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ABSTRACT

In addition to skin and visceral organ involvement, various ocular manifestations have also been described in patients with
systemic sclerosis (SSc) or scleroderma. In recent years, optical coherence tomography (OCT) has been introduced into use
as a beneficial imaging method in determining macular changes and in measuring choroidal thickness. Asymmetric
dimethylarginine (ADMA) is a marker investigated in critical patients due to its proven reductive effect on nitric oxide
synthesis. The present study aimed to evaluate serum ADMA levels and changes in choroidal thickness in SSc patients.

The study included 20 adult SSc patients and 23 age- and sex-matched healthy subjects. Patients who had diabetes mellitus,
hypertension, hypercholesterolemia, coronary heart disease, advanced-stage heart failure, renal failure, and a history of
medication use and smokers and alcohol consumers were excluded. Patients’ demographic characteristics and medical
histories were recorded. Choroidal thickness was measured using OCT in the right and left eyes of the patients and
controls. ADMA levels were measured in the serum samples.

The mean choroidal thickness was lower in the SSc group than in the control group; however, the difference reached the
level of statistical significance only in nasal measurements (251.7+78.6 pm for the SSc patients and 279.2+50.7 um for the
control group; p=0.044). The ADMA level was found to be significantly higher in the SSc group than in the control group
(0.545£0.130 pMol/L and 0.130£0.155 pMol/L, respectively; p=0.034).

Based on the study outcomes, the serum ADMA level was significantly elevated in the SSc patients in the period when
choroidal changes were not evident yet. A better understanding of the data about SSc etiopathogenesis and the role of
ADMA in this process would make a contribution to the studies performed to develop new treatment strategies.
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Introduction

Systemic  sclerosis  (SSc) or sclerodermais an
autoimmune connective tissue disorder of unknown
ctiology, which is characterized by vascular system
injury, tissue fibrosis, and collagen
deposition 1. Immunological imbalance,
environmental factors, genetic factors, and oxidative
stress play a role in the pathogenesis of SSc (1).
Different incidence and prevalence rates have been
reported among geographical regions depending on
the differences incase definitions and methodology.
In many reports, the prevalence of SSc falls between
38 and 341 cases per million (2). The peak incidence
of SSc is observed between the ages of 30 and 60
years; moreover, the disease is 0-9 times more
frequent in females (2, 3).

cutaneous

Among autoimmune rheumatic diseases, SSc has the
highest disease-related morbidity and mortality rates
(2, 4); the reason for this is life-threatening organ
involvement such as interstitial lung disease,
pulmonary arterial hypertension, heart failure, severe
gastrointestinal involvement, and renal crisis (2). In
addition to skin and visceral organ involvement,
various ocular manifestations have also been
described in SSc patients. Ocular manifestations may
involve the followings: anterior segment (eyelid,
conjunctiva, sclera, cornea, iris, and glaucoma),
posterior segment (retina, choroid), and orbit and
extra-ocular muscles (5). Main ocular changes
associated with SSc have been reported as dry eye and
choroidal changes (3). Optical coherence tomography
(OCT) has been introduced into use as a useful
imaging technique for determining macular changes
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and measuring choroidal thickness. OCT provides
high-resolution cross-sectional information about
various pathological features of the macula (6).
Asymmetric dimethylarginine (ADMA) is an arginine
analog and acts as an endogenous inhibitor of nitric
oxide (NO) synthase (NOS). Arginine is a NO
precursor and has a role in NO formation via NOS.
NO is an essential regulator of immune functions and
blood circulation of the organs. Recognition of the
reductive effect of ADMA on NO synthesis has led
the investigators to study the role of ADMA in critical
disorders. It has been reported that ADMA level
increases in critical diseases and that ADMA is an
independent risk factor for cardiac dysfunction, organ
failure, and mortality, particularly in intensive care
unit (ICU)-hospitalized patients (7).

The present study aimed to evaluate serum ADMA
levels and changes in choroidal thickness in patients
with SSc. For this purpose, patients with SSc were
compared with healthy individuals in terms of serum
ADMA levels and macular choroidal thicknesses
measured by OCT.

Materials and Methods

Among adult patients who were admitted to the
Physical Therapy and Rehabilitation Clinic, 20
patients diagnosed with SSc based on 2 or 3 minor
criteria in addition to 1 major criterion were
enrolled in the study. The major criterion for
diagnosing SSc was the presence of proximal
diffuse sclerosis, and the minor criteria were
accepted as follows: 1) presence of sclerodactyly
2) presence of digital scars and loss of substance
of the finger pads, and 3) presence of bibasilar
pulmonary fibrosis (8). Detailed ophtalmological
examination of the patients were performed. Their
best corrected visual acuity was 8/10-10/10 with
Snellen-Scale and IOP was btw 12-18 mmHg.
Patients with ocular comorbid disorders that could
affect choroidal thickness non-emetrophic (+1.0,
-1.0) patients (since in this case axial length might
affect chorodial thickness), those with a history of
intra-ocular surgery, and glaucoma were excluded.
Patients with diabetes mellitus, hypertension,
hypercholesterolemia, coronary heart disease,
advanced-stage heart failure, renal failure, and a
history of medication and smokers and alcohol
consumers were excluded. Age and sex-matched
23 healthy individuals without opthalmological
disorders formed the control group. Their best
corrected visual acuity was 10/10 with Snellen-
Scale and IOP was btw 12-18 mmHg. Informed
consent was obtained from all patients and healthy

individuals for their participation in the study. The
present study was approved by the Local Ethics
Committee of Health Sciences University
Diyarbakir Gazi Yasargil Research and Training
Hospital (Approval No: 50; date: 25/05/2018).

Demographic characteristics and medical histories of
the patients were recorded. Choroidal thickness
measurements were performed in the right and left
eyes of the SSc patients and controls using EDI-OCT
(Spectralis OCT, Heidelberg Engineering, Germany).
The measurements were performed in the temporal
and nasal regions at a distance of 3mm to the center
of the fovea as well as in the central fovea. ADMA
levels were measured in the serum samples. Since
choroidal thickness varies diurnally, all measurements
were performed at the same hour of the day i.e. btw
09:00- 10:00. Also since the chorodial thickness
varies with pupil dilatation all measurements were
performed prior to pupil dilation.

Statistical Analysis: Statistical analyses were
performed using the IBM SPSS for Windows
(version 22.0; IBM Corp., Armonk, NY, USA).
Descriptive statistics were expressed as numbers
and percentages for categorical variables and as
mean, median, standard deviation, minimum and
maximum for numerical variables. The
distribution of the variables was tested by the
Kolmogorov-Smirnov test. Independent
categorical variables were compared using the Chi-
square test. Two-group comparisons of numerical
variables were performed using the t-test for
normally distributed variables and using the
Mann-Whitney U  test for non-normally
distributed variables. A p-value of <0.05 was
considered statistically significant.

Results

The study included 20 patients with SSc (40 eyes) (SSc
group) and 23 healthy individuals (46 eyes) (control
group). The patient and the control groups were
similar in terms of age and sex distribution (Table 1).

The mean choroidal thicknesses and serum ADMA
levels in the SSc and control groups are demonstrated
in Table 2. The mean choroidal thicknesses were
lower in the SSc group than in the control group;
however, only the difference in the nasal
measurements reached the level of statistical
significance. The mean ADMA level was significantly
higher in the SSc group than in the control group
(Figure 1).
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Table 1. Demographic Characteristics of The Patient and Control Groups

SSc Group Control Group
(n=20) (n=23) p
Age, year, mean+SD (median) 48.7+18.9 (51) 56.0111.2 (54) 0.165
Sex, n (%)
Female 16 (80.0) 12 (52.2) o112
Male 4 (20.0) 11 (47.8)

SSc, systemic sclerosis; SD, standard deviation
Age, year, meantSD (median) P: Mann-Whitney U test,
Sex P: Chi-square test.

Table 2. Choroidal Thicknesses and Serum Asymmetric Dimethylarginine levels in The Patient and Control

Groups

SSc Group
(n=20)

Control Group
(n=23) p

Choroidal thickness, pm,mean®*SD (median)

Nasal 251.7178.6 (242.0) 279.2£50.7 (280.0) 0.044
Temporal 248.8+87.4 (256.5) 277.2%£58.4 (269.0) 0.077
Central Fovea 271.2+82.3 (272.0) 296.2%£57.1 (276.5) 0.102
ADMA, uMol/L, mean®SD (median) 0.55%0.07 (0.54) 0.47£0.09 (0.47) <0.001

Discussion

The choroid is the highly vascular layer of the eye and
is a tissue with the highest blood circulation per
weight in the body; thus, the choroid not only plays a
significant role in the pathophysiology of various
ophthalmological disorders but also is involved in a
wide range of systemic diseases. Along with the
introduction of OCT into use, the number of studies
investigating choroidal thickness and affecting factors
has increased (9).

Age and gender are among the important factors
affecting choroidal thickness (9). Besides, many
disorders/conditions may affect choroidal thickness,

which can be listed as diabetes mellitus,
hypercholesterolemia, hypertension, smoking,
ankylosing  spondylitis, Raynaud’s phenomenon,

Vogt-Koyanagi-Harada syndrome, Behcet’s disease,
sarcoidosis,  metastatic ~ cancers,  Sturge-Weber
syndrome, sickle cell disease, leukemia, Alzheimer’s
disease, and migraine (9). In the present study,
choroidal thickness was compared between the SSc
patients and healthy controls. The patient and control
groups were matched in terms of age and sex.
Furthermore, patients who had diabetes mellitus,
hypertension, hypercholesterolemia, coronary heart
disease, advanced-stage heart failure, renal failure, and
a history of medication and smokers and alcohol
consumers were excluded; thus, confounding effects
of these conditions were eliminated.

It has been reported that choroidal thinning is
observed in SSc patients due to impaired choroidal
perfusion caused by the early involvement of ocular
microcirculation (10). Coskun et al. (11) compared
scleroderma patients (n=46) with healthy controls
(n=31) in terms of choroidal thicknesses measured
from the left eyes. They reported that nasal choroidal
thickness (148%£51.5 um wvs. 261.9166.9 um,
p=0.012), temporal choroidal thickness (181.8+62.7
pm vs. 276.5%£70.2 um; p=0.046), and subfoveal
choroidal thickness (230.5£66.3 pm vs. 363.2+83.16
um; p<0.001) were lower in the patients than in the
controls. Based on these findings, Coskun et al. (11)
concluded that obstruction of the arterioles and
decreased capillary density due to vasculopathy in
patients with scleroderma might cause choroidal
atrophy. In their study, Esen et al. (12) measured
choroidal thickness using OCT in the right and left
eyes of 60 SSc patients and30 healthy controls and
found the mean values to be significantly lower in the
SSc patients than in the healthy controls. Choroidal
thicknesses determined by Esen et al. [12]in the SSc
patients and controls were 297.77+60.8 um and
339.8%£50.4 um, respectively, for subfoveal choroidal
thickness; 267.32+51.1 pm and 308.65%49.9 um,
respectively, for mnasal choroidal thickness, and
270.63+46.3 pm and 309.221+42.4 um, respectively,
for temporal choroidal thickness (p<<0.001 for all).
Aydin et al. (13) measured the choroidal thickness at
five points (subfoveal, 1 mm and 3 mm nasal, and 1
mm and 3 mm temporal from the center of the fovea)
in SSc patients (n=34) and healthy subjects (n=31)

East ] Med Volume:27, Number:1, January-March/2022

135



Dag and Balsak / ADMA levels in patients with systemic sclerosis

et ot
oo

|

S
(o)

o
[

<o
'S

ADMA Level (uMolL)

e
%

Control Group SSc Group

Fig. 1. Serum asymmetric dimethylarginine (ADMA) levels
in the systemic sclerosis (SSc) and control groups

using enhanced depth imaging OCT. Contrary to the
above-mentioned studies, no significant difference
was determined between the patients and controls in
terms of choroidal thickness measurements (13). In
the present study, choroidal thicknesses were lower in
the SSc group than in the control group; however, the
difference reached the level of statistical significance
only in the nasal measurements. Differences in the
study outcomes might occur due to the differences in
the parameters such as disease definition, disease
duration, and age groups.

It has been suggested that thinning of the choroidal
layer in patients with SSc begins from the outer
macular regions (nasal and temporal) (10). In the
present study, the nasal choroidal thickness was found
to be significantly lower in the patients with SSc than
in the controls (251.7+78.6 um and 279.2£50.7 pm,
respectively; p=0.044). No statistically significant
difference was determined between the patients and
controls in terms of the temporal and central foveal
thicknesses.

Free radical NO is a potent vasodilator and is
synthesized from L-arginine via NOS. It is thought
that NO shows biphasic activity under physiological
and pathological conditions and that NO may be both
beneficial and harmful depending on concentration
and local environment. It has been recently suggested
that endogenous levels of ADMA, which is an
inhibitor of NOS, play a role in the regulation of NO.
Hence, ADMA level is considered a reflection of
endothelial dysfunction in many diseases. In
summary, it can be suggested that an elevated ADMA
level indicates abnormal NO regulation and
contributes to endothelial dysfunction (14). The

reference range of ADMA level in healthy subjects
was investigated by means of a systematic review and
meta-analysis after literature review and it was
determined to be 0.34-1.10 uMol/L with the use of
high-performance liquid chromatography (HPLC)
and to be 0.25-0.92 pMol/L with the use of enzyme-
linked immunosorbent assay (ELISA) (15).

Asymmetric dimethylarginine has been investigated in
various studies as a marker and mediator of
endothelial dysfunction (16). Zhou et al. (17) carried
out a systematic review and meta-analysis and
reported a relationship between ADMA level and all-
cause mortality. SSc is one of the diseases in which
increased ADMA levels are observed (18,19). In their
study, Blaise et al. (20) found the ADMA levels to be
higher in the patients with SSc (n=39) than in the
controls (n=24) (0.68+0.12 uM and 0.62£0.12 uM,
respectively; p=0.006). Dag et al. (21) also determined
higher ADMA levels in the patients with SSc (n=30)
than in the controls (n=30) (0.545+0.130 uMol/L. and
0.130£0.155 uMol/L,  respectively;  p=0.034).
Dimitroulas et al. (22) determined the mean ADMA
levels to be0.3510.23 uMol/L in the patients with SSc
(n=66) and to be 0.251£0.20 pMol/L in the control
group (n=30). In addition, in the same study, the
ADMA levels were found to be higher in the SSc
patients with pulmonary arterial hypertension (n=24)
than those without (n=42) (0.44£0.22 uMol/L and
0.26£0.18 uMol/L, respectively; p=0.006); this
finding suggested that ADMA might play a role in the
pathogenesis of pulmonary arterial hypertension due
to the contribution of high ADMA levels to
endothelial dysfunction. The ADMA level was found
to be also associated with ulcer development in the
SSc patients followed-up for three years (23). In the
present study, the ADMA level was also found to be
significantly higher in the SSc patients than in the
controls (0.55%+ 0.07 uMol/Land 0.47+0.09 uMol/L,
respectively; p<0.001).

Currently, there is no specific pharmacological
treatment to decrease the ADMA levels and to
prevent its harmful effects. It is thought that a better
understanding of the mechanism of action of ADMA
in various diseases would make a contribution to the
development of specific treatments for the relevant
diseases (18).

In conclusion, based on the study outcomes, a
significant elevation was observed in the ADMA
levels of the SSc patients in the period when
choroidal changes were not evident yet. We are in the
opinion that a better understanding of the
etiopathogenesis of SSc and the role of ADMA in this
process would contribute to the studies on the
development of new therapies.
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