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Abstract

Metabolic syndrome is associated with an increased risk of diabetes and cardiovascular disease. Although some data suggest that the
prevalence of metabolic syndrome is higher in patients undergoing peritoneal dialysis (PD), the factors related to this increased risk are not
well elucidated. We therefore examined whether peripheral white blood cell (WBC) count is correlated with the risk of metabolic syndrome
in nondiabetic PD patients. We enrolled 104 nondiabetic PD patients without current infections or chronic inflammatory diseases. Complete
blood cell count, anthropometry, blood pressure, fasting glucose, insulin, and lipid profiles were measured. Metabolic syndrome was defined
in accordance with the National Cholesterol Education Program (Adult Treatment Panel III) criteria. Metabolic syndrome was present in 49
patients (47.1%). Patients with metabolic syndrome had a higher WBC count and high-sensitivity C-reactive protein level. As the number of
metabolic syndrome components increased, WBC count increased significantly. White blood cell count was significantly positively
correlated with body mass index, insulin, homeostasis model assessment of insulin resistance, and triglyceride and negatively correlated with
high-density lipoprotein cholesterol. The risk of metabolic syndrome increased significantly with a higher WBC count, resulting in an
adjusted odds ratio of 1.65 (per 103/μL increase, P = .002). These findings demonstrate that metabolic syndrome is prevalent among
nondiabetic PD patients and that WBC count is strongly associated with metabolic syndrome and its components.
© 2009 Elsevier Inc. All rights reserved.
1. Introduction

Metabolic syndrome is defined as the coexistence of risk
factors that include high blood pressure (BP), elevated
triglycerides (TG), low high-density lipoprotein (HDL)
concentrations, impaired glucose tolerance, and excess
abdominal fat. Metabolic syndrome and each of its
components are well-known risk factors for cardiovascular
disease and type 2 diabetes mellitus [1].

Chronic low-grade inflammation has been proposed to be
related to the development of both insulin resistance and
atherogenesis [2]. Significant associations between inflam-
mation and type 2 diabetes mellitus, central fat accumulation,
insulin resistance, and dyslipidemia have been described [3],
supporting the notion that inflammation is closely related to
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lipid and glucose metabolism. One hypothesis regarding the
relationship between inflammation and insulin resistance
states that chronic inflammation induces obesity and glucose
intolerance. Another concept is that metabolic disturbances
are proinflammatory and by themselves stimulate the
inflammatory process [4].

Inflammatory markers such as C-reactive protein (CRP)
have been found to be associated with metabolic distur-
bances in the general population and in patients undergoing
hemodialysis [5,6]. Given that white blood cell (WBC) count
is a conventional and simple measure of systemic inflamma-
tion, reports have previously demonstrated the relationship
between WBC count and metabolic syndrome in the general
population [7]. However, the association between WBC
count and metabolic syndrome in patients with end-stage
renal disease (ESRD) has rarely been explored. In this study,
therefore, we investigated the relationship between WBC
count and metabolic syndrome in nondiabetic ESRD patients
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undergoing peritoneal dialysis (PD), who are vulnerable to
hyperglycemia and weight gain due to excessive glucose
absorbed from the dialysate [8,9].
2. Subjects and methods

2.1. Patient population

This study is a cross-sectional observational study of 104
ESRD patients undergoing PD. Patients were recruited from
a single Korean dialysis center and were followed up at
Yonsei University Health System in Seoul, Korea. We
excluded patients who were younger than 18 years, who had
maintained PD for fewer than 3 months, who had overt
infections during the last 3 months before entry or within 1
month after the enrollment, or who had a history of
malignancy or other chronic inflammatory disease such as
rheumatoid arthritis or systemic lupus erythematosus. To
reduce confounding factors of glucose and lipid metabolism,
diabetic patients were excluded.

Demographic data were obtained by a senior nursing
clinician. Height and body weight were measured at the time
of blood sampling. Body mass index (BMI) was calculated
as weight divided by height squared. Systolic and diastolic
blood pressures (SBP and DBP) were measured by nursing
staff using standard mercury sphygmomanometers on the
right arm of seated participants who had rested for at least 5
minutes. To simulate the actual dialysis condition, all
patients had a full abdomen at the time of blood sampling.
Blood samples for laboratory measurements were drawn
from the antecubital vein after the first 2 hours of PD
exchange with 1.5% dextrose dialysate in an overnight
fasting state. The preceding overnight dwell was regulated to
1.5% dextrose dialysate to minimize and standardize the
effect of glucose load. Informed consent was obtained by all
participants before study entry.

2.2. Laboratory measurements

Plasma was separated from blood within 30 minutes and
stored at −70°C until analysis. Fasting glucose was measured
by the glucose oxidase method; and insulin concentration, by
immunoradiometric assay (RIABEAD II kit; Abbott, Japan;
intraassay coefficient of variation, 1.2%-1.9%; interassay
coefficient of variation, 1.4%-3.3%). Serum total cholesterol,
HDL cholesterol, and TG concentrations were measured by
an autoanalyzer with enzymatic colorimetric method (Hitachi
7150; Hitachi, Tokyo, Japan); and serum albumin levels, by
the photometric bromocresol green complex method using a
Hitachi 917 (Roche Diagnostics, Indianapolis, IN). Low-
density lipoprotein (LDL) cholesterol was calculated using
the Friedewald formula. High-sensitivity CRP (hsCRP)
levels were measured using a BN II analyzer (Dade Behring;
Newark, DE) by a latex-enhanced immunonephelometric
method. Total WBC count was determined by an auto-
analyzer (ADIVA 120; Bayer, Leverkusen, Germany).
2.3. Metabolic syndrome and estimation of
insulin resistance

Metabolic syndrome was diagnosed using the National
Cholesterol Education Program (Adult Treatment Panel
[ATP] III) criteria [10], which define it as the presence of 3
or more of the following criteria: (1) SBP of at least 130 mm
Hg and/or DBP of at least 85 mm Hg, (2) serum TG of at
least 150 mg/dL, (3) serum HDL cholesterol less than 40 mg/
dL in men or less than 50 mg/dL in women, (4) fasting
plasma glucose of at least 110 mg/dL, and (5) abdominal
obesity. Abdominal obesity was defined based on BMI rather
than on waist circumference measures. Participants with a
BMI of at least 25 kg/m2 were classified as having central
obesity according to the World Health Organization Western
Pacific Regional Office BMI criteria [11]. The modified ATP
III definition used has been previously validated to
determine metabolic syndrome better than the WHO criteria
among Koreans [12].

Insulin resistance was calculated by the homeostasis
model assessment (HOMA-IR) using the following formula:

HOMA−IR = ½fasting insulin in microunits per milliliterð Þ
� fasting serum glucose ðin millimoles per literÞ=22:5�:

2.4. Statistical analysis

Statistical analysis was performed using SPSS software
for Windows, version 13.0 (SPSS, Chicago, IL). All data
were expressed as mean ± SD. Because of the log-normally
distributed values of insulin, TG, hsCRP, and HOMA-IR,
their natural log values were used for analysis. Geometric
means for all log-normally distributed continuous variables
were calculated and reported with 95% confidence intervals
(CIs). Because dialysis duration was also not normally
distributed, median values with ranges were reported. To
compare differences between patients with and without
metabolic syndrome, Student t test or Mann-Whitney U test
was used for continuous variables and the χ2 test was used
for categorical variables. White blood cell counts present
across the numbers of metabolic syndrome components
were compared by the P value for trend test. Pearson
correlation analysis was performed to estimate the correla-
tion between WBC count and other variables. Odds ratios
(ORs) of having metabolic syndrome with increasing WBC
count and hsCRP level were calculated by logistic
regression. Confounders for adjustment included age,
male sex, and a history of smoking. In addition, WBC
count and hsCRP concentrations were adjusted for each
other. Receiver operating characteristic (ROC) analysis was
conducted to determine the power of WBC count in
diagnosing metabolic syndrome. Area under the curve was
calculated for WBC count and hsCRP levels. A P value less
than .05 was considered statistically significant.



Table 2
Comparison of clinical and biochemical variables in patients with and
without metabolic syndrome

Without MS (n = 55) With MS (n = 49)

Age (y) 50.4 ± 10.4 53.0 ± 10.2
Sex (male/female) 29/26 18/31
Smoking
Ever (%) 14 (25.5) 18 (36.7)
Current (%) 6 (10.9) 8 (16.3)
BMI (kg/m2) 22.8 ± 2.7 25.4 ± 3.1⁎

Duration of PD (mo) 83.6 (19.1-210.4) 84.0 (6.7-163.8)
SBP (mm Hg) 147.4 ± 22.8 147.4 ± 16.6
DBP (mm Hg) 85.9 ± 8.0 88.4 ± 8.4
Fasting glucose (mg/dL) 87.4 ± 11.9 97.5 ± 15.2⁎

Insulin (μU/mL) 5.8 (4.8-7.5) 10.2 (8.1-13.0)⁎

HOMA-IR 1.2 (1.1-1.7) 2.4 (1.9-3.2)⁎

WBC count (/μL) 5715.1 ± 1546.3 7132.7 ± 1534.2⁎

ANC (/μL) 3568.6 ± 1130.2 4632.0 ± 1411.9⁎

ALC (/μL) 1312.5 ± 460.2 1662.0 ± 640.2⁎

AMC (/μL) 301.6 ± 144.4 397.5 ± 198.9⁎

AEC (/μL) 331.4 ± 277.7 375.4 ± 323.1
ABC (/μL) 33.6 ± 24.1 38.9 ± 19.1
hsCRP (mg/dL) 0.78 (0.54-1.14) 1.66 (1.13-2.43)⁎

Total cholesterol (mg/dL) 184.0 ± 39.7 198.4 ± 34.8
TG (mg/dL) 98.5 (89.6-122.5) 183.5 (150.3-219.2)⁎

HDL cholesterol (mg/dL) 49.2 ± 12.4 39.7 ± 11.1⁎

LDL cholesterol (mg/dL) 115.2 ± 31.6 111.3 ± 38.5
Erythropoietin (U/wk) 5309.1 ± 3447.3 5265.3 ± 3334.0

Data are expressed as mean ± SD or geometric mean (95%CI); median value
(range) is expressed for duration of PD. MS indicates metabolic syndrome;
ALC, absolute lymphocyte count; AEC, absolute eosinophil count; ABC,
absolute basophil count.
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3. Results

3.1. Patient characteristics

Baseline patient characteristics are listed in Table 1. The
mean age was 51.6 ± 13.2 years, 47 patients (45.2%) were
male, and the mean BMI was 24.1 ± 3.2 kg/m2. The median
continuous ambulatory PD duration was 83.6 (6.7-210.4)
months, and 79 patients (76.0%) were on erythropoietin
treatment. The mean fasting glucose levels were 92.1 ±
14.4 mg/dL, and 22 patients had fasting glucose levels greater
than 100 mg/dL. All patients were prescribed continuous
ambulatory PD with a daily dialysate volume of 8 L.

3.2. Comparison between patients with and without
metabolic syndrome

Based on the presence of metabolic syndrome, patients
were divided into 2 groups. Metabolic syndrome was
present in 49 patients (47.1%). Body mass index (22.8 ± 2.7
vs 25.4 ± 3.1 kg/m2, P b .001), fasting glucose (87.4 ± 11.9
vs 97.5 ± 15.2 mg/dL, P b .001), HOMA-IR (1.2, 95% CI:
1.1-1.7 vs 2.4, 95% CI: 1.9-3.2, P b .001), and TG levels
(98.5 mg/dL, 95% CI: 89.6-122.5 vs 183.5 mg/dL, 95% CI:
150.3-219.2, P b .001) were significantly higher, whereas
HDL cholesterol levels (49.2 ± 12.4 vs 39.7 ± 11.1 mg/dL,
P b .001) were significantly lower in patients with
metabolic syndrome. In contrast, there were no differences
in SBP (147.4 ± 22.8 vs 147.4 ± 16.6 mm Hg, P = .98),
Table 1
Demographic and baseline clinical data of study participants (N = 104)

Age (y) 51.6 ± 13.2
Sex (male/female) 47/57
Smoking history (ever, %) 32 (30.8)
BMI (kg/m2) 24.1 ± 3.2
Duration of PD (mo) 83.6 (6.7-210.4)
SBP (mm Hg) 147.4 ± 19.9
DBP (mm Hg) 88.0 ± 13.0
Primary kidney disease
Hypertension 25 (24.0%)
Glomerulonephritis 39 (37.5%)
Others 10 (9.6%)
Unknown 30 (28.8%)
Fasting glucose (mg/dL) 92.1 ± 14.4
Insulin (μU/mL) 7.5 (6.9-9.7)
HOMA-IR 1.7 (1.6-2.3)
WBC count (/μL) 6382.7 ± 1703.3
Hematocrit (%) 30.6 ± 5.3
BUN (mg/dL) 60.2 ± 17.9
Creatinine (mg/dL) 13.0 ± 3.3
Albumin (g/dL) 3.5 ± 0.4
hsCRP (mg/dL) 1.12 (0.85-1.47)
Total cholesterol (mg/dL) 190.9 ± 37.9
TG (mg/dL) 132.0 (124.6-164.7)
HDL cholesterol (mg/dL) 44.6 ± 12.7
LDL cholesterol (mg/dL) 112.9 ± 35.6
Calcium (mg/dL) 9.4 ± 1.0
Phosphate (mg/dL) 4.8 ± 1.2

Data are expressed as mean ± SD or geometric mean (95% CI); median value
(range) is expressed for duration of PD. BUN indicates blood urea nitrogen.

⁎ P b .05 vs group without MS.
DBP (85.9 ± 8.0 vs 88.4 ± 8.4 mm Hg, P = .13), and the
proportion of patients with smoking history (25.5% vs
36.7%, P = .29) or the proportion of current smokers
(16.3% vs 10.9%, P = .57) between the 2 groups. The total
dose of erythropoietin given was comparable between
patients with and without metabolic syndrome (5265.3 ±
3334.0 vs 5309.1 ± 3447.3 U/wk, P = .95).

White blood cell count (5715.1 ± 1546.3 vs 7132.7 ±
1534.2/μL, P b .001), absolute neutrophil count (ANC)
(3568.6 ± 1130.2 vs 4632.0 ± 1411.9/μL, P b .001),
lymphocyte count (1312.5 ± 460.2 vs 1662.0 ± 640.2/μL,
P = .002), and monocyte count (301.6 ± 144.4 vs 397.5 ±
198.9/μL, P = .006) were significantly higher in the
metabolic syndrome group, whereas there were no differ-
ences in eosinophil (331.4 ± 277.7 vs 375.4 ± 323.1/μL, P =
.46) and basophil counts (33.6 ± 24.1 vs 38.9 ± 19.1/μL, P =
.21) between the 2 groups. High-sensitivity CRP concentra-
tions (0.78 mg/dL, 95% CI: 0.54-1.14 vs 1.66 mg/dL, 95%
CI: 1.13-2.43, P = .01) were also significantly higher in
patients with metabolic syndrome (Table 2).

3.3. WBC count according to the number of metabolic
syndrome components

When the subjects were divided into 6 groups according
to the number of metabolic syndrome components, WBC



Fig. 1. White blood cell count according to the number of metabolic syndrome components. Each bar shows the mean and its standard error. White blood cell
counts increased in parallel with the number of metabolic syndrome components (P for trend b .001).
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count increased significantly as the number of components
increased (P for trend b .001, Fig. 1).

3.4. Correlation between WBC count and metabolic
syndrome components

There were significant positive correlations between
WBC count and BMI (r = 0.25, P = .01), insulin
concentration (r = 0.36, P b .001), HOMA-IR (r = 0.36,
P b .001), and TG level (r = 0.33, P = .001). In contrast,
WBC count was negatively correlated with HDL choles-
terol concentration (r = −0.36, P b .001). There were no
significant correlations between WBC count and SBP (r =
−0.09, P = .35), DBP (r = −0.03, P = .82), duration of PD
(r = 0.11, P = .26), fasting glucose levels (r = 0.17, P =
.08), and the total dose of erythropoietin given (r = 0.13,
P = .89). When further analyses were performed with
differential WBC counts, ANC positively correlated with
Table 3
Univariate relations between WBC, neutrophil, lymphocyte, monocyte, and
eosinophil counts with selected anthropometric and metabolic characteristics

WBC ANC ALC AMC AEC

Age (y) 0.05 0.06 0.04 0.29† 0.06
BMI (kg/m2) 0.25⁎ 0.27⁎ 0.15 0.26⁎ −0.13
Duration of PD (mo) 0.11 0.07 −0.09 0.06 0.06
SBP (mm Hg) −0.09 −0.07 −0.07 −0.01 0.02
DBP (mm Hg) −0.03 −0.12 0.08 −0.04 0.28
Fasting glucose (mg/dL) 0.17 0.18 0.11 0.29† −0.08
Insulin (μU/mL) 0.36† 0.24⁎ 0.29 0.18 0.06
HOMA-IR 0.36† 0.23⁎ 0.28† 0.20⁎ 0.04
Albumin (g/dL) 0.05 −0.06 0.27⁎ −0.02 0.03
hsCRP (mg/dL) 0.33⁎ 0.40† −0.10 0.15 0.06
Total cholesterol (mg/dL) 0.05 0.08 0.12 −0.03 −0.07
TG (mg/dL) 0.33† 0.27⁎ 0.18 0.03 0.08
HDL cholesterol (mg/dL) −0.36† −0.36† −0.01 0.01 −0.09
LDL cholesterol (mg/dL) 0.001 0.06 0.001 −0.14 −0.18

⁎ P b .05.
† P b .01.
BMI (r = 0.27, P = .01), HOMA-IR (r = 0.23, P = .02), and
TG levels (r = 0.27, P = .01) and negatively correlated with
HDL cholesterol concentrations (r = −0.36, P b .001).
Absolute monocyte counts (AMCs) also had a direct
association with BMI (r = 0.26, P = .01) and HOMA-IR
(r = 0.20, P = .04), whereas there was a positive association
between lymphocyte counts and serum albumin levels (r =
0.27, P = .01) (Table 3).

3.5. WBC count as an independent factor of
metabolic syndrome

Multivariate analysis revealed that both WBC count (OR:
1.80, 95% CI: 1.34-2.41, P b .001) and hsCRP level (OR:
1.10, 95% CI: 1.03-1.18, P = .008) were significant
independent factors associated with metabolic syndrome,
even after adjusting for age, sex, and smoking history
(adjusted WBC count OR: 1.65, 95% CI: 1.20-2.28, P =
.002; hsCRP level OR: 1.11, 95% CI: 1.02-1.20, P = .01)
(Table 4). Interestingly, when values were further adjusted
for hsCRP level, WBC count remained an independent factor
associated with metabolic syndrome (OR: 1.58, 95% CI:
1.13-2.20, P = .01); conversely, the significance of hsCRP
level disappeared with adjustment for WBC count (OR: 1.10,
95% CI: 0.98-1.17, P = .15). White blood cell count
Table 4
WBC count, hsCRP, and their relative importance to metabolic syndrome

WBC (per 103/μL increase) hsCRP (per 10−1-mg/dL
increase)

OR P value OR P value

Crude 1.80 (1.34-2.41) b.001 1.10 (1.03-1.18) .008
Model 1 1.65 (1.20-2.28) .002 1.11 (1.02-1.20) .01
Model 2 1.58 (1.13-2.20) .01 1.10 (0.98-1.17) .15

Model 1: adjusted for age, sex, and smoking history; model 2: plus
adjustment for above risk factors, white blood cell count, and hsCRP
concentrations were adjusted for each.



Fig. 2. Receiver operating characteristic curve for WBC and hsCRP. White
blood cell provided higher diagnostic accuracy for metabolic syndrome,
with the area under the ROC curve for WBC being 75.3% (P b .001) and that
for hsCRP being 65.6% (P = .006).
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provided a higher diagnostic accuracy for metabolic
syndrome compared with hsCRP levels (Fig. 2), where the
area under the ROC curve was 75.3% for WBC count and
65.6% for hsCRP levels (P = .006). The cutoff value of WBC
count greater than 6 × 103/μL provided a sensitivity of 84%
and specificity of 67% to diagnose metabolic syndrome.
4. Discussion

This study demonstrated that peripheral total WBC
count, even when within the reference range, is closely
related to metabolic syndrome. In addition, the results of
the present study show that WBC is independently
associated with metabolic syndrome in nondiabetic PD
patients even after controlling for age, sex, smoking history,
and hsCRP level.

There has recently been a striking increase in the
prevalence of metabolic syndrome in both developed and
developing countries [13]. The prevalence of metabolic
syndrome has been reported to be 20% to 30% in the
general population and even higher in patients with certain
diseases [14]. Because metabolic syndrome is not only a
cause of chronic kidney disease, but also a consequence of
impaired renal function, the prevalence of metabolic
syndrome is higher in patients with ESRD [15,16]. In this
study, we found that 47.1% of nondiabetic PD patients had
metabolic syndrome, which was comparable with a report
by Johnson et al [15] (53.1%), although their study enrolled
both diabetic and nondiabetic PD patients. Recently,
however, Jiang et al [17] found a higher prevalence of
metabolic syndrome (69.2%) in nondiabetic Chinese PD
patients than our study. The difference in the diagnostic
criteria of metabolic syndrome used in each study may
contribute to these disparities.

It has been previously suggested that the glucose
absorbed from the dialysate results in hyperglycemia and
weight gain in PD patients [9]. In addition, several studies
have shown that dyslipidemia is aggravated after PD
commencement and that lipid levels increase along with
the duration of PD treatment [18]. In the present study,
however, PD duration was not a factor associated with
metabolic syndrome. Because the median PD duration of
our subjects was more than twice as long than in previous
studies, we infer that the influence of PD duration on
metabolic syndrome may become weak when the PD
duration surpasses a certain length of time. On the other
hand, we found that HDL cholesterol levels were low in
patients both with and without metabolic syndrome.
Because previous study has shown that glucose load is
associated with HDL cholesterol levels in the general
population [19], we surmise that low HDL cholesterol
levels in PD patients were partly attributed to the glucose
absorbed from the dialysate.

Cardiovascular disease is the leading cause of morbidity
and mortality in patients undergoing dialysis [20]. Because
accumulating evidence has shown that metabolic syndrome,
inflammation, and atherosclerosis are closely related [21],
early detection of metabolic syndrome and elucidation of its
independent factors in ESRD patients would be a cost-
effective strategy to prevent cardiovascular disease. Nume-
rous studies have demonstrated that inflammatory markers
such as CRP and fibrinogen are associated with metabolic
syndrome as well as cardiovascular mortality [22]. White
blood cell count is another index representing systemic
inflammation whose measurement is inexpensive, reliable,
and routinely ordered in clinics and health surveillance
settings. Since the early 1970s, WBC counts have been
found to be related to the development of cardiovascular
disease and metabolic syndrome in both the general
population and in ESRD patients [23-25]. Hoffman et al
[23] showed that the value of WBC count in predicting
cardiovascular disease was similar to serum cholesterol and
BP. Moreover, recent studies have shown that WBC count
was associated with metabolic syndrome in adults and
children receiving routine health examinations [7,26].
Furthermore, circulating macrophage levels have been
shown to correlate with fat mass and to predict outcome in
patients with chronic kidney disease [27]. In this study, we
found that WBC count was a significant independent factor
associated with metabolic syndrome in nondiabetic PD
patients. There were significant correlations between WBC
count, TG level, and insulin resistance. These findings
suggest that WBC count may reflect a disordered state of
lipid and glucose metabolism in PD patients and that WBC
count measurement could be a simple way to assess the
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presence of metabolic syndrome in nondiabetic ESRD
patients undergoing PD.

What is the underlying mechanism of the relationship
between leukocytosis and metabolic syndrome? Advanced
glycation end products and reactive oxygen species have
been reported to activate leukocytes [28,29]. In addition,
leptin, an adipocytokine, has been shown to stimulate
leukocyte proliferation and differentiation as well as to
induce erythropoiesis possibly by direct bone marrow
stimulation [30,31]. Recently, circulating mononuclear
cells in obese subjects, in which insulin receptor phospho-
rylation is suppressed, have also been reported to be in a
proinflammatory state [32,33]. On the contrary, leukocytes
express cytokines related to glucose homeostasis and lipid
metabolism such as adenosine triphosphate–binding cassette
transporter A1, resistin, and visfatin [34,35]. These findings
suggest that leukocytosis may both contribute to and result
from metabolic syndrome.

C-reactive protein, a well-known inflammatory marker,
has been postulated as an independent risk factor of
cardiovascular morbidity and mortality in both the general
population and ESRD patients [2,36]. In addition, Frőhlich
et al [5] demonstrated a clear association between CRP and
metabolic syndrome in the general population. However, the
relationship between CRP and metabolic syndrome has been
rarely studied in ESRD patients. The results of the present
study show that hsCRP is closely associated with metabolic
syndrome even in nondiabetic PD patients. Interestingly, the
significant association between hsCRP and metabolic
syndrome becomes weak after adjusting for WBC count,
whereas WBC count remained an independent predictor of
metabolic syndrome after hsCRP adjustment. These findings
suggest that, although both WBC count and hsCRP are
measured to reflect systemic inflammation, WBC count is a
more independent factor associated with metabolic syn-
drome. We suppose that this discrepant effect of WBC count
and hsCRP may be attributed to the fact that, whereas the
increase in WBC count is a cause as well as the result of
obesity, elevated CRP level is only a consequence of
adiposity [37,38].

One of the limitations of this study is defining metabolic
syndrome in PD patients by using the modified criteria.
Although the guideline of the National Cholesterol Educa-
tion Program ATP III is generally used in routine medical
practice, a modified version, which substitutes BMI for waist
circumference to ascertain abdominal obesity, has also been
proposed and has been applied to patients with different
physical conditions by several investigators [17,39]. How-
ever, data validating the concordance of these 2 methods in
PD patients are insufficient. Another is the cross-sectional
design, which makes it hard to assess the effect of
leukocytosis on the development of metabolic syndrome.
Further prospective studies are needed to confirm whether
WBC count is a useful predictor of metabolic syndrome,
cardiovascular morbidity, and overall mortality in nondia-
betic PD patients.
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