac output associated with
heart failure [2]. Aldosterone is released in response to decreased
cardiac output [2,3]. Angiotensin activates aldosterone release from
zona granulosa, which in turn is associated with vascular fibrosis and
endothelial dysfunction [3-5]. Studies have observed that increased
levels of renin and angiotensin in heart failure is related to worse
mortality [6,7]. Evidence suggest that elevated plasma aldosterone
levels contributes to end-organ damage as well as to cardiovascular
mortality [4,8,9].

Recent data suggests that hyperaldosteronism may have some
predictive role in patients with PAH [10,11]. Based on a small number
of studies, debate about the role of aldosterone as a marker of disease
severity and mortality in PAH is ongoing [2,6,10]. Long-term data is also
lacking in this area. Thus it is likely that in PAH patients, RAAS may be
activated to maintain cardiovascular homeostasis. In the current study,
we investigated whether circulating aldosterone levels, undertaken in
an outpatient setting, can be predictive of disease severity and mortality
in stable PAH patients.

Methods

This study was undertaken after obtaining ethics approval from
Baylor College of Medicine Institutional Review Board. Consecutive
patient data, which had aldosterone levels drawn as part of clinical
care, was reviewed from 08/2000 to 06/2013. PAH diagnosis was based

on standard historical right heart catheterization that showed a mean
pulmonary artery pressure >25 mm Hg and pulmonary capillary
wedge pressures <15 mm Hg. Clinical, hemodynamic and laboratory
data including six-minute walk distance (6MWD), medications and
outcome was collected from chart review. Echocardiogram was done
as part of routine clinical assessment and echocardiographer was not
aware of the plasma aldosterone levels. Outcome data was collected by
medical records review.

Sample processing

Aldosterone blood samples were collected from patients in supine
position, between 8 a.m. and 10 a.m. on the day of appointment
when patient had fasted overnight. Whole blood samples were
immediately centrifuged at 1200 r.p.m. for 10 min at 4°C. The plasma
was collected and immediately stored at —-80°C. Aldosterone levels
were determined by solid-phase radioimmunoassay. A commercially
available immunoassay was used for quantitative determination of
brain natriuretic peptide (BNP) levels on an ADVIA centaur analyzer
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system (Siemens, Erlangen, Germany) according to the manufacture’s
recommendation. The normal reference level for aldosterone was <31.0
ng/dL under unspecific conditions and normal BNP level range was
0-100 pg/ml at our laboratory. Aldosterone level was divided by median
aldosterone level. BNP was categorized into 3 groups based on the
Registry to Evaluate Early And Long-term PAH disease management
(REVEAL) Registry Score Calculator: low BNP (<50 pg/mL), mid BNP
(51 to 180 pg/mL), and high BNP (>180 pg/mL) [12-14].

Doppler echocardiography

All echocardiograms were obtained by registered diagnostic
cardiac sonographers and interpreted by a certified cardiologist who
was not aware of the patient’s plasma aldosterone level. Complete
echocardiogram was performed with 2-dimensional transthoracic
echocardiogram (TTE) as clinically indicated using standard ultrasound
equipment on the clinic day. Peak right ventricle systolic pressure
(RVSP) was calculated on the basis of peak tricuspid regurgitation
velocity using the following formula: RVSP = 4 (peak velocity of TR)*+
estimated RAP, where TR = tricuspid regurgitation, RAP = right atrial
pressure.

Statistical analyses

Patient characteristics and outcomes were summarized by using
frequency and percentage or median and 25" and 75" percentiles.
Linear regression was used to assess factors independently and in
multivariable models for 6 MWD, log-transformed BNP, Borg dyspnea
scale, RVSP, RAP, cardiac output, and cardiac index. For aldosterone
and BNP levels, data was adjusted for age, gender, BMI, idiopathic
PAH (IPAH), and for mineralocorticoid receptor (MR) blocker status.
Logistic regression was used to assess right ventricular hypertrophy/
dilation (RVH/D) and pericardial effusion. Odds ratios for potential
factors associated with RVH/D and pericardial effusion were
determined. Note that the association was explored independently for
each variable listed. Cox proportional hazards model was used to assess
time to death. Kaplan-Meier analysis for time-to-death by aldosterone
and BNP levels was undertaken. Both aldosterone and BNP were
log-transformed due to the skewed nature of their distributions. This
analysis did not account for multiple comparisons. Due to the large
number of outcomes investigated, a significance level of 0.01 was used
for the multivariable models.

Results

Baseline patient characteristics

A total of 182 patients were screened and 125 patients with PAH
make up the study cohort (Figure 1). Of the 125 patients with diagnostic
group 1 PAH, 89% were females and 62% were Caucasian (Table 1).

Biomarker, clinical and hemodynamic parameters

The median aldosterone level was 9.9 pg/ml (25th-75th percentile:
4.1 pg/ml, 27.1 pg/ml) and median BNP level was 67.5 pg/ml (25th-75th
percentile: 31 pg/ml, 225 pg/ml) in the PAH patients (Figure 2). The
6MWD was 69 meters higher in IPAH patients compared to connective
tissue disease and congenital heart disease associated PAH (P=0.022).
Additionally, the 6MWD decreased with increasing age (P=0.014). Both
the unadjusted and adjusted data showed that the aldosterone levels
were not associated with 6 MWD (Figure 3A), Borg dyspnea scale score
(Figure 3B), BNP levels, RVSP (Figure 3C), cardiac output, presence
of pericardial effusion or RVH/D. The unadjusted results showed that
RAP increased for those on MR blocker (p=0.012), loop diuretics
(p=0.04), and with increasing BMI (p=0.008), and with increasing

Initial patients
count: 182

Excluded due to

missing data: 20

PAH Group 1 =
125

w m et et

APAH =71

IPAH = 54

Figure 1: Outline of Patients included in the Study.

Variables
Age (years), Mean (SD) 51 (14)
BMI (kg/m ), Mean (SD) 27.3(7.0)
Male, N(%) 14 (11%)
Caucasian, N(%) 53 (62%)
Aldosterone (pg/ml), Median (25th, 75th) 9.9 (4.1,27.1)
BNP (pg/ml), Median (25th, 75th) 67.5 (31, 225)
LVEF (%), Median (25th, 75th) 65 (59, 65)
LA Dilation, N (%) 17 (17%)
Medications:
MR blocker, N (%) 58 (49%)
Loop diuretics, N (%) 55 (46%)
CCB, N (%) 24 (20%)
Digitalis, N (%) 65 (54%)
Echocardiographic data:
RVSP on TTE (mm Hg), Mean (SD) 83 (26.2)
RAP on TTE (mm Hg), Mean (SD) 12.3(5.2)
Cardiac output (L/min), Mean (SD) 4.5 (1.3)
Cardiac index (L/min/m2), Mean (SD) 2.69 (0.75)
Pericardial Effusion, N (%) 24 (23%)
RVH/D, N (%) 67 (74%)
Six-minute walk distance, Mean (SD) 359 (114)
Borg Dyspnea Scale, Mean (SD) 2.82(1.85)
Death, N (%) 24 (19%)

Data presented as number (N) and percentage (%) or median 25"-75" percentile
or meantSD as indicated. APAH-CTD, connective tissue disease associate PAH,
APAH-CHD, congenital heart disease associated PAH; CCB, calcium channel
blocker; IPAH, idiopathic pulmonary arterial hypertension; LA, left atrial; MR
blocker, mineralocorticoid receptor blocker; RAP, right atrial pressure. RVSP, right
ventricular systolic pressure; RVH/D, right ventricular hypertrophy/dilation; TTE,
transthoracic echocardiogram.

Table 1: Baseline Clinical Characteristics of Diagnostic Group 1 PAH patients.

BNP and aldosterone levels (p= p=0.01 and p=0.034 respectively).
This association between RAP and aldosterone levels was lost in the
adjusted data; however, after including an interaction (p=0.001) with
MR blocker, an association between aldosterone level and RAP was
noted (Coef. =2.88, 95CI: 1.19, 4.56, p=0.001, Figure 3E). Namely, for
those not taking MR blocker, for a 50% increase in aldosterone level the
average RAP decreased by 0.52 (p=0.055); and for those taking the MR
blocker, the average RAP increased by 0.64 (p=0.004). In this cohort,
49% of the PAH patients were on a MR blocker.

The BNP levels were higher in males (p=0.042) and for those on
MR blocker (p=0.019) and calcium channel blocker (CCB) (p=0.006).
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The median aldosterone level was 9.9 pg/ml (25th-75th percentile: 4.1 pg/ml,
27.1 pg/ml) and median BNP level was 67.5 pg/ml (25th-75th percentile: 31

pg/ml, 225 pg/ml) in PAH patients.
Figure 2: Median aldosterone and BNP levels in PAH patients.
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Figure 3: Scatter plots of log-aldosterone and log-BNP levels and clinical
parameters for adjusted data. Six-minute walk distance and aldosterone
levels. B. Borg dyspnea score and aldosterone levels. C. Right ventricle
systolic pressure and aldosterone levels. D. Right ventricle systolic pressure
and BNP levels. E. Right atrial pressure and aldosterone levels. F. Right atrial
pressure and BNP levels. Figures are colored coded for MR receptor blocker
status (blue, patients taking MR blocker; and red, patients not taking MR
blocker). RAP, right atrial pressure; RVSP, right ventricular systolic pressure.

BNP levels decreased with increasing BMI (p=0.002). BNP did not
associate with aldosterone levels (0.706). However, the adjusted data
demonstrated that CI negatively associated with BNP (Coef.=-0.16,
95CI: -0.31, -0.01, p=0.04). Furthermore BNP also associated with
RVSP (Coef.=5.64, 95CI: 1.27, 10.02, p=0.012; (Figure 3D) and RAP
(Coef.=0.73, 95CI: 0.01, 1.45 p=0.048; (Figure 3F). In addition, the odd
of having a pericardial effusion was higher if BNP was elevated (odds
ratio 1.65, 95 CI=1.13, 2.4, p=0.01) whereas this was not noted with
aldosterone. Neither aldosterone nor BNP levels were associated with
the odds of having RVH/D.

Time to death

results show that increased BNP levels (p<0.001), males (p=0.034),
and patients not on CCB (p=0.038) were associated with an increased
hazard of death. After adjustment for a 50% increase in BNP the hazard
of death increased by 1.36 (p<0.001).

Discussion

In this study, elevated BNP levels but not aldosterone levels confer
increased mortality in PAH patients. Furthermore, RAP associated with
higher aldosterone levels in patients being treated with a MR blocker.
Although hyperaldosteronism was associated with higher levels of
RAP, it did not associate with other hemodynamic parameter or with
mortality. This relationship was probably observed because of the
relationship between cardiac output and RAP [15]. In addition, patients
in this cohort were established PAH patients on PAH medications and

Kaplan-Meier Time to Death

time (years)

95% ClI Survivor function ‘

Figure 4: Kaplan-Meier survival graph for the studied cohort. The 75%
survival percentile for the studied cohort was 4.1 years (95% Cl: 3.2, 4.7).
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Figure 5: Kaplan-Meier survival graph based on median and normal laboratory
aldosterone levels. The normal reference level for aldosterone was less than
31.0 ng/dL under unspecific condition.

Mean follow up time of 34 + 19 (1-75) months was observed, at
which point 24 out of the 125 patients were deceased (19%). The 75
survival percentile was 4.1 years (95% CI: 3.2, 4.7). Kaplan Meier
survival curve for the overall studied PAH population is presented in
Figure 4. By log-rank statistics there was not a statistical difference
between the survival when patients were categorized by median
aldosterone levels (p=0.9135) or when divided by normal aldosterone
levels (p=0.9764) (Figure 5). However, there was a significant difference
in survival based on BNP levels divided by median (p=0.0004) and by
low, mid and high BNP levels (p<0.001) (Figure 6). The unadjusted
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Figure 6: Kaplan-Meier survival graph based on median, and low, mid and
high BNP levels. Normal BNP level range was 0-100 pg/ml and BNP was
divided into 3 groups according to the REVEAL Registry Score Calculator:
low BNP (<50 pg/mL), mid-level BNP (51 to 180 pg/mL), and high BNP
(>180 pg/mL).

the biomarker sample was drawn from a peripheral vein at the time of
their clinic appointment rather than during heart catheterization.

Previous studies have explored the contribution of RAAS in PAH.
For example, De Man et al demonstrated elevated levels of renin,
angiotensin I and angiotensin II in PAH patients [2]. These levels
were associated with increased risk of death, lung transplantation
and disease progression defined by decrease in 6 MWD [2]. Our study
results were to the contrary in terms of elevated aldosterone levels not
being associated with worse outcome. In a small study, Maron et al.
documented elevated plasma aldosterone levels in 18 PAH patients as
compared to 5 control patients undergoing dyspnea evaluation [10].
In this study, a sub group of treatment-naive PAH patients showed
that the aldosterone levels were positively correlated with pulmonary
vascular resistance (PVR) and transpulmonary gradient, and negatively
correlated with cardiac output. Authors suggested a cardiopulmonary
hyperaldosteronism profile of PAH patients was indicative of worse
disease. In another study of 21 PAH patients, indices of RAAS activation
including aldosterone, angiotensin converting enzyme, plasma rennin
activity, angiotensin II and vasopressin levels were found to be elevated
[14]. These levels were higher in patients with mean pulmonary artery
pressure of 60 mm Hg [14]. In another study evaluating subjects with
High Altitude Pulmonary Hypertension showed elevated plasma renin
activity that correlated with PVR [15]. Our study results show that
increased aldosterone levels were associated with higher RAP obtained
from non-invasive testing. Unfortunately, invasive hemodynamic data
was not available in relation to the biomarker testing. Larger studies will
need to be done to further explore this relationship.

BNP, or brain natriuretic peptide, is a known biomarkers in PAH
and elevated levels have been associated with poor outcome in PAH [16].
Natriuretic peptides are released by the heart to counteract myocardial
tension and increased intravascular volume [17]. High levels of
natriuretic peptide in circulation indicates raised atrial and pulmonary
capillary wedge pressures, reduced ventricular systolic and diastolic
function, presence of left ventricular index, and positively correlate
with WHO functional class, pulmonary vascular resistance and RAP in
PAH patients [18,19]. In previous studies, BNP levels were found to be
elevated among patients with left ventricular systolic dysfunction, and
thus it is a recognized marker for cardiovascular disease due to left heart
failure [19,20]. As in our study, Borg dyspnea scale, RVSP, RAP, and
pericardial effusion, all have been shown to increase with increasing
BNP values. In addition, cardiac output decreased with higher BNP
values [21]. Our study results showed that higher BNP levels were
associated with increase in risk of death, whereas no relationship was
found between aldosterone and worsen clinical outcomes.

In a study by Deboeck et al., 6 MWD predicted not just survival
but also time to clinical worsening [22]. Six-minute walk distance
has been proven to be a good predictor of clinical worsening in PAH
and of mortality [23,24]. It has been shown that IPAH patients have
a better 6MWD than those diagnosed with associated PAH [22]. Our
study reinforced this finding, as better S MWD was seen in patients with
IPAH than those with associated PAH.

Recent clinical research by Tsutamoto et al has shown that
administration of MR antagonist, spironolactone, together with an
endothelin type-A receptor antagonist resulted in lower BNP levels,
better 6MWD, and improvement in WHO functional class [25].
Spironolactone administration usually results in mild natriuresis that
may contribute to improved BNP levels [10,26]. Interestingly, our data
found an association between aldosterone levels and RAP, in patients
who were on the MR blocker. Studies such as Randomized Aldactone
Evaluation Study (RALES) and Eplerenone Post-Acute Myocardial
Infarction Heart Failure Efficacy and Survival Study (EPHESUS) have
shown that MR blockers improved survival in patients with congestive
heart failure [7,27]. Spironolactone has proven to be beneficial in
patients with congestive heart failure. The usefulness of the MR
blockers would suggest increased levels of aldosterone in these patients.
However, data revealed that MR antagonists improve survival even in
those with normal circulating aldosterone levels [28]. In animal model
of PH, spironolactone prevented the increase of right ventricular
(RV) systolic pressure, pulmonary arterial muscularization, and RV
fibrosis, all of which lead to PAH [8]. In our study, we explored whether
circulating aldosterone levels are related to worse disease and/or
increased mortality in PAH. Interestingly, RAP was higher in patients
on a MR blocker and was lower in patients who were not on a MR
blocker. This seemingly contradictory finding may suggest that patient
on a MR blocker are sicker to begin with or have a worse disease. MR
blockers are routinely used as a diuretic in PAH patients. An ongoing
clinical trial of spironolactone versus placebo in PAH will help to
define the usefulness of MR blocker in this disease [clinicaltrials.gov;
NCT01468571].

Study Limitations

Limitations to the current study include missing data and the
hemodynamic data are collected by a transthoracic echocardiogram. In
addition, aldosterone level was measured once at baseline and follow
up aldosterone levels were not available. Despite these limitations, the
number of eligible participants for mortality analyses strengthens our
results.
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