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Abstract: Cardiovascular diseases are the leading causes
of mortality in patients with chronic kidney disease. Nitric
oxide has a critical role in both endothelial dysfunction
and the atherosclerosis process. We aimed to investigate
the relationships between serum asymmetric dimethyl
arginine (ADMA), LOX-1, and Apelin-13 levels, which
are known to act over nitric oxide with endothelial dys-
function and cardiac morphology as well as with each
other in hemodialysis patients. The study comprised a
total of 120 patients (53 females and 67 males) receiving
hemodialysis three times a week for at least 6 months and
an age-gender matched control group (55 females and
58 males). Serum ADMA, LOX-1, and Apelin-13 levels
were measured using the ELISA technique. Echocardiog-
raphy, 24-h blood pressure monitoring by the Holter and
carotid artery intima-media thickness (CIMT) measure-
ment was performed on all of the included subjects. The
associations between serum ADMA, LOX-1, and Apelin-
13 levels with CIMT, echocardiographic parameters [left

ventricular mass (LVM) and left ventricular mass index
(LVMI)], and inflammatory markers [high sensitive C-
reactive protein (hsCRP) and neutrophil lymphocyte ratio
(NLR)] were evaluated by correlation analysis. Serum
ADMA, Apelin-13, and LOX-1 levels were significantly
higher in the hemodialysis group than the controls
(P < 0.001, P < 0.001, and P < 0.001, respectively).
CIMT, hsCRP, and NLR levels were also significantly
higher in the hemodialysis group (P < 0.05, P < 0.001,
P < 0.001, respectively). Significant correlations were
observed among the serum ADMA, Apelin-13, and LOX-
1 levels. Moreover, notably positive correlations were
found between these three biochemical markers and
LVM, LVMI, hsCRP, and CIMT. Serum ADMA, Apelin-
13, and LOX-1 levels can be indicators not only for the
inflammatory process but also for the pathogenesis of car-
diovascular diseases in hemodialysis patients. Key Words:
Apelin-13, Asymmetric dimethyl arginine, Endothelial
dysfunction, Hemodialysis, LOX-1.

Cardiovascular diseases are the leading cause of
mortality in patients with chronic kidney disease
(CKD) (1). The risk of cardiovascular diseases
increases linearly until the glomerular filtration rate
(GFR) decreases below the 15 mL/min mark. Car-
diovascular mortality rate is 7–8 times higher in
patients with end-stage renal disease (ESRD) than
in a normal population (2). This increased risk is
associated not only with the traditional cardiovascu-
lar risk factors but also with the CKD-specific

hypervolemia, left ventricular hypertrophy (LVH),
heart failure, anemia, high calcium-phosphorus
metabolism disorder, hyperhomocysteinemia, and
endothelial dysfunction (ED), which occurs due to
elevated nitric oxide (NO) synthesis inhibitors (3,4).

It was observed that asymmetric dimethyl argi-
nine (ADMA), which inhibits the synthesis of NO
known as anti-atherogenic molecule, is increased in
CKD. Increased ADMA may also be an inaccurate
prognostic marker for renal diseases (5). Moreover,
a relationship was reported between elevated
ADMA and the risk of cardiovascular events in
patients with ESRD (6). The relationship of ADMA
with flow-mediated dilation (FMD), which is the
indicator of ED, hyperlipidemia, and insulin resistance
was also demonstrated (7).
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The other molecule that functions over NO is the
oxidized low-density lipoprotein (ox-LDL), which is
considered among the risk factors of atherosclerosis.
It was demonstrated that ox-LDL causes monocyte
entry into the endothelium, endothelial cell dysfunc-
tion, and additionally plays a role in the transforma-
tion of macrophages into the foam cells in the
atherosclerotic plaque. Ox-LDL leads to ED by
inhibiting NO production (8). Lectin-like oxidized
LDL receptor-1(LOX-1), the ox-LDL receptor, is
responsible for the entry of ox-LDL into the
endothelial cells and for its numerous effects. Inter-
action between LOX-1 and ox-LDL causes pro-
inflammatory activation and foam cell formation, as
well as decreased intracellular NO concentration.
This process ends with atherosclerosis and CV
events (9). Increased LOX-1 level was also found in
hemodialysis (HD) patients and reported after the
inhibition of NO synthesis by ADMA (10). It was
determined that deposition of ADMA in CKD
patients increases the LOX-1 receptor count and
may cause foam cell formation by increasing ox-
LDL concentrations (11). In addition, it has also
been suggested that LOX-1 might be playing a role
in the pathophysiology of cardiorenal syndrome in
CKD (12).
Another NO-associated molecule, Apelin-13,

plays a critical role in cardiovascular, gastrointesti-
nal, immune systems, and fluid hemostasis. Apelin-
13 is effective in the development of both
endothelium-dependent NO-associated vasodilation
and endothelium-independent vasoconstriction (13).
Serum Apelin level was found to be significantly
decreased in the HD patients with non-diabetic cor-
onary artery disease (CAD) (14). It has been postu-
lated that Apelin may be the target molecule in
slowing down the atherosclerotic process in pediat-
ric HD patients (15).
The concentrations of these molecules and their

effects on cardiac functions have been subjects of
interest. The present study aimed to determine the
relationships between serum ADMA, LOX-1, and
Apelin-13 levels with each other and their effects on
ED and cardiac morphology in HD patients.

PATIENTS AND METHODS

A total of 120 patients (53 females; mean age of
57 � 13.6 years) receiving HD three times a week
for at least 6 months, and 113 controls (55 females;
mean age of 56 � 11.3 years) were enrolled in this
study.
The study was initiated after obtaining the

approval of Erciyes University, Kayseri, Local

Ethics Committee (Ethics committee no: 215/292
and date: 5 June 2015) and written informed con-
sents of the participants.
Patients with an average Kt/V value of less than

1.2 in the last 6 months, patients with an active
infection, malignancy, coronary heart disease, cere-
brovascular disease, decompensated liver or heart
disease or having a history of surgery, burns or
trauma within the last 1 month were excluded from
the study.
Duration of hemodialysis therapy and smoking

status were recorded for each patient. All patients
had been receiving standard HD therapy with
HCO3 (Na: 138–140 mmol/L, K: 1.5 mmol/L, Ca:
1.25–1.50 mmol/L, HCO3: 32–35 mmol/L, and low-
medium flux 1.4–2.1 m2 dialyzer) for 4 h three times
a week. A-V fistula was the route of HD in all
patients. Patients with A-V grafts and catheters
were not included. All patients were clinically euvo-
lemic during the study enrollment. System examina-
tions revealed no signs of congestion (dyspnea,
increased jugular pressure, rales in the basal seg-
ments of the lungs), pretibial edema, or abdominal
ascites. The ejection fraction was (EF) >35% in all
patients. Concurrent medications that the patients
have been receiving (ACE inhibitors, angiotensin
receptor blockers (ARB), aldosterone antagonists,
calcium channel blockers (CCB), alpha and beta
blockers (BB), nitrates, statins, digoxin, antiplatelet
agents, phosphate binders, erythropoiesis-stimulating
agents (ESA), vitamin D preparations, cinacalcet,
anticoagulants, antidiabetics, vitamin preparations)
were recorded. The mean value of the 24-h blood
pressure monitoring by Holter analyses was recorded
as the BP value of each patient. Body Mass Index of
each patient was calculated using the following
formula: body weight (kg)/height2 (m2).

Laboratory analysis
Blood samples were obtained from the antecubi-

tal vein after fasting for a 12-h session in the morn-
ing of a weekday without dialysis. The samples were
centrifuged at 4000 × g for 5 min and used to ana-
lyze the laboratory parameters [sodium (Na), potas-
sium (K), calcium (Ca), phosphorus, glucose, blood
urea nitrogen (BUN), creatinine (Cr), uric acid,
total cholesterol, low density lipoprotein cholesterol
(LDL-C), high density lipoprotein cholesterol
(HDL-C), triglycerides (TG), albumin, total protein,
alkaline phosphatase, parathyroid hormone (PTH),
ferritin, high-sensitivity C-reactive protein (hsCRP)].
Blood samples collected to analyze ADMA, Apelin-
13, and LOX-1 were stored at −80�C immediately
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after centrifugation. Complete blood count was per-
formed by the K2EDTA containing tubes. The ratio
of neutrophils to lymphocytes (NLR) was then
calculated.

Serum ADMA levels were measured by enzyme-
linked immunosorbent assay (ELISA) method (Cat.
No: YHB0416Hu, Shanghai YeHua Biological Tech-
nology Co., Ltd., Shanghai, China). Intra-assay and
inter-assay coefficient of variations (CV) were <10%
and <12%, respectively. The range of test was
between 200 ng/L and 60 000 ng/L with a sensitivity
of 100.21 ng/L.

Serum Apelin-13 level was measured by ELISA
method (Cat. No. YHB0364Hu, Shanghai YeHua
Biological Technology Co.). Intra-assay and inter-
assay CVs were <10% and <12%, respectively.
The test range was between 0.5 ng/L and 200 ng/L
with a sensitivity of 0.27 ng/L. Samples of
12 patients exceeding 200 ng/L, the upper limit of
the test range, were reanalyzed after diluting by
one-third.

Serum LOX-1 levels were measured by ELISA
method (Cat. No: YHB2228Hu, Shanghai YeHua
Biological Technology Co.). Intra-assay and inter-
assay CVs were <10% and <12%, respectively. The
test range was between 40 ng/L and 10 000 ng/L
with a sensitivity of 20.02 ng/L.

Cardiac assessment
Echocardiography was performed in all partici-

pants by Acuson-Siemens (Sequoia-C256) device
using 3.5 MHz transducer. The patients were exam-
ined in the left lateral decubitus position in accor-
dance with the standards of American Society of
Echocardiography. Standard images were obtained
for M-mode and cross-sectional examinations. The
left ventricle ejection fraction was measured using
biplane Simpson’s and Teicholz methods. As the eli-
gibility criteria, patients with good quality echocar-
diographic images were included in the study.
Ejection fraction (EF) was higher than 35% in all
patients. Left ventricle posterior wall thickness
(PWT), interventricular septum thickness (IVST),
left atrium diameter (LAD), left ventricle end-
systolic diameter (LVESD) and left ventricle end-
diastolic diameter (LVEDD) were measured in all
patients. Left ventricular mass (LVM) was calcu-
lated by the Devereux formula [left ventricular
mass = 0.8 (1.04 (interventricular septum thick-
ness + left ventricle end-diastolic diameter + poste-
rior wall thickness)3 − (left ventricle end-diastolic
diameter)3) + 0.6] and the body surface area was

calculated by the Mosteller formula [body surface
area = (body height (cm) × body weight (kg)/
3600)1/2]. Left ventricular mass index (LVMI) was
calculated dividing the left ventricle mass by the
body surface area.

The carotid artery intima media thickness
(CIMT) was measured by the same device [Toshiba
SSA – 240 Ultrasound (Toshiba, Tokyo, Japan)] in
all participants using the 7.5 MHz linear array trans-
ducer. The measurement was performed bilaterally
through the 1 cm proximal of the bifurcation of the
two main carotid arteries while the patient was in a
supine position with the head in slight extension.
Three measurements were obtained when the
intima layer was seen in the anterior and posterior
walls, and the arithmetical mean of these three ran-
dom measurements was used. Presence of athero-
sclerotic plaque was recorded.

Twenty four-hour ambulatory blood pressure
monitoring were performed by the device Mobil-O-
Graph PWA, I.E.M. GmbH, Stolberg, Germany.
The appropriate cuff size was chosen for each
patient. Blood pressure measurements were per-
formed every 15 min during the daytime (between
06:00 and 22:00) and every 30 min at night (between
22:00 and 06:00). A daytime mean systolic BP
>135 mm Hg and/or diastolic BP >85 mm Hg, and a
night time mean systolic BP >120 mm Hg and/or dia-
stolic BP >70 mm Hg were considered hypertension.

Statistical analysis
SPSS for Windows 15.0 package program

(Chicago, IL, USA) was used for the statistical ana-
lyses. Normality distribution of the variables was
analyzed by the Shapiro–Wilk test. The variables
distributed normally were presented as mean �
standard deviation, whereas the variables not dis-
tributed normally were presented as a median
(25th–75th interquartile range). For normally dis-
tributed variables, comparisons between the two
independent groups were performed using the Stu-
dent’s t-test. For the variables not distributed nor-
mally, comparison of the two groups was performed
using the Mann–Whitney U-Test. Categorical vari-
ables were compared using the χ2 test. The relation-
ship between the variables was evaluated with
Spearman’s or Pearson’s correlation analysis as
appropriate. All of the reported P-values were two-
tailed, and those less than 0.05 were considered to
be statistically significant.
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RESULTS

Efficiency of the patients’ hemodialysis therapy
was evaluated by calculating the mean Kt/V as
1.67 � 0.33. CKD occurred due to HT in 55, DM in
31, chronic glomerulonephritis in 16, polycystic kid-
ney disease in eight, urological reasons in five, amy-
loidosis in three patients, and idiopathic in two
patients. The patients were asked for the presence
of DM, HT, peripheral artery disease (PAD), coro-
nary artery disease (CAD), heart failure, arrhyth-
mia, lung disease (chronic obstructive pulmonary
disease, bronchial asthma, asbestosis, occupational
lung disease), cerebrovascular disease (transient
ischemic attack, stroke, etc.), and endocrine disease.
Demographic characteristics, medications and co-
morbidities of the study groups are shown in
Table 1.
Systolic and diastolic blood pressures of the HD

group were significantly higher than those of the
controls (P < 0.001 and P < 0.01, respectively).
Body mass index was higher in the control group as
compared with the HD group (P < 0.001). There
was no significant difference between the groups in
terms of smoking habit.
Comparison of the biochemical data between the

patient and the control groups is demonstrated in
Table 2. The hemoglobin (Hb) and hematocrit
(Hct) levels were lower but ferritin and transferrin
saturations were higher in the patient group as com-
pared to the control group (P < 0.001, P < 0.001,
P < 0.001, P < 0.01, respectively). There was no

significant difference between the groups in terms of
uric acid, glucose and total protein values. Na, Ca,
albumin, and HCO3 values were significantly lower
(P < 0.001, P < 0.001, P < 0,001, P < 0.001, respec-
tively), whereas K, phosphorus, and PTH values
were significantly higher (P < 0.001, P < 0.001,
P < 0.001, respectively) in the patient group.
Total cholesterol, LDL-C, and HDL-C were

lower but triglyceride level was higher in the patient
group (P < 0.001, P < 0.001, P < 0.01, P < 0.01,
respectively). NLR and hsCRP, which are the
inflammatory markers, were higher in the patient
group (P < 0.001, P < 0.001, respectively). CIMT
was higher in the hemodialysis group (P < 0.05).
ADMA, Apelin-13, and LOX-1 levels were found

to be significantly higher in the patient than the con-
trol group (P < 0.001, P < 0.001, P < 0.001, respec-
tively) (Table 2).
Echocardiographic parameters in the patient and

the control group are shown in Table 3.
A comparison of the echocardiographic parameters

between the patient and the control group revealed
no difference in terms of LVESD and EF. LVEDD,
LAD, IVST, PWT, LVM, and LVMI were signifi-
cantly higher in the patient group as compared with
the control group (P < 0.001, P < 0.001, P < 0.001,
P < 0.001, P < 0.001, P < 0.001, respectively).
A correlation of ADMA, Apelin-13 and LOX-1

with echocardiographic parameters is demonstrated
in Table 4. A positive correlation was determined
between ADMA and IVST, LVM, LVMI; between
Apelin-13 and LVEDD, LAD, IVST, LVM, LVMI;

TABLE 1. The demographic characteristics, medications and co-morbidities of the studied population

HD group (n = 120) Controls (n = 113) P-value

Age (years) 56 � 11.3 0.564
Gender (female/male) 57 � 13.6 55/58 0.491
BMI (kg/m2) 26.2 � 4.74 28.6 � 4.32 <0.001
SBP (mm Hg) 134 � 24 122 � 12 <0.001
DBP (mm Hg) 83 � 16 78 � 10 <0.01
Smoking status, n (%) 14 (11.7) 11 (9.7) 0.677
Kt/V 1.67 � 0.33
HD duration (months) 55.5 (22–97.5) — —

HT, n (%) 93 (77.5) 58 (51.3) <0.001
DM, n (%) 37 (30.8) 16 (14.2) <0.01
CAD, n (%) 76 (63.3) 7 (6.2) <0.001
PAD, n (%) 14 (11.7) 0 (0) <0.001
PD, n (%) 10 (8.3) 0 (0) <0.001
CVD, n (%) 4 (3.3) 0 (0) <0.001
Vitamin D, n (%) 95 (79.2) 0 (0) <0.001
Cinacalcet, n (%) 11 (9.2) 0 (0) <0.001
Statin, n (%) 18 (15) 17 (15) 0.992
ACEi/ARB, n (%) 24 (20) 44 (38.9) 0.001
CCB, n (%) 62 (51.7) 24 (21.2) <0.001
BB, n (%) 60 (50) 26 (23) <0.001

ACEi/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BB, beta blockers; BMI, body mass index; CAD,
coronary artery disease; CCB, calcium channel blockers; CVD, cerebrovascular disease; DBP, diastolic blood pressure; DM, diabetes mel-
litus; HT, hypertension; PAD, peripheral artery disease; PD, pulmonary diseases; SBP, systolic blood pressure.
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and between LOX-1 and LVEDD, LAD, IVST,
LVM, LVMI.

A correlation of serum ADMA, Apelin-13 and
LOX-1 levels with each other is demonstrated in
Table 5. A positive correlation was determined.

A significant correlation was determined between
ADMA and TG; between Apelin-13 and LDL and
TG; and between LOX-1 and TG. Significant correla-
tions were also determined among ADMA, Apelin-

13, LOX-1, hsCRP, and NLR. While there was a sig-
nificant correlation between ADMA and CIMT, no
correlation was determined between Apelin-13,
LOX-1, and CIMT. Moreover, there was a correla-
tion between the presence of atherosclerotic plaque
and Apelin-13, whereas a slightly less significant

TABLE 2. Comparison of laboratory parameters between HD group and the controls

HD group (N = 120) Controls (N = 113) P-value

BUN (mg/dL) 49 (41–62) 14 (11–17) <0.001
Cr (mg/dL) 6.82 (5.7–8.0) 0.73 (0.62–0.9) <0.001
GFR (mL/min/1.73 m2) 7.9 (5.7–8.1) 100 (86–119) <0.001
Glucose (mg/dL) 114.7 � 55 110 � 34 0.436
Uric acid (mg/dL) 4.87 � 1.36 4.99 � 1.32 0.477
Hb (g/dL) 12.6 (11.6–13.6) 14.2 (13.1–15.3) <0.001
Hct (%) 39.5 (36.0–42.5) 43.3 (40.1–46.1) <0.001
Na (mEq/L) 137 (136–139) 140 (138.5–141) <0.001
K (mEq/L) 4.95 (4.5–5.5) 4.38 (4.2–4.6) <0.001
Ca (mg/dL) 9.0 (8.4–9.6) 9.4 (9.1–9.6) <0.001
Phosphorus (mg/dL) 4.4 (3.8–5.3) 3.3 (3.0–3.7) <0.001
Total cholesterol (mg/dL) 179 (147–214) 195 (177–235) <0.001
HDL-C (mg/dL) 40 � 12 44 � 13 <0.01
LDL-C (mg/dL) 100 (79–127) 123 (108–155) <0.001
TG (mg/dL) 155 (111–256) 120 (80–192) <0.01
Total protein (g/dL) 7.4 (6.8–7.8) 7.3 (7–7.7) 0.781
Albumin (g/dL) 4.1 (3.9–4.3) 4.4 (4.2–4.6) <0.001
Ferritin (ng/mL) 853 (529–1099) 55 (29–116) <0.001
Transferrin saturation (%) 27 (20–35) 22 (16–30) <0.01
HCO3 (mmol/L) 22.9 (21.36–24.6) 24.0 (23.2–24.8) <0.001
PTH (pg/mL) 349 (206–539) 49 (36–65) <0.001
hsCRP (mg/dL) 7 (4.0–12.2) 3.6 (2.2–5.7) <0.001
NLR 3.07 (2.45–4.44) 2.03 (1.66–2.63) <0.001
CIMT (mm) 0.71 (0.60–0.85) 0.65 (0.55–0.75) <0.05
ADMA (ng/L) 39 871 (16473–52 113) 11 992 (8552–18 444) <0.001
Apelin-13 (ng/L) 176 (103–199) 36 (17–77) <0.001
LOX-1 (ng/L) 5808 (3413–7529) 2137 (993–3920) <0.001

ADMA, asymmetric dimethyl arginine; BUN, blood urea nitrogen; CIMT, carotid artery intima media thickness; GFR, glomerular filtration
rate; HDL-C, high density lipoprotein; hsCRP, high sensitive C-reactive protein; LDL-C, low density lipoprotein; LOX-1, lectin-like oxidized
LDL receptor-1; NLR, ratio of absolute neutrophil count to absolute lymphocyte count; PTH, parathyroid hormone; TG, triglycerides.

TABLE 3. Comparison of echocardiographic parameters
between study groups

HD group
(N = 120)

Controls
(N = 113) P-value

LVESD (mm) 32 (27–35) 30 (26–33) 0.037
LVEDD (mm) 48 (44–53) 44 (41–48) <0.001
EF (%) 60 � 7.6 63 � 5.1 0.058
LAD (mm) 36 (32–40) 32 (30–35) <0.001
IVST (mm) 12 (10–13) 11 (9–12) <0.001
PWT (mm) 12 (10–13) 10 (9–11) <0.001
LVM (g) 212 (166–264) 147 (102–171) <0.001
LVMI (g/m2) 123 (95–146) 75 (63–93) <0.001

EF, ejection fraction; IVC, inferior vena cava diameter; IVST,
interventricular septum thickness; LAD, left atrium diameter;
LVEDD, left ventricle end-diastolic diameter; LVESD, left ven-
tricle end-systolic diameter; LVM, left ventricular mass; LVMI,
left ventricular mass index; PWT, left ventricle posterior wall
thickness.

TABLE 4. The results of correlation analyses observed
between ADMA, Apelin-13 and LOX-1, and

echocardiographic parameters

ADMA Apelin-13 LOX-1

LVEDD r = 0.118
P = 0.086

r = 0.203
P < 0.05

r = 0.139
P < 0.05

EF r = −0.029
P = 0.671

r = −0.035
P = 0.607

r = −0.059
P = 0.390

LAD r = 0.134
P = 0.050

r = 0.153
P < 0.01

r = 0.172
P < 0.05

IVST r = 0.225
P < 0.001

r = 0.220
P < 0.01

r = 0.212
P < 0.01

LVM r = 0.285
P < 0.001

r = 0.307
P < 0.001

r = 246
P < 0.001

LVMI r = 0.330
P < 0.001

r = 0.359
P < 0.001

r = 0.296
P < 0.001

EF, ejection fraction; IVC, inferior vena cava diameter; IVST,
interventricular septum thickness; LAD, left atrium diameter;
LVEDD, left ventricle end-diastolic diameter; LVESD, left ven-
tricle end-systolic diameter; LVM, left ventricular mass; LVMI,
left ventricular mass index.
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correlation was determined between ADMA, LOX-1
and presence of plaque (Table 5).
No correlation was determined between ADMA,

Apelin-13, LOX-1 and Ca, albumin, glucose, and
HCO3. There were negative correlations between
these three markers and Hb and GFR, whereas sig-
nificantly positive correlations were determined with
phosphorus, ferritin, PTH, HD duration and SBP.
In addition, a negative correlation was determined
between ADMA and BMI but a positive correlation
was determined with DBP. Apelin-13 showed a neg-
ative correlation with BMI but a positive correlation
with transferrin saturation. A positive correlation
was determined between LOX-1, transferrin satura-
tion, and SBP (Table 6).

DISCUSSION

The present study revealed higher serum ADMA,
Apelin-13, and LOX-1 levels in HD patients as
compared to the control group with normal renal
functions. Moreover, these markers showed signifi-
cantly positive strong correlations both with each
other and with renal function, HD duration, inflam-
mation, anemia, high phosphorus levels, and left
ventricular hypertrophy.
Since cardiovascular diseases are the leading

causes of mortality in CKD patients, many studies
are being conducted to investigate the molecules
that may be the cardiovascular disease biomarkers

and their impacts on cardiac events. The relation-
ship of these biomarkers with atherosclerosis, ED
and cardiac functions, and morphology are being
scrutinized. NO is one of the molecules with the
most critical role in endothelial functions. ADMA,
Apelin-13, and LOX-1 are also biomarkers that
have an impact on NO.
Consistent with the literature, the present study

observed serum ADMA level 3.3 times higher in
HD patients. Earlier studies have emphasized that
elevated serum ADMA is associated with decreased
renal excretion due to the decreased GFR,
increased binding to proteins, and inadequate
removal with dialysis due to the redistribution of
ADMA during HD (16). In the present study as
well, serum ADMA concentration was high
although it was measured after HD. Again, in
another study, significant correlation was deter-
mined between serum ADMA, serum creatinine,
and GFR levels as was in the present study (17).
The literature comprises numerous studies inves-

tigating the relation of ADMA, which is a NO
inhibitor, with ED and atherosclerosis. Experimen-
tal studies have demonstrated the relationship
between the chronic ADMA increase and develop-
ment of atherosclerosis and nephropathy (18). In
addition, elevated ADMA concentrations were
found to be associated with cardiovascular diseases
and all-cause mortality in ESRD (19) and non-
diabetic CKD patients (5).

TABLE 5. The results of correlation analyses observed
between ADMA, Apelin-13, LOX-1, lipids, and

inflammatory parameters

ADMA Apelin-13 LOX-1

ADMA 1 r = 0.805
P ≤ 0.001

r = 0.858
P < 0.001

Apelin-13 r = 0.805
P ≤ 0.001

1 r = 0.891
P < 0.001

LOX-1 r = 0.858
P < 0.001

r = 0.891
P < 0.001

1

LDL r = −0.127
P = 0.051

r = −0.151
P < 0.05

r = −0.106
P = 0.104

TG r = 0.149
P < 0.05

r = 0.226
P < 0.001

r = 0.197
P < 0.01

hsCRP r = 0.252
P < 0.001

r = 0.277
P < 0.001

r = 0.208
P < 0.01

NLR r = 0.259
P < 0.001

r = 0.240
P < 0.001

r = 0.207
P < 0.01

CIMT r = 0.153
P < 0.05

r = 0.094
P = 0.176

r = 0.132
P = 0.056

Plaque r = 0.131
P = 0.059

r = 0.151
P < 0.05

r = 0.131
P = 0.059

CIMT, carotid artery intima media thickness; HDL-c, high den-
sity lipoprotein; hsCRP, high sensitivec c-reactive protein; LDL-c,
low density lipoprotein; NLR, absolute neutrophil count to abso-
lute lymphocyte count; Plaque, carotid artery atherosclerotic pla-
que; TG, triglyceride.

TABLE 6. The results of correlation analyses observed
between ADMA, Apelin-13, LOX-1, blood pressures, and

laboratory parameters

ADMA Apelin-13 LOX-1

GFR r = −0.489
P < 0.001

r = −0.533
P < 0.001

r = −0.0471
P < 0.001

P r = 0.0369
P < 0.001

r = 0.414
P < 0.01

r = 0.407
P < 0.001

Glucose r = 0.065
P = 0.320

r = −0.000
P = 0.989

r = 0.077
P = 0.240

Hb r = −0.154
P < 0.05

r = −0.218
P < 0.001

r = −0.157
P < 0.05

Ferritin r = 0.420
P < 0.001

r = 0.523
P < 0.001

r = 0.417
P < 0.001

PTH r = 0.418
P < 0.001

r = 0.475
P < 0.001

r = 0.398
P < 0.001

SBP r = 0.213
P < 0.05

r = 0.178
P < 0.05

r = 0.163
P < 0.05

DBP r = 0.154
P < 0.05

r = 0.090
P = 0.234

r = 0.056
P = 0.459

HD duration r = 0.195
P < 0.05

r = 0.272
P < 0.01

r = 0.303
P < 0.01

BMI, body mass index; DBP, diastolic blood pressure; GFR,
glomerular filtration rate; Mean BP, mean blood pressure; SBP,
systolic blood pressure.
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Increased CIMT has been demonstrated to be a
marker of prognostic value for cardiovascular dis-
eases (20). In a population-based study, the rela-
tionship between CIMT and ADMA was
demonstrated at the end of a 6-year follow-up (20).
A study carried out in type 2 DM patients demon-
strated a relationship between high serum ADMA
levels, development of cardiovascular events, and
increased CIMT after a 5-year follow-up period
(21). In the present study as well, CIMT was found
to be high in hemodialysis patient group, and con-
sistent with the literature. In addition, a positive
correlation was determined between CIMT
and ADMA.

The present study determined no relationship
between serum ADMA levels and age, gender, and
LDL levels but found a significant relationship with
smoking and blood pressure, which are among the
traditional cardiovascular risk factors. In hemodialy-
sis patients, many chronic renal failure-specific con-
ditions, as well as traditional cardiovascular risk
factors, are considered as risk factors for atheroscle-
rosis. Hyperparathyroidism and hyperphosphate-
mia, which are also defined as atherosclerotic risk
factors in CKD patients, contribute to ED and
atherosclerotic disease (22). In the present study, a
positive correlation was demonstrated among hyper-
parathyroidism, hyperphosphatemia and serum
ADMA level.

Inflammation, which is a significant cause of mor-
bidity and mortality in CKD, leads to vascular
injury via various pathophysiological pathways, and
contributes to the development of atherosclerosis.
The relationship between CRP and cardiovascular
events, and increased risk of mortality has been
demonstrated in ESRD patients (23). In the present
study, the correlation analysis between hsCRP,
NLR (24), and serum ADMA level revealed signifi-
cantly positive correlation with hsCRP and NLR in
HD patients.

Nitric oxide is a critical molecule in preventing
cardiac remodeling. In addition, it was demon-
strated that ADMA causes cardiac hypertrophy via
NO inhibition and results in myocardial fibrosis by
activating fibroblast growth factor receptors in the
cardiomyocytes (25). Napora et al. conducted a
study in HD patients and determined that high
serum ADMA levels are correlated with LVM and
LVMI but not with systolic or diastolic functions
(26). Various studies determined a relationship
between serum ADMA levels and LVH, LVM, and
systolic dysfunction in the patients with CKD
(27,28). In the present study as well, significant

correlations were determined between ADMA and
LVM, LVMI, but not systolic functions.

Apelin and ADMA are two molecules that
inversely effect the NO production over NO
synthase activity. However, contradictory outcomes
have been obtained concerning Apelin-13 levels in
those with CKD. In a study conducted in 159 HD
patients, both ADMA and Apelin-13 levels were
found significantly higher as compared with the
healthy controls. Serum concentrations of both mol-
ecules decreased after HD therapy (29). In another
study, serum Apelin-36 level of the HD patients was
similar to healthy controls, but serum Apelin-12
level was higher in HD patients than in controls
(30). Again, serum Apelin levels were determined
to be lower in non-diabetic HD patients as com-
pared with the healthy population (31). Moreover,
no relationship was determined between serum
Apelin-13 levels and GFR loss in Stage 3–5 CKD
patients (32). In the present study, however, serum
Apelin-13 levels were higher in the HD patients,
and a negative correlation was determined
with GFR.

In the present study, consistent with the literature,
serum Apelin-13 level showed a positive correlation
with smoking, hyperphosphatemia, hyperparathy-
roidism, hsCRP, and NLR (30). Additionally, a rela-
tionship was determined with the presence of plaque
in the carotid artery. In a study, it was postulated
that Apelin reduces vascular calcification in CKD
patients, and accordingly could be the target mole-
cule in the treatment of vascular calcification (33).
Although the data of the present study suggest that
Apelin-13 increases as a response to atherosclerotic
factors such as inflammation, hyperparathyroidism
and hypophosphatemia, a negative correlation with
LDL-C and BMI is conflicting. The negative correla-
tion between LDL-C, BMI, and ADMA may indi-
cate that the effects of an unhealthy diet and
malnutrition should be considered in HD patients.
We think that investigating this topic in large popula-
tion studies would be beneficial.

Outcomes of the studies investigating the rela-
tionship of Apelin with hypertension, LVH, and car-
diac functions were also conflicting. In an
experimental study of rats, Apelin-13 given after
HT and ED created by ADMA decreased the blood
pressure in the control group, but not in the CKD
group (34). This suggests the probability of varia-
tions in the Apelin effect in renal dysfunction. In a
study performed in 344 treatment-naive hyperten-
sive patients, plasma Apelin levels were lower in
the group with LVH versus without LVH (35). In
contrast, the present study determined a positive
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correlation between Apelin-13 and LVEDD, LAD,
IVST, LVM, and LVMI, which reflects the changes
in cardiac morphology. This supports the hypothesis
that high serum Apelin-13 level might be associated
with LVH in HD patients.
CKD is associated with oxidative stress, inflam-

mation, and lipid metabolism dysregulation. Lipid
deposition in the arterial wall with oxidative stress
and inflammation in the presence of dyslipidemia is
critical for the development of ED and atheroscle-
rosis (36). The inflammatory process in CKD is
triggered by the stimulation of LOX-1 by
carbamylated-LDL (cLDL), which occurs due to
urea-originated cyanate modification; this is thought
to result in the increased cardiovascular events asso-
ciated with ED and atherosclerosis (36). LOX-1
level, which is high in pro-atherogenic situations,
was found to be high in HD patients in the present
study, and this increment was in line with decreased
GFR. In addition, significant correlations were
determined with both CIMT and the presence of
plaque and levels of hsCRP and NLR. Significantly
positive relationships were determined with some of
the traditional cardiovascular risk factors such as
age, gender, BMI, and smoking.
It is known that LOX-1 is overexpressed in CKD

due to the inhibition of NO production by ADMA
and which triggers foam cell formation (11). In the
present study, positive correlation was determined
between ADMA and LOX-1 levels. LDL-C gains
more electronegative character in early-stage CKD.
This impairs cardiac relaxation by impairing calcium
hemostasis via LOX-1 and accordingly, could be
important in the pathogenesis of cardiorenal syn-
drome (12). The present study determined signifi-
cantly positive correlations between LOX-1 and
LVEDD, LAD, IVST, LVM, and LVMI. An evalu-
ation of these outcomes suggests that LOX-1 has an
impact on the left ventricle morphology in HD
patients as a result of complex interaction between
CV risk factors and uremic toxins in CKD.
Although these parameters usually are not stud-

ied for routine laboratory analyses in public hospi-
tals, recent studies revealed that they are essential
parameters for patient care. This study was con-
ducted by purchasing testing kits for ADMA,
Apelin-13, and LOX-1. However, we think that
these parameters may be part of routine laboratory
analyses in the future.
This cross-sectional study has several limitations.

In the present study, cardiac functions, cardiac
geometry, carotid artery thickness, and the changes
in plaque structure over time were evaluated. How-
ever, since the biomarkers were measured once, the

changes over time are unknown. Secondly, the lim-
ited number of patients and the lack of evaluations
regarding racial differences are other limitations of
this single-center study. Thirdly, due to the cross-
sectional design of this study, only a numerical rela-
tionship could be determined between the data, and
considerable attention should be paid for causality
assessments.

CONCLUSIONS

Serum ADMA, Apelin-13, and LOX-1 levels
were higher in hemodialysis patients as compared to
the population with normal renal functions. The
results suggest that these three biomarkers, as ure-
mic toxins, might be indicative of a complex path-
way in the inflammatory process and pathogenesis
of cardiovascular diseases in HD patients.
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