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Background

Aldosterone has pro-inflammatory and pro-fibrotic effects
in extra-renal tissues including blood vessels that trigger
the vascular endothelial dysfunction (ED)1 and large artery
stiffness.2 The mineralocorticoid receptor (MR) antagonists

have emerged as effective therapies for the management
of cardio-vascular disease (CVD) due to their role beyond
decreasing the blood pressure,3 and that to some extent
has been attributed through improvement of ED4 and
arterial stiffness1 via its potent anti-TNF-a action.5 The
European Society of Hypertension/Cardiology guidelines
have defined a mean carotid intima-media thickness (cIMT)
of over 0.9 mm as a marker of target organ damage and
stroke.6

Aim of study

The present study was aimed to determine the effective-
ness of MR antagonists in altering the endothelial dysfunc-
tion and carotid artery stiffness indices in CAD patients at
risk of stroke i.e. having mean intima-media thickness of
common carotid artery (cIMT) more than 0.9 mm.

Methods

A randomized, placebo controlled, parallel group, pilot
study was conducted and completed, under Department of
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Pharmaceutical Sciences and Drug Research, after due
approval from Institutional Ethics Committee of Punjabi
University, Patiala (approval number-ICEC/45/2012).
Established CAD patients were screened and recruited
from the medicine outdoor patient (OPD) clinic at Sadb-
havna Medical and Heart institute, Patiala. Patient who met
inclusion/exclusion criteria were treated, followed and
evaluated as per protocol’s requirements. A written
informed consent from each patient was obtained prior to
recruitment in the study. The study was performed in
accordance with the declaration of Helsinki and the code of
Good Clinical Practice. Inclusion criteria were: age �18
years; echo-cardiographic evidences of CAD as described by
Chang et al., 20097/angiographic-evidences of CAD8/;
serum high sensitivity C-reactive protein (hsCRP) (le10 mg/
dl). All patients had angiographic-evidences of significant
CAD defined as a luminal narrowing of �50% in at least one
major epicardial coronary artery according to American
College of Cardiology/American Heart Association (ACC/
AHA) guidelines for coronary angiography.8 Exclusion
criteria were: any major surgery/stroke within last 3
months; chronic infections and inflammatory diseases;
abnormal renal and liver function; drugs affecting evalua-
tion of arterial function.

CONSORT guidelines were followed for reporting parallel
group randomized trials.9 Based on the guidelines, 1:1
randomization was followed to expose patients equally to
drug or placebo using computer assisted random number
table. Both patients and investigators involved for vascular
ultrasound profiling were blinded to treatment protocol and
blinding of treatment assignments was maintained by
research staff/monitors of the hospital. Eligible patients
were randomized into three groups (group- A, B or C), and
were allocated treatment (for 16 weeks) as placebo (PL)
tablet, SP (25 mg, OD) or EP (25 mg, OD) tablets to their on-
going therapeutic regimen, respectively.

The sample size was estimated by considering the flow
mediated vasodilatation (FMD) as a primary response vari-
able. To find out 20% change (beta Z 0.2, alpha Z 0.05) in
FMD with standard deviation (SD) of 1.60, a sample size of
total 10 patients/group was required.10 Descriptive and
inferential statistical analyses were performed with Sigma
Stat version 3.5. Results are expressed as mean � SD and
number/percentage wherever applicable and considered
significant at p � 0.05. Results were compared between
three groups using one-way analysis of variance (ANOVA)
followed by Tukey’s test for normal distributed data and
using KruskaleWallis ANOVA for non-normal distributed
data, respectively. Intra- and inter-observer variability for
cardiovascular Doppler profiling was found as 2% and 3.5%
for brachial artery and 2.5% and 4% for carotid artery,
respectively.

Assessment of endothelial-dependent FMD of the
brachial artery was carried out by two cardiologists, who
were blinded to the treatment protocol, in accordance with
the guidelines detailed by Corretti et al., 2002.11 FMD was
calculated as FMD (%) Z 100 � {(post-hyperemic
diameter � basal diameter)/basal diameter}.

Common carotid artery (CCA) intima media thickness
(IMT), diastolic (Dd) and systolic (Ds) diameter (D) (using ca-
rotid ultrasound) and brachial BP measurements (SBP and

DBP) were used to derive three parameters of arterial stiff-
ness i.e. Young’s Elastic Modulus (YEM), carotid arterial
compliance (CAC) and stiffness index (SI) as described by
method of Cipolli et al., 2012.12 YEM gives an estimate of
arterial stiffness that is independent of wall (intima-media)
thickness by the formula: ([systolic blood pressure� diastolic
blood pressure] � diastolic diameter)/([systolic diameter �
diastolic diameter]/IMT). CAC measures the ability of the
arteries to expand as a response to pulse pressure caused by
cardiac contraction and relaxation and was calculated as:
([systolic diameter � diastolic diameter]/diastolic diam-
eter)/(systolic blood pressure � diastolic blood pressure). SI
is considered to be relatively independent of blood pressure
and was calculated by the formula: (systolic blood pressure/
diastolic blood pressure)/([systolic diameter � diastolic
diameter]/diastolic diameter).12

Overnight fasting blood samples were withdrawn by the
laboratory technicians of the hospital; serum and plasma
were separated out and stored at �40 �C until analysis.
Serum total cholesterol (TC) and creatinine (commercial
biochemical kits e Erba� Mannheim, Transasia Biomedical
Ltd, India), complete blood count (automated hematology
analyzer-model Sysmex XP100), serum sodium and potas-
sium (automated electrolyte analyzer), hsCRP and TNF-a
(commercial ELISA Kits) were analysed.

Results

45 patients were screened, but 12 were excluded because
10 did not meet inclusion/exclusion criteria and 2 did not
give their consent. Thus, 33 patients [M/F Z 9/2 (group A),
10/1 (B) and 10/1 (C)] were found eligible. The biochemical
and clinical characteristics of patients are presented in
Table 1. All patients, irrespective of the group, were on a
combination regimen of a fixed-dose combination of clopi-
dogrel 75 mg þ atorvastatin 10 mg þ aspirin 75 mg/rosu-
vastatin 10 mg, once daily, and either Losartan 2.5 mg/
Telmisartan 20 mg/or metoprolol 25 mg, once daily. All
patients were overweight (BMI: 25e29 kg/m2) and had hy-
pertension, irrespective of the group. None was diabetic. 3
patients in group A, 4 in B and 3 in C also had high TC level,
but none met the diagnostic criteria of MetS.

The variation in three treatment groups was not statis-
tical significantly different (all p � 0.05) at baseline level
with respect to all the biochemical and clinical efficacy
variables/parameters such as blood pressure, brachial and
carotid artery profile parameters, and inflammatory
markers. SBP, DBP, hsCRP and TNF-a levels were signifi-
cantly reduced after SP and EP treatment as compared to
placebo, but there was no difference between SP versus EP
(p � 0.05). Both treatments did not affect the metabolic
variable, TC. Marker of endothelial dysfunction assessed as
FMD of brachial artery were not significantly changed
neither with SP/EP nor placebo (all p � 0.05). There was
also no significant effect observed on cIMT and stiffness
indices i.e. YEM, CAC and SI (all p � 0.05) after treatment
with SP, EP or PL. Serum levels of creatinine, sodium, po-
tassium and CBC were found with-in normal range after
treatment in all groups (Table 1). There were no drop-outs
due to any reasons.
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Discussion and conclusion

TNF-a, a pro-inflammatory mediator of activation of
endothelial cells, results in impaired vasoreactivity by
promoting degradation or blocking activation of endothelial
nitric oxide synthase (eNOS) enzyme and, by activating
apoptotic signaling cascade in endothelial cells.13 Spi-
ronolactone (1e3 mg/kg), based on potent anti-TNF-a ac-
tion, has proven its effectiveness in improving endothelial
dysfunction in metabolic syndrome,14 rheumatoid
arthritis,5 ankylosing spondylitis15 and obesity,16 while
there exists scarce published findings for eplerenone.
Metabolic syndrome (MetS) patients are considered at more
risk for developing stroke and CAD.17 In a recent work on
MetS patients, we had not found any significant effect of
neither SP nor EP on insulin resistance and endothelial
dysfunction.10 In present study, that included CAD patients
at high risk of stroke (cIMT �0.9 mm), both SP and EP were
found effective only in reducing BP and halting inflamma-
tory process to some extent, but not in altering ED, carotid
IMT and stiffness indices. Moreover, EP was found no better
than SP or vice-versa. Overall, both drugs were found
tolerable. Thus, controlling inflammatory cascade.

Present study had several limitations. Carotid artery
stiffness indices were derived using brachial BP rather than
central aortic BP, which is considered less appropriate due
to difference in pulse pressure amplification at central
versus brachial artery.18 Evaluation was carried out only at
one dose level in small number of subjects for relatively
shorter duration due to lack of funding, time and other
institutional constraints. Thus, efficacy at different dose
levels must be further explored in large randomized
controlled trials of long duration.
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