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Positive association between the metabolic syndrome
and white blood cell counts in Chinese
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Background and Objectives: The aim was to investigate the association between peripheral circulating white
blood cell count (WBC) and the metabolic syndrome among populations in central China. Methods and Study
Design: In the present study, 5,278 subjects (2,412 women, 2,866 men) aged 18-75 years were recruited through
a health check program in Wuhan, China. Biochemical and haematological parameters were measured by stand-
ard methods and the metabolic syndrome diagnosed as defined by the Chinese Diabetes Society criteria for Chi-
nese. Results: Both WBC counts and prevalence of metabolic syndrome were significantly higher in men than in
women (p<0.01). Participants in the highest quartile of white blood cell count had significantly higher odds ratio
of metabolic syndrome (3.79, 95% CI: 2.64, 5.44), compared with subjects in the lowest quartile. The trend re-
mained significant after adjustment for confounding factors and in further subgroup-analyses. Conclusions: Met-
abolic syndrome prevalence was significantly and positively correlated with the total white blood cell count in

this Chinese population.
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INTRODUCTION

The metabolic syndrome (MS) is characterized by a clus-
tering of cardiovascular risk factors, including abdominal
obesity, high blood pressure, increased glucose concen-
tration, and dyslipidemia.' In recent years, the prevalence
of MS has increased dramatically in both developing and
developed countries, and the prevalence of MS in China
has been estimated to be 9.8% for men and 17.8% for
women, based on a cross-sectional survey conducted in
2000-2001.> However, the prevalence is much higher in
United States (25.2% in men and 29% in women).” Epi-
demiological evidence and systematic reviews have sug-
gested that MS is strongly associated with increased risk
of cardiovascular diseases,*’ diabetes,® common cancers,’
and even osteoporosis,® and as a result MS has become a
significant public health issue worldwide.

Because of the association between inflammation and
MS, several studies have examined the relationship be-
tween the peripheral circulating white blood cell (WBC)
count, an important marker of acute infection, tissue
damage and inflammation,” and components of MS; the
data reveals correlations between WBC and MS in some
cross-sectional studies.'”'? Additionally, there are also
prospective studies which have suggested that total WBC
counts were positively associated with coronary heart
disease and MS.'*'* However, there are few reports on

the association between WBC count and MS among pop-
ulations in central China. Therefore, the aim of the pre-
sent study with a representative sample of adults from
central China was to investigate the association between
WBC counts and MS.

METHODS

Design and study population

A cross-sectional study was conducted among 5,278 sub-
jects (2,412 women, 2,866 men) aged 18-75 years, and
the associations between total WBC count and MS were
investigated. All subjects were recruited through a gen-
eral health screening program between September 2011
and December 2013 in Wuhan, China. They visited the
Health Examination Centre, Wuhan Puai Hospital in the
morning following an overnight fast. None of the includ-
ed participants had thyroid, renal, hepatic, gastrointestinal,
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or oncology disease or were receiving drugs for hypogly-
cemia, were taking antioxidant vitamin sup-plementation,
or drugs known to affect lipoprotein metabolism. Then
ten milliliter of fasting blood was drawn, from which
WBC counts and other parameters of biochemistry, nec-
essary to assess the presence or absence of MS, were
measured. Haematological indexes deviating from normal
reference ranges were considered as abnormal. Gender-
specific quartiles of total WBC count were used in the
present study. The study was approved by the Research
Ethical Committee, School of Biosystem Engineering and
Food Science, Zhejiang University (ZJU-BEFS-
2014008B), and all subjects gave written informed con-
sent for the use of personal information for analysis.

Criteria for the metabolic syndrome

Diagnosis of MS was made according to the criteria of
Chinese Diabetes Society (CDS) for Chinese,'”> when
three or four of the following criteria are met: 1) high
BMI, as body mass index (BMI) >25; 2) high blood pres-
sure, as systolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg; or known treatment for hy-
pertension; 3) dyslipidemia, as fasting triacyglycerol >1.7
mmol/L (150 mg/dL), or high density lipoprotein choles-
terol (HDL-c) <0.9 mmol/L (35 mg/dL) in men and <1.0
mmol/L (39 mg/dL) in women; 4) hyperglycemia, as fast-
ing glucose >6.1 mmol/L (109 mg/dL); or known treat-
ment for diabetes.

Parameters measurement

Weight and height were measured on an autoanthro-
pometer (super-view, HW-666) with subjects wearing
light clothing and body mass index (BMI) was calculated
by the formula of weight (kg)/(height)*(m?). Blood pres-
sure was measured by an electronic device (COLIN, VP-
100, Japan) after the subjects sat relaxed for 10 mins. The
routine examination of blood, including total WBC and
differential WBC count, was measured using an autoana-
lyzer (Sysmex, Kobe, Japan). Biochemical markers such

as triacylglycerol (TG) and total cholesterol (TC) concen-
trations were determined by standard enzymatic dipyr-
idamole methods. High density lipoprotein cholesterol
(HDL-c) and low density lipoprotein cholesterol (LDL-c)
were measured by differential antibody methods, and
blood glucose was measured by hexokinase methods on
an auto-biochemical analyzer (Olympus AV400, Japan).
Lipoprotein and blood glucose concentrations were re-
ported as mmol/L.

Statistical analyses

Continuous variables were reported as mean+SD and cat-
egorical variables were expressed in percentages. All the
data were checked for normal distribution and values with
skewed distribution (glucose and triacyglycero) were
transformed to their In forms for analyses. Strata-specific
differences were assessed using one-way Analysis of Var-
iance (ANOVA) and comparisons of WBC counts ac-
cording to two groups were performed by independent
sample ¢-test. The chi-square test was used for categorical
variables. Crude and multivariable adjusted odds ratios
(ORs) and 95% confidence intervals (Cls) for the MS and
its components were computed using the logistic regres-
sion and age (continuous), gender (men/women), concen-
tration of hemoglobin (continuous), red blood cells (con-
tinuous) and platelet count (continuous) were adjusted in
the multivariable model. All analysis was performed us-
ing the SPSS software package version 16.0 for windows
(SPSS Inc., Chicago, IL, USA). Two-tailed p value <0.05
was considered significant.

RESULTS

Characteristics of the study subjects

A total of 5,278 individuals (2,412 women, 2,866 men)
were included in this study and the clinical characteristics
of study subjects according to quartiles of total WBC
count are summarized in Table 1, while values of BMI,
blood pressure, TG, LDL/HDL and blood glucose are
also shown in Figure 1 by age category and gender. Sub-

Table 1. Characteristics of the study subjects according to quartiles of total WBC count

Quartiles of total WBC count (x10°/L)

Characteristics Ql Q@ 3 o4 p value
No. of MS cases/non-cases 40/1269 79/1284 114/1208 137/1147 0.82
Gender (men/women) 703/606 724/639 729/593 710/574 0.61
Age (years) 42.9 (12.7) 41.7 (12.1) 42.0(13.0) 41.8 (12.5) 0.06
Blood pressure (mm Hg)

Systolic 118 (17.3) 120 (17.9) 120 (17.8) 122 (18.0) <0.01

Diastolic 71.4(10.1) 73.2(11.1) 73.5(10.9) 75.5(11.8) <0.01
Body mass index (kg/m?) 22.5(2.9) 23.1(3.2) 23.7(3.3) 24.3(3.5) <0.01
In fasting blood glucose (mmol/L) 1.58 (0.12) 1.58 (0.13) 1.58 (0.13) 1.58 (0.14) 0.09
In triglyceride/acyl (mmol/L) 0.01 (0.52) 0.16 (0.56) 0.28 (0.54) 0.37 (0.55) <0.01
Total cholesterol (mmol/L) 4.49 (0.81) 4.60 (0.85) 4.68 (0.85) 4.70 (0.86) <0.01
HDL-c (mmol/L) 1.23(0.27) 1.18 (0.26) 1.15(0.25) 1.10 (0.24) <0.01
LDL-c (mmol/L) 2.69 (0.75) 2.82(0.80) 2.96 (0.79) 2.96 (0.85) <0.01
Creatinine (umol /L) 74.8 (16.9) 74.9 (16.6) 75.1(16.5) 75.6 (18.1) 0.63
Urea nitrogen (mmol/L) 4.93 (1.29) 4.98 (1.24) 4.97 (1.25) 4.90 (1.24) 0.30
Hemoglobin (g/L) 137 (15.4) 139 (15.1) 142 (14.5) 143 (14.6) <0.01
Platelet count (10°/L) 206 (53.3) 219 (48.9) 228 (49.7) 249 (58.6) <0.01
RBC count (10'%/L) 4.58 (0.47) 4.66 (0.47) 4.72 (0.46) 4.77 (0.49) <0.01
WBC count (10%L) 4.34 (0.52) 5.43(0.33) 6.33 (0.35) 7.93 (1.02) <0.01

MS: metabolic syndrome; HDL-c:
WBC: white blood cell.

high density lipoprotein cholesterol; LDL-c: low density lipoprotein cholesterol; RBC: red blood cell;



Metabolic syndrome and white blood cell counts in Chinese

143

[Z777]1 18-34 years old
E 35-54 years old
(] >54 years old

PR

mmonL

11834 years old
35-54 years old
[E5]>54 years old

T T T T = T L e—
BMI (kg/m°) DBP (mmHg) SBP (mmHg)

[ ]Female
I Male

100 | \

80

60- |

40

20 =

0 T
(¢) BMI (kg/m’)

T T T
DBP (mmHg) SBP (mmHg)

mmol/L

% siss NSS4 531
TG Glucose

[ IFemale
I ale

"Tc LoL HDL Te Glucose

0
(d)

Figure 1. Values of BMI, SBP, DBP, TG, LDL, HDL and blood glucose in age subgroups (a, b) and gender subgroups (c, d). BMI: body
mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; TG: triacylglycerol; LDL: low density lipoprotein cholesterol;

HDL: high density lipoprotein cholesterol.

jects allocated in the highest quartile of total WBC count
were older and had higher level of BMI, blood pressure,
total cholesterol, LDL cholesterol, hemoglobin, red blood
cell and platelet count (p<0.01 for all), but lower level of
HDL cholesterol (p<0.01). The overall prevalence was
7.8% for MS, 30.6% for high BMI, 17.1% for hyperten-
sion, 32.2% for dyslipidemia and 5.4% for hyperglycemia.
All these prevalence were found to be significantly higher
in men than in women (p<0.01) (Figure 2). Furthermore,
the count of total WBC and its subtypes were all signifi-
cantly higher in men than in women (p<0.0001), as
shown in Table 2. Therefore, gender-specific quartiles of
WBC count were used in the present study.

Association between potential confounding factors of
WBC count and the metabolic syndrome

As shown in Table 3, individuals with older age (>50
years) or abnormal blood hemoglobin concentration,
WBC count and red blood cells (RBC) count, were more
likely have high BMI, high blood pressure, high fasting
plasma glucose levels, and dyslipidemia than those
younger than 50 or with normal levels of hemoglobin,
WBC count and RBC count. All these trends were veri-
fied by the logistic regression analysis, which showed that
crude odds ratios (ORs) of MS for subjects older than 50
was 2.53 (95% CI: 2.04-3.13) compared with their coun-
terparts (age <50 years), for subjects with abnormal blood
hemoglobin concentration the OR was 3.26 (95% CI:

1.72-6.17), for subjects with abnormal RBC count the OR
was 2.22 (95% CI: 1.50-3.27), and for subjects with ab-
normal WBC count the OR was 2.81 (95% CI: 1.41-5.61).
For each component of MS, the crude ORs are also listed
in Table 3. However, subjects with abnormal levels of
blood BUN or creatinine, showed no significantly higher

EEE Men
XX Women

Prevalence of MS (%)

Quartiles of total WBC count

Figure 2. Prevalence of the metabolic syndrome by quartiles of
total WBC count among 5,278 subjects. The quartiles of total
WBC count were calculated sex-specifically. In men, the cutoff
values of WBC count are <5.1, 5.2-6.0, 6.1-7.0 and >7.1
(¥10°/L) respectively; in women, the cutoff values are <4.7, 4.8-
5.6, 5.7-6.5 and 6.6 (x10°/L) respectively.
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Table 2. Gender-specific prevalence of the metabolic syndrome’ (%) and WBC counts (10°/L; mean+SD)

Men Women p values
MS 10.4 (N=297) 3.0 (N=73) <0.01
High BMI 41.0 (N=1174) 17.1 (N=412) <0.01
Hypertension 20.6 (N=591) 10.8 (N=261) <0.01
Hyperglycemia 5.7 (N=165) 3.2 (N=77) <0.01
Dyslipidemia 41.9 (N=1200) 18.7 (N=452) <0.01
Total WBC 6.25+1.48 5.74+1.39 <0.01
Eosinophil 0.16+0.13 0.12+0.12 <0.01
Basophil 0.037+0.024 0.030+0.021 <0.01
Neutrophil 3.48+1.09 3.26£1.07 <0.01
Monocyte 0.46+0.15 0.38+0.13 <0.01
Lymphocyte 2.11+0.59 1.96+0.53 <0.01

"Metabolic syndrome, high BMI, hypertension, hyperglycemia and dyslipidemia were diagnosed based on Chinese Diabetes Society
(CDS) criteria for Chinese people. WBC: white blood cell; MS: metabolic syndrome; BMI: body mass index.

Table 3. Crude odds ratios for the metabolic syndrome by status of confounding factors

MS High BMI Hypertension Dyslipidemia Hyperglycemia
Hemoglobin
Normal (referent) 1.00 1.00 1.00 1.00 1.00
Abnormal 3.26(1.72, 6.17) 1.38(0.82,2.32)  3.84(2.30,6.39)  3.79(2.26, 6.36) 1.44(0.52, 4.01)

Urea nitrogen
Normal (referent)

1.00

1.00

Abnormal 0.79 (0.25, 2.56) 1.10(0.62, 1.96)
Creatinine

Normal (referent) 1.00 1.00

Abnormal 2.78 (0.68, 11.37) 1.89 (1.05, 3.38)

White blood cells count
Normal (referent)
Abnormal

Red blood cells count
Normal (referent)
Abnormal

Platelet count

1.00
2.81(1.41,5.61)

1.00
2.22(1.50, 3.27)

1.00
2.05(1.22, 3.44)

1.00
2.20(1.69, 2.89)

Normal (referent) 1.00 1.00

Abnormal 1.15(0.53, 2.51) 1.71(1.11, 2.62)
Age

<50 (referent) 1.00 1.00

>50 2.53(2.04, 3.13) 1.62(1.42, 1.85)
Gender

Women (referent)
Men

1.00
3.70 (2.85, 4.81)

1.00
3.37(2.96, 3.83)

1.00
1.37(0.70, 2.66)

1.00
1.26 (0.64, 2.45)

1.00
1.66 (0.91, 3.05)

1.00
1.86 (1.38, 2.52)

1.00
0.82(0.44, 1.51)

1.00
4.52 (3.87, 5.26)

1.00
2.14(1.83, 2.51)

1.00
0.79 (0.43, 1.45)

1.00
1.03 (0.63, 1.69)

1.00
2.07 (1.23, 3.47)

1.00
1.86 (1.42, 2.42)

1.00
1.46 (0.95, 2.25)

1.00
1.40 (1.23, 1.60)

1.00
3.12(2.75, 3.54)

1.00
3.23(1.44,7.23)

1.00
1.16 (0.36, 3.70)

1.00
1.98 (0.79, 5.01)

1.00
0.73 (0.36 » 1.50)

1.00
0.99 (0.36, 2.72)

1.00
3.56 (2.75, 4.62)

1.00
1.85 (1.41, 2.44)

MS: metabolic syndrome; BMI: body mass index.

risk of MS or its components (Table 3). Therefore, age,
gender, blood level of hemoglobin, platelet and RBC
count were ad- justed in the following analysis.

Association between WBC count and the metabolic syn-
drome

Table 4 presents logistic analysis results for the associa-
tion of MS (including its components) with WBC count,
by quartile of its distribution. After adjustment for age,
gender, blood levels of hemoglobin, platelet and RBC,
MS prevalence retained a significant association with
WBC counts when comparing the highest and lowest
quartiles of WBC (OR: 3.16, 95% CI: 2.15-4.65; p<0.01).
A significant positive association was still found between
WBC counts and each MS component, when comparing
the highest quartile of WBC with the lowest. The multiple
adjusted OR was 2.78 (95% CI: 2.28-3.38) for high BMI,
1.66 (95% CI: 1.30-2.13) for hypertension, 2.87 (95% CI:
2.36-3.49) for dyslipidemia and 1.98 (95% CI: 1.31-2.99)

for hyperglycemia. As high BMI, hypertension,
dyslipidemia and hyperglycemia often overlap, in the
present study the associations between WBC count and
high BMI plus one to three of any other component were
also examined. Interestingly, significant positive associa-
tions were observed for BMI+1 and BMI+2 components,
but not for BMI+0 and BMI+3 components. The multiple
adjusted OR was 2.56 (95% CI: 1.99-3.30) for high
BMI+1 component, and 3.27 (95% CI: 2.13-5.01) for
high BMI+2 component. However, the multiple adjusted
OR for high BMI+0 component and BMI+3 components
were 1.32 (0.98, 1.76) and 1.46 ((95% CI: 0.55-3.9), re-
spectively.

Subgroup analysis of the association between WBC
count and the metabolic syndrome

Table 5 shows the association between blood WBC
counts and MS by age (<50 or >50) and gender. The posi-
tive association between blood WBC count and MS was
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consistent for both subgroups, and a significant interac-

tion was observed between age and WBC counts (p<0.01).

When investigating the association between WBC counts
and components of MS in subgroups, the significant in-
teraction was still observed between age and WBC count
for high BMI, hypertension and dyslipidemia, but not for

hyperglycemia. No significant interaction between gender
and WBC counts was observed in the subgroup-analysis
and subjects in the highest quartile of total WBC count
had significantly higher odd ratios of all MS components
compared with those in the lowest quartile regardless of
gender (Table 5).

Table 4. Multivariable adjusted” odds ratios for the metabolic syndrome by total WBC quartiles

Quartiles of total WBC counts

Qi Q@ Q3 Q4 p for trend

Hypertension

Multivariable OR 1.00 1.37(1.08, 1.74) 1.25(0.98, 1.59) 1.66 (1.30, 2.12) <0.01
Dyslipdemia

Multivariable OR 1.00 1.62 (1.34, 1.95) 2.06 (1.71, 2.50) 2.87(2.36, 3.49) <0.01
Hyperglycemia

Multivariable OR 1.00 1.34(0.89, 2.03) 1.41(0.93, 2.13) 1.98 (1.31, 2.99) 0.01
High BMI+1 symptom

Multivariable OR 1.00 1.52(1.18, 1.97) 1.65(1.28-2.13) 2.56 (1.99-3.30) <0.01
High BMI+2 symptom

Multivariable OR 1.00 2.06 (1.33-3.20) 2.92(1.92, 4.46) 3.27(2.13,5.01) <0.01
High BMI+3 symptom

Multivariable OR 1.00 0.37(0.10, 1.42) 1.46 (0.58, 3.68) 1.46 (0.55, 3.90) 0.41
Metabolicsyndrome

Multivariable OR 1.00 1.90 (1.27, 2.82) 2.63 (1.80, 3.86) 3.16 (2.15, 4.65) <0.01

"Multivariable model adjusted for age (continuous), gender (men/women), concentration of hemoglobin (continuous), red blood cells
count (continuous) and platelet count (continuous). WBC: white blood cell.

Table 5. Odds ratios for the metabolic syndrome and its components by quartiles of WBC distribution in subgroup

analysis
Population subgroup Q1 Q2
Metabolic syndrome
Gender
Men 1.00 2.06(1.31, 3.22)
Women 1.00 1.38(0.57, 3.27)
Age
<50 1.00 2.61(1.40, 4.87)
>50 1.00 1.47 (0.86, 2.50)
High BMI
Gender
Men 1.00 1.70 (1.35, 2.14)
Women 1.00 1.38 (0.96, 2.00)
Age
<50 1.00 1.73 (1.37, 2.20)
>50 1.00 1.33(0.95, 1.85)
Hypertension
Gender
Men 1.00 1.29(0.97, 1.73)
Women 1.00 1.53 (1.00, 2.33)
Age
<50 1.00 1.40 (0.99, 1.99)
>50 1.00 1.33(0.96, 1.84)
Dyslipidemia
Gender
Men 1.00 1.59(1.26, 1.99)
Women .00 1.72(1.21,2.44)
Age
<50 1.00 1.60 (1.27, 2.00)
>50 1.00 1.64 (1.16, 2.31)
Hyperglycemia
Gender
Men 1.00 1.38(0.84, 2.24)
Women 1.00 1.26 (0.58, 2.77)
Age
<50 1.00 0.91 (0.50, 1.67)
>50 1.00 1.88 (1.06, 3.33)

Q3 Q4 p for interaction

0.87
2.75(1.78, 4.24) 3.51(2.26,5.43)
2.16(0.97, 4.81) 2.24(1.00, 5.06)

0.01
4.29 (2.36, 7.79) 6.26 (3.46, 11.3)
1.85(1.10, 3.10) 1.75 (1.02, 3.00)

0.25
1.94 (1.54, 2.44) 2.80(2.20, 3.55)
2.08 (1.45 > 2.97) 2.97 (2.08, 4.26)

0.04
2.29(1.81,2.91) 3.45(2.71, 4.40)
1.57(1.13, 2.19) 2.03(1.43,2.88)

0.57
1.32(0.99, 1.77) 1.63 (121, 2.19)
1.08 (0.69, 1.68) 1.81(1.17,2.81)

0.03
1.57(1.11, 2.22) 2.20 (1.56, 3.09)
1.14 (0.82, 1.60) 1.46 (1.03, 2.07)

0.35
2.07 (1.65, 2.59) 2.68 (2.12, 3.40)
2.11(1.49, 3.00) 3.45(2.43,4.89)

0.06
2.14(1.70, 2.68) 3.42(2.71,4.32)
2.03 (1.44, 2.86) 2.07 (1.44, 2.96)

0.45
1.33(0.81, 2.17) 1.79 (1.09, 2.94)
1.62 (0.76, 3.44) 2.61 (1.25, 5.46)

0.46

1.29 (0.73, 2.28)
1.77 (0.98, 3.19)

1.57 (0.89, 2.78)
3.00 (1.68, 5.38)

WBC: white blood cell.
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DISCUSSION

Consistent with studies conducted in South Korea and
Thailand,'®" the present study found that the prevalence
of MS or its components (high BMI, hypertension,
dyslipidemia and hyperglycemia) were significantly high-
er in Chinese men than in women. Besides, total WBC
count and all individual differential white blood cells (eo-
sinophil, basophil, neutrophil, monocyte and lymphocyte)
were also consistently observed to be significantly higher
in men than in women. However, Bain’s study'® investi-
gating gender differences in the total and differential
WBC count among Caucasian, Afrocaribbean and Afri-
can populations obtained opposite results, which indicat-
ed women had significantly higher total WBC and neu-
trophil counts than men in all ethnic groups. It is possible
that the small sample size of their study and different eth-
nicities between Asian and western people may help ex-
plain these inconsistencies. Even though gender-
differences in prevalence of MS and WBC count are uni-
versal and reported in many studies,'®'” the present study
found MS positively correlated with WBC counts regard-
less of gender. Additionally, although confounding varia-
bles were screened and adjusted for, and subgroup anal-
yses were performed, the positive association between
MS and WBC count was not materially changed. Moreo-
ver, some prospective studies also confirmed the positive
association between baseline WBC count and later devel-
oping MS incidence,'*** which indicates that WBC count
might be a useful biomarker for predicting MS and even
cardiovascular diseases.

The mechanisms behind the associations reported here
are still unclear. It is of interest that an association be-
tween WBC count and insulin resistance/secretion has
been found in severalstudies.”** Jung et al and Targher et
al reported that insulin resistance and fasting insulin in-
creased corresponding to an increase of WBC count.””
The increased risk of diabetes among individuals with
elevated WBC, neutrophil and lymphocyte counts, was
also attributed partially to insulin resistance/sensitivity by
Lorenzo.”® Moreover, insulin resistance was reported to
play an important role in metabolic disturbances leading
to recruitment of a series of inflammatory markers.””**
Therefore, one of the speculations is that insulin re-
sistance links the association between WBC count and
MS prevalence. In addition, adipose tissue is considered
to promote local and systemic inflammation and even
induce the MS,” therefore we examined the association
between WBC counts and high BMI plus one to three
component aiming to show the progression of MS. In-
creasing significantly positive association was found for
high BMI+0, high BMI+1 and high BMI+2 components,
indicating the association between WBC counts and high
BMI become stronger with more components being in-
volved. The exception for high BMI+3 components may
due to the very limited subjects with all the four compo-
nents, which also led to a broad confidence interval. On
the other hand, besides high BMI, dyslipidemia and hy-
pertension have also been reported to promote the release
of IL-8 and TNF-a or damage the vascular endotheli-
um.***? These pro-inflammatory factors and vascular
damage could directly or indirectly lead to elevated white
blood cell levels, which may account for the association

between WBC count and MS based on the present popu-
lation. Further research is required to identify the im-
portance of WBC counts in MS or other cardiovascular
diseases.

Limitations of this study must be considered. First of
all, the results from cross-sectional data were used and
causal relationship between WBC count and development
of MS could not be determined. Secondly, all subjects
were restricted to only one province in central China and
selection bias has been inevitably introduced, even
though the age ranges of the included subjects were wide.
Thirdly, lifestyle factors including alcohol drinking and
smoking status were not recorded and analyzed. Lastly,
we did not measure the insulin resistance which is now
regarded as playing an important role in explaining the
association between WBC count and MS.

Conclusion

Both white blood cell counts and prevalence of MS were
significantly higher in men than in women. Total white
blood cell counts were positively associated with MS
prevalence, regardless of gender differences. Therefore,
the white blood cell count may serve as a useful
biomarker for predicting MS, but more prospective
studies are needed to verify the association.
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