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found to be correlated with creatinine (r = 0.333, p = 0.002). 
 Conclusions:  Omentin levels were found to be elevated in 
patients with ESRD receiving hemodialysis. To the best of our 
knowledge, this is the first clinical study that demonstrated 
the association between omentin and ESRD.

  Copyright © 2012 S. Karger AG, Basel

  Introduction

  The prevalence of end-stage renal disease (ESRD) has 
been increasing worldwide. It is an important health 
problem which causes high mortality and morbidity  [1] . 
The main pathophysiologic mechanism underlying the 
high mortality of ESRD is premature atherosclerosis and 
chronic inflammation  [2] . A large number of biomole-
cules have been shown to predict the atherosclerotic and 
inflammatory process in ESRD  [3–6] . Adipose tissue 
produces a variety of proteins called adipokines. Thus it 
is accepted as an endocrine organ because it affects sev-
eral organs and systems in the metabolism  [7] . Besides 
inflammatory molecules such as leptin, resistin and vis-
fatin in the family of adipokines, some useful molecules 
such as adiponectin are also secreted. In recent years, one 
of these useful adipokines called omentin has frequently 
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  Abstract

   Introduction:  Cardiovascular disease is the leading cause of 
morbidity and mortality in hemodialysis patients. Therefore, 
evaluation and prevention of cardiovascular diseases in end-
stage renal disease (ESRD) patients are very important. The 
plasma level of omentin was found to be associated with dif-
ferent conditions such as insulin resistance. It is one of the 
novel adipokines synthesized mainly in the visceral adipose 
tissue. In this study, we aimed to investigate the level of 
omentin in patients with ESRD receiving hemodialysis. 
 Methods:  The study population consisted of 59 adult chron-
ic hemodialysis patients (30 women and 29 men) and age-
matched control subjects were selected from apparently 
healthy subjects (28 participants; 14 women and 14 men). 
Blood samples were obtained before the dialysis session. 
Omentin concentrations were determined by using enzyme-
linked immunosorbent assay.  Results:  Plasma levels of 
omentin were found to be markedly higher in ESRD patients 
(606.6  8  313.0 ng/ml) than in the control group (357.5  8  
147.4 ng/ml; p  !  0.0001). Also, serum omentin levels were 
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been studied. The plasma level of omentin (also named 
intelectin-1, intestinal lactoferrin receptor, endothelial 
lectin HL-1, or galactofuranose-binding lectin) was found 
to be associated with different conditions such as insulin 
resistance, diabetes mellitus, obesity, endothelial dys-
function and atherosclerosis. It is one of the novel adipo-
kines synthesized mainly in the visceral adipose tissue  [8, 
9] . In metabolic syndrome omentin levels were found to 
be low. This condition may be related to the accelerated 
atherosclerosis in metabolic syndrome  [10] . The appro-
priate treatment of diabetes and obesity had positive ef-
fects on the level of omentin in a limited number of stud-
ies  [11, 12] .

  In this study, we aimed to investigate the level of omen-
tin in patients with ESRD receiving hemodialysis.

  Materials and Methods

  Subjects
  The study population consisted of 59 adult chronic hemodialysis 

patients (30 women and 29 men) who received regular (3 times a 
week) hemodialysis treatment at the hemodialysis unit of the Oray 
Dialysis Center. Age-matched control subjects were selected from 
apparently healthy subjects who visited the Izzet Baysal University 

Hospital for a routine checkup (28 participants; 14 women and 14 
men). Hemodialysis patients were dialyzed 3 times a week for 4 h 
with synthetic membranes (Xenium Dialyzer; Baxter Healthcare 
Corp., USA). The demographic and clinical characteristics of pa-
tients included in the study are shown in  table 1 . They continued 
with their regular medications, such as antihypertensives, recom-
binant human erythropoietin and phosphate binders. Etiologies of 
renal failure in the patients were hypertension (n = 30), diabetes 
mellitus (n = 10), chronic glomerulonephritis (n = 4), chronic inter-
stitial nephritis (n = 3), Anderson-Fabry disease (n = 1), and unde-
fined (n = 11). The median duration of hemodialysis at the time of 
the study was 42.8 months (range 4–183 months). The study proto-
col was approved by the ethics committee of our institution.

  Methods
  Anthropometric measurements obtained in this study includ-

ed height, weight, body mass index (BMI), and waist circumfer-
ence. BMI was calculated as predialysis body weight divided by 
height squared (kg/m 2 ). Kt/V was calculated to assess the adequa-
cy of dialysis. We measured abdominal circumference at the um-
bilical level. Blood pressure was measured with a sphygmoma-
nometer in the sitting position on the right arm. Blood samples 
were obtained after an overnight fast before dialysis sessions, and 
the interval from the last HD session was 72 h for dialysis patients. 
Pregnancy and malignancy were excluded. Patients were free of 
acute infectious diseases and had received no antimicrobial agents 
during the preceding 2 weeks. Fasting blood samples were ob-
tained for analysis of creatinine, total cholesterol (TC), triglycer-
ides, high-density lipoprotein cholesterol, low-density lipopro-

  Table 1.  B aseline characteristics of hemodialysis patients and control subjects

 Parameters  Hemodialysis patients 
  (n = 59) 

 Control subjects
  (n = 28) 

p value 

 Age, years 56.8810.9 53.388.8 0.143 
 Gender, male/female  29/30  14/14 0.941 
 Smoking, % 42.4 25.0 0.119 
 Systolic blood pressure, mm Hg  130.8820.4  119.6814.7 0.011 
 Diastolic blood pressure, mm Hg 78.6810.2 77.889.1 0.730 
 Waist circumference, cm 96.189.8 91.5814.4 0.080 
 BMI 26.484.0 28.085.6 0.133 
 Hemoglobin, g/dl 11.281.2 13.981.4  <0.001 
 Platelets, 104/�l  159.6855.1   244.6869.7  <0.001 
 Serum creatinine, mg/dl 6.381.9 0.780.08  <0.001 
 Fasting glucose, mg/dl  137.1849.5  98.589.1  <0.001 
 HOMA-IR 3.784.7 1.983.0 0.076 
 TC, mg/dl  169.1838.8  204.3833.2  <0.001 
 LDL-C, mg/dl 89.9827.4  128.4833.2  <0.001 
 HDL-C, mg/dl 39.489.4 44.3810.1 0.029 
 TG, mg/dl  200.38132.6  157.6862.2 0.109 
 C-reactive protein, mg/l 4.784.1 2.882.3 0.030 
 Plasma omentin, ng/ml  606.68313.0  357.58147.4  <0.001 

 HOMA-IR = Homeostatic model assessment of insulin resistance; HDL-C = high-density lipoprotein cho-
lesterol; TG = triglycerides. 
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tein cholesterol (LDL), uric acid, sodium bicarbonate, hemoglo-
bin, albumin, calcium, inorganic phosphate, C-reactive protein 
(CRP), intact parathyroid hormone (iPTH), insulin and glucose 
with standard methods. Homeostatic model assessment was cal-
culated with the formula  [13] : insulin (mIU/l)  !  glucose 
(mmol/l)/22.5.

  Omentin Measurement
  Venous blood samples were centrifuged within 15 min of col-

lection, at 2,750  g  for 10 min, and the supernatant plasma was then 
transferred into polypropylene tubes at –80    °    C until the assays 
were determined. Omentin concentrations were determined us-
ing enzyme-linked immunosorbent assay according to the manu-
facturer’s protocol. Plasma omentin levels were assessed using a 
commercial enzyme-linked immunosorbent assay kit (Bio Ven-
dor, Brno, Czech Republic). The linear range of the assay was 
0.50–64.0 mg/l. The inter- and intra-assay coefficients of varia-
tion were 4.4 and 3.2%, respectively.

  Statistical Analysis
  The normal distribution of all variables was tested using the 

Kolmogorov-Smirnov test. Continuous variables were described 
by the mean  8  standard deviation while interrelationships were 
examined using Pearson’s correlation and t test. The Mann-Whit-
ney U test was used to determine differences between nonpara-
metric data. The associations between omentin levels and the in-
dicated parameters were examined by single or multiple logistic 
regression analyses. Student’s two-tailed t test was applied to com-
pare continuous variables, and the  �  2  test was used for categorical 
data. All statistical analyses were performed using the SPSS 15.0 
software (SPSS Inc., Chicago, Ill., USA). Results were considered 
significant when p  !  0.05.

  Results

  Patient Characteristics
  The clinical and demographic data of the patients are 

shown in  table 1 . There were no differences in age, sex, 
smoking, diastolic blood pressure and BMI between he-
modialysis patients and controls. ESRD patients had sig-
nificantly higher levels of omentin, systolic blood pres-
sure, fasting glucose, creatinine, and CRP, and lower levels 
of TC, LDL, high-density lipoprotein cholesterol and he-
moglobin than control subjects. Plasma levels of omentin 
were found to be markedly higher in ESRD patients (606.6 
 8  313.0 ng/ml) than in the control group (357.5  8  147.4 
ng/ml; p  !  0.0001) ( table 1 ;  fig. 1 ). Serum omentin had pos-
itive correlations with creatinine (r = 0.333, p = 0.002).

  Serum Omentin Levels in Hemodialysis Group
  Serum omentin levels and ESRD parameters are sum-

marized in  table 2 . We did not find any association be-
tween serum omentin levels and other variables such as 
blood pressure, age, smoking, lipid parameters, adequacy 
of dialysis (Kt/V) and iPTH. However, there was a posi-
tive trend between plasma omentin levels and Kt/V (r = 
0.243, p = 0.06) ( fig. 2 ).

  Omentin Levels in Diabetic and Nondiabetic 
Hemodialysis Subgroups
  As shown in  table 2 , there was a significant difference 

in omentin serum levels between the nondiabetic ESRD 
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  Fig. 1.  Serum omentin levels of the hemo-
dialysis patients and the control group. 
They were found to be significantly higher 
in the hemodialysis patients than in the 
control group ( *  p  !  0.0001). 
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group (n = 31) and the diabetic ESRD group (n = 28; p  !  
0.05). The diabetic ESRD subgroup had higher age (61.11 
 8  9.47 vs. 53.00  8  10.81, p = 0.003), shorter hemodialysis 
duration (p = 0.032), higher fasting blood glucose (p  !  
0.0001), lower creatinine (p  !  0.011), lower iPTH (p = 
0.028), and coronary artery disease (p = 0.005) and lower 
serum omentin (528.94  8  235.10 vs. 676.76  8  359.17, p = 
0.044). We did not find any association between serum 
omentin levels and other ESRD variables in diabetic and 
nondiabetic subgroups. There were no significant corre-
lations in hemoglobin, BMI, uric acid, diastolic and sys-
tolic blood pressure, TC, LDL cholesterol, triglycerides, 
Kt/V, and iPTH in the diabetic ESRD subgroup. There 
was a positive correlation between omentin and age (r = 
0.382, p = 0.034) in the nondiabetic ESRD subgroup. 
Nondiabetic ESRD patients had significantly higher lev-
els of omentin than control subjects (676.76  8  359.17 vs. 
357.54  8  147.48, p  !  0.0001, n = 28).

  Table 2.  C haracteristics of ESRD patients 

 Parameters  H emodialysis patients p value 

 diabetes ( +) cases (n = 28)  diabetes (–) cases  (n = 31)  

 Age, years 61.189.4 53.0810.8 0.003 
 Gender, male/female  13/15  16/15 0.693 
 HD duration, years 32.8825.2 51.9840.5 0.036 
 Systolic blood pressure, mm Hg  129.2819.8  132.2821.2 0.582 
 Diastolic blood pressure, mm Hg 76.7811.8 80.388.3 0.188 
 Waist circumference, cm 99.987.5 92.6810.4 0.004 
 BMI 27.483.1 25.484.5 0.057 
 Serum creatinine, mg/dl 5.781.8 6.981.9 0.012 
 Kt/V (per one dialysis session) 1.680.2 1.680.1 0.963 
 Serum HCO3, mmol/l 19.981.6 19.780.9 0.501 
 Hemoglobin, g/dl 11.181.1 11.281.3 0.692 
 Intact serum PTH, pg/ml  248.88178.4  355.08183.2 0.028 
 Serum calcium, mmol/l 8.780.5 8.880.5 0.526 
 Serum phosphorus, mmol/l 4.281.1 4.681.1 0.281 
 Alkaline phosphatase, U/l  116.7853.0  115.1858.2 0.914 
 Serum uric acid, mg/dl 5.080.9 5.481.0 0.100 
 Albumin, g/dl 3.980.4 4.080.2 0.111 
 Glucose, mg/dl  169.7854.2  107.5814.5  <0.001 
 HbA1c, % 7.281.2 – – 
 HOMA-IR 4.385.7 3.283.6 0.373 
 TC, mg/dl  172.7843.2  165.8834.8 0.500 
 LDL, mg/dl 92.3825.8 87.8828.9 0.532 
 HDL, mg/dl 39.288.8 39.5810.0 0.888 
 TG, mg/dl  219.38140.4  183.18125.0 0.300 
 C-reactive protein, mg/l 5.384.2 4.184.0 0.290 
 Plasma omentin, ng/ml  528.98235.1  676.78359.1 0.044 

 HD  = Hemodialysis; HCO3 = bicarbonate; PTH = parathyroid hormone; HbA1c = hemoglobin A1c; HOMA-IR = homeostasis 
model assessment of insulin resistance; HDL = high-density lipoprotein; TG = triglycerides. 
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  Fig. 2.  Correlation between Kt/V and serum omentin levels in he-
modialysis patients. 
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  Relationship between Omentin and Clinical 
Parameters in Healthy Subjects
  The correlation between the omentin levels and clini-

cal parameters was evaluated. There was a negative cor-
relation between omentin and TC, LDL and platelet 
counts (r = –0.475, p  !  0.011; r = –0.465, p  !  0.013; r = 
–0.430, p  !  0.022) in healthy subjects.

  Discussion

  In the present study, we investigated the level of omen-
tin in hemodialysis patients with ESRD. The main find-
ing is that omentin levels in hemodialysis patients were 
found to be statistically higher than the levels of the con-
trol group. Besides, in the subgroup analysis, omentin 
levels of diabetic ESRD patients were found to be lower 
than of nondiabetic ESRD patients. To the best of our 
knowledge, this is the first clinical study that demon-
strated the association between omentin and ESRD.

  Systemic inflammation, accelerated atherosclerosis 
and insulin resistance are common pathogenic features of 
ESRD  [14–17] . The relationship between inflammation, 
insulin resistance, atherosclerosis and omentin levels was 
demonstrated in many studies. Low omentin levels are as-
sociated with endothelial dysfunction, atherosclerosis and 
cardiovascular diseases. The plasma omentin level de-
creases in obesity, diabetes and impaired glucose tolerance 
 [9, 16] . Omentin is a secreted factor that enhances the ef-
fect of insulin on glucose metabolism  [18] . Nevertheless, 
the exact levels and biological effects of omentin in chron-
ic kidney disease (CKD) are not sufficiently known. Also, 
the effects of CKD on omentin levels are not yet known. 
When we neglect the possible effects of CKD on omentin, 
the expected result of this study was the reduced levels of 
omentin in hemodialysis patients due to inflammation, 
insulin resistance and accelerated atherosclerosis. But un-
expectedly, significantly higher levels of omentin were 
found in the hemodialysis group than in the control group. 
Then we evaluated the parameters that may affect omen-
tin levels, such as the CRP level, insulin resistance, diabe-
tes and documented coronary artery disease, in the entire 
study population. We found that these variables which 
could negatively affect the level of omentin were signifi-
cantly higher in the hemodialysis group. In other words, 
although the parameters associated with a significant re-
duction of omentin were more prevalent, in our study, 
omentin was found to be higher in hemodialysis patients 
with ESRD. We considered that the reason of increased 
levels of omentin might be related to impaired renal clear-

ance of this molecule. So, omentin levels may be found to 
be higher in ESRD patients due to defective degradation 
and excretion. Besides, omentin is a relatively large pro-
tein, 40 kDa  [19] , which during hemodialysis may not be 
significantly cleared from plasma. Currently there is no 
study supporting our estimation related to omentin excre-
tion, but generally most adipokines such as adiponectin, 
visfatin and resistin are elevated in patients with CKD, 
likely owing to decreased renal excretion  [20–24] .

  But similarly, another important adipokine, adipo-
nectin, has been shown to be eliminated or biodegraded 
through the renal route. Also, increased levels of adipo-
kine were shown in parallel with deterioration of renal 
function  [25–27] . Unfortunately, similar studies about 
omentin are not available yet.

  Visceral obesity is associated with a higher risk of obe-
sity-related comorbidities, such as insulin resistance and 
diabetes mellitus, than is peripheral obesity  [28] . Omentin 
is a protein expressed and secreted from visceral but not 
subcutaneous adipose tissue that increases insulin sensi-
tivity in human adipocytes  [29] . In our study, when we 
compared omentin levels of diabetic and nondiabetic he-
modialysis patients, omentin was found to be significant-
ly lower in diabetic patients than in nondiabetics. Tan et 
al.  [30]  have found lower levels of omentin in type 1 dia-
betic patients than in control subjects. Similarly, in an-
other study omentin levels were found to be lower in pa-
tients with newly diagnosed type 2 diabetes and impaired 
glucose regulation. In our study consistent results were 
found with these studies. The BMI of patients may affect 
the omentin levels. As in the other two studies, in our 
study, there was no significant difference between BMI of 
diabetic and nondiabetic dialysis patients  [31] . Despite the 
significantly higher levels of omentin in hemodialysis pa-
tients, diabetes mellitus, even under the enhancer effect of 
ESRD, led to lower levels of omentin in diabetic ESRD pa-
tients than in nondiabetic ESRD patients.

  Unlike in previous studies no correlation was found 
between BMI (predialysis and postdialysis) and omentin 
levels of hemodialysis patients. This may be due to exces-
sive levels of omentin (approximately 2-fold those in 
healthy subjects) in hemodialysis patients; therefore, BMI 
may have lost its statistical significance. Although there 
were overweight people in our study population, control 
and ESRD groups did not differ significantly in terms of 
BMI. Also, a significant correlation between waist cir-
cumference and omentin, shown in some studies  [10, 11] , 
was not found in our study but there was a negative non-
significant trend between omentin and waist circumfer-
ence (r = –0.245, p = 0.06). The underlying reason for this 
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may be the production of omentin especially by visceral 
adipose tissue rather than peripheral adipose tissue. 

  In conclusion, we found omentin levels to be elevated 
in hemodialysis patients with ESRD. In order to explain 
the significance of omentin levels in CKD, confirmatory 
studies are needed to evaluate the omentin levels in un-
dialyzed uremic patients.

  Limitations
  Our study has some limitations. The single-center na-

ture of this investigation may limit its applicability to the 
general population. Because of the relatively limited size 
of our sample, the results should be interpreted cautiously.
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