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Abstract
Background: Cardiovascular manifestations are frequent findings in patients with thyroid hormone disorders. Asymmetric
dimethylarginine (ADMA), a inhibitor of endothelial nitric oxide synthase (eNOS), blocks nitric oxide (NO) synthesis from larginine. So, ADMA level can be considered as cardiovascular risk marker as it is a possible contributing factors for endothelial
dysfunction in hyperthyroid patients.
Objectives: The aim of the study was to assess ADMA levels in hyperthyroidism patients free of cardiovascular risk associates
and further comparison with healthy controls.
Methodology: The study took place in Victoria Hospital, attached to Bangalore Medical College and Research Institute. The
study groups consisted of 30 patients with diagnosed hyperthyroidism and 30 healthy sex and age matched controls. The patients
with renal failure, diabetes and severe hypertension were excluded. ADMA was estimated by double-antibody sandwich enzymelinked immunosorbent assay (ELISA).
Results: The Mean ADMA level was higher in the hyperthyroid group (1.1346±0.6382μmol/L) than in the control group
(0.584±0.2377μmol/L) and it was statistically significant (p<0.0001).
Conclusion: ADMA represents a new and well-characterized marker that has been associated with many traditional and novel
risk factors in the setting of cardiovascular risk. So, an elevation of ADMA levels of patients with hyperthyroidism compared
with healthy controls may contribute to some cardiovascular alterations.
Keywords: ADMA= Asymmetric dimethylarginine, eNOS = endothelial nitric oxide synthase, NO= nitric oxide, ELISA=
enzyme-linked immunosorbent assay, p = Probability of observing a test statistic.

Introduction
Cardiovascular manifestations are frequent
findings in patients with thyroid hormone disorders,
especially those with hyperthyroidism.(1) There is
abundant evidence that the endothelium plays a crucial
role in the maintenance of vascular tone and structure.
Endothelium-derived mediators help in vascular
homeostasis. One of the major endothelium-derived
vasoactive mediators is nitric oxide (NO), an
endogenous messenger molecule formed in healthy
vascular endothelium from the amino acid precursor larginine. It is released in response to shear stress and
plays an important role in flow-mediated dilatation.(2)
Asymmetric l-arginine (ADMA), a guanidinosubstituted analogue of l-arginine, is synthesized
endogenously and can act as inhibitor of NO synthase,
the enzyme responsible for the formation of NO from larginine.(3) One mechanism that explains the occurrence
of endothelial dysfunction is the presence of elevated
blood levels of asymmetric dimethylarginine (ADMA),
an l-arginine analogue that inhibits NO formation and
thereby can impair vascular function.(4) The purpose of
the present study was to evaluate and compare ADMA
levels in patients with hyperthyroidism free of
cardiovascular risk associates such as diabetes or
chronic renal failure with further comparison with
healthy control subjects.

Methodology
Present study took place in the Department of
Biochemistry, Victoria Hospital, attached to Bangalore
Medical College and Research Institute, Bangalore with
sixty subjects (n=60), thirty cases (n1=30) and thirty age
and sex matched controls (n2=30). Thirty patients of
hyperthyroidism with no past history or current
symptoms of coronary or peripheral arterial disease
were included in the study. The diagnoses were based
on basal plasma TSH values less than 0.5 mIU/litre and
were ascertained by determination of free T4 (fT4). The
patients with renal failure, diabetes and severe
hypertension were excluded.
Collected blood sample was allowed to clot for 30
minutes in a clean dry test tube and was subjected to
centrifugation to separate the serum. The serum
samples were stored in deep freezer at minus 80 degree
Celsius till they were analyzed. ADMA was estimated
using double-antibody sandwich enzyme-linked
immunosorbent assay (ELISA) method, whereas, TSH
and fT4 were measured by immunoassay, Beckmann
Coulter Access 2.
Descriptive and inferential statistical analysis had
been carried out in the present study. Results are
presented on mean ± SD and Student t-test (two tailed,
independent) had been used to find the significance of
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study parameters (p value) between two groups (inter
group analysis) on metric parameters.
To ascertain Correlation between ADMA and TSH
and fT4, Pearson’s correlation co-efficient (r) was used.
Results
Among 30 cases, 5, 16 and 9, and among 30
controls, 7, 13 and 10 were in the age group of <
20years, 20-40 years and >40 years respectively.
(Table 1)
Age in
years
<20
20-40
>40
Total
Mean
SD

±

Cases

Controls

No
%
5
16.66
16 53.33
9
30.0
30 100.0
34.13±14.53

No
%
7
23.33
13
43.33
10
33.33
30
100.0
31.73±15.07

p
value
0.536

Table 1: Age distribution among cases and
controls. The mean age of the cases is 34.13 years with
an SD of 14.53 and in controls is 31.73 with an SD of
15.07 and the age difference between cases and controls
are statistically not significant (>0.05).
Sex
Male
Female
Total

Cases
No
8
23
30

%
23.33
76.66
100.0

Fig. 1: Comparison of serum ADMA in the two
groups studied
In the present study, serum ADMA has shown a
significant positive correlation with free T4 (r = 0.5843,
p=0.000698) and a negative correlation with serum
TSH (r = - 0.4889, p=0.006115). (Table 4; Fig. 2, 3)
Table 4: Correlation of serum ADMA levels with
individual parameters in cases
Parameters
Correlation
p value
coefficient ‘r’
TSH(mIU/L)
- 0.743
<0.00001
fT4 (ng/dl)
0.966
<0.00001

Controls
No
%
10
30.0
21
70.0
30
100.0

Table 2: Sex distribution among cases and controls.
Women were overrepresented in both groups of patients
(76.66% in the hyperthyroid group and 70.0% in the
control group), and therefore, the control group was
gender-matched by the inclusion of more control
women than men.
Mean ± SD serum ADMA levels in cases and
controls are 1.1346 ± 0.6382 and 0.584 ± 0.2377
μmol/L and the difference was found to be statistically
significant (p<0.0001). (Table 3; Fig. 1)

Fig. 2: Scatter plot showing negative correlation
between serum ADMA and TSH which is
statistically significant (p<0.00001)

Table 3: ADMA concentration among cases and
controls
Paramet
Cases
Controls
t
p
er
score value
ADMA
1.1346±0.6
0.584±0.2 4.428 <0.00
382
377
2
01
(μmol/L)

Fig. 3: Scatter plot showing positive correlation
between serum ADMA and free T4 which is
statistically significant (p<0.00001)
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Discussion
The present study demonstrated that significant
increase in serum ADMA concentration in cases
compared to controls. Serum ADMA has shown a
significant positive correlation with free T 4 and a
negative correlation with serum TSH in the study.
Many studies have reported a relationship between
raised ADMA concentrations and cardiovascular
disease. Plasma ADMA concentrations were shown
high in patients with coronary artery disease (CAD),(5)
peripheral arterial disease,(6) pulmonary hypertension,(7)
stroke,(8) and hypertrophic cardiomyopathy.(9) ADMA
levels were also significantly elevated in patients with
various cardiovascular risk factors as demonstrated for
hypertension,(10) hyperlipidemia,(11)
and
hyperhomocysteinemia.(12)
Schulze F et al studied 800 people with and
without established coronary artery disease to
determine the Coronary Artery Risk investigating the
Influence of ADMA Concentration. The plasma
ADMA concentration was 20% higher in the presence
of established CAD and the ADMA levels increased
with increasing number of cardiovascular risk
factors.(13)
Valkonen et al did a case-control study among
middle-aged men from Finland and reported a 3.9 fold
increased risk of acute coronary events in subjects with
highest quartile of ADMA compared to other
quartiles.(5)
Lu and colleagues followed-up 153 people with
stable angina undergoing percutaneous coronary
intervention for a duration of 16 months during which
time major cardiovascular events occurred in 51
patients. An increased risk of cardiovascular events was
noted with increasing levels of ADMA.(14)
In a study of women in Gothenberg, baseline
ADMA levels were measured in 880 healthy women
who were followed-up for 24 years showed that a
0.15μmol /l increase in baseline ADMA levels was
associated with 30% increase in cardiovascular risk and
30% increase in fatal cardiovascular disease
approximately after adjustment for conventional
cardiovascular risk factors.(15)
As hyperthyroidism has been associated with high
frequency in clinical presentation of cardiovascular
complications like tachycardia, systolic hypertension,
atrial fibrilation, heart failure it shows high probablity
of cardiovascular mortality and morbidity risk.(16)
Patients with hyperthroidism show increased mortality
by 20% and the major causes of death are cardiac
problems.(17) Clinical studies revealed that dysfunction
of endothelial L-arginine/ NO pathway seems to be the
possible cause of such complications by which several
cardiovascular risk factors mediate their deleterious
effects on the vascular wall. Direct relationship between
plasma T4 and ADMA levels might reflect an impaired
l-arginine-NO pathway in hyperthyroidism that could
be related to some of its cardiovascular alterations.(18)

ADMA is known to be a mediator molecule of the
adverse vascular effects and also markers of
cardiovascular risk. It is synthesized when arginine
residues in the nuclear proteins are methylated through
the action of the protein arginine methyltransferases
(PRMTs) through a posttranslational change which
adds one or two methyl groups to the nitrogens of the
guanidine incorporated into the proteins.This specific
enzyme protein arginine N-methyltransferase (protein
methylase I) has been shown in many studies to
methylate internal arginine residues in a variety of
polypeptides. Catabolism of these polypeptides
generates ADMA.(19) ADMA is metabolized by the
action
of
the
dimethylarginine
dimethylaminohydrolases (DDAHs). Factors like
oxidative stress contribute to diminishing DDAH
activity, leading to an elevation of ADMA levels. This
results in ADMA concentrations and, subsequently, to
decreased endothelial nitric oxide–mediated nitric oxide
production and endothelial dysfunction.(20)
An elevation of plasma ADMA in patients with
hyperthyroidism can be because of an increased
synthesis of ADMA, or a decreased enzymatic
hydrolysis. Thyroid hormone up-regulates protein
methylase I activity,(21) offering a putative mechanisms
for elevated ADMA levels associated with
hyperthyroidism. Also, it could be hypothesized that
hyperthyroidism would decrease DDHA activity
through increased production of oxygen free radicals
and oxidative stress.(22)
Conclusion
The present study demonstrated an elevation of
serum ADMA levels of patients with hyperthyroidism
associated with a reduction in NO production, and its
strong correlations with TSH and free T 4 show that
assessment of ADMA might aid cardiovascular risk
assessment. This biomarker identifies early detection of
endothelial dysfunction, and thus can be used to
identify individuals at high cardiovascular risk even in
early stage, apart from traditional risk factor and
inflammatory biomarkers.
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