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ABSTRACT

The role of white blood cell (WBC) count in pathogenesis of diabetes, cardiovascular disease, and obesity-
related disorders has been reported earlier. Recent studies revealed that higher WBC contributes to athero-
sclerotic progression and impaired fasting glucose. However, it is unknown whether variations in WBC and
haematologic profiles can occur in healthy obese individuals. The aim of this study is to further evaluate
the influence of obesity on WBC count, inflammatory biomarkers, and metabolic risk factors in healthy
women to establish a relationship among variables analyzed. The sample of the present study consisted of
84 healthy women with mean age of 35.56+6.83 years. They were categorized into two groups based on
their body mass index (BMI): obese group with BMI >30 kg/m? and non-obese group with BMI <30 kg/m?.
We evaluated the relationship between WBC and platelet count (PLT) with serum interleukin 6 (IL-6), C-
reactive protein (CRP), angiotensin IT (Ang IT), body fat percentage (BF %), waist-circumference (WC), and
lipid profile. WBC, PLT, CRP, and IL-6 in obese subjects were significantly higher than in non-obese sub-
jects (p< 0.05). The mean WBC count in obese subjects was 6.4+0.3 (x10°/L) compared to 4.4+0.3 (x10°/L)
in non-obese subjects (p=0.035). WBC correlated with BF% (r=0.31, p=0.004), CRP (r=0.25, P=0.03), WC
(r=0.22, p=0.04), angiotensin IT (1=0.24, p=0.03), triglyceride (r=0.24, p=0.03), and atherogenic index of
plasma (AIP) levels (r=0.3, p=0.028) but not with IL-6. Platelet count was also associated with WC and
waist-to-hip ratio (p<0.05). Haemoglobin and haematocrit were in consistent relationship with LDL-
cholesterol (p<0.05). In conclusion, obesity was associated with higher WBC count and inflammatory
parameters. There was also a positive relationship between WBC count and several inflammatory and
metabolic risk factors in healthy women.
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INTRODUCTION (WBC) count, as one of the major components of

. ) ) . . inflammatory process, plays an important role in
Recent epidemiological studies revealed a posi-

tive relationship between cardiovascular disease
and inflammatory markers (1). White blood cell
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pathogenesis of insulin resistance and cardiovas-
cular disease (2). The positive relationship between
WBC count, insulin resistance, hypertension, and
cardiovascular disease has been observed in several
studies (1-3) whereas it is unknown whether these
variations can occur in healthy obese individuals.
Pro-inflammatory cytokines, such as interleukin
6 (IL-6) and interleukin 8 (IL-8), are important
inducers of WBC production (4). It can be specu-
lated that the elevated amount of these cytokines
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is responsible for higher WBC count in diabetes
or cardiovascular disease. Adipose tissue is a great
source of inflammatory factors, such as IL-6
and C-reactive protein (CRP), which also are well-
established markers of systemic inflammation (5).
Certainly, there has been an enormous interest in
the identification of the relationship between WBC
count and these inflammatory factors in obese per-
sons with higher fat storages, who are at greater
risk of hypertension or complicating cardiovascu-
lar disorders (3). Angiotensin IT has recently been
proposed as a novel pro-inflammatory mediator
released by adipose tissue and plays an important
role in vasoconstriction and production of inflam-
matory factors, such as IL-6, IL-8, and vascular cell
adhesion molecule (6,7). To our knowledge, no
studies have yet evaluated the relationship of cy-
tokines, such as IL-6, CRP, and angiotensin I1, with
WBC and haematological parameters in obesity.
Therefore, in this case-control study, we investi-
gated the relationship between WBC count, hae-
matological profile, and inflammatory factors, in-
cluding CRP, IL-6, and angiotensin IT with fat mass,
waist-circumference, and metabolic risk factors of
cardiovascular disease in women.

MATERIALS AND METHODS
Study subjects

We examined 84 healthy volunteer women aged
35.56£6.83 years. The subjects were recruited by
invitation letters distributed in different parts of
Tabriz city. All subjects provided written informed
consent prior to participation in the study. De-
mographic and medical characteristics of subjects
were obtained through appropriate questionnaire.
The questionnaire included information about age,
marital status, smoking habits, medication, and
disease status. Information on physical activity
was obtained through International Physical Activ-
ity Questionnaire (IPAQ) (8). Exclusion criteria of
the study subjects were as follows: taking any hor-
mone-replacement therapy, history of hyperten-
sion, thyroid dysfunction, hepatic or renal disease,
any disease known to influence immune system,
and being pregnant or lactating. The research pro-
tocol was approved by the Ethics Committee of
Human Experimentation of the Tehran University
of Medical Sciences (TUMS-Project number 89-04-
27-11869).

Anthropometric parameters

Weight was measured by calibrated Seca scale (Itin
Scale Co., Inc., Germany) with the precision of

0.1 g and height by a cotton ruler. BMI was cal-
culated as weight (kg)/(height in m)>. The waist-
circumference was measured above the iliac crest
at the natural waistline, and the hip measurement
was taken at the largest area of the natural hip-
line. Waist-to-hip ratio (WHR) was also calculated
based on waist and hip measurements. Body fat
was measured by bioelectrical impedance analysis
(Human-IM Plus; DS Dietosystem, Milan, Italy).

Biochemical parameters

After an overnight fasting (10-12 hours), venous
blood samples (10.0 mL) were collected at 8:30-9:30
am in the morning. Three mL of blood samples was
immediately transferred to ethylendiaminetetraac-
etate (EDTA) specimen bottles for measurement of
haematological parameters. The remaining blood
was put into a dry tube for serum extraction and
analysis of biochemical profile. Total and differ-
ential WBC and haematologic profiles were de-
termined using an automatic cell counter (Drew
Scientific, Excell-18; Minnesota, USA). Blood sugar
was determined by glucose oxidase-peroxidase
(GOD-POD) method, using a kit (Pars-Azmoon;
Tehran, Iran). Total cholesterol (TC), triglyceride
(TG), and high-density lipoprotein cholesterol
(HDL-C) were analyzed by enzymatic colorimetric
method (Pars-Azmoon, Tehran, Iran). Serum low-
density lipoprotein cholesterol (LDL-C) was deter-
mined by Friedwald formula: LDL-cholesterol=TC-
(HDL+TG/S) (9). Atherogenic index of plasma (AIP)
was defined as Log (Triglycerides/HDL-cholesterol)
(10). High-sensitivity C-reactive protein (hs-CRP)
was measured by ELISA method (DRG Instruments
GmbH, Germany). The inter- and intra-assay coef-
ficients of variation (CV) for hs-CRP were <4.1%
and <7.5% respectively. IL-6 levels were assayed
with a commercial enzyme-linked immunosorbent
assay (Quantikine IL-6 Immunoassay; e-Bioscience,
San Diego, CA, USA). Fach assay was performed
with recombinant IL-6 standards according to the
manufacturer’s protocol. This assay has a dynamic
range of 2 to 200 pg/mL and a sensitivity of 4 pg/
mL. Serum angiotensin IT was also measured by
ELISA method (Enzo, Life Science Inc.). The inter-
and intra-assay coefficients of variation (CV) for
this assay were <7.5% and <7.3% respectively.

Statistical analysis

The data were analyzed using standard statistical
methods provided by SPSS software (version 17,
SPSS Inc., Chicago, IL, USA). The Kolmogorov-
Smirnov test was used for verifying the hypothesis
of normal distribution; all data were normally dis-

Volume 31 | Number | | March 2013

59



White blood cell count and inflammatory biomarkers in women

Farhangi MA et al.

tributed, except in the case of IL-6. Independent
sample t-tests were used for comparing normally-
distributed data and Mann-Whitney U-test for data
not normally distributed. The relationship between
variables was examined with Pearson’s correlation
test or Spearman’s rank correlation test. Partial cor-
relation analysis was performed to determine the
predictor variables of WBC, independent of con-
founders. All descriptive data were expressed as
meantstandard deviation (SD). A p value less than
0.05 was considered significant.

RESULTS

The main physical and biochemical features of
the subjects are presented in Table 1. Serum FBS,
TG, TC, and AIP in subjects with BMI >30 kg/m?
were significantly higher than those with BMI <30
kg/m?2. In addition, obese subjects had significantly
higher hs-CRP and IL-6 concentrations (p<0.05).
Comparison of haematological parameters be-
tween groups is shown in Table 2. Significantly
higher levels of WBC, lymphocytes, granulocytes,
PLT and lower levels of haemoglobin (HGB) were
observed in obese subjects compared to non-obese
subjects. The WBC count showed a significant pos-
itive relationship with body fat (%), CRP, AngII,
waist-circumference, and AIP (Figure 1). These re-
lationships remained significant, even after adjust-
ing for the confounding effect of physical activity
(Table 3). Platelet count was also positively associ-
ated with WC and WHR (Figure 2). There was also

a positive relationship between WBC, TG, and AIP
and between LDL-C, HGB and haematocrit (HCT)
(Table 4). These findings suggest that higher WBC
and PLT count is related to higher risk of metabolic
syndrome or atherogenic profile in obesity.

DISCUSSION

This study demonstrates that total and differen-
tial white blood cell counts are higher in obese
compared to non-obese women. Physical activity
influences the circulating effect of inflammatory
cytokines and WBC. Exercise in adults is associated
with lower levels of C-reactive protein and WBC
(11,12). In our study, WBC was positively associated
with percentage of body fat, CRP, and angiotensin
I1, independent of physical activity score. This sug-
gested that correlation between WBC count and fat
mass (13-16) could be mediated partially by inflam-
matory biomarkers. To our knowledge, it is the first
report of WBC's relationship with inflammatory
factors, especially angiotensin IT in obesity.

Adipose tissue functions as an endocrine organ
with metabolic activities. Adipose tissue produces
and releases a variety of inflammatory factors and
adipokines as well as cytokines and chemokines,
which have been implicated as active participants
in the development of insulin resistance and car-
diovascular disease (5). CRP, as an acute-phase pro-
tein which originates in the liver as well as adipose
tissue, has many pathophysiologic roles in low-
grade inflammation in obesity (17). WBC count

Table 1. Physical and biochemical characteristics of study subjects (mean+SD)
g 2 g 2
Variable BMI ?ﬁg 4(41;) /m’) EMI ?33 4((1;) /) p value
Age (years) 36.616.0 34.117.7 0.183
Weight (kg) 83.4+9.0 62.319.0 <0.001
Height (m) 1.6+0.1 1.6+0.0 NS
BMI (kg/m?) 33.743.4 24.5£3.5 <0.001
WC (cm) 96.3+6.7 79.5+8.4 <0.001
WHR 0.840.1 0.710.1 <0.001
Body fat (%) 44.2+7 .4 31.9+7.1 <0.001
PA (Met-min/week) 1342.7+1504.4 1506.2+1122.6 NS
FBS (mmol/L) 4.5£0.9 4.240.1 0.03
TG (mmol/L) 1.6+0.6 1.3+0.5 <0.001
TC (mmol/L) 4.3+1.1 3.8+0.7 0.03
LDL-C (mmol/L) 2.1+0.9 1.240.6 NS
HDL-C (mmol/L) 1.4+0.2 1.310.1 NS
AIP 0.0210.1 -0.04£0.1 <0.01
CRP (mg/L) 9.61£5.0 7.5+4.2 0.027
AngII (ng/mL) 2.0£1.0 2.2£1.2 NS
IL-6 (pg/mL) 30.1+20.0 28.9+27.6 0.047
AlP=Atherogenic index of plasma; Ang Il=Angiotensin II; BMI=Body mass index; CRP=C-reactive
protein; FBS=Fasting blood sugar; HDL-C=High-density lipoprotein cholesterol; IL-6=Interleukin 6;
LDL-C=Low-density lipoprotein cholesterol; NS=Not significant; PA=Physical activity; TC=Total choles-
terol; TG=Triglyceride; WC=Waist-circumference; WHR=Waist-to-hip ratio
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increases in inflammation. Systemic low-grade in-
flammatory response in obesity is associated with
higher WBC counts and two- to three-fold increase
in the systemic concentrations of CRP and IL-6
(18). IL-6 by itself further increases the production
of CRP in obesity (19,20). This elevated amount of
CRP is taken up by WBC, promotes migration of
WBC into arterial wall, and activates the comple-

ment system and foam cell production (21). An
increased CRP level is in parallel of elevated WBC
production, and this mechanism can partially ex-
plain the positive relationship between these two
parameters.

We also found a positive relationship between
WBC and angiotensin IT (p<0.05). This can also

Table 2. Haematological parameters of study subjects

Variable BMI >30 (kg/m?) (n=44) BMI <30 (kg/m?) (n=40) Normal range p value
Total WBC (x10°/L) 6.4+0.3 4.4+0.3 4-11 0.035
Lymphocytes (x10°/L) 2.320.7 2.1+0.5 1-4 0.042
Granulocytes (x10°/L) 3.9+1.1 3.4+£0.9 2-7.7 0.043
MID (x10°/L) 0.1+0.1 0.1+0.1 0.1-1.1 NS
RBC (x10%/L) 4.4+0.3 4.5+0.3 3.9-5.6 NS
HCT (Proportion of 1.0) 0.4+0.1 0.4+0.0 0.3-0.5 NS
HGB (g/L) 125.1+10.4 130.1+9.5 120-160 0.026
MCHC (g/L) 329.8+10.1 332.948.5 320-360 NS
MCV (fL) 86.2+8.7 87.945.7 82-98 NS
PLT(x10°/L) 271.4+61.4 244.6£59.3 140-400 0.047

HCT=Haematocrit; HGB=Haemoglobin; MCHC=Mean corpuscular haemoglobin concentration;
MCV=Mean corpuscular volume; NS=Not significant; PLT=Platelet count; RBC=Red blood cell;
WBC=White blood cell; MID=Minimum inhibitory dilution

Figure 1. Relation of white blood cell count with selected anthropometric and inflammatory param-
eters (A: 1=0.31, p=0.004; B: r=0.25, p=0.034; C: r=0.243, p=0.037; D: 1=0.226, p=0.04)

A
=
o 12.50- *
o
—
£ 10.00
% ° N
¢ 7.50 °
§ °% .
= 5.00 '.o ’ "
£ ¢ : ® &
< 2.50
=

x x x x I I x
10 20 30 40 50 60 70
Body fat (%)

C

12.50- °

10.00

7.50+

5.00

2.50+

White blood cells (x10-9/L)

x x x x x x
0 1000 2000 3000 4000 5000 6000
Angiotensin II (pg/mL)

B

12.50 b

10.00—

7.50-

5.00

2.50

White blood cells (x10-9/L)

0 10 20 30 40
C-reactive protein (mg/L)
D

12.50- °

10.00-

7.50

White blood cells (x10-9/L)

T T T T T T T
60 70 20 30 100 110 120
Waist-circumference (cm)

Volume 31 | Number | | March 2013

6l



White blood cell count and inflammatory biomarkers in women

Farhangi MA et al.

be explained by the pro-inflammatory role of this
molecule; accumulating evidence suggests that an-
giotensin IT mediates its effects by increasing the
pro-inflammatory cytokine production, such as
IL-6 and IL-8 (6); these two cytokines are potent in-
ducers of WBC production (4). It has been shown
that inhibition of angiotensin IT production is as-
sociated with reduction in WBC count (22). More
interestingly, the link between elevated WBC count
and hypertension, which has been reported in pre-
vious studies (23,24), may be directly related to the
inflammatory and vasoconstrictor effect of angi-
otensin II.

Platelet counts in our obese individuals are signifi-
cantly higher than in non-obese individuals. This
finding is consistent with the findings of Kutlu-
turk et al. (25) who evaluated the relationship be-

Table 3. Predictors of WBC in partial correlation
analysis (controlling for the effect of

physical activity)
Variable T p value
Body fat (%) 0.5 <0.001
CRP (mg/L) 0.3 0.05
Ang I1 (pg/mL) 0.3 0.049
WC (cm) 0.3 0.02

Ang I1=Angiotensin IT; CRP=C-reactive protein;
WC=Waist-circumference

tween platelet count and metabolic risk factors of
cardiovascular disease in obesity. There is an on-
going debate on whether obesity is accompanied
with platelet activation. Higher concentrations of
adipose tissue originating inflammatory markers
may contribute to atherogenesis and thrombosis
through its effects on platelet activation (26). In our
study, higher CRP and IL-6 concentrations in obese
individuals may be responsible for elevated platelet
count in this group.

The WBC count was associated with triglyceride lev-
els and atherogenic index of plasma as a strong pre-
dictor of various clinical and biochemical markers
of CVD, especially smaller size of LDL patrticle (27).
This result was consistent with the findings of Ohs-
hita et al. (4) and Targher et al. (28). They reported
that WBC count is associated with components of
metabolic syndrome, such as BMI, WHR, and trig-
lyceride. A positive relationship was also found be-
tween LDL cholesterol concentrations and haemo-
globin or haematocrit levels. This result agreed with
the study of Shimakawa et al. (29) and Tomoko et al.
(30) reporting strong positive relationship between
serum total cholesterol and haemoglobin (p<0.01
and p<0.002 respectively); the authors suggested
that haemoglobin and haematocrit are associated
with the risk factors of cardiovascular disease.

Figure 2. Relation between platelet count, WC, and WHR (A: 1=0.22, p=0.04; B: 1=0.29, r=0.008)
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Table 4. Relationship among haematological parameters and metabolic characteristics

Variable WBC (x10°/L) HGB (g/L) HCT (Proportion of 1.0) PLT(x10°/L)
FBS (mmol/L) 0.1 (NS) -0.1 (NS) 0.1 (NS) -0.1(NS)
TG (mmol/L) 0.2 (0.03) -0.1 (NS) -0.1 (NS) 0.1 (NS)
TC (mmol/L) 0.1 (NS) 0.1 (NS) 0.2 (NS) -0.1 (NS)
LDL-C (mmol/L) 0.1 (NS) 0.2 (0.05) 0.3 (0.01) 0.1 (NS)
HDL-C (mmol/L) 0.1(NS) 0.1 (NS) -0.1 (NS) 0.1 (NS)
AIP 0.3 (0.028) -0.1 (NS) -0.1 (NS) 0.2 (NS)

AlIP=Atherogenic index of plasma; FBS=Fasting blood sugar; HCT=Haematocrit; HDL-C=High-density
lipoprotein cholesterol; LDL-C=Low-density lipoprotein cholesterol; NS=Not significant; PLT=Platelet
count; TC=Total cholesterol; TG=Triglyceride; WBC=WHhite blood cell; Values expressed as r with p
values in parentheses
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Limitations

The present study had several limitations. First, the
case-control nature of the study lacks information
about the causal relationship between variables.
This needs to be elucidated in future prospective
studies. Second, we did not assess leptin level in our
study. It has been suggested that relation of body
fat and WBC count may be mediated by leptin (15).
Circulating leptin concentrations increase in obes-
ity (31). Several studies reported the in-vitro effects
of leptin in proliferation of stem cells and WBC
production (32) and that leptin potentiates plate-
let aggregation and activation in obesity (33,34).
Therefore, further studies regarding the role of lep-
tin in developing abnormal WBC or platelet pro-
duction in obesity are desirable. Third, this study
was carried out only in women and not in men;
therefore, the results may not be generalized for to-
tal population.

Conclusions

In our study, obese women had higher WBC, plate-
let count, and inflammatory biomarkers compared
to non-obese women. This could represent higher
risk of disorders associated with cardiovascular dis-
ease or metabolic syndrome in obesity. It was also
found that WBC was associated with inflamma-
tory markers, suggesting that higher WBC count in
obesity may be mediated by inflammatory factors.
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