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Abstract

< e metabolic syndrome (MS) is a multi-factorial disorder which includes a main risk factors associated with the development of 

cardiovascular, neurologic, renal and endocrine diseases, especially type  diabetes. < is study has been conducted to estimate the 

prevalence of the MS in patients undergoing continuous ambulatory peritoneal dialysis (CAPD) and its association with cardiovascu-

lar morbidity. < e study included  patients ( type  diabetic patients and  non-diabetic patients), who had been on peritoneal 

dialysis for >  months. At the beginning of CAPD treatment (baseline) and at the end of follow-up, we measured: body mass index 

(BMI), blood pressure, fasting blood glucose, triglycerides and high-density lipoprotein cholesterol (HDLC) and defi ned the preva-

lence of the MS using the modifi ed National Cholesterol Education Program (NCEP; Adult Treatment Panel III) for peritoneal dialysis 

patients. < e overall prevalence of the MS was ,. < e metabolic syndrome was estimated in all () type  diabetic patients 

(vs.  patients on the beginning of CAPD treatment). In non-diabetic peritoneal patients, the MS was estimated in  cases, ac-

cording to , at the beginning CAPD treatment. Development of the MS was signifi cantly higher in the type  diabetic patients in 

compared with non-diabetic patients until the end of follow-up examination (p=,). < e prevalence of LVH in type  diabetic pa-

tients with the MS was signifi cantly higher (p=,) than in non-diabetic peritoneal patients with the MS. We didn’t found statistical 

signifi cantly diff erence in the prevalence of ischemic heart disease between this two category of peritoneal dialysis patients (p=,). 

< e results indicate that the metabolic syndrome is presented in high percentage in peritoneal dialysis patients, and it’s also important 

risk factor of high cardiovascular morbidity rate in these patients, especially in type  diabetic patients.
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Introduction

The metabolic syndrome (MS) is rapidly becoming a 

primary cause of morbidity and mortality in the general 

population (). < is syndrome is characterized by the 

variable coexistence of hyperinsulinemia, obesity, dys-

lipidemia, hyperglycemia and hypertension. Other con-

ditions associated with the syndrome include microal-

buminuria, infl ammation, a protrombotic state and fatty 

liver. Subjects with the metabolic syndrome are, at essen-

tially, with double risk to develop cardiovascular disease 

compared with those without the syndrome (). It fur-

ther raises the risk for type  diabetes by about -fold (). 

Cardiovascular morbidity and mortality are common 

in peritoneal dialysis patients. The prevalence of the 

MS in peritoneal dialysis patients is a subject of recent 

studies (,). Although, some of the MS component 

are strongly associated with cardiovascular morbidity 

and mortality (,), association of the metabolic syn-

drome with cardiovascular morbidity and mortality in 

peritoneal dialysis patients is nor clearly establishment. 

Aim of this study was to estimate the preva-

lence of the MS in patients undergoing continu-

ous ambulatory peritoneal dialysis (CAPD) and 

its association with cardiovascular morbidity.

Materials and Methods

The study included  patients, which had been on 

peritoneal dialysis for more than  months. Twenty 

fi ve patients were type  diabetic patients aged - 

years and  non-diabetic patients aged - years. 

At the beginning of CAPD treatment (baseline) and at 

the end of follow-up, we measured: body mass index 

(BMI), blood pressure, fasting blood glucose, triglycer-

ides and high-density lipoprotein cholesterol (HDL-C) 

due to defi ned the prevalence of the MS and its asso-

ciated with cardiovascular morbidity. The definition 

of the MS is based on the co-occurrence of the three 

or more risk factors using the Modifi ed National Cho-

lesterol Education Program (NCEP; Adult Treatment 

Panel III) for peritoneal dialysis patients (), (Table ). 

Left ventricular hypertrophy (LVH) was estimated 

by echocardiographic examination. Left ventricle 

hypertrophy was defined by a left ventricular mass 

index (LVMI) of over  g/m in man or > g/

m in a woman according to recommendations 

of the American Society of Echocardiography. 

I schemic  heart  d isease  was  determinated 

by e lectrocardiographic  examinat ion,  ante-

cedents of angina or myocardial  infarction.

Statistical analysis 

Categorial data were presented as percentages. Diff er-

ences in categorial data were compared with the chi-

square (χ) test. < e p-value < , was considered sig-

nifi cant. 

Results

At the beginning of peritoneal dialysis treatment,  of  

type  diabetic patients () didn’t have any elements 

of the MS. Six () patients in this group had  risk fac-

tors,  patients were with  risk factors (), and one of 

them () had all of fi ve risk factors of the MS (Table ). 

In non-diabetic patients group , cases had 

no criteria of the MS at the beginning of perito-

neal dialysis treatment. It was not determined 

the significant difference in presence of the MS 

comparing that two groups of patients at the be-

ginning of CAPD treatment (χ=,, p=,).

At the end of follow-up, the metabolic syndrome was 

estimated in all type  diabetic patients (). In the 

same group  patients had five risk factors,  

patients had four risk factors and only  patients 

had three risk factors of the MS. The prevalence of 

the MS in type  diabetic patients undergoing perito-

neal dialysis was signifi cantly higher than at the begin-

ning of renal replacement therapy (χ =,; p=,).

≥ criteria of the following Modifi ed NCEP-ATP III, 2001.

Dysglycaemia 1. *Fasting plasma glucose ≥ 5,6 mmol/L or diabetic on treatment

Dyslipidaemia
2. Triglyceride level ≥ 1,7 mmol/L

3. HDL-C < 1,0 mmol/L in men; or < 1,3 mmol/L in women

Hypertension 4. Blood pressure ≥ 130/85 mmHg or hypertension on treatment

Central obesity 5. **BMI > 30 kg/m2

* Fasting plasma glucose in PD patients is measured by means of a conventional method   after an overnight fast, but with continuation of PD 
therapy with 1,5% dextrose dialysate.
**Body weight for BMI in PD patients is measured either with dry abdomen or when PD dialysate in abdomen minus X kg (X is the volume 
in liters of PD dialysate infused).

TABLE 1. Diagnostic criteria of the metabolic syndrome in peritoneal dialysis patients
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At the end of follow-up, the MS was estimated in  

of non-diabetic peritoneal patients, more of them 

with three risk factors (,). Significant difference 

in the prevalence of the MS in this category of peri-

toneal dialysis patients was not found between be-

ginning and follow-up period (χ =,, p=,).

Development of the MS was significantly higher in 

the type  diabetic patients compared with non-dia-

betic patients until the end of follow-up examination 

(χ=,, p=,), (Table ). The overall preva-

lence of the MS in peritoneal dialysis patients was ,.

Ischemic heart disease was manifested in / 

() type  diabetic patients with the MS present-

ing with - risk factors. Blood pressure elevation 

(,) and blood glucose abnormalities (,) were 

the most frequent, while lower value of HDL-C was 

the least frequent component (,). The preva-

lence of LVH was  (/) in the group of type 

 diabetic patients with the MS. All cardiovascu-

lar mortality was  in the same group of patients. 

In non-diabetic peritoneal patients with the MS, isch-

emic heart disease was presented in  patients, 

LVH in , patients, while , patients didn’t 

have electrocardiographic and echocardiographic 

changes. < e prevalence of LVH in type  diabetic pa-

tients with the MS was signifi cantly higher (p=,) 

than in non-diabetic peritoneal patients with the 

MS (Table ). There was no difference in the preva-

lence of ischemic heart disease between this two 

category of peritoneal dialysis patients (p=,).

Discussion

The metabolic syndrome represents a clustering of 

metabolic risk factors for development of cardiovas-

cular disease. The available evidence indicates that 

between  to  of the world’s general population 

have features of metabolic syndrome (). Because 

of this relatively high prevalence, the metabolic syn-

drome accounts for an increasing proportion of car-

diovascular risk worldwide. Despite its high preva-

lence, little is known of the prospective association 

of the metabolic syndrome with cardiovascular mor-

bidity and mortality in peritoneal dialysis patients. 

Chronic ambulatory peritoneal dialysis is associated 

with a number of metabolic abnormalities. These in-

clude lipid abnormalities, especially hypertriglyceride-

mia, carbohydrate abnormalities resulting of the large 

glucose absorption from peritoneal dialysate, protein 

depletion, obesity etc. (). Although some of these 

metabolic abnormalities are separately strong car-

diovascular risk factor, links among different condi-

tions and components appear to be an independent 

and aggravating risk factor for cardiovascular diseases. 

< e dialysis population has a much higher risk of car-

diovascular mortality compared with the general 

population (). < e patients with chronic kidney dis-

ease stages  and  with the metabolic syndrome have 

a signifi cantly higher risk mortality compared to those 

without the metabolic syndrome (). In a study by a 

Johnson’s group (), the prevalence of the MS was 

highest among those on peritoneal dialysis (). Pa-

tients on peritoneal dialysis compared with those on 

haemodialysis might be more at risk for the MS due to 

impaired glucose regulation. It is known that peritoneal 

type 2 diabetic patients (25) Non-diabetic patients (12)

Patients At the beginning CAPD At the end of observation At the beginning CAPD At the end of observation

With the MS 15 (60%) 25 (100%) 4 (33,3%) 6 (50%)

Without the MS 10 (40%) - 8 (66,7%) 6 (50%)

With 3 RF 6 (12%) 3 (12%) 3 (33,3%) 5 (41,7%)

With 4 RF 8 (32%) 9 (36%) 1 (8,3%) 1 (8,3%)

With 5 RF 1 (4%) 13 (52%) - -

At the beginning of CAPD treatment At the end of follow-up

Type 2 diabetic patients Non-diabetic patients Type 2 diabetic patients Non-diabetic patients

χ2 test 2,308 14,919 4 (33,3%) 6 (50%)

p-value 0,315 0,0005** 8 (66,7%) 6 (50%)

ischemic heart 
disease

LVH

type 2 diabetic patients 
with the MS

44% 84%

non-diabetic patients 
with the MS

25% 33,3%

p-value 0,076 0,002*

TABLE 2. Distribution of the metabolic syndrome in peritoneal dialysis patients

**p<0,001

TABLE 3. < e metabolic syndrome in peritoneal dialysis patients

*p<0,05

TABLE 4. < e prevalence of cardiovascular diseases in peritoneal  
dialysis patients
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dialysis solutions contain large quantities of glucose and 

- of the glucose installed into the peritoneal cavity 

is absorbed, corresponding to - g of glucose per 

day (). That should be alert to the development of 

the MS among patients undergoing peritoneal dialysis. 

Young et al. () examined the prevalence of the MS 

at the time of renal replacement therapy initiation 

in a group of  incident dialysis patients ( hae-

modialysis and  peritoneal dialysis) using NCEP 

criteria and found that the overall prevalence of the 

MS was , in that population. Another recent 

study showed the prevalence of the MS of , 

among cohort of  peritoneal dialysis patients (). 

The prevalence of the MS in our study was highly 

,. At the beginning of continuous ambulatory 

peritoneal dialysis treatment, the prevalence of the 

MS was higher in type  diabetic patients than in non-

diabetic peritoneal patients, but without significant 

difference (p=,). During to follow-up, the MS 

has been noted significantly more in the type  dia-

betic patients than in non-diabetic patients (p=,). 

The results of a large number of cross-sectional 

and longitudinal studies confirmed the unfavor-

able impact of the metabolic syndrome on cardio-

vascular risk profile and associated of the metabolic 

syndrome with an increased risk of cardiovascular dis-

ease and death in general population (, ). Kwan 

et al. found that the -year cardiovascular survival 

for patients on peritoneal dialysis with and with-

out the metabolic syndrome was  and , (). 

A considerable number of studies have demonstrated 

that modifi cations of the left ventricular structure take 

place in a considerable proportion of patients with the 

metabolic syndrome (). We found that  of type 

 diabetic peritoneal dialysis patients with the MS and 

, of non-diabetic peritoneal dialysis patients with 

the MS showed left ventricular hypertrophy. < e preva-

lence of LVH was signifi cantly higher in type  diabetic 

patients with the MS (p=,). < is fi nding emphasizes 

that the metabolic syndrome in peritoneal dialysis pa-

tients is important factor for the development or pro-

gression of cardiac organ damage. < e increased cardio-

vascular risk profi le of the metabolic syndrome might 

be interplayed between metabolic factors (such as hy-

perglycemia, hyperinsulinaemia) and other non-meta-

bolic factors (haemodynamic and non-haemodynamic). 

Ischemic heart disease was found in  of type  dia-

betic peritoneal dialysis patients with the MS and  

of non-diabetic peritoneal dialysis patients with the 

MS, but without significantly difference (p=,). 

Therefore, there is a strong reason for intensive 

risk factor modification of the metabolic syn-

drome in peritoneal dialysis patients and inter-

vention programme for multiple risk factors. 

Conclusion

- < e metabolic syndrome is common in peritoneal dialysis patients with the prevalence of ,. 

- < e prevalence of the metabolic syndrome signifi cantly increases in type  diabetic patients undergoing CAPD 

treatment.

- Left ventricular remodeling is much higher in type  diabetic patients with the metabolic syndrome undergoing 

peritoneal dialysis than in non-diabetic peritoneal dialysis patients. 

- < e metabolic syndrome has important contribution to the risk of high cardiovascular morbidity rate in these 

patients.
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