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Metabolic Syndrome in Peritoneal Dialysis Patients:
Choice of Diagnostic Criteria and Prognostic
Implications
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Philip Kam-Tao Li

Abstract
Background and objective In the general population, metabolic syndrome (MES) is associated with cardiovascular risk. However, the deﬁnition of MES and its prognostic implication among patients undergoing peritoneal
dialysis (PD) remain controversial.
Design, setting, participants, & measurements We studied 329 prevalent PD patients from April 2008 to April 2011
and compared four sets of diagnostic criteria: the original World Health Organization (WHO) criteria, the
International Diabetes Federation (IDF) criteria, the original National Cholesterol Education Program (NCEP)
criteria, and the modiﬁed NCEP criteria. Nutritional status, body composition, and arterial pulse-wave velocity
were measured. Patients were followed for 31.7615.5 months.
Results Among the 329 patients, 175 (53.2%) fulﬁlled the WHO criteria, 177 (53.8%) the IDF criteria, 199 (60.5%)
the original NCEP criteria, and 218 (66.3%) the modiﬁed NCEP criteria. The agreement among the four sets of
criteria was fair to moderate (Cohen k=0.35–0.58). Patients with MES deﬁned by all four criteria had higher
adipose tissue mass than the others, although the difference in adipose tissue mass was most pronounced with
the IDF criteria (MES versus no MES, 18.267.9 versus 10.765.9 kg; P,0.001). Patients with MES, as deﬁned
by the IDF criteria, were hospitalized longer than those without MES (3.82 [interquartile range, 0.00–12.61] versus
1.07 [interquartile range, 0.00–6.43]) days per year of follow-up; P=0.01). Overall survival, cardiovascular survival, or technique survival did not differ between patients with and without MES, irrespective of the diagnostic
criteria after adjustment for diabetic status.
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Conclusion In patients undergoing PD, overall survival, cardiovascular survival, and technique survival did not
differ between patients with and without MES, irrespective of diabetic status and diagnostic criteria. Further
studies are needed to establish a new deﬁnition or clinical scoring system for risk stratiﬁcation of PD patients.
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Introduction
Metabolic syndrome (MES) is a medical condition
with clustering of major risk factors for cardiovascular
diseases and type 2 diabetes (1). In the general population, MES is strongly associated with cardiovascular risk, mortality, diabetes mellitus, stroke, nonalcoholic
fatty liver disease, and gout (2,3). More recently, the
association of the MES with CKD is also emerging
(3). Previous studies show that patients with MES
have a higher risk of developing CKD (4–6). Among
patients undergoing hemodialysis, MES has been reported to be associated with systemic inﬂammation
(7) and predict hospitalization (8). More recently, the
prevalence and prognostic implication of MES in patients undergoing peritoneal dialysis (PD) have attracted attention because, partly as a result of the
glucose-containing dialysis solution, PD represents a
special challenge to body metabolism. For example,
Jiang et al. (9) noted that whereas 22% of patients
www.cjasn.org Vol 9 April, 2014

with ESRD met the diagnostic criteria of MES before
dialysis, nearly 70% exhibited MES after commencement of PD. In another study, Johnson et al. (10)
reported that MES occurs in 30% of patients with
stage 4 and 5 CKD and is associated with age, PD,
increased oxidative stress, and an increased risk of
future cardiovascular events.
Not only is MES prevalent in PD patients, but the
presence of MES per se probably plays an important
role in both macrovascular complications and endothelial dysfunction in these patients (11). In addition,
the presence of MES is associated with changes in
peritoneal solute clearance and solute transport rate
(11), as well as arterial pulse-wave velocity (PWV)
(12). In a study of 106 nondiabetic PD patients, Park
et al. (13) note that nearly 50% had MES, and it was a
signiﬁcant independent predictor of mortality. In another study of 280 nondiabetic PD patients followed
for an average of 48 months, Liao et al. (14) found that
Copyright © 2014 by the American Society of Nephrology
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Table 1. Diagnostic criteria of metabolic syndrome

Category
Insulin
resistance

Obesity

Dyslipidemia

Hypertension
Microalbuminuria
Dysglycemia

WHO, 1998 (15)

IDF, 2005 (1)

Known diabetes/
IFG/IGT or
insulin resistance
plus $2 criteria
from the
categories
below
BMI$30 kg/m2
or waist-to-hip
ratio .0.9 for
men and .0.85
for women

–

TG$151 mg/dl or
HDL-C,34.8
mg/dl for men
or ,38.7 mg/dl
for women
Receiving treatment
or BP$140/90
mmHg
Urinary AER$20
mg/min or
ACR$20 mg/g

Waist circumference
$94 cm for men
and $80 cm for
women (a
prerequisite)
plus $2 of the
criteria from the
categories below
TG $151 mg/dl
Low HDL-C,38.7
mg/dl in men or
,50.3 mg/dl in
women
Receiving treatment
or BP$130/85
mmHg

FPG$101 mg/dl

Original NCEP,
2001 (16,22)

Modiﬁed
NCEP (23)

–
$3 of the criteria
from the categories
below

–
$3 criteria from
the categories
below

Waist circumference
.102 cm for men and
.88 cm for women

BMI.30 kg/m2
for white persons;
.25 kg/m2 for
Asian persons

TG $151 mg/dl
Low HDL-C,38.7
mg/dl in men or
,50.3 mg/dl in
women
Receiving treatment or
BP$130/85 mmHg

TG $151 mg/dl
Low HDL-C,38.7
mg/dl in men or
,50.3 mg/dl in
women
Receiving treatment
or BP$130/85
mmHg

FPG$101 mg/dl

FPG$101 mg/dl
or receiving
treatment for
diabetesa

WHO, World Health Organization; IDF, International Diabetes Federation; NCEP, National Cholesterol Education Program; IFG,
impaired fasting glucose; IGT, impaired glucose tolerance; BMI, body mass index; TG, triglyceride; HDL-C, high-density lipoprotein
cholesterol; AER, albumin excretion rate; ACR, albumin-to-creatinine ratio; FPG, fasting plasma glucose.
a
Insulin or any oral hypoglycemic agent.

MES was independently associated with increased risk for
cardiovascular death as well as fatal or nonfatal cardiovascular events. Similarly, Rasic et al. (15) noted that the overall prevalence of the MES was nearly 90% in PD patients
and that MES represents an important risk factor for the
high cardiovascular morbidity rate in these patients.
Unfortunately, the deﬁnition of MES is still debated, and
no standardized deﬁnition has been established for MES
as a cluster of risk factors for diabetes or cardiovascular
disease in PD patients (16). Traditional criteria for MES
may not apply to the PD population because these patients
tend to have a larger waist circumference, their metabolic
measures may be affected by glucose in the dialysis solution, and there is a confounding factor of excessive body
ﬂuid. In 1998, Alberti and Zimmet proposed, for the ﬁrst
time, a deﬁnition for MES for the World Health Organization (WHO) (17). In 2001, the National Cholesterol Education Program (NCEP) Expert Panel (Adult Treatment
Panel [ATP] III) proposed a simple diagnostic criterion
for clinical identiﬁcation of MES in their third report
(18). A modiﬁed NCEP III guideline for the diagnosis of
MES in PD patients has also been proposed to circumvent

the practical difﬁculty of measuring waist circumference in
PD patients (19).

Materials and Methods
Patient Selection
We studied 329 prevalent PD patients from April 2008 to
April 2011 in the dialysis unit of a single university hospital
in Hong Kong, which is the only dialysis service provider
within the region, with a population of 1.2 million. The
study was approved by the Clinical Research Ethics
Committee of the Chinese University of Hong Kong, and
all study procedures adhered to the Declaration of Helsinki. All patients provided inform consent to participate in
the study. We excluded patients who had a failed kidney
allograft, planned to have elective living donor transplant,
or planned transfer to other renal center within 6 months.
Clinical data were recorded by chart review. The modiﬁed
Charlson comorbidity index, which has been validated in
PD patients (20), was used to calculate a comorbidity
score. Nutritional status was represented by serum albumin level, subjective global assessment (21), comprehensive
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malnutrition-inﬂammation score (MIS) (22), and normalized protein nitrogen appearance (23). The calculation of
MIS has been described previously (22). Brieﬂy, MIS consists of four main parts: patient’s related medical history,
physical examination, body mass index, and laboratory
measures, with 10 components in total. These components
are scored from 0 (normal) to 3 (very severe); thus, the total
score ranges from 0 to 30.
Definition of Metabolic Syndrome
We compared four sets of diagnostic criteria for MES: the
original WHO criteria (17), the International Diabetes Federation (IDF) criteria (1), the original NCEP ATP III criteria
(18,24), and the modiﬁed NCEP criteria (25). The details of
these diagnostic criteria are summarized in Table 1. Waist
circumference and waist-to-hip ratio were determined by
conventional methods. The average of three BP measurements, each obtained at least 1 month apart, was used.
Body weight was measured with a dry abdomen or with
PD dialysate in abdomen minus the volume of PD dialysate infused, in liters (25). Fasting plasma glucose was
measured after an overnight fast but with continuation
of PD therapy with 1.5% dextrose dialysate (25).
Measurement of Body Fat Content and Body Composition
We used bioimpedance spectroscopy (Body Composition
Monitor, Fresenius Medical Care, Germany) to measure the
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body ﬂuid and fat content. The method was described in
our previous study (26). Brieﬂy, electrodes were attached to
one hand and one foot with the patient in a supine position.
After the patient cable was connected, the measurement
would complete automatically in 2 minutes. By measuring
the electrical resistance to a wide range of frequencies, the
volumes of total body water and the extracellular water could
be determined. Adipose tissue mass and volume of overhydration could then be computed as secondary measures.
Arterial PWV
PWV, an index of aortic stiffness, was measured using an
automatic computerized recorder, and the results were
analyzed using the Complior SP program (Artech Medical,
France). The method of PWV measurement was described
previously (27). All measurements were performed by the
same observer.
Clinical Follow-Up
All patients were followed till December 2012. Clinical
management was decided by individual clinician and was
not affected by the study. Although all clinicians have
access to the biochemical and hospitalization data of each
individual patient, the clinical record did not list the diagnosis of MES and the label “MES” was not routinely used
in patient care. Outcome measures include patient survival,
technique survival, number of hospital admissions, and total

Table 2. Baseline characteristics of the patients

Characteristic

All Patients

Diabetic Patients

Nondiabetic Patients

Patients (n)
Men:women (n:n)
Age (yr)a
Body build
Height (cm)
Weight (kg)a
Body mass index (kg/m2)a
Waist circumference (cm)a
Hip circumference (cm)a
Waist-to-hip ratioa
Duration of dialysis (mo)a,b
BP (mmHg)
Systolic
Diastolica
Diagnosis, n (%)a
GN
Diabetes
Hypertension
Polycystic
Obstruction
Others/unknown
Major comorbidity
Diabetes, n (%)a
Coronary heart disease, n (%)a
Cerebrovascular disease, n (%)a
Charlson comorbidity index score

329
165:164
59.8612.3

133
74:59
64.669.8

196
91:105
56.5612.7

160.268.0
62.1612.4
24.163.9
90.3610.8
96.468.2
0.9460.08
26.6 (13.3–57.0)

160.568.0
66.0612.5
25.563.5
95.369.7
99.368.1
0.9660.08
21.9 (11.6–39.7)

160.068.1
59.4611.6
23.163.9
86.9610.1
94.567.7
0.9260.07
30.0 (14.6–66.2)

141.0622.0
75.3612.0

143.1623.5
71.2611.2

139.5620.8
78.1611.7

104 (31.6)
103 (31.3)
26 (7.9)
15 (4.6)
17 (5.2)
64 (19.5)

10 (7.5)
103 (77.4)
6 (4.5)
1 (0.8)
2 (1.5)
11 (8.3)

94 (48.0)
0
20 (10.2)
14 (7.1)
15 (7.7)
53 (27.1)

133 (40.4)
61 (18.5)
70 (21.3)
5.662.6

133 (100)
39 (29.3)
41 (30.8)
7.662.1

0
22 (11.2)
29 (14.8)
4.261.9

Values expressed with a plus/minus sign are the mean6SD.
a
Signiﬁcant difference between diabetic and nondiabetic patients.
b
Data presented as median (interquartile range).
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duration of hospitalization. Censoring events for patient survival include transfer to long-term hemodialysis, kidney
transplant, recovery of renal function, loss to follow-up,
and transfer to other dialysis centers. Death within 30 days
of switching to hemodialysis was considered death on PD.
Death, kidney transplantation, and permanent cessation of
PD was deﬁned as technique failure. Kidney transplantation
was considered as an event for technique failure because
some patients might have received priority organ allocation
if they had impending technique failure.
Statistical Analyses
Statistical analyses were performed by SPSS for Windows software, version 15.0 (SPSS, Inc., Chicago, IL). Data
are expressed as mean6SD or median (interquartile range
[IQR]). Data were compared by t test, chi-squared test, or
Pearson correlation coefﬁcient as appropriate. Because the
data on hospital admission and duration of hospitalization
are highly skewed, they were compared between groups
by the Mann–Whitney U test. Survival data are presented
in the Kaplan–Meier plot and compared between groups by
log-rank test. P,0.05 was considered to represent a statistically signiﬁcant difference. All probabilities were two tailed.

Results
We studied total of 329 PD patients. The baseline clinical
characteristics are summarized in Table 2 and baseline biochemical variables in Table 3. Among the 329 patients, 305
(92.7%) were receiving antihypertensive agents; 122
(37.1%) were treated with statins.

Prevalence of MES
The prevalence of MES as deﬁned by four sets of criteria
was explored. Among the 329 patients, 175 (53.2%) fulﬁlled
the WHO criteria, 177 (53.8%) the IDF criteria, 199 (60.5%)
the original NCEP criteria, and 218 (66.3%) the modiﬁed
NCEP criteria. With the original NCEP criteria, 2, 53, 75, 85,
71, and 43 patients fulﬁlled zero, one, two, three, four, and
ﬁve criteria, respectively. With the modiﬁed NCEP criteria,
the corresponding numbers of patients were 2, 38, 71, 89,
82, and 47.
In general, the agreement among the four sets of criteria
was fair to moderate (Cohen k=0.35–0.58, details not shown),
except the original and modiﬁed NCEP criteria had good
agreement (Cohen k=0.80).
Relation with Body Fat Content and PWV
The body composition (adipose tissue mass and volume
of overhydration as assessed by bioimpedance spectroscopy) and arterial PWV between patients with and without
MES, as deﬁned by the four sets of criteria, are compared
and summarized in Table 4. In short, patients with MES as
deﬁned by any of the four criteria had higher adipose
tissue mass than patients without MES, although the difference was most pronounced with the IDF criteria
(18.267.9 versus 10.765.9 kg, P,0.001). Furthermore,
the IDF criteria were least affected by the degree of overhydration, as assessed by bioimpedance spectroscopy.
The result remained similar when only nondiabetic patients were analyzed, although the interference of overhydration was minimal in nondiabetic patients, irrespective
of the criteria.

Table 3. Baseline biochemical profile of the patients

Variable

All Patients

Diabetic Patients

Nondiabetic Patients

Patients (n)
Malnutrition inﬂammation scorea
Subjective global assessment
Hemoglobin (g/dl)
Serum albumin (g/L)a
Fasting plasma glucose (mg/dl)a
Lipid proﬁle (mg/dl)
Total cholesterol
Triglyceridea
LDL cholesterola
HDL cholesterola
Total Kt/V
Residual GFR (ml/min per 1.73 m2)b
NPNA (g/kg per day)
Peritoneal transport
D/P creatinine
MTAC creatinine (ml/min per 1.73 m2)
Body composition
Adipose tissue mass (kg)a
Overhydration (L)a
Carotid-femoral PWV (m/sec)a

329
7.063.6
5.460.9
9.2061.67
35.465.0
112642

133
7.463.5
5.460.9
9.2561.48
34.564.4
129658

196
6.763.6
5.560.9
9.1761.79
36.265.3
101618

200650
1686105
116641
50.3619.3
2.0160.72
1.12 (0.00–2.83)
1.1260.23

195660
1896115
110645
45.3620.0
2.0361.00
1.48 (0.00–3.50)
1.1560.26

203642
154694
120638
53.8617.8
1.9960.47
0.83 (0.00–2.43)
1.1060.21

0.5960.13
8.2664.13

0.5960.13
7.9663.76

0.6060.13
8.4564.36

14.567.9
2.762.9
10.462.7

16.266.4
4.363.3
11.562.8

13.468.8
1.662.0
9.562.3

Values expressed with a plus/minus sign are the mean6SD. NPNA, normalized protein nitrogen appearance; D/P, dialysate-toplasma concentration ratio of creatinine; MTAC, mass transfer area coefﬁcient; PWV, pulse-wave velocity.
a
Signiﬁcant difference between diabetic and nondiabetic patients.
b
Data presented as median (interquartile range).
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Table 4. Comparison of body composition, peritoneal transport, and arterial pulse wave velocity between patients with and without
metabolic syndrome

All Patients
Variable
Adipose tissue mass (kg)
WHO criteria
IDF criteria
Original NCEP criteria
Modiﬁed NCEP criteria
Overhydration (L)
WHO criteria
IDF criteria
Original NCEP criteria
Modiﬁed NCEP criteria
D/P at 4 hr
WHO criteria
IDF criteria
Original NCEP criteria
Modiﬁed NCEP criteria
MTAC creatinine (ml/min
per 1.73 m2)
WHO criteria
IDF criteria
original NCEP criteria
modiﬁed NCEP criteria
Carotid-femoral PWV (m/sec)
WHO criteria
IDF criteria
Original NCEP criteria
Modiﬁed NCEP criteria

Nondiabetic Patients

MES

No MES

P Value

MES

No MES

P Value

15.667.9
18.267.9
16.367.9
15.967.9

13.167.8
10.765.9
11.367.0
11.367.0

0.07
,0.001
0.001
0.002

14.2611.3
18.6610.4
16.7610.1
16.069.9

13.167.8
10.366.0
10.566.3
10.566.3

0.6
,0.001
0.002
0.01

3.763.2
3.063.2
3.163.1
3.363.1

1.562.0
2.562.7
2.162.6
1.461.9

,0.001
0.3
0.05
,0.001

1.862.1
1.862.3
1.361.7
1.862.1

1.562.0
1.561.9
1.762.2
1.461.9

0.7
0.5
0.4
0.5

0.5960.13
0.5860.12
0.5860.12
0.5960.13

0.6060.13
0.6160.14
0.6160.14
0.6060.14

0.9
0.02
0.06
0.4

0.6060.14
0.5860.12
0.5860.12
0.5960.13

0.5960.13
0.6160.13
0.6160.14
0.6060.13

0.6
0.13
0.13
0.6

8.1464.15
7.6663.75
7.8763.86
8.0063.95

8.3964.12
8.9564.44
8.8564.47
8.7764.44

0.6
0.01
0.04
0.12

8.9265.31
7.7864.06
8.0364.09
8.2864.41

8.3264.06
8.9164.51
8.7864.54
8.6364.33

0.4
0.08
0.2
0.6

11.062.9
10.863.0
10.863.0
10.762.9

9.662.3
10.062.4
9.662.1
9.762.4

0.001
0.03
0.002
0.02

9.162.4
9.662.5
9.462.6
9.462.5

9.6 6- 2.3
9.562.2
9.662.1
9.762.1

0.3
0.9
0.7
0.5

Values expressed with a plus/minus sign are the mean6SD. MES, metabolic syndrome; WHO, World Health Organization; IDF,
International Diabetes Federation; NCEP, National Cholesterol Education Program; D/P, dialysate-to-plasma creatinine ratio; MTAC,
mass transfer area coefﬁcient; PWV, pulse-wave velocity.

Patients with MES as deﬁned by any of the four criteria
had higher carotid-femoral PWV than patients without MES,
indicating a higher degree of arterial stiffness (see Table 4).
However, the difference becomes insigniﬁcant when only
nondiabetic patients were analyzed.
Patient and Technique Survival
The median duration of follow-up was 32.4 months (IQR,
21.3–45.7 months). During this period, 97 patients died.
The causes of death were coronary heart disease (21 cases),
sudden cardiac arrest (13 cases), stroke (14 cases), peritonitis (21 cases), nonperitonitis infection (12 cases), termination of dialysis (11 cases), cancer (3 cases), and other
speciﬁc causes (2 cases). During this period, another 28 patients were converted to hemodialysis, 22 had kidney
transplantation, 5 were transferred to other dialysis centers, and 1 had recovery of kidney function.
The Kaplan–Meier plots of overall survival, comparing
patients with and without MES as deﬁned by the four sets
of criteria, are shown in Figure 1. When deﬁned by the
WHO criteria, patients with MES had lower overall survival rate than those without MES (4-year survival rate,
54.4% versus 66.6%; log-rank test, P=0.02) (Figure 1A). In
contrast, patients with and without MES had similar overall survival when MES was deﬁned by the IDF, original

NCEP, or modiﬁed NCEP criteria. Furthermore, the effect
of MES, as deﬁned by the WHO criteria, on patient survival was due to the effect of diabetes. When only nondiabetic patients were analyzed, patients with and without
MES had similar overall survival, irrespective of the diagnostic criteria used for deﬁning MES (Figure 2). Similarly,
patients with and without MES, irrespective of the diagnostic criteria, had similar cardiovascular survival and
technique survival (details not shown). The result of analysis on technique survival remained similar when only
deaths and cessation of PD were considered as technique
failure (details not shown).
Hospitalization
During the follow-up period, there were a total of 1567
hospital admissions. The total duration of hospitalization
was 9261 days. We compare the number of hospital
admission and duration of hospitalization between patients with and without MES, and the result is summarized
in Table 5. In short, patients with MES, as deﬁned by any
of the four sets of criteria, had signiﬁcantly longer hospitalization than those without MES. Similarly, patients with
MES had more hospital admission than those without
MES, although the difference was not statistically signiﬁcant when MES was deﬁned by the IDF criteria. However,
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Figure 1. | Kaplan–Meier plots of patient survival for patients with and without metabolic syndrome (MES). Plots are defined by (A) World
Health Organization criteria, (B) International Diabetes Federation criteria, (C) original National Cholesterol Education Program criteria, and
(D) modified National Cholesterol Education Program criteria. Data are compared by log-rank test. When both diabetic and nondiabetic
patients are analyzed together, there is no significant difference in patient survival between patients with and without MES, except when MES is
defined by the World Health Organization criteria.

when only nondiabetic patients were analyzed, only patients with MES deﬁned by the IDF and original NCEP
criteria had longer hospitalization than those without
MES. Speciﬁcally, patients with and without MES, as deﬁned by the IDF criteria, were hospitalized for 3.82 (IQR,
0.00–12.61) and 1.07 (IQR, 0.00–6.43) days per year of
follow-up, respectively (P=0.01).

Discussion
In the present study, we found that all four sets of
diagnostic criteria for MES could identify PD patients with
excessive adipose tissue mass, although the higher body
weight of patients with MES was often attributable to
excess body water. Although MES is associated with a
higher arterial PWV, it appears to be largely the effect of
diabetes. We did not ﬁnd that MES affected patient
survival, cardiovascular survival, or technique survival
of Chinese PD patients. However, patients with MES,

especially when deﬁned by the IDF or original NCEP
criteria, had a longer duration of hospitalization compared
with patients without MES.
The deﬁnition of MES in PD patients has been difﬁcult
and controversial (16,25). In the original WHO criteria (17),
diabetes or insulin resistance is a prerequisite, which
favors a selection bias toward high-risk cases irrespective
of the metabolic problem. The IDF criteria put central obesity, as deﬁned by the waist circumference, as the prerequisite (1), which may be more akin to the original idea of
Reaven’s syndrome X (28). In contrast, the original NCEP
criteria (18,24) aim to be generic and use a scoring system
rather than having any speciﬁc prerequisite condition. In
theory, this approach would allow a more ﬂexible deﬁnition of MES. To complicate the issue, waist circumference,
which is used for the deﬁnition of obesity in both the IDF
and original NCEP criteria, could not be measured conveniently in PD patients as a result of the intraperitoneal
infusion of dialysis solution; thus, it has been proposed
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Figure 2. | Kaplan–Meier plots of patient survival for nondiabetic patients with and without metabolic syndrome (MES). Plots are defined by
(A) World Health Organization criteria, (B) International Diabetes Federation criteria, (C) original National Cholesterol Education Program criteria,
and (D) modified National Cholesterol Education Program criteria. Data are compared by log-rank test. When only nondiabetic patients are analyzed, there is no significant difference in patient survival between patients with and without MES, irrespective to the defining diagnostic criteria.

that body mass index should be used instead (25). Nonetheless, no study has determined the internal consistency
or compared the prognostic value of different sets of criteria. Our results indicate that the agreement among these
criteria is modest and that the IDF criteria are probably the
preferred choice because they are less affected by overhydration and have the best association with hospitalization
during follow-up. Although the modiﬁed NCEP criteria
avoid the difﬁculty of measuring waist circumference by
using body mass index for the deﬁnition of obesity, our
result indicates that the IDF and original NCEP criteria are
more clinically relevant, partly because measuring waist
circumference is less likely to mistake ﬂuid overload as
obesity.
The incidence of MES among our cohort of PD patients is
similar to that noted in previous reports (9,10,13,14). Unlike
previous studies (11,12), we found that the correlation between MES and peritoneal transport or arterial PWV was
at best modest and was not statistically signiﬁcant when
only nondiabetic patients were analyzed.

Contrary to the reports of Liao et al. (14) and Rasic et al.
(15), we did not ﬁnd a difference in all-cause mortality or
cardiovascular mortality between patients with and without MES. Nonetheless, our result is consistent with the
body of literature, all of which show that a higher body
mass index is associated with lower mortality in the dialysis population (29–31). Furthermore, several recent studies showed that in nonrenal populations, MES does not
predict the development of cardiovascular events with
greater power than some of its individual components
(32,33). In patients with CKD, MES as a syndrome may
be even less relevant because CKD is inherently linked to
so many of the MES components (34,35).
Although we did not ﬁnd a higher mortality in PD patients
with MES, we did observe a longer duration of hospitalization during follow-up in this group of patients (see Table 5),
which is in line with the previous report by Rasic et al. (15).
Unfortunately, we did not determine the causes of hospitalization in this study, and it remains uncertain whether the
excessive hospitalization in patients with MES was the result
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Table 5. Comparison of number of hospital admissions and duration of hospitalization between patients with and without metabolic
syndrome

All Patients

Nondiabetic Patients

Variable

Hospital admissions
(n/yr follow-up)
WHO criteria
IDF criteria
Original NCEP
criteria
Modiﬁed NCEP
criteria
Duration of
hospitalization
(d/yr follow-up)
WHO criteria
IDF criteria
Original NCEP
criteria
Modiﬁed NCEP
criteria

MES

No MES

P
Value

MES

No MES

P
Value

1.52 (0.00–3.15)
1.24 (0.00–2.63)
1.24 (0.00–2.81)

0.54 (0.00–1.79)
0.61 (0.00–2.45)
0.56 (0.00–2.15)

,0.001
0.12
0.01

0.73 (0.00–2.62)
1.06 (0.00–2.30)
0.73 (0.00–2.16)

0.53 (0.00–1.79)
0.38 (0.00–1.38)
0.53 (0.00–1.80)

0.3
0.06
0.12

1.24 (0.00–2.81)

0.53 (0.00–2.15)

0.01

0.64 (0.00–2.16)

0.53 (0.00–1.73)

0.16

6.02 (0.00–22.20)
5.06 (0.00–16.26)
5.26 (0.00–19.18)

1.58 (0.00–8.35)
2.38 (0.00–12.37)
2.27 (0.00–8.61)

,0.001
0.04
0.01

2.51 (0.00–14.93)
3.82 (0.00–12.61)
2.25 (0.00–13.16)

1.51 (0.00–8.45)
1.07 (0.00–6.43)
1.28 (0.00–6.52)

0.2
0.01
0.05

4.92 (0.00–17.77)

2.25 (0.00–8.93)

0.01

1.84 (0.00–12.36)

1.64 (0.00–8.35)

0.18

Data are presented as median (interquartile range) and compared by the Mann–Whitney U test. MES, metabolic syndrome; WHO,
World Health Organization; IDF, International Diabetes Federation; NCEP, National Cholesterol Education Program.

of a higher incidence of cardiovascular disease. Of note,
however, the difference in number of hospital admission
was actually less pronounced compared with the difference
in duration of hospitalization, indicating that PD patients
with MES need to stay in the hospital longer for each admission. Further studies are needed to test whether PD patients with MES have more nosocomial complications, which
may account for the excessive hospital stay.
Our study had several limitations. First, the sample size
may not have been sufﬁcient to compare one set of criteria
to another, and the duration of follow-up may not have
been long enough to determine the effect of MES on survival.
As mentioned above, we did not determine the causes of
hospitalization in this study. Our previous study suggests
that nearly half of the hospital admissions of our PD patients
are due to cardiovascular diseases (36). Unfortunately, the
cause of hospital admission could be multiple in many patients, and additional hospital stay is often the result of unrelated reasons (e.g., nosocomial complications). It is
therefore difﬁcult to analyze the data on hospitalization for
cardiovascular problems.
Because of limitations in the original study design, we did
not explore the interaction between MES and other traditional or nontraditional cardiovascular risk factors, such as
inﬂammation, protein energy wasting, and hyperhomocysteinemia. Since .90% of our patients were hypertensive, it
was impossible to determine the effect of hypertension on
patient outcome. It would be interesting to explore whether
the associations between MES and clinical outcomes indeed
differ from the associations between individual MES components, and further study is needed to answer this question.
Although we measured arterial PWV as a surrogate marker
of vascular stiffness, we have no data on the actual degree of
endothelial dysfunction or atherosclerosis. In this study, we

used bioimpedance spectroscopy to measure the adipose tissue mass. However, the accuracy of adipose tissue mass as
measured by bioimpedance spectroscopy remains uncertain.
More important, our study shows that MES, irrespective of
the diagnostic criteria, may not provide much prognostic
information. Further studies are urgently needed to
establish a new deﬁnition or clinical scoring system for
risk stratiﬁcation of PD patients.
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