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Abstract: Objectives: to evaluate whether total and differential WBC counts are altered in young obese patients (aged 6-
12 years) and if a relationship exists between WBC counts and the severity of obesity as well as with CRP level.

Materials and Methods: a group of 77 obese patients [32 males and 45 females] and 19 controls [7 males and 12 females]
were studied. Total WBC count was performed by using an automatic blood cell counter. Blood cell morphology and
WBC differential count were evaluated in Wright stained blood films. The plasma levels of CRP were evaluated by
immunoturbidimetry.

Results: obese participants presented with a statistically significant higher neutrophil percentage and CRP levels when
compared to controls; the median CRP value was about 5 times higher than that observed in controls. Absolute neutrophil
count and neutrophil/lymphocyte ratio were also higher in patients, though without statistical significance. The parameters
that were statistically significant related with adiposity markers were neutrophil count and CRP levels. The neutrophil
count was positively and statistically correlated with body mass index (BMI), BMI z-score, waist circumference and
waist/height ratio, and also with CRP levels. In multiple regression analysis, the only variable that remained statistically
associated with neutrophil count was CRP (neutrophil count = 2.612 + 0.439InCRP; standardised coefficient/beta: 0.384,
P=0.001). When performing multiple regression without CRP, the only variable that remained statistically associated with
neutrophil count was BMI.

Conclusions: our results demonstrated in obese patients aged 6-12 years, a significant change in the differential leukocyte
count towards neutrophilia, together with a significant higher CRP concentration, and that absolute neutrophil count
correlates with obesity markers and with CRP levels. Our data also indicate that neutrophil count, a current clinically used

low-cost parameter, may be used as an obesity-related inflammatory marker in young obese patients.
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1. INTRODUCTION

Obesity is increasing all over the world, particularly in
industrialised countries, and is a significant risk factor for
cardiovascular disease (CVD). This is of particular concern
in our country, as demonstrated by the high prevalence of
overweight/obesity  (31.5%) in Portuguese children,
compared to other European countries [1]. Furthermore,
Portugal exhibits a high rate of CVD, particularly of
cerebrovascular disease.
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Cardiovascular morbidity and mortality of obesity is
associated with classic risk factors, namely dyslipidemia,
hypertension and impaired glucose metabolism [2, 3].
Recently, it was shown that obesity may be regarded as a
state of low-grade inflammation [3, 4] and atherosclerosis is
accepted as an inflammatory process [5]. The adipocyte is an
important source of cytokines, namely interleukin (IL)-6 and
tumour necrosis factor (TNF)-alpha, and their levels are
significantly higher in the plasma of obese patients [4, 6].
The rise in these cytokines, especially in IL-6, triggers an
increased synthesis of C-reactive protein (CRP), one of the
most sensitive makers of inflammation [7]. However, and
although obesity is recognized as a possible cause for
reactive leukocytosis [8], the contribution of leukocytes to
the inflammatory process in obese patients is not fully
understood.
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To date, limited investigations have examined the
associations between white blood cell (WBC) count and
obesity in children and adolescents. A National Health and
Nutrition Examination Survey of the US population
demonstrated that overweight is associated with higher WBC
count in children [9]. Furthermore, a recent study performed
in female obese adolescents showed that WBC count is
positively related to body mass index (BMI), waist
circumference, and total adipose tissue (TAT) and
subcutaneous adipose tissue (SAT) areas [10]. After
adjustment for metabolic risk factors, only neutrophil counts
were positively related to BMI, waist circumference, and
TAT; lymphocyte and basophil counts were negatively
related to BMI and waist circumference [10]. This study was
performed only in female adolescents (aged 10-19 years) and
no control group was used.

It is still uncertain which WBC subfractions are more
altered in obese children and adolescents, and how
prematurely these changes occur in obesity. Thus, the aim of
our work was to evaluate whether total and differential WBC
counts are altered in young obese patients (aged 6-12 years)
and if a relationship exists between WBC counts and the
severity of obesity (according to BMI z-score, waist
circumference and waist/height ratio) as well as with CRP
level, a known sensitive marker of inflammation.

2. MATERIAL AND METHODS
2.1. Subjects

The protocol used for all participants was approved by
the Committees on Ethics of the University Hospital S. Jodo
and of the Children’s Hospital Maria Pia, Porto. Obese
patients, aged 6-12 years, were identified from medical
records at the Departments of Pediatrics of Hospital Maria
Pia and Hospital S. Jodo, Porto. All children that reached
inclusion criteria were invited to participate in the study.
Seventy seven obese children participated in the study after
informed and written consent of their parents. The study took
place between May 2006 and March 2007.

Healthy control subjects, age and sex matched with obese
patients, were recruited from the general population.

Obesity was defined as BMI greater than the 95th
percentile for age and gender, according to 2000 Centre for
Disease Control and Prevention (CDC) growth charts.
Because BMI is not normally distributed, we used body-
mass index z-score (BMI z-sc); BMI z-sc values were
achieved by using a calculator that has per basis the 2000
CDC growth charts.

Clinical data regarding the sample population was
collected. The physical examination included the
measurement of height, weight, waist circumference, and the
presence of skin lesions related with obesity and its co-
morbidities.

The participants were invited to the research centers after
an overnight fast and, after clinical examination, blood was
collected for laboratory analysis.

Smokers, subjects with diabetes mellitus, endocrine
disorders, hereditary diseases, inflammatory or infectious
diseases or under any therapy that could interfere with our
results were excluded from the study.

The Open Biochemistry Journal, 2010, Volume 4 73

2.2. Procedures and Assays
2.2.1. Blood Samples

Fasted blood samples were obtained and processed
within 2h of collection. Blood was obtained by venipuncture
in EDTA containing tubes. Plasma aliquots were made and
immediately stored at — 70°C until assayed.

2.2.2. Laboratory Analysis

Total WBC count was performed by using an automatic
blood cell counter (ABX Micros 60-OT). Blood cell
morphology and WBC differential count were evaluated in
Wright stained blood films. The plasma levels of CRP were
evaluated by immunoturbidimetry [CRP (latex) High-
Sensitivity, Roche Diagnostics].

2.3. Statistical Analysis

Statistic analysis was performed using the Statistical
Package for Social Sciences (SPSS, version 17.0) for
Windows. Kolmogorov-Smirnov analysis was used to test if
the results were normally distributed. The results normally
distributed are presented as mean + SD and those not-
normally distributed are presented as median (interquartile
range).

Controls and obese patients were compared using
Student’s unpaired t test or Mann-Whitney U test. The
distribution of males and females with respect to categorical
variables was analysed using chi-squared (x°) test and
Fisher’s exact test.

The strength of the association between the substances
was estimated by Pearson correlation coefficient, after
logarithmic transformation of the variables (when
necessary). To evaluate the contribution of the different
variables to neutrophil count, we performed multiple
regression analysis, using stepwise selection, with an entry
criteria of P <0.05. Significance was accepted at P less than
0.05.

3. RESULTS

The demographic and clinical characteristics of the obese
participants (n=77) and controls (n=19) are presented in
Table 1. The groups were matched for age and gender; as
expected, BMI and BMI z-sc values were significantly
higher in patients.

Obese participants presented with a statistically
significant higher neutrophil percentage and CRP levels
(Table 2). Absolute neutrophil count and neutrophil/l
ymphocyte ratio were also higher in patients, though without
statistical significance.

Concerning the comparison between boys and girls, no
statistical significant differences were observed within both
groups (data not shown).

The correlations between CRP levels and the absolute
count for each type of leukocyte with adiposity markers are
presented in Table 3. The only parameters that were
statistically significant related with adiposity markers were
neutrophil count and CRP levels. The neutrophil count was
positively and statistically correlated with BMI, BMI z-sc,
waist circumference and waist/height ratio, and also with
CRP levels. In the multiple regression analysis, the only
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Table1. Characteristics of the Studied Subjects
Controls Obese patients P
(n=19) (n=77)
Age (years) 85+1.6 9.1+1.6 0.133
Gender male (n) 7 (36.8%) 32 (41.6%) 0.708
BMI (kg/m?) 16.27 +1.54 27.48+3.73 <0.001
BMI z-sc 0.005 £ 0.820 2.331+£0.317 <0.002
Waist circumference (cm) - 86.9 £10.2 -
Waist/Height ratio - 0.609 £+ 0.054 -

Values are given as mean + SD, unless otherwise indicated.

Table 2. Total and Differential Leukocyte Counts and CRP Levels in Controls and Obese Patients Aged 6-12 Years
Controls Obese patients P
(n=19) (n=77)
WBC (x 10%/1) 7.13+1.94 7.37+1.75 0.597
Neutrophils (%) 47.61+£9.59 51.86 £ 7.91 0.048
Eosinophils (%) 5.26 +5.02 3.65+2.20 0.186
Basophils (%) 0.47+0.34 0.53+0.31 0.453
Lymphocytes (%) 41.18 +9.49 38.39 +7.50 0.172
Monocytes (%) 5.47 +1.64 5.57 +1.69 0.814
Neutrophils (x 10%1) 3.43+131 3.87+1.29 0.186
Eosinophils (x 10%1) 0.42 +0.48 0.26 +0.16 0.176
Basophils (x 10°1) 0.04 +0.03 0.04 +0.02 0.462
Lymphocytes (x 10%1) 2.85+0.75 2.79+0.71 0.739
Monocytes (x 10%/1) 0.39+0.13 0.40 +0.12 0.664
Neutrophil/lymphocyte ratio 1.28+0.53 1.44+0.49 0.193
CRP (mg/l) 0.32 (0.19-0.89) 1.73 (0.82-3.67) <0.001

Values are given as mean + SD or median (interquartile range).

Table 3. Correlations Between CRP Level and the Absolute Count for Each Type of Leukocytes with Adiposity Markers, in Obese
Patients Aged 6-12 Years

Neutrophils (x10%1) | Lymphocytes (x10%1) | Monocytes (x10%1) | Eosiniphols (x10°.1) | Basophils (x10°.l) | LnPCR
BMI (kg/m?) 0.289* 0.046 0.076 0.089 0.058 0.261*
BMI z-sc 0.249* 0.120 0.058 0.064 0.113 0.313**
Waist 0.225* 0.089 0.101 0.019 -0.017 0.188
circumference (cm)
Waist/height ratio 0.230* 0.178 0.099 0.175 0.097 0.317**
Ln CRP 0.384** 0.075 0.295* 0.014 0.051 -

*P<0.05; **P<0.01.

variable that remained statistically associated with neutrophil
count was CRP (neutrophil count = 2.612 + 0.439InCRP;
standardised coefficient/beta: 0.384, P=0.001); BMI was

excluded from this model but its partial correlation almost
reached statistical significance (0.212, P=0.067). When

performing multiple regression without CRP, the only
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variable that remained statistically associated with neutrophil
count was BMI (neutrophil count = 1.117 + 0.100BMI;
standardised coefficient/beta: 0.289, P=0.011).

4. DISCUSSION

Leukocytosis is often associated with atherosclerotic
disease and is accepted as a risk factor for CVD [11-13]. The
association between leukocyte count and risk of
atherosclerotic disease is plausible because leukocytes give a
major contribution to the rheologic properties of blood, alter
their own adhesive properties under stress and participate
also in endothelial injury [11]. Moreover, the recruitment of
monocytes and lymphocytes to the artery wall is
characteristic of atherosclerosis [14].

Atherosclerosis is a chronic disease that begins early in
life. Obesity is an important risk factor for the development
of CVD, but, to date, limited investigations have examined
the associations between WBC count and obesity in children
and adolescents.

A study on subjects who were referred for further
evaluation of leukocytosis by their family physicians
demonstrated that obesity is the second most common cause
of leukocytosis, being smoking the commonest cause [8].
Furthermore, in a previous large cross-sectional
epidemiological study, performed in adults, an increased
BMI was a statistically significant independent predictor of a
higher peripheral blood leukocyte count [15]. Leptin, IL-1,
IL-6 and TNF-q, all produced by the human adipose tissue,
have been implicated in this leukocyte rise [8, 14, 16, 17].
However, as far as we know, this is the first study assessing
the association of leukocyte count with obesity and its
associated inflammation, assessed by CRP levels, in obese
patients and (lean) controls aged 6-12 years.

As leukocyte count changes with age and is influenced
by gender [15], we matched controls and patients for gender
and age. We chose participants aged 6-12 years, as in this
age range it is not normally observable significant changes in
leukocyte counts. In our study, we also did not find any
significant correlation between total and differential
leukocyte counts with age.

The median CRP value was about 5 times higher than
that observed in controls, demonstrating an inflammatory
process in such young obese patients (Table 2). The total
leukocyte count did not show a statistically significant
change in obesity, but a different ratio between the different
leukocyte types was observed, as showed by the significantly
higher value in the percentage of neutrophils with obesity.
Even though no significant differences in absolute neutrophil
count were observed, patients presented a trend to higher
values. Moreover, absolute neutrophil count correlated not
only with markers of obesity but also with CRP levels. This
suggests that neutrophil count may be used as a marker of
obesity severity, with its associated inflammatory state. The
fact that CRP levels remained statistically associated with
neutrophil count by multiple regression analysis may be
explained by the fact that there are cytokines, produced and
released by the adipocyte, namely IL-6 and IL-1, that are
able to induce both an increase in CRP synthesis and
neutrophilia via demargination of neutrophils from the
marginal “pool”, acceleration of bone marrow neutrophil
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release or enhancement of bone marrow granulopoiesis [7,
18, 19]. It is worthy to emphasise that in our study, when
CRP was removed from the model, BMI was the only
variable that remained statistically associated with neutrophil
count.

The significant positive correlations that we found
between neutrophil count and BMI and waist circumference
values are in agreement with those obtained by Kim and
Park [10] in female obese adolescents aged 10-19 years.
However, we were unable to find any correlation with
absolute lymphocyte count. Kim and Park [10] also found
that WBC count is strongly related to subcutaneous rather
than visceral adiposity.

There are a lot of beneficial effects on health resulting
from moderated aerobic physical exercise, namely a
reduction in obesity markers (e.g. BMI) and in risk of type 2
diabetes, and an improvement in endothelial function and
lipid profile, all risk factors for CVD [20-23]. Data from
large study populations also suggest an inverse association
between chronic physical activity and the level of some
inflammatory markers (e.g. CRP and interleukin-6) [21, 24,
25]. In obese adult subjects who lost weight significantly,
leukocytosis and the acute-phase reactants seem to gradually
return to normal [8]. However, few data exists in literature
regarding young obese subjects. It was shown that 3 months
of moderate lifestyle intervention in obese adolescents seems
to attenuate the inflammatory state associated with obesity,
as observed by a reduction in elevated -circulating
concentrations of CRP, fibrinogen and IL-6, non-traditional
risk factors for CVD [16]. However, and despite the
consistency of the results, the small sample size of this study
(n = 8 in the intervention group) calls for attention in
strengthening these results with further studies. Reinehr et al.
[26], by evaluating 16 obese children who lost weight over a
1-year period, found a significant decrease in CRP but no
significant changes in TNF-alpha levels. If future research
supports the idea that, at young ages, the protection provided
by regular physical activity against obesity-mediated
inflammation is relevant, this would encourage even more its
practice. Moreover, at these young ages, this would also be a
good opportunity to implement healthy lifestyles.

In conclusion, our results demonstrated a significant
change in the differential leukocyte count towards
neutrophilia, together with a significant higher CRP
concentration, in obese patients aged 6-12 years, and that
absolute neutrophil count correlates with obesity markers,
especially BMI, and with CRP levels. Our data also indicate
that neutrophil count, a current clinically used low-cost
parameter, may be used as an obesity-related inflammatory
marker in young obese patients. However, more studies are
needed to confirm our findings, involving larger number of
cases. Furthermore, young obese patients may deserve from
physical activity programs.
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