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Objectives Nitric oxide is an endogenous substance that
preserves the myocardial function in patients with heart
failure. Asymmetric dimethylarginine (ADMA) is a
competitive inhibitor of endogenous nitric oxide synthase.
We sought to explore the association between the left
ventricular (LV) function as assessed with two-dimensional
echocardiography and the serum level of ADMA in
nondiabetic patients without significant coronary artery
disease.

Patients and methods Eighty-seven consecutive patients
with normal LV ejection fractions were included in this
cross-sectional study. The ADMA serum level was
measured, and the longitudinal deformation indices of the
LV myocardium were evaluated using two-dimensional
speckle-tracking echocardiography (2DSTE).

Results The systolic strain, the systolic strain rate, and the
early and late diastolic strain rates as evaluated with 2DSTE
were not statistically significantly different between the
patients with normal ADMA serum levels and those with
increased ADMA serum levels. The two study groups were

also not significantly different in terms of the systolic and
diastolic myocardial velocities obtained with tissue Doppler.

Conclusion Our findings showed no statistically
significant correlations between the serum ADMA level and
the 2DSTE-derived indices of the longitudinal deformation
of the LV myocardium in our nondiabetic patients without
significant coronary artery stenosis and with normal LV
ejection fractions. Cardiovasc Endocrinol Metab 7:88–92
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Introduction
Nitric oxide (NO) is an endogenous substance that pre-

serves the myocardial function in a background of heart

failure [1]. NO is produced by nitric oxide synthase

(NOS), an enzyme found in cardiomyocytes and the

endothelium [2]. Through enzymatic pathways, not only

does NO lead to the production of phosphokinase G,

which is involved in cardiac contraction [3], but also it

ultimately contributes toward the preservation of cyclic

guanosine monophosphate by stabilizing phosphodies-

terase 5, and thus protects the cardiomyocyte function

against deterioration [4,5]. Animal studies have shown

that an increase in the production of NOS contributes

toward the attenuation of myocardial infarction injury and

the ensuing heart failure [6].

Asymmetric dimethylarginine (ADMA) is produced from

the proteolysis of the proteins that contain methylated

arginine [7]. A competitive inhibitor of endogenous NOS,

ADMA results in a reduction in NO production [8]. The

ADMA serum level is elevated in patients with heart

failure, and a chronic accumulation of ADMA in

cardiomyocytes can set in motion cardiomyocyte dys-

function [3,9]. Research on healthy volunteers has shown

that an infusion of ADMA results in a diminished cardiac

output [10]. It has also been shown previously that a

chronic infusion of ADMA contributes toward an increase

in the levels of vascular angiotensin-converting enzymes

and oxidative stress [11]. A clinical study reported an

association between ADMA and adverse cardiovascular

events in patients with heart failure [12,13]. In light of

such evidence, it can be postulated that the serum

ADMA level may be associated with a decreased left

ventricular (LV) function.

Two-dimensional speckle-tracking echocardiography

(2DSTE) is a widely used method for the LV function

assessment in some conditions and is capable of detecting

subtle myocardial dysfunction by evaluating myocardial

deformation [14].

The main aim of the present study was to assess the

association between the LV function as determined with

the 2DSTE-derived indices of longitudinal deformation
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and the serum level of ADMA in nondiabetic patients

without significant coronary artery disease.

Patients and methods
Study population
Eighty-seven consecutive patients who were admitted to

our hospital for selective coronary angiography between

January 2017 and March 2017 were included in the pre-

sent study. The inclusion criteria were sinus rhythm and

a left ventricular ejection fraction (LVEF) of more than

50%. The exclusion criteria included the presence of

significant coronary artery disease (>50% stenosis), dia-

betes, cardiomyopathy, any-degree valvular stenosis,

more-than-mild valvular regurgitation, and LV hyper-

trophy (LV mass index in men> 115 g/m2 and in

women> 95 g/m2), history of cancer, inflammatory dis-

eases, cardiac surgery, pacemaker implantation, coronary

angioplasty, heart failure, and poor echocardiography

window. Venous sampling for cell blood count and

biochemistry analysis was performed before coronary

angiography after 12 h of fasting. The day after coronary

angiography, venous samples were obtained for the

evaluation of the ADMA serum level. The samples

were stored at − 70°C and subsequently analyzed in a

single session using a commercial kit (DLD; Diagnostika

GMBH, Hamburg, Germany) by the enzyme linked-

immunoassay method. The patients were divided into

patients with normal ADMA serum levels and those with

high ADMA serum levels according to a previously

introduced cut-off point (>0.9 µmol/l) [15]. The labora-

tory staff was not informed about the echocardiography

data. The study proposal was approved by our institu-

tional review board, and informed written consent was

obtained from all the participants.

Echocardiography
All the patients underwent transthoracic echocardio-

graphy the day after coronary angiography by the same

cardiologist, who was highly experienced in echocardio-

graphy. The left lateral decubitus position was selected

for the patients during echocardiography while one-lead

ECG monitoring was performed using a 2–4MHz probe

in a commercial setting (Samsung Medison, Seoul, South

Korea). The cardiologist was blinded to the laboratory

data. The LV septal and posterior wall thicknesses, the

LV mass by the M-mode method, the biplane LV end-

diastolic and end-systolic volumes by the modified

Simpson method, the left atrial anterior–posterior dia-

meter, the mitral flow wave peak velocity (E and A
waves), the deceleration time of the E wave obtained

with pulsed wave, and the septal and lateral mitral annuli

wave peak velocities (s′, e′, and a′) obtained with pulsed-

wave tissue Doppler were measured according to the

recommendations of the American Society of Echo-

cardiography [16,17]. The averaged s′, e′, and a′ were

reported. The averaged e′ was used for the calculation

of the E/e′ ratio. For 2DSTE, three consecutive cardiac

cycles from the apical window – consisting of two-

chamber, three-chamber, and four-chamber views – were

acquired at a frame rate of 40–80 frames/s in expiration and

stored in the setting. The endocardial borders of the LV in

all the cited views were traced at end-systole from one side

to another side of the mitral annulus before the epicardial

border was traced automatically with software. The cor-

rections required for the traced borders were made in this

stage, and their accuracy was confirmed subsequently.

In the next stage, it was checked whether these traced

borders followed the endocardial and epicardial motions

and all the stages were repeated if there was an inaccuracy.

With software, each LV wall was divided into three

sections automatically and the longitudinal strain and

strain rate curves for each section were depicted. The

strain curve included one negative peak, and the strain

rate curve featured one negative [systolic strain rate (SRS)]

and one early [early diastolic strain rate (SRE)] systolic

peaks, and another late diastolic positive peak (SRA)

(Fig. 1). After several attempts, the sections where the

obtained signals were not interpretable were excluded.

The peaks for each section were measured, and the global

value of each of these indices of longitudinal deformation

was calculated by averaging the accepted sections. A total

of 1524 (97.3%) sections were finally accepted for analysis.

Statistical analysis
The continuous data were presented as means and

standard deviations if they were normally distributed;

otherwise, they were presented as medians and inter-

quartile ranges. The categorical data were described as

frequencies and percentages. The continuous data were

compared using the Student t-test if they were normally

distributed; otherwise, they were compared using the

Mann–Whitney U-test. The categorical data were com-

pared using the χ2-test. The correlations between the

ADMA serum level and the LVEF and the 2DSTE-

derived indices of the longitudinal deformation of the LV

myocardium were evaluated using the Pearson test.

Multiple variable linear regression models were applied

to explore the correlation between the ADMA serum

level and the 2DSTE-derived indices of the LV long-

itudinal myocardial deformation adjusted for potential

confounders – including the BMI, the systolic and dia-

stolic blood pressures, and the LV end-diastolic volume

index. The interobserver and intraobserver variabilities

were evaluated using a coefficient variation. The statis-

tical analyses were carried out using IBM SPSS statistics

for Windows (version 23.0) (IBM Corp., Armonk, New

York, USA). A P value of equal to or less than 0.05 was

considered statistically significant.

Results
The demographic, clinical, and laboratory data of the

patients with normal and increased ADMA levels are

presented in Table 1.
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The systolic and diastolic blood pressures were higher in

the patients with increased ADMA levels, but their mean

was within the normal range in both groups. The BMI

was higher in the patients with elevated ADMA levels

than in their counterparts with normal ADMA levels.

The echocardiographic parameters are shown in Table 2.

Fig. 1

Two-dimensional speckle-tracking echocardiography in the apical four-
chamber view. (a) Strain curve and (b) strain rate curve. SRA, late
diastolic longitudinal strain rate; SRE, early diastolic longitudinal strain
rate; SRS, systolic longitudinal strain rate.

Table 1 Clinical and laboratory data of the patients with normal
serum asymmetric dimethylarginine levels and those with high
serum asymmetric dimethylarginine levels

Groups

Variables
Normal ADMA

(n=39)
High ADMA
(n=48) P

Age (years) 54.7 ±9.6 55.0 ± 10.0 0.896
Sex (male) (%) 19 (48) 23 (48) 0.941
Cigarette smoker (%) 5 (13) 8 (17) 0.617
Family history of
CAD (%)

7 (18) 11 (23) 0.569

Hypertension (%) 15 (39) 20 (42) 0.762
BMI (kg/m2) 27.6 ±3.6 30.5 ± 5.0 0.003
Heart rate (bpm) 65.6 ±8.3 68.1 ± 9.4 0.195
Systolic blood
pressure (mmHg)

116.8 ±10.8 127.4 ± 15.1 <0.001

Diastolic blood
pressure (mmHg)

75.0 ±8.4 81.0 ± 9.9 0.006

FBS (mg/dl) 106.3 ±6.3 106.1 ± 6.6 0.876
Total cholesterol
(mg/dl)

161.6
(134.3–186.3)

163.9
(135.0–179.0)

0.180

Triglyceride (mg/dl) 108.0
(88.5–161.5)

141.0
(86.0–196.0)

0.001

LDL (mg/dl) 99.2 ±31.8 101.2 ± 33 0.789
HDL (mg/dl) 45.3 ±10.7 43.3 ± 12.5 0.430
Urea (mg/dl) 30.9 ±7.6 28.3 ± 7.1 0.113
Creatinine (mg/dl) 0.8 (0.7–1.0) 0.8 (0.7–1.0) 0.767
Hemoglobin (g/dl) 14.3 ±1.9 14.8 ± 1.6 0.248
ADMA (µmol/l) 0.8 (0.3–0.9) 1.3 (1.1–1.6) <0.001

ADMA, asymmetric dimethylarginine; CAD, coronary artery disease; FBS, fasting
blood sugar; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Table 2 Echocardiography data of the patients with normal serum
asymmetric dimethylarginine levels and those with high serum
asymmetric dimethylarginine levels

Groups

Variables Low ADMA (n=39) High ADMA (n=48) P

LVEDV index (ml/m2) 40.9 ±7.3 37.9 ±8.5 0.086
LVESV index (ml/m2) 15.1 ± 3.9 15.1 ±3.9 0.982
LVEF (%) 63.0 ±8.0 60.0 ±6.3 0.053
LA diameter (cm) 3.3 ±0.4 3.1 ±0.4 0.024
LV mass index (g/m2) 71.2 ±13.4 69.2 ±2.4 0.485
E velocity (cm/s) 64.1 ±14.7 60.1 ±15.6 0.229
A velocity (cm/s) 63.7 ±14.9 62.2 ±14.8 0.658
E/A ratio 1.0 (0.8–1.2) 0.9 (0.7–1.2) 0.481
Deceleration
time (ms)

217.7 ±62.4 224.1 ±46.7 0.587

s′ velocity (cm/s) 8.6 ±1.3 8.4 ±1.6 0.646
e′ velocity (cm/s) 9.6 ±1.9 8.8 ±2.4 0.110
a′ velocity (cm/s) 9.9 ±1.8 10.0 ±1.6 0.835
e′/a′ ratio 1.0 (0.8–1.1) 0.8 (0.7–1.0) 0.866
E/e′ ratio 7.0 ±2.3 7.1 ±1.9 0.813
Systolic strain (%) −16.3 ±2.3 −16.4 ±2.4 0.839
SRS (s−1) −1.3 ±0.2 −1.3 ±0.2 0.737
SRE (s−1) 1.5 ±0.2 1.4 ±0.3 0.779
SRA (s−1) 0.9 ±0.2 1.0 ±0.2 0.672

ADMA, asymmetric dimethylarginine; LA, left atrium; LV, left ventricle; LVEDV, left
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left
ventricular end-systolic volume; SRA, late diastolic longitudinal strain rate; SRE,
early diastolic longitudinal strain rate; SRS, systolic longitudinal strain rate.
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With the exception of the left atrial diameter, there were

no statistically significant differences in the standard

echocardiography parameters and the tissue Doppler

echocardiography markers between the two groups. The

two study groups were also not statistically significantly

different vis-à-vis the 2DSTE-derived indices of the

longitudinal deformation of the LV myocardium.

The mean ADMA serum level in the study population

was 1.0 µmol/l (0.8–1.3 µmol/l). The ADMA level was cor-

related with the systolic strain (r=0.009 and P=0.931), the

SRS (r=−0.025 and P=0.821), the SRE (r=−0.002 and

P=0.987), the SRA (r=0.026 and P=0.813), and the

LVEF (r=−0.225 and P=0.035). The multiple variable

linear regression models showed that the correlation

between the ADMA serum level and the 2DSTE-derived

indices of the LV longitudinal myocardial deformation

adjusted for potential confounders was not statistically

significant (Table 3).

The interobserver variability was 8.7% for the systolic

strain, 9.1% for the SRS, 8.8% for the SRE, and 9.2% for

the SRA and the intraobserver variability was 6.5% for

the systolic strain, 6.8% for the SRS, 7.5% for the SRE,

and 8.0% for the SRA.

Discussion
In the current study, we evaluated the longitudinal

deformation of the LV myocardium in the context of

elevated and normal ADMA serum levels in patients

without significant coronary artery stenosis and diabetes.

We found that the 2DSTE-derived markers of the

longitudinal deformation of the LV myocardium were not

statistically significantly different between the patients

with elevated ADMA serum levels and those with normal

ADMA serum levels. The LVEF was, however, corre-

lated with the ADMA serum level. Our study is the first

study of its kind to evaluate longitudinal myocardial

deformation in patients with a normal LVEF and an

increased ADMA serum level.

Von Haehling et al. [9] reported an elevation in the serum

level of ADMA in their patients with chronic heart failure

in comparison with their normal participants. Our study

population had no significant systolic dysfunction.

Poreba et al. [18] showed that the ADMA serum level was

elevated in their hypertensive patients with diastolic

dysfunction compared with their hypertensive patients

without diastolic dysfunction. In their study, the defini-

tion of the diastolic dysfunction was the same as that for

heart failure with a normal EF. The fact that our study

population had no history of heart failure and that the E/e′
in all the study participants was less than 14 illustrates the

difference in the study populations between the two

studies.

Tang et al. [19] reported that, in their patients with sys-

tolic LV dysfunction (LVEF< 35%), the serum level of

ADMA was correlated with the Doppler-derived indices

of the diastolic function such as the mitral E/A ratio, the

deceleration time, and the E/e′ ratio. In our study, only

patients with an LVEF of greater than 50% were

included.

Zhao et al. [20] found an association between an elevated

ADAM serum level and a lower LVEF in their patients

on peritoneal dialysis. Bartnicki et al. [21], in a study on

patients with chronic kidney disease, reported that the

patients with higher ADMA serum levels had lower

LVEFs than those with lower serum levels of ADMA. In

our study, none of the patients had chronic kidney

disease.

Our results indicated a correlation between the LVEF

and the ADMA serum level, which is in agreement with

previous studies [20,21]. Nonetheless, in the interpreta-

tion of this finding, the following points should be taken

into account. First, the calculation of the LVEF using the

Simpson biplane method is a semiquantitative method

that is operator dependent. In other words, it rests on

geometrical assumptions and requires a precise visuali-

zation of the apex [22,23]. Second, biplane methods fail

to visualize the third dimension. Third, the circumfer-

ential strain (not evaluated in the present study) makes a

more pronounced contribution toward the LVEF than

does the longitudinal strain [24], although some investi-

gators consider the LVEF and strain as two different

entities of ‘muscular pump’ and ‘hemodynamic com-

pression pump’, respectively [25]. Fourth, despite the

absence of a correlation in our patients with a normal

systolic function between the ADMA serum level and

the longitudinal deformation of the LV myocardium,

there may be such a correlation in patients suffering from

heart failure with a preserved or reduced EF. Fifth,

Table 3 Adjusted association between the asymmetric dimethylarginine level group and the two-dimensional speckle-tracking
echocardiography-derived indices

Groups

Systolic strain SRS SRE SRA

Variable β P β P β P β P

Asymmetric dimethylargininea −0.037 0.768 0.008 0.951 0.032 0.796 −0.068 0.585

SRA, late diastolic strain rate; SRE, early diastolic strain rate; SRS, systolic strain rate.
aAdjusted for BMI, systolic and diastolic blood pressures, and left ventricular end-diastolic volume index.
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myocardial changes in patients with increased ADMA

serum levels may prove too subtle for the detection zone

of 2DSTE, necessitating the use of more advanced

technologies such as cardiac MRI. Last but not the least,

although two subject groups of our study were different

regarding to the ADMA serum level, but arginine/ADMA

ratio may have been the same in both groups.

Study limitations
The present cross-sectional single-center investigation

with a low sample size should be considered a pilot study.

We had no access to three-dimensional echocardiography

or cardiac MRI for the evaluation of our patients, and nor

was it possible for us to measure the serum arginine level

and the serum arginine/ADMA ratio. Other salient

weaknesses of our study are that we measured the

deformation indices only in one direction and that the

results are generalizable only to similar patients.

Conclusion
According to our findings, there were no statistically

significant differences between the patients with normal

ADMA levels and those with elevated serum ADMA

levels in the 2DSTE-derived indices of the longitudinal

deformation of the LV myocardium such as the systolic

strain, the SRS, the SRE, and the SRA in our nondiabetic

patients without significant coronary artery stenosis and

with normal LVEFs.
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