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ABSTRACT

Introduction: Obesity is considered as a risk factor for chronic low-grade systemic inflammation. This condi-
tion could be reflected in changes in complete blood count (CBC) and the presence of inflammatory markers.
Assessment of CBC parameters and their correlation with Th17 cells and C-reactive protein (CRP) concen-
tration in overweight/obese children in comparison to normal weight subjects.

Material and methods: Twenty-seven overweight/obese and 15 normal-weight children aged 8-18 years were
enrolled in the study. The analysis included anthropometric measurements, CBC, biochemical, and immuno-
logical parameters. Th17 cells were identified by flow cytometry and defined as CD3+CD4+CD196+IL-17Aic+.
Results: In overweight and obese children there were significantly higher counts of leukocyte (p = 0.04), lym-
phocyte (p = 0.03), monocyte (p = 0.02), erythrocyte (p < 0.001), and haemoglobin concentration (p = 0.005).
In the microscopic smear a lower eosinophil percentage was found in overweight/obese children compared
to normal-weight children. Additionally, we detected significant relationships between anthropometric pa-
rameters and blood morphology elements, CRP, and Th17 cells in the group of all children, and a statistically
significant positive correlation between Th17 frequency and erythrocyte value (p = 0.01, r = 0.38). Moreover,
the band cell value in blood smear correlated with Th17 cells (p = 0.03, r = 0.34) and CRP concentration
(p =0.03, = 0.33) in all children.

Conclusions: Obesity affects both white and red blood cell lineages. The finding of significant relationships
between pro-inflammatory Th17 lymphocytes, CRP, and immature neutrophils as well as anthropometric
markers of obesity may indicate that obesity-induced inflammation is be responsible for these alterations.
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INTRODUCTION

Obesity is considered as a risk factor of such conditions
as a cancer, asthma, and some autoimmune diseases [1].
The role of obesity in the development of systemic disor-
ders, including insulin resistance, type 2 diabetes, hyper-

ADDRESS FOR CORRESPONDENCE:

tension, and non-alcoholic fatty liver disease, has been
extensively studied in recent years [2]. The role of low-
grade chronic systemic inflammation as the basic back-
ground of obesity complications is not to be overestimated.
Enlarged adipocytes, overexpression of proinflammatory
cytokines like interleukin (IL) 6, IL-21, tumour necrosis
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TABLE 1. Age, sex, and anthropometric parameters of overweight and obese (study group) and normal-weight (control group) children

participating in the study

Parameters Study group (n =27) Control group (n=15) p-value
Age (years) 12.67 +2.55 12.65 +2.64 ns

Gender M/F (%) 15/12 (56/44) 8/7 (54/46) ns

BMI [kg/m?] 29.6 (27.2-33.7) 18.6 (16.5-20.2) <0.001
BMI SDS 2.3(1.9-2.5) 0.1(-0.5t00.3) <0.001
WC [cm] 93.24 £14.23 63.91£3.36 <0.001
HC [cm] 105.0 (94.0—109.0) 80.0 (74.0-87.0) <0.001
WHR 0.88 £0.055 0.80 £0.05 <0.001
WHtR 0.56 (0.53—0.59) 0.42 (0.40—0.44) < 0.001

BMI — body mass index, BMI SDS — body mass index standard deviation score, HC — hip circumference, WC — waist circumference, WHR — waist-to-hip ratio, WHtR — waist-to-height ratio, ns- non-significant
Data are presented as median values with interquartile range as appropriate or mean + standard deviation (SD).

factor-o. (TNF-a) [3], and production of specific chemok-
ines (e.g. monocyte chemoattractant protein-1 [MCP-1]),
macrophage infiltration of adipose tissue (AT) [4], and
alteration of the immune system (e.g. increase T
helper 1 [Th1], decrease Treg cells) [5, 6] contribute to the
complex pathogenesis of obesity-induced inflammation.
However, the underlying mechanisms of this processes
have not been clearly elucidated, and new factors are still
being discovered.

Many studies have focused on the role of Th17 lym-
phocytes in the development and maintenance of obesity-
induced inflammation, a few of them also in children
[7, 8]. Th17 cells are a subtype of Th lymphocytes that
sustain inflammatory milieu in tissues. They are also re-
sponsible for the production of antibacterial (extracellular
bacteria) and antifungal immunity, and they play an im-
portant role in the pathomechanism of autoimmune dis-
eases, chronic inflammation, and allergic processes [9, 10].

It is widely known that inflammation is associated
with an increase in the number of leukocytes, both lo-
cally and systemically. However, it is not clear which sub-
fractions of peripheral blood cells are typically altered in
obesity. Dixon [11] reported that leukocytes are increased
in obese patients, Shah [12] described an increase of neu-
trophils linked to obesity. There is also the observation
that the total value of circulating blood cells increases
in obese adults with the increase in C-reactive protein
(CRP) concentration [13].

Little research has been conducted to assess the rela-
tionship between complete blood count (CBC) param-
eters, and markers of obesity-induced inflammation in
children.

The aim of our study was to evaluate the changes
in CBC and their correlation with Th17 cells and CRP
in overweight and obese children in comparison to nor-
mal-weight subjects.

MATERIAL AND METHODS

We enrolled 27 overweight and obese children (study
group) aged 8-18 years: 12 girls and 15 boys, and 15 age-

and sex-matched normal-weight children (control group)
(Table 1). Anthropometric measurements were taken
by one anthropologist. Body weight (kg) and height (cm)
were measured using standard methods. Waist and hip
circumferences (HC) were measured with a plastic tape
measure, according to WHO recommendations [14].
The anthropometric parameters were normalized for cal-
endar age according to a nationally representative group
of children aged 3-18 years — the OLAF project [15].
The waist-to-hip ratio (WHR) and the waist-to-height ra-
tio (WHtR) were calculated. The body mass index (BMI)
was calculated by dividing the weight (kg) by the square
of the height in metres (m?). Obesity was defined by
BMI > +2 standard deviation scores (SDS), and over-
weight was defined as BMI between +1 to +1.9 SDS.

Exclusion criteria for entry into the study were sec-
ondary obesity due to hormonal or central nervous sys-
tem diseases and genetic disorders. All children had no
allergy, haematological or chronic disease, or symptoms
of acute infection.

All parents and patients older than 16 years gave their
informed consent before participating in the study, which
was approved by the Bioethics Committee at the Medical
University of Warsaw.

LABORATORY TESTS

In the morning after an overnight fasting period
blood samples were obtained by peripheral venipuncture.

Complete blood count was measured in blood collect-
ed in EDTA samples using a Sysmex XN 1000i haemato-
logical analyser by standard methods.

Analysis included total leukocyte count, neutrophil,
lymphocyte, monocyte, eosinophil, basophil count, eryth-
rocyte count, haemoglobin level, values of mean corpus-
cular volume, mean corpuscular haemoglobin, mean
corpuscular haemoglobin concentration, red blood cell
distribution width, and platelet count, mean platelet vol-
ume, and platelet distribution width.

Additionally, blood smears were assessed manually
using a microscope.
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The concentration of CRP (mg/dl) was measured
by a fixed-point immune-rate method on a Vitros 5600
analyser (Ortho Clinical Diagnostic, Raritan, New Jersey,
USA).

Th17 cell evaluation by flow cytometry was as fol-
lows: 50uL of fresh venous blood after staining with
monoclonal antibodies (according to the manufacturer’s
instructions — Becton Dickinson Biosciences): anti-CD3
APC-H7; anti-CD4 PE-Cy7; anti-CD196 APC (CCR6)
(Becton Dickinson, Franklin Lakes, NJ, USA), were
washed (in a washing buffer [0.9% NaCl]), permeabilized
( IntraPrep Permabilization Reagent 1 and 2 (Immuno-
tech SAS, Beckman Coulter Company, 13276 Marseille
Cedex 9, France), and stained intracellularly with anti-
IL-17A PE monoclonal antibody.

Cells were stored at room temperature before analy-
sis. For staining procedures appropriate isotype-matched
controls were used. Flow cytometry was performed on an
FACS Canto II flow cytometer (Becton Dickinson, Frank-
lin Lakes, NJ, USA) using BD FACS Diva 8.0.1 software.
Gates were preset, and the measurements were performed
blinded for sample identity. Th17 cells were defined as
CD3*CD4*CD196* expressing intracellular IL-17A
(CD3*CD4*CD196*IL-17). The number of Th17 cells
was expressed as a percentage of total CD3*CD4"* Th cells.

DATA ANALYSIS

Statistical calculations were performed using SPPS
13.3 software. The normality of the distribution was
checked using the Shapiro-Wilk test. Normally distrib-

uted data are presented as means and standard deviation
(SD), and for data with non-normal distribution, me-
dian with interquartile range. To compare overweight
and obese children and the control group, Student’s
t-test (parametric data) or the Mann-Whitney U test
(non-parametric data) was performed, as appropriate.
Spearman’s rank correlation coefficient was used to per-
form relationship analyses. A p-value < 0.05 was consid-
ered statistically significant.

RESULTS

The characteristics of children included in the study
are presented in Table 1.

Complete blood count: the comparison of CBC’ pa-
rameters in both groups of children are shown in Table 2.

The overweight and obese group had significantly
higher leukocyte (p = 0.04), lymphocyte (p = 0.03), and
monocyte counts (p = 0.02). The neutrophil value was
higher in the study group, but without statistical signifi-
cance (p = 0.14). In the microscopic smear a lower eosin-
ophil percentage was found in overweight/obese children
compared to normal-weight children (Figure 1), while the
band cell frequency was higher in the overweight/obese
group than in the control group, but without statistically
significance; median value 1% (0-2) vs. 0% (0-0), respec-
tively (p = 0.07). Statistically significantly higher values of
erythrocyte (p < 0.001) and haemoglobin (p = 0.005) were
found in the study group. No statistically significant dif-
ference was found in platelet value, although it was higher
in overweight and obese children (p = 0.35).

TABLE 2. Comparison of haematological parameters in overweight/obese children (study group) and normal-weight children (control group)

Parameters Study group (n =27)

Control group (n = 15)

Leukocyte [cells x 10%/pl] 7.14(5.66—-7.93) 6.0 (5.19-6.86) 0.03
Neutrophil [cells x 10%/pl] 3.23(2.64-4.69) 3.02(2.12-3.65) ns
Monocyte [cells x 10%/pl] 0.57 (0.45-0.64) 0.41(0.38-0.59) 0.03
Eosinophil [cells x 103/pl] 0.2(0.11-0.3) 0.22(0.12-0.38) ns
Basophil [cells x 10%/pl] 0.03 (0.02-0.05) 0.03 (0.02—0.05) ns
Lymphocyte [cells x 10°/pl] 2.63(2.1-2.87) 2.00 (1.84-2.60) 0.02
Erythrocyte [cells x 106/pl] 5.13 +0.37 4.70 +0.25 <0.001
HGB [g/dl] 14.0 (13.1-14.7) 13.00 (12.2-13.5) 0.005
MCV [fl] 79.57 +4.66 80.57 +£5.74 ns
MCH [pg] 26.84 +2.08 27.19 £2.26 ns
MCHC [g/dI] 33.85+0.97 33.74+1.12 ns
RDW (%) 13.20 (12.4-13.7) 12.6 (12.4-14.1) ns
Platelet [cells x 10°/ul] 283 (223-361) 260 (245—-284) ns
MPV [fl] 10.62 +1.26 10.27 +1.56 ns
PDW 13.42+2.2 13.06 +2.43 ns

HGB — haemoglobin, MCH — mean corpuscular haemoglobin, MCHC — mean corpuscular haemoglobin concentration, MCV — mean corpuscular volume, MPV — mean platelet volume, ns — non-significant,

PDW — platelet distribution width, RDW — red blood cell distribution width

Data are presented as median values with interquartile range as appropriate or mean =+ standard deviation (SD).

Ap < 0.05 was considered significant.
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FIGURE 1. Statistical analysis of the number of eosinophils (%)
in blood smears in overweight/obese children (study group) and
normal-weight children (control group). All box plots represent
the minimum, the first quartile, the median, the mean, the third
quartile, and the maximum. Dots represent outliers

Th17 cells: a statistically significant higher frequency
of Th17 cells was found in the peripheral blood of over-
weight and obese children than in that of normal-weight
children; median value 0.097% (0.044-0.289) vs. 0.041%
(0.023-0.099), respectively (p = 0.048).

C-reactive protein: no difference in CRP concen-
tration was found between overweight/obese and nor-
mal-weight children.

Correlations: we detected statistically significant cor-
relations between anthropometric parameters and blood
morphology elements, CRP, and Th17 cells in the group
of all children, which is shown in Table 3. Additionally,
in overweight and obese children there was a statistically
significant positive correlation between the Th17 cell fre-
quency and WHR (p = 0.005, r = 0.54).

We found a statistically significant positive correla-
tion between Th17 lymphocyte frequency and erythro-
cyte value (p = 0.01, r = 0.38) in the group of all children.
No correlations were detected between the percentage of
Th17 cells and the value of leukocytes or leukocyte sub-
types other than basophils (p = 0.02, r = 0.35). Moreover,
a statistically significant correlation was found between

the frequency of Th17 lymphocytes and the band cell
count in blood smears (p = 0.03, r = 0.34) in all children.
Additionally, the band cell value correlated with the CRP
concentration in the overweight/obese group (p = 0.006,
r=0.51), as well as in the group of all children (p = 0.03,
r = 0.33). Moreover, the CRP concentration correlated
positively with the erythrocyte value (p = 0.02, r = 0.44)
in the overweight/obese group. In the group of all chil-
dren the CRP value correlated with monocyte count
(p=10.047,r=0.31).

DISCUSSION

In our analysis, the number of peripheral leukocytes
and the frequency of Th17 cells was significantly higher
in overweight and obese children, without any chronic
or allergic conditions, which seems to support the theory
of obesity-induced inflammation. Other authors pre-
sented similar results [16]. Zaldivar et al. [17] reported
an increase in leukocyte number in overweight children
aged 6-18 years without any chronic diseases. Similar re-
sults were reported Marginean [18] in a study involving
164 children. A cross-sectional study of 1024 Iranian adults
also supported that the leukocyte count was significantly
higher in the obese group in comparison to the of normal-
weight group [19]. However, most authors reported that
an elevated leukocyte count is mainly related to an in-
crease in monocytes [20], which are more characteristic
for chronic inflammation. Zaldivar et al. [17] reported sig-
nificantly higher monocyte count but also neutrophil and
T-lymphocyte counts. Other studies evaluating leukocyte
subfractions have also shown increases in lymphocytes,
neutrophils, and eosinophils in obese subjects [20, 21].

This higher leukocyte count was explained by the
influence of increased IL-6 level - pro-inflammatory
cytokine production by adipocytes involved in the in-
duction of bone marrow granulopoiesis and the prolifer-
ation and differentiation of leukocytes into granulocytes
and macrophages [22]. IL-6 also accelerates neutrophil

TABLE 3. Correlations between selected blood count parameters, C-reactive protein value, and Th17 cell frequency with adiposity markers

in all children
Parameters  LEUK LYMPH MONO Bands EOS ERY HGB CRP Th17 cells
[x10/p]  [x103/pl]  [x10%/ul] (% of LEUK) (% of LEUK) [x10%ul] [g/dll  [mg/dl] (% of CD3*CD4*)
BMI [kg/m?] | 0.31* ns ns 0.43** —0.42%* 0.65** | 0.43** ns 0.31*
BMI SDS ns ns ns 0.45%* —0.38** 0.66** | 0.42** | 0.32* 0.33*
WC [cm] 0.37* ns 0.36* 0.39** ns 0.63** 0.43** ns 0.35*
WCSDS 0.35% 0.35% 0.37* 0.39** ns 0.67** 0.36* 0.33* 0.38*
HC [cm] ns ns ns 0.37* ns 0.45%* ns ns 0.34*
WHR ns 0.43%* ns ns ns 0.67** | 0.49%** ns 0.53**
WHtR 0.35% 0.35% ns 0.5** ns 0.69** | 0.42** | 0.39% 0.38%

BMI — body mass index, BMI SDS — body mass index standard deviation score, CRP — C-reactive protein, EOS — eosinophil, ERY — erythrocyte, HGB — haemoglobin, LEUK — leukocyte, LYMPH — lymphocyte,

MONO — monocyte, WC — waist circumference, WHR — waist-to-hip ratio, WHtR — waist-to-height ratio

Data are presented as rs — Spearman correlation coefficient or ns — non-significant.
*p <0.05;**p < 0.01
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release from the bone marrow and induces their demar-
gination from the marginal pool. Yoshimura et al. [20]
in their study found that the peripheral monocyte count
significantly correlated with visceral and subcutaneous
fat thickness measured by ultrasonography and with
body fat mass and percentage body fat calculated by bio-
impedance. Additionally, some studies support a positive
correlation between changes in leukocyte profile and
indices of excessive adiposity, such as BMI, BMI SDS,
waist circumference (WC), HC, WHR, or WHItR [17].
In a cross-sectional study of Italian overweight and obese
children, an increase in white blood cell (WBC) count
quartile was found along with increased mean values of
BMI, BMI z-score, WC, and WHIR [23]. In the study of
Ruminska et al. [24] in 99 overweight/obese children
aged from 10 to 17.5 years, the WBC count correlated
with BMI SDS, the monocytes with WC, and the neutro-
phils with all anthropometric measurements relating to
fatness. In our study, the leukocyte count also correlated
positively with the anthropometric parameters including
BMI, WC, WC SDS, and WHIR in the group of all chil-
dren. Furthermore, our data showed a higher value of
monocytes in the study group, and a positive statistically
significant correlation between the number of monocytes
and WC, WC SDS - a widely approved marker of abdom-
inal obesity, which confirmed the relationship between
monocytes and abdominal obesity, similarly to previous
studies [24]. In our study monocytes also significantly
correlated with the CRP concentration in the group of all
children. A positive correlation between monocytes and
CRP concentration may indicate the involvement of these
cells in the inflammatory process occurring in obesity.
Eosinophils, which are known for their role in pro-
tecting against parasitic infections, in AT are often dis-
tributed close to type II macrophages and secrete type 11
cytokines such as IL-4, IL-10, IL-13, and TGF-f, which
participate in anti-inflammatory immune responses
and promote M2 polarization and Th2 differentiation.
Wau et al. [25] showed a tendency of decreasing eosinophil
number in adiposity in obese mice models. Furthermore,
they showed that the significant increase in total body fat
and percentage fat content in eosinophil-deficient mice
on a high-fat diet suggests a protective role of eosinophils
against diet-induced obesity [25]. In our study, the eosin-
ophil differential count in the microscopic smear was sta-
tistically significantly lower in obese children compared
to children with normal weight and correlated with BMI,
BMI SDS. This was also found in the studies of Nasci-
mento [21] and Zaldivar et al. [17]. The reduction of cir-
culating eosinophil count is acknowledged as a signal of
acute infection [26, 27], and eosinopenia is considered as
a promising marker for the diagnosis of sepsis [28]. How-
ever, lower circulating eosinophil levels in obese children
compared to normal-weight ones appear to be associated
with a predominance of the proinflammatory over type
IT response. Further research is required comparing the

eosinophil contained in obese and lean AT and peripheral
blood to explain this phenomenon.

The next leukocyte subfraction that showed an associ-
ation with obesity in our study was immature neutrophils
(band cells). The presence of band neutrophils > 10% of
the total leukocyte count (“bandemia”) is often used as
an indicator of serious bacterial illness and acute inflam-
mation but is unlikely to be seen in chronic conditions.
It is noteworthy that in our research the band cell count
was positively correlated with obesity defined using BMI
and other anthropometric parameters. Additionally, these
cells correlated positively with CRP values. Moreover, we
found a positive correlation between band cells and Th17
lymphocytes. The involvement of Th17 cells in the devel-
opment and maintenance of systemic inflammation in
obesity has been demonstrated in both animal and human
models [29, 30]. A higher frequency of Th17 cells in over-
weight/obese children compared to normal-weight ones
was confirmed in our study as well as in other papers [7, 8].
The correlation between the frequency of Th17 lympho-
cytes and anthropometric obesity indicators such as BMI
was reported by several authors. In the study of Schin-
dler et al. [8] Th17 cell frequencies correlated positively
with the absolute BMI. Our study confirmed the positive
correlation between Th17 cells and BMI and WHR. The
tendency to increase the number of Th17 lymphocytes in
obesity could be explained by the pro-inflammatory effect
of leptin. Leptin stimulates the proliferative response of
T lymphocytes, resulting in an increase in Th1 and sup-
pression of Th2-type cytokine production. Leptin also ac-
tivates human B lymphocytes to secrete TNF-a, IL-6, and
IL-10 through the JAK2, STAT3, p38MAPK, and ERK sig-
nalling pathways, and it sustains Th17 pro-inflammatory
function [31]. Neutrophils, monocytes, and macrophages
are also activated by leptin. Similarly to cytokines such as
TNEF-q, IL-6, and IL-10, leptin stimulates CRP production
in the liver [16, 32].

An increased level of CRP is widely observed in obe-
sity [16, 24]. Some researchers showed a positive cor-
relation between CRP value and anthropometric mea-
surements relating to fatness [24]. Gilbert-Diamond
et al. [33] in 2614 children aged 5-12 years found that
CRP was positively correlated with BMI. However, in
NHANES study of 6-11-year-old Mexican American
children, the CRP concentration was positively associat-
ed with both skin fold sum and skinfold ratio [34]. These
results are consistent with our results in which the plasma
CRP concentration was correlated with anthropometric
markers such as BMI SDS, WC SDS, and WHtR. How-
ever, the CRP value did not differ significantly between
overweight/obese and normal-weight children. This may
be related to the small group of children involved in the
study.

Obesity is thought to alter erythropoiesis. Some au-
thors reported that the number of erythrocytes was lower
in obese subjects compared to normal-weight ones, often
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with a concomitantly lower haemoglobin value [35].
These disturbances are explained by lower iron bioavail-
ability as a result of increased expression of serum hep-
cidin, which is observed in an inflammatory state [36].
However, there are also contradictory reports that eryth-
rocyte or haemoglobin values were higher in obese
subjects compared to normal-weight adults [37]. Simi-
lar results were also obtained in a study of children, in
wihch the erythrocyte value was significantly higher in
the overweight and obese group compared to the con-
trol group [18]. In our study the results were in line
with the latter data — we found significantly higher
values of erythrocyte and haemoglobin in overweight
and obese children. These results may be related to
increased plasma ferritin level (also an inflammato-
ry marker), which lead to an increase in erythrocyte
count [32]. Furthermore, chronic obesity-related hy-
poxia is considered to lead to AT dysfunction, inflam-
mation, and the development of insulin resistance (IR)
[30], and it contributes to the increase of erythropoie-
sis. The hypothesis that insulin supports in vitro and in
vivo erythropoiesis is not new. Previous studies reported
that insulin acts directly on human erythroid progeni-
tors in vitro [38] and in vivo [39]. Barbieri et al. [39]
showed in their study in old adults that hyperinsulinemia
stimulates erythropoiesis in vivo, and insulin and HO-
MA-IR are positively correlated with the concentration
of erythrocyte and HGB. Other authors have obtained
similar results [40]. We also found significant correlation
in the group of all children between erythrocyte, haemo-
globin, and IR markers (data not published). Moreover,
we found a positive correlation between erythrocyte value
and Th17 cell frequency in the group of all children. In
our study, increased erythropoiesis was associated with
both IR and inflammation, which appear to be mutual-
ly exclusive, because the obesity-induced inflammation,
opposite to IR, is thought to support the downregulation
of erythropoiesis. Additionally, in some research a cor-
relation was found between erythrocyte, haemoglobin
value, and anthropometric parameters including BMI,
WC, or WHR, WHtR [40]. Our results also show an as-
sociation between erythrocyte, haemoglobin values, and
WHR, WHtR in overweight/obese children. The occur-
rence of elevated erythrocyte parameters in obesity may
be also partially explained by mild hypercortisolaemia
experienced by individuals with excess visceral AT [41].
Nonetheless, in our study the cortisol was not evaluated,
so this idea is not supported by our data.

CONCLUSIONS

Our results confirm the observation that obesity
affects haematopoiesis in both white and red blood cell
lineages, and these changes are observed in childhood.
The finding of a network of significant relationships
between pro-inflammatory Th17 lymphocytes, CRP, and

immature neutrophils as well as anthropometric markers
of obesity may indicate that obesity-induced inflamma-
tion is responsible for these alterations.
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