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Abstract
Background: Asymmetric dimethylarginine (ADMA), an inhibitor of nitric oxide synthase (NOS), has been
implicated in endothelial dysfunction and atherogenesis. Though there is much evidence linking ADMA with
atherosclerosis and adverse cardiovascular events, only a few studies have established the independent
relationship between elevated ADMA and the angiographic extent of coronary artery disease (CAD). The aim
of the study was to analyze serum ADMA levels in patients with varied extent and severity of coronary
atherosclerosis and to see whether the levels of ADMA in male and female participants vary significantly.
Methods: We analyzed 40 individuals with obstructive CAD, including men and women, between the ages of
30 and 60. According to their coronary angiographic reports, the participants were divided into four groups:
minor CAD, single vessel disease (SVD), double vessel disease (DVD) group and triple vessel disease (TVD).
Then, serum ADMA levels was measured and compared among these groups.
Results: ADMA level was significantly higher in patients with TVD (167.74±16.69) than those in the DVD
(159.46±10.40), SVD (149.54±16.39) and minor CAD (144.5± 24.16) group (p-value= 0.0001). There was
no significant difference in ADMA levels between male and female participants (p= 0.534).
Conclusions: ADMA concentration in the serum may be useful in identifying whether CAD correlates significantly to
the extent and severity of coronary atherosclerosis.
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Introduction
Coronary artery disease (CAD) is the most
common form of cardiovascular disease
worldwide and leading cause of disability and
death in both developed and developing
countries (1, 2). CAD is primarily caused by
atherosclerosis, which results in a regional
decrease in myocardial blood flow (2). The
inadequate blood and oxygen supply to the
myocardium results in decreased myocardial
blood flow and ischemia (2). Each year, the
prevalence and global burden of CAD
continues to rise, and as predicted,
atherosclerosis is now the leading global cause

of total disease burden (3). Despite the
development of medical interventions to
minimize fatal CAD outcomes, the mortality rate
remains high (4). In developed countries, the
CAD rate increased by 30 – 60% between 1990
to 2020, while it increased even more in
developing countries (4). In addition to having a
higher mortality rate, CAD manifested 10 years
earlier in India compared to the rest of the world.
As a result, there were more CAD-related deaths
among India’s working-age population (5). Due
to CAD related deaths, India lost a significant
amount of productive working years. By 2030, it
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is estimated that 17.9 million productive
working years will be lost, which is 10 times
higher than the United States (6, 7).
Asymmetric dimethylarginine (ADMA) was
found to be a novel risk marker of
atherosclerosis. It is considered an independent
risk marker and a prognostic marker of CAD.
Asymmetric dimethylarginine originates from
the degradation of methylated proteins during
physiological protein turnover (8). It inhibits
nitric oxide synthase (NOS), an enzyme that
catalyzes the conversion of L-arginine to nitric
oxide (NO) and citrulline (8). As a result, a rise
in ADMA lowers NO levels, a potent vasodilator
essential for normal endothelial function.
Impairments in the NO pathway leads to
endothelial dysfunction, one of the earliest stages
of initiation and progression of atherosclerosis
(8, 9). In normal and atheromatous coronary
arteries, NO plays an important role in
acetylcholine–induced vasodilatation and resting
vascular tone (10, 11). NO also inhibits platelet
activation and aggregation (12).
In the past few years, AMDA emerged as a
novel risk marker of CAD. Its levels were found
to be elevated in risk factors contributing to CAD
such as hypertension, type 2 diabetes mellitus,
hypercholesterolemia
and
hyperhomocysteinemia. Further, all these
conditions were associated with an impaired NO
pathway and endothelial dysfunction (9). Studies
have also linked ADMA to subclinical coronary
atherosclerosis and adverse cardiovascular
events (13, 14). The relationship between
elevated ADMA and the angiographic extent of
CAD has been studied by Lu et al and a few
others (15-17). The aim of this study was to
analyze serum ADMA levels in patients with
varied extent and severity of coronary
atherosclerosis and see if there were any major
differences between male and females.
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Materials and Methods
Ethical committee approval
This study was approved by the
institutional
ethics
committee,
Sri
Ramachandra Institute of Higher Education
and Research, Chennai. Participants were
informed of the study details and then

written informed consent was obtained from
them.
Study design
This pilot study was conducted at Sri
Ramachandra Institute of Higher Education
and Research, Chennai, India on a total of 40
individuals (men and women) from the
Cardiology department between the ages of 30
to 60, with angiographically proven
obstructive CAD. The participants medical
history, personal history, family history and
general physical characteristics were then
collected and documented. According to their
coronary angiographic reports, participants
were divided into four groups: Group I - minor
CAD, Group II - single vessel disease (SVD),
Group III - double vessel disease (DVD) and
Group IV - triple vessel disease (TVD).
Laboratory analysis
Venous blood samples were collected in gel
tubes from the participants to estimate serum
ADMA. The samples were centrifuged after 30
minutes at 1008 RCF. Next, the serum was
separated, aliquoted into polypropylene tubes
and then stored at -20 °C until further analysis.
Serum ADMA levels were estimated using the
enzyme-linked
immunoassay
(ELISA)
technique (Sincere Biotech Co Ltd, ELISA kit
for measuring Human AMDA). Using the mean
absorbance value for each sample, a standard
curve was constructed and used to determine
the corresponding concentration of ADMA was
determined in ng/mL. The results were
calculated using the ELISA reader software
program.
Statistical analysis
For data analysis, we used SPSS software
(version 18.0). We used the mean, standard
deviation (SD) and p-values to compare serum
ADMA levels among the four groups. We also
calculated the continuous mean±SD. To
evaluate the statistical significance, we
conducted an independent sample t-test. We
also compared ADMA levels between male and
female participants. A p-value of less than 0.05
was considered statistically significant.
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Results
Table 1 shows ADMA level among the male (n=
22) and female (n= 18) participants. Though the
mean ADMA level among the male subjects was
slightly lower than the females, there was no
significant difference between them (p-value=
0.534). The study participants were divided into
four groups based on the extent and severity of
CAD. Table 2 shows the comparison

of ADMA levels between the minor CAD, SVD,
DVD, and TVD groups. The values were found
to be statistically significant (p-value< 0.0001).
The results showed that Group II had a higher
ADMA value than Group I, Group III had a
higher ADMA value than Group II and Group
IV had a higher ADMA value compared to
Group III.

Table 1. Comparison of serum ADMA level between male and female.

Parameter

Male

Female

p- value

ADMA
(ng/mL)

152.70±19.36

156.49±14.22

0.534

p-value< 0.05 is considered as statistically significant.
Table 1 depicts the mean and SD of the serum ADMA levels of the study participants. Among the study participants 22 were
male and 18 were female. There is no statistically significant difference in the serum ADMA levels between the male and the
female study participants (p= 0.534).
Table 2. Serum ADMA levels of Study groups I, II, III and IV.

Parameter

Group I

Group II

Group III

Group IV

ADMA
(ng/mL)

144.54±24.16

149.54±16.39

159.46±10.40

167.74±16.69

Values were expressed as meanSD.
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Discussion
Studies conducted among different groups
across the world have shown that ADMA
levels were significantly increased in patients
diagnosed with CAD (18). Elevated ADMA
levels were also shown to predict the incidence
of future myocardial infraction (MI) attacks in
previously diagnosed CAD patients (19).
Results from studies conducted on patients
with CAD, showed that all the major
atherosclerotic risk factors such as
dyslipidemia, diabetes mellitus, smoking and
hypertension had abnormal endothelial
vasculature (20, 21). Disturbing the
endothelial vasculature contributes to
atherosclerotic plaque formation since the
vascular endothelium is involved in vascular
tone maintenance, thrombi resistance, control
of cellular adhesion, vessel wall inflammation
and proliferation of smooth muscle cells,
among others (22). ADMA inhibits NOS,
which in turn decreases NO production. The
NO pathway plays an important role in
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vascular endothelium dysfunction (12). Hence,
measurement of ADMA in individuals who are
at risk of developing CAD could help with
early detection and severity predictions.
Among female and male participants, we
found no significant differences between their
ADMA levels. A similar result was obtained
from the study conducted by Denve et al (24).
Here, ADMA levels were measured among
angiographically proven CAD patients with
varying disease severity. Based on the
angiographic reports, ten individuals were
assigned to each of the four groups: minor
CAD (<20% stenosis in the coronary artery),
single vessel disease (SVD), double vessel
disease (DVD) and triple vessel disease
(TVD). ADMA was highest in the TVD group
followed by DVD, SVD and minor CAD (pvalue< 0.0001). A similar result was obtained
in the study conducted by Olga et al., which
aimed to estimate the relationship between
ADMA and angiographic indices of extent and
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severity of coronary atherosclerosis in CAD
patients (23). There was a significant
difference in ADMA levels in patients with
SVD, DVD and TVD (0.49±0.10 µmol/L,
0.50±0.10 µmol/L, 0.52±0.11 µmol/L) (pvalue< 0.001) (23). Furthermore, our results
aligned with the results of from Lu et al (16).
In this study, they subdivided CAD patients
into two groups based on their percentage of
coronary artery stenosis. Group 1 consisted of
subjects with mild CAD (<50% stenosis of
major coronary arteries) and Group 2 consisted
of subjects with significant CAD (>50%
stenosis). The ADMA level in Group 2 was
significantly higher than Group 1 (0.66±0.17
µmol/L vs .0.44±0.09 µmol/L; p – value<
0.001) (14). Ultimately, ADMA level
increases with CAD severity.

We concluded that ADMA concentration in
serum could be useful in identifying whether
CAD correlates significantly to the extent and
severity of coronary atherosclerosis. Thus,
ADMA can be used as a prognostic marker due
to its association with coronary atherosclerotic
burden.
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