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Cardiovascular (CVS) morbidity and mortality in the peri-
toneal dialysis patients (PD) is 10-30-fold higher than 
in the general population. A relatively low level of adi-
ponectin and a higher level of leptin are important pre-
dictors of vascular complications as well as CVS events in 
PD patients. The asymmetric dimethylarginine (ADMA), 
an endogenous inhibitor of nitric oxide synthase, is an 
important risk factor of CVS morbidity and mortality. It is 
very important to establish all CVS risk factors in the PD 
patients to prevent CVS morbidity and mortality in this 
population. The aim of the study was to determine the 
plasma concentration of ADMA and adipokines in rela-
tion to the protein-energy wasting (PEW) in PD patients. 
The study was performed in 30 PD patients and in the 
control group which consisted of 23 healthy volun-
teers. Plasma levels of hsC-reactive protein, TNF, IL-6, 
leptin, adiponectin, oxyLDL and ADMA were measured 
by ELISA method in both groups. The nutritional sta-
tus was determined by measuring the albumin, body 
mass index (BMI), the percentage of body fat (%F), 
lean body mass (LBM) and Subjective Global Assess-
ment Score (SGA). The adequacy of dialysis was esti-
mated by weekly Kt/V. In all PD patients, significantly 
higher levels of ADMA, leptin, oxyLDL, hsCRP and TNF 
in comparison to controls were observed. In contrast 
to well-nourished subjects, patients with PEW, in ad-
dition to increased hsCRP, showed significantly higher 
ADMA. PEW was associated with high levels of ADMA 
and hsCRP and this could probably be responsible for 
increased CVS risk in PD patients.
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INTRODUCTION

An important clinical issue in CKD (chronic kidney 
disease) patients is malnutrition or high risk of deteri-
oration of nutritional status, lack of appetite and sub-
clinical inflammation. In addition, the negative impact 
of the above on cardiovascular (CVS) risk of patients 
at various stages of CKD has also been found (El-
Mesallamy et al., 2008; Zoccali et al., 2005).

CVS morbidity and mortality in peritoneal dialysis 
(PD) patients is 10- to 30-fold higher than in the gen-
eral population (Lim et al., 2015). The specific, non-tra-
ditional CVS risk factors for dialysis patients such as 
inflammation and hypoalbuminemia are the compo-
nents of the protein-energy wasting (PEW) (Fouque 
et al., 2008; Zoccali et al., 2005). Subclinical inflamma-
tion, as well as metabolic disorders and abnormal nutri-
tional status as a consequence, are highly unfavorable 
prognostic factors in PD patients. ADMA (asymmetric 
dimethylarginine), as a marker of accelerated athero-
sclerosis and endothelial dysfunction, is nowadays con-
sidered to be a good predictor of mortality in dialysis 
patients (Małgorzewicz et al., 2010; Ravani et al., 2005; 
Schepers et al., 2011; Scholze et al., 2007). Also, ADMA 
is postulated to be a link between CKD and CVS dis-
ease (Lim et al., 2015). Adipokines such as leptin and 
adiponectin are adipocyte-specific secretory proteins re-
lated to body mass and body fat content. Data from 
studies support the evidence that CVS risk in patients 
without CKD may be associated with hypoadiponec-
tinemia and high levels of leptin (Tripepi et al., 2001). 
Data suggest that high plasma adiponectin levels may 
be related to a lower risk of coronary heart disease in 
the healthy population. In the PD population, relation-
ships between nutritional status, inflammation and the 
levels of adipokines and other proatherosclerotic fac-
tors remain unclear.

The aim of the study was to determine the plasma 
concentration of ADMA and adipokines in the relation 
to the PEW in PD patients.

PATIENTS AND METHODS

Characteristics of the study groups. The group of 
30 prevalent PD patients was recruited from The Peri-
toneal Dialysis Unit (Fresenius Medical Care in Gdańsk). 
23 healthy volunteers were taken as a control group. 
The adequacy of the dialysis treatment was estimated by 
weekly Kt/V. The mean value of Kt/V equaled 2.0±0.1.

Inclusion and exclusion criteria. The inclusion cri-
teria were as follows: age above 18 years, duration of 
peritoneal dialysis at least 3 months and stable parameters 
for at least 1 month, no signs of infection for a month 
before the study. The exclusion criteria were as follows: 
active malignancy, serious heart, lung or liver disease, 
lack of informed consent. PEW was determined by cri-
teria which were introduced by the International Society 
of Renal Nutrition and Metabolism (ISRNM) in 2008 (7). 
In this study, the presence of PEW for every patient was 
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assessed according to this definition, using the presence of 
at least three criteria as an indication of PEW:
serum albumin <3.8 g/dl 
BMI <23 or loss of 10% of normal body weight over  
6 months 
SGA ≤5

Nutritional status. The nutritional status was esti-
mated by the 7-point Subjective Global Assessment (7-
SGA) and serum concentration of albumin. Results of 
7-SGA were scored as: 7–6 – good nutrition, 5–3 – mild 
malnutrition, 2–1 – severe malnutrition (6).

The body composition (body fat content and lean 
body mass) was measured by a near-infrared method 
(NIR) using Futrex 5000 A (Futrex Inc., USA).

BMI was calculated according to the equation: BMI= 
body weight/ height2

Biochemical assays. The samples of blood were tak-
en from patients after overnight fasting. The serum con-
centration of albumin was measured by the bromocresol 
purple method.

The concentration of ADMA (asymmetric dimethy-
larginine), oxyLDL (oxidized low density lipoprotein), 
hsCRP (high sensitive C-reactive protein), TNF (tumor 
necrosis factor alpha), IL-6 (interleukin-6), leptin and 
adiponectin was assessed using ELISA method (Immu-
nodiagnostik, Germany).

Statistical analysis. The data are expressed as 
means± S.D. (statistical deviation). Significant differences 
were defined as p<0.05. The correlation and significance 
were evaluated with nonparametric statistics (“Statistica 
version 12.0”; StatSoft, Polska, Krakow, 2017).

RESULTS

The anthropometrical and biochemical parameters and 
7-SGA in the studied groups are presented in Table 1.

Nutritional status

We found that 50% of PD patients presented PEW. 
The BMI, body fat and LBM did not differ between PD 
patients and control. Figure 1 presents the percentage of 
PD patients in the respective BMI categories (according 
to WHO).

Table 1. The anthropometrical and biochemical parameters and 7-SGA in the studied groups

Parameters All PD
n=30

PD without
PEW
n=15

PD with
PEW
n=15

Control
n=23

p\PD
vs
PEW

Age [years] 57.4±17.5 54.4±15.6 60.3±16.9 63.3±7.8 0.32

7-SGA [points] 5.3±1.2* 6.0±0.8 4.5±0.9 – 0.00

Duration of PD treatment
[months] 26.5±32.5 16.1±18.2 36.9±39.7 – 0.07?

BMI [kg/m2] 26.3±4.4 27.3±5.0 25.2±3.6 26.9±1.7 0.20

% F 24.4±5.8 26.0±6.2 22.9±5.1 26.2±4.9 0.14

LBM [kg] 53.0±12.5 53.9±14.2 52.1±11.1 59.1±5.7 0.70

Albumin [g/l] 3.9±5.3* 4.8±4.1 3.4±1.8 45.0±1.0 0.00

Leptin [µg/l] 149.8±141.3* 197.1±144.7 99.3±122.9 14.2±8.5 0.06

Adiponectin [mg/l] 25.0±12.0 28.0±12.1 28.0±11.5 23.1±15.4 0.19

ADMA [µmol/l] 2.9±2.3* 2.1±1.6 3.8±2.6 0.56±0.27 0.03

IL-6 [pg/ml] 3.3±5.7 2.9±2.7 3.7±5.9 2.5±0.4 0.70

TNF [pg/ml] 5.3±9.3* 5.4±11.5 5.1±6.5 0.8±3.3 0.94

hsCRP [mg/l] 8.0±3.3* 6.7±3.9 9.5±1.8 0.7±0.5 0.02

oxyLDL [ng/ml] 543.9±442.8* 416.6±301 680.8±460 142.3±56.0 0.11

*p<0.05 All PD vs control. 7-SGA – 7 points subjective global assessment, BMI – body mass index, %F – percentage of body fat, LBM – lean body 
mass, ADMA – asymmetric dimethylarginine, IL-6 – interleukin 6, TNF – tumor necrosis factor, hs CRP – high sensitive C-reactive protein, oxyLDL – 
oxidized low-density lipoprotein
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Figure 1. The BMI categories according to WHO in the PD pa-
tients.
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Figure 2. The hsCRP (mg/dl) and ADMA (µmol/l) concentra-
tion in PD patients with and without protein-energy wasting 
(p<0.05).
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In the PD group patients, the 7-SGA was positive-
ly correlated with s-albumin concentration (R Spear-
man=0.37; p<0.05), BMI and %F (both – R Spear-
man=0.4; p<0.05). Also, leptin concentration was posi-
tively correlated with BMI and %F (R Spearman=0.4; 
p<0.05).

Biochemistry

In the PD patients, significantly higher levels of 
ADMA, leptin, oxyLDL, hsCRP and TNF in compari-
son to the control group were observed. The adiponec-
tin level did not differ between the studied groups (Ta-
ble 1). s-Albumin negatively correlated with hsCRP (R 
Spearman=–0.40; p<0.05).

In contrast to well-nourished subjects, patients with 
PEW, in addition to significantly increased hsCRP 
(p=0.02), showed significantly higher ADMA (p=0.03). 
The association between PEW and hsCRP and ADMA 
is presented in Fig 2.

However, PEW patients were older than PD patients 
without PEW, with longer duration of dialysis treatment 
and with lower leptin level (see: Table 1).

DISCUSSION

Protein-energy wasting in dialysis patients is associ-
ated with higher risk of cardiovascular diseases and, in 
consequence, with poor prognosis. Both deterioration 
of the body composition and endothelial dysfunction 
are factors which play an important role in the progres-
sion of atherosclerosis. The assessment of nutritional 
status in our study was done comprehensively accord-
ing to ISRNM recommendations (Fouque et al., 2008). 
Fifty percent of PD patients included in the study met 
the criteria for the diagnosis of PEW. Additionally, de-
spite the normal or elevated BMI, the majority of PD 
patients (80%) were at the risk of malnutrition or were 
mildly malnourished (based on 7-SGA). It is worth to 
underline that such a comprehensive assessment is nec-
essary to obtain adequate results since the measurement 
of body mass and BMI itself is insufficient and not en-
tirely reliable (Bogacka et al., 2018; Steiber et al., 2004). 
In our study, 50% of PD patients had low albumin lev-
el (<3.8 g/dl). Higher serum albumin levels are asso-
ciated with better prognosis, fewer complications, and 
longer survival time. In a large retrospective analysis, 
hypoalbuminemia (<3.8 g/dl) was associated with lon-
ger hospitalization time and greater complication in di-
alysis patients (Balafa et al., 2011). In our study, similar-
ly to other studies, chronic PD patients were character-
ized by elevated inflammatory markers (hsCRP, TNF), 
plasma levels of ADMA, oxyLDL and leptin (Gue-
bre-Egziabher et al., 2004). In contrast to well-nour-
ished PD subjects, patients with PEW, in addition to 
increased signs of inflammation, showed significantly 
higher ADMA level. Not significantly, but to some ex-
tent PEW was associated with a lower leptin level, and 
longer duration of PD treatment (Table 1). As men-
tioned above, subclinical inflammation, which occurs 
in a significant proportion of PD patients contributes 
to many metabolic disorders (eg. insulin resistance), an-
orexia and, consequently, to abnormal nutritional status 
(Young). Indeed, the investigated inflammatory marker 
- hsCRP, indicated the presence of chronic inflamma-
tion in most of the subjects, although no clinical evi-
dence of infection was observed. Moreover, what was 
extremely important was the significant negative corre-
lation between hsCRP and biochemical parameters of 

the nutritional status (s-albumin). The above observa-
tion also seemed to be highly relevant clinically (Alves 
et al., 2018; Balafa et al., 2011).

The influence of malnutrition and inflammation on 
serum level of ADMA was demonstrated by Zoccali in 
hemodialysis patients (Zoccali et al., 2001). In our study, 
we observed that the level of ADMA was significantly 
higher in PD patients as compared to the healthy sub-
jects. This is consistent with the data in the literature in-
dicating that CKD contributes to the increased levels of 
ADMA in this group of patients (Zhao et al., 2014).

It is also worth to mention that among all PD patients 
as well as in PD patients with PEW coexisted both high 
ADMA and elevated markers of inflammation (CRP, IL-
6, TNF). The relationship between the concentration of 
ADMA and the indicator of inflammation status (CRP) 
was confirmed in patients with end-stage renal disease 
(ESRD) (Ravani et al., 2005).

It was proven that both ADMA and CRP are predic-
tors of CVS events in CKD patients (Zoccali et al., 2001; 
Aucella et al., 2009). Moreover, Tripepi et al. demonstrat-
ed that the simultaneous increase in ADMA and CRP (or 
IL-6) causes an increased risk of death and CVS events 
in patients with ESRD followed up for 13 years (Tripepi 
et al., 2011). These data are consistent with previous re-
ports, in which in the group of patients with ESRD, the 
effect of ADMA and CRP on the progression of athero-
sclerosis was presented (Schepers et al., 2011).

However, in contrast to hemodialysis patients, in our 
PD group, ADMA levels were not related to BMI and 
albumin. Also, there was no significant correlation be-
tween ADMA and CRP or IL-6.

In PD patients, local inflammation within the perito-
neal cavity may be the main cause of the high CRP level 
Additionally, our limited sample size, study protocol and 
relatively short dialysis vintage (median was 11 months) 
may be the cause of the lack of a clear association be-
tween ADMA and inflammatory markers.

Previously, it was demonstrated that adiponectin has 
potential anti-inflammatory and anti-atherogenic proper-
ties due to its adhesion molecules acting as a protective 
factor against atherogenesis (Xu et al., 2018). Another 
adipokine, leptin, regulates the amount of body fat, food 
intake and energy homeostasis; leptin levels show a pos-
itive correlation with body fat mass (Silha et al., 2003). 
In a prospective long-term study, Scholze and others 
(Scholze et al., 2007) showed that reduced serum leptin 
concentration is an independent risk factor for mortality 
in patients on hemodialysis therapy. However, according 
to the other authors, the elevated leptin level, associated 
with high body fat content and low lean body mass in 
PD patients, may be a risk factor of malnutrition (Lam 
et al., 2007).

Serum leptin levels were previously reported to be el-
evated in patients with chronic renal failure and to cor-
relate with CRP levels suggesting that inflammation may 
be an important factor in the development of hyperlep-
tinemia in CKD (Mak et al., 2006).

Our study showed increased leptin levels in PD pa-
tients in comparison to controls and some association 
between lower leptin level and PEW (not significant). 
Similarly to the previous studies, leptin level correlated 
positively with body mass and body fat (Małgorzewicz et 
al., 2010; Delgado et al., 2017).

To summarize, we would like to underline that all 
studied non-traditional CVS risk factors were elevated in 
PD patients. PEW correlated with high levels of ADMA 
and hsCRP and it can at least partially be responsible for 
increased CVS risk in PD patients. Therefore the fur-
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ther, long-term observation of nutritional status and adi-
pokines and ADMA concentration is needed.
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