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Abstract

Aim of the study: To assess the changes in the leukocyte profile and C-reactive protein (CRP) con-
centration in adolescents with excess fat mass after 6-12 months of dietary intervention.

Material and methods: The retrospective study included 99 overweight and obese adolescents,
aged from 10.0 to 17.5 years, 82 of whom were re-hospitalized 6 to 12 months after dietary counseling.
The control group consisted of 42 normal weight peers. Anthropometric measurements and laboratory
tests were performed, homeostasis model assessment — insulin resistance (HOMA-IR) and triglycerides/
high-density lipoprotein cholesterol (TG/HDL-C) ratio were calculated.

Results: Obese and overweight adolescents had higher white blood cells (WBC), neutrophil, mono-
cyte counts and CRP concentration. In the backward stepwise regression analysis, body mass index
standard deviation score (BMI SDS) and fasting insulin concentration were independent predictors of
WBC and neutrophil counts at the baseline. At the follow-up visit in 45 (54.8%) children, who had lost
weight, decreases in WBC, neutrophil and monocyte counts and CRP, fasting insulin, total cholesterol
(TC), low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG) concentrations were ob-
served. Changes in WBC and neutrophil counts were dependent on changes in HOMA-IR and TG/HDL

ratio. Changes in HOMA-IR had a significant impact on changes in the monocyte count.
Conclusions: Adipose tissue promotes systemic inflammation and its intensity depends on the de-

gree of obesity and insulin resistance. This state is reversible. Changes in HOMA-IR were independent

predictors of changes in WBC, neutrophil and monocyte counts after reduction of body weight.
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Introduction

Adipose tissue affects the immune system leading to
the development of an inflammatory process of a peculiar
presentation and low intensity. Its pathogenesis is complex
and involves multiple pathways. Fat cells, mainly visceral,
behave as immune cells. They produce and release a large
number of proinflammatory adipokines and cytokines such
as leptin, adiponectin, resistin, tumor necrosis factor-o
(TNF-a), interleukin (IL)-1f and IL-6, monocyte chemoat-
tractant protein-1 (MCP-1), macrophage migration inhibi-
tory factors (MIF), C-reactive protein (CRP), and plasmin-
ogen activator inhibitor-1 (PAI-1), which activate further
proinflammatory pathways and promote oxidative stress

(Centr Eur J Immunol 2019; 44 (3): 307-315)

to impact negatively surrounding tissues. The production
of other cytokines, chemokines, vasoactive amines, and
prothrombotic factors increases, the expression of cell
adhesion molecules is enhanced, while neutrophils and
monocytes are recruited from the marginated pool [1-5].
Moreover, cytokines activate the hematopoietic system,
and stimulate the growth of granulocyte and monocyte
progenitor cells and thrombopoiesis [6]. Activation of
T lymphocytes and their polarization into Th1 lympho-
cytes are responsible for the cellular immunity response [2,
4]. These inflammatory reactions accompanying obesity
are reinforced by adipose tissue macrophages and lympho-
cytes [2, 3]. The visceral adiposity is also metabolically
active. Most secreted adipocytokines and cytokines are in-
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volved in development of insulin resistance, disturbances
in lipid and carbohydrate metabolism and hypertension [3].
The low-grade chronic inflammatory process concomitant
with numerous metabolic and hemodynamic disturbances
is considered to be one of the major players of the metabol-
ic syndrome and atherosclerosis process [1, 3].

Elevated inflammatory biomarkers are consistent with
the ongoing inflammatory process and some of them are
routinely assessed in clinical practice. Overweight and
obese patients have a higher total leukocyte count com-
pared to their lean peers, which is mostly the result of the
increase in the monocyte count [7]. Neutrophil, lymphocyte
and eosinophil counts may also be elevated [8-10]. Greater
adiposity leads to a higher CRP level [1, 8, 11-13]. Some
studies in obese adults showed that weight loss improved
inflammation parameters [3, 14]. Limited investigations re-
garding the impact on lifestyle changes on an inflammatory
process in obese children have been carried out [8, 15-17].

The purpose of the retrospective study was to analyze
the leukocyte profile and C-reactive protein concentration
in overweight and obese adolescents compared to normal
weight peers and their changes after 6 to 12 months of
dietary intervention.

Material and methods

We analyzed retrospectively medical records of over-
weight, obese and normal weight children over the age of
10, who were hospitalized in the Department of Paediatrics
and Endocrinology at the Medical University of Warsaw,
Poland from 2015 to 2017. Exclusion criteria included
overweight and obesity due to hormonal or genetic dis-
orders and secondary to central nervous system diseases
and immune system disturbances. None of the patients
included in this study had a positive history of allergy or
symptoms of acute infection over the last 3 weeks before
hospitalization, and none of them used any medications.
All patients were nonsmokers. Overweight and obesity
were defined by the percentile age- and sex-specific BMI
curves based on a nationally representative group of chil-
dren aged 3-18 years of the OLAF and OLA project [18].
Finally, 99 children aged from 10.0 to 17.5 years (median
age 13.6 years): 20 overweight (OW: 8 girls and 12 boys)
and 79 obese (O: 49 girls and 30 boys) were enrolled in the
study. At the first hospitalization (the baseline visit), all of
the children underwent dietary intervention which included
the analysis of their diet as conducted by dietitians, the typ-
ical level of physical activity and correction of nutritional
mistakes with recommendations for a healthy lifestyle.
The energy value of the recommended diet was tailored
individually based on the age, sex and level of physical ac-
tivity, according to Polish recommendations (supplemen-
tary material). Eighty-two children in the study group (16
OW/66 O) volunteered for a scheduled re-hospitalization
follow-up 6 to 12 months after the nutrition counseling.
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The control group consisted of 42 normal weight
children who were age- and sex-matched (24 girls and
18 boys) aged from 10.0 to 17.9 years (median age 14.4
years), who were evaluated only once (the baseline visit).

Based on body mass index standard deviation score
(BMI SDS) changes between the baseline and the fol-
low-up visit (ABMI SDS = BMI SDS follow-up visit — BMI
SDS, baseline)? the overweight and obese children were di-
vided into three groups:

1) children who lost weight — ABMI SDS < 0 (n = 45),

2) children who gained weight — ABMI SDS > 0 (n = 22),
3) children with unchanged weight — ABMI SDS =0
(n=15).

The study protocol was approved by the Bioethical
Committee at the Medical University of Warsaw, Poland.

Supplementary material

The assessment of the nutritional habits of children
and adolescents was carried out (with the parents/legal
guardians present) based on an interview encompassing
3 days with one weekend day. The information concerned
the number and distribution of meals during the day, the
composition of meals and how they were prepared, the
number and type of snacks consumed, and the amount and
type of drinks consumed. Portion sizes were assessed using
the “Album of photographs of food products and dishes”
[19]. The collected data also concerned the typical level of
physical activity.

Food energy and the content of nutrients in the menus
were estimated using the “Energia” program comprising
appropriate coefficients of loss resulting from technolog-
ical processes. The obtained data were compared against
consumption reference values for the Polish population
appropriate for the age, sex and physical activity level of
the participants [20]. Based on Polish recommendations of
the National Food and Nutrition Institute [20], the patient
obtained information about correct nutritional behaviors
and physical activity. Dietary intervention was based on
The Healthy Eating and Physical Activity Pyramid for
children and adolescent aged 4-18 years, for example:
5 meals throughout the day (intervals between meals 3-4
hours), eliminating highly processed products (e.g. white
flour, sugar, salt, fast food products, sweet drinks), replac-
ing animal fat with vegetable oil, eating more fish and low-
fat meat instead of red meat, drinking natural water, more
vegetables and fruits per day, as well as daily physical ac-
tivity at school and beyond. Recommendations were given
individually based on the patient’s current health.

Anthropometric measurements

All children underwent anthropometric measurements
conducted by a qualified anthropologist. Anthropometric
measurements were taken with the participants wearing
only underwear, standing in the anatomical position, up-
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right, with the head in the Frankfort horizontal plane. Body
weight (kg) was measured by means of medical scales to
the nearest 0.1 kg, height (cm) was measured using a sta-
diometer (Holtain Limited) to the nearest 0.1 cm. Waist
(WC, cm) and hip circumference (HC, cm) were measured
by an elastic measuring tape, according to WHO recom-
mendations [21]. The skinfold thickness (mm) was mea-
sured under the triceps brachii muscle and under the inferi-
or scapular angle by means of a skinfold caliper Harpenden
type on the non-dominant side of the body. Based on these
measurements, BMI, the waist-to-hip ratio (WHR), the
waist-to-height ratio (WHItR) and the percentage of fat tis-
sue (% BFM) using the Slaughter formula were calculated
[22]. The degree of obesity expressed as BMI SDS was
calculated using the LMS method, to normalize skewness
of the distribution of BMI [23]. The threshold of obesity
was set at BMI SDS > 2, and the threshold of overweight
was set at BMI SDS > 1 and < 2 [21]. WHIR exceeding
0.5 was assumed to define abdominal obesity. The norm
for body fat percentage was set at 19% for girls and 15%
for boys [22].

Blood examination

Blood samples were collected after overnight fasting
and analyzed by standard methods. Complete blood counts
were obtained by an automated blood cell counter (XN-
1000, Sysmex). Total cholesterol (TC, mg/dl), triglycerides
(TG, mg/dl), and high-density lipoprotein cholesterol
(HDL-C, mg/dl) concentrations were determined by the
colorimetric enzymatic method using the Vitros 5600 ana-
lyzer (Ortho Clinical Diagnostic). Low-density lipoprotein
cholesterol (LDL-C) was calculated using the Friedewald
formula [LDL-C = TC — (HDL + TG/5)]. Concentra-
tion of CRP (mg/dl) was determined using a fixed-point
immune-rate method; concentration of fasting glucose
(mg/dl) was measured by the glucose oxidase colorimetric
method, both on the Vitros 5600 analyzer (Ortho Clinical
Diagnostic). Fasting insulin (uIU/ml) concentration was
evaluated by the chemiluminescent enzyme immunoassay
method on the Immulite 2000 XPi (Siemens).

The homeostasis model assessment — insulin resistance
(HOMA-IR) and the TG/HDL ratio were calculated [24,
25]. Lipid profile and glucose metabolism parameters were
evaluated based on the recommendations of the American
Heart Association (AHA, 2007) [26] and the Polish Dia-
betes Association (PTD, 2018) [27]. Fasting insulin level
> 15 ulU/ml was considered elevated [24]. The HOMA-IR
value > 3.16 [28] and the TG/HDL-C ratio > 3 [25] were
closely correlated with insulin resistance (IR).

Statistical analysis

Detailed statistical calculations were performed using
Statistica 13.1. Data distribution was checked by the Sha-
piro-Wilk test. The data were presented as the mean +stan-
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dard deviation (SD) or the median with the interquartile
range, as appropriate. Differences in anthropological and
biochemical parameters between the overweight and obese
group and the control group were examined using the t-test
for normally distributed data or the Mann-Whitney U test
when the distribution was different from normal. In order
to assess the relationship between analyzed variables in
overweight and obese children, the Spearman correlation
coefficient was used. Comparison between the same pa-
rameters at the baseline and at the follow-up visit was ob-
tained using the Wilcoxon test. Independent predictors, i.e.
WBC (white blood cell), neutrophil and monocyte counts
at baseline and their changes within the observation peri-
od, were analyzed using the backward stepwise regression
analysis. A p-value < 0.05 was statistically significant.

Results

The characteristics of anthropometric and biochemical
parameters in overweight and obese children (study group)
and their normal peers (control group) are presented in
Table 1.

All study group children were found to have a high
body fat percentage. In 85% of them, their WHtR met
the criteria for diagnosing abdominal obesity. They had
an atherogenic lipid profile. Almost half of the children
had an elevated TG/HDL ratio (48 individuals; 48.5% of
the group), fasting insulin concentration (48; 48.5%) and
HOMA-IR (42; 42.4%). Overweight and obese children
had higher WBC, neutrophil and monocyte counts than the
controls. We also noted a tendency for an elevated lym-
phocyte count. Moreover, the red blood cell (RBC) count
and CRP concentration were higher in the study group
compared to the control group. The platelet count did not
reveal any significant differences.

Relationship between the leukocyte profile,
CRP concentration and anthropometric
and biochemical parameters in overweight
and obese children at the baseline visit

The results of the Spearman correlation analysis of the
total leukocyte and neutrophil counts, CRP concentration
and selected anthropometric and biochemical parameters in
overweight and obese children are shown in Table 2. The
baseline WBC count poorly correlated only with the base-
line BMI SDS. Considering biochemical parameters, the
baseline WBC count weakly correlated with baseline CRP,
fasting insulin, TG, HDL-C concentrations, TG/HDL-C
ratio and HOMA-IR. The baseline neutrophil count cor-
related with body weight, WC, HC, % BMF, BMI, BMI
SDS and with the same baseline biochemical parameters.
The monocyte count correlated only with WC (r = 0.208,
p =0.017). Among analyzed parameters, the lympho-
cyte count correlated only with TG levels (r, = 0.218,
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Table 1. Comparison of anthropometric measurements, hematological parameters, lipid profile and CRP concentration
between overweight and obese children (study group) and normal weight children (control group)

Variable Control group Study group p-value
(n=42) n=99)

Height (cm) 162.33 £14.8 164.71 =11.15 ns
Body weight (kg) 49.93 +12.69 83.5 £20.1 <0.001
BMI (kg/m?) 18.59 +2.33 30.37 +4.55 <0.001
BMI SDS —-0.41 +0.69 2.2 +0.46 <0.001
WC (cm) 65.0 (60.0-67.0) 91.0 (82.0-95.0) <0.001
HC (cm) 87.0 (75.0-89.0) 105.0 (98.0-112.5) <0.001
WHR 0.77 +0.05 0.85 +0.05 <0.001
WHtR 0.4 (0.38-0.42) 0.54 (0.51-0.58) <0.001
% BFM 22.2 (16.7-27.6) 35.65 (32.4-41.1) <0.001
WBC (cells x 103/ul) 6.07 (5.21-6.9) 6.9 (5.68-8.24) 0.021
Neutrophil (cells x 10%/ul) 3.0 (2.24-3.67) 3.5(2.64-4.3) 0.020
Monocyte (cells x 10%/ul) 0.48 (0.4-0.56) 0.54 (0.5-0.61) 0.015
Eosinophil (cells x 10%/ul) 0.2 (0.12-0.33) 0.2 (0.1-0.3) ns
Basophil (cells x 10%/ul) 0.03 (0.0-0.04) 0.01 (0.0-0.04) ns
Lymphocyte (cells x 10%/ul) 2.23 (1.77-2.71) 2.5(2.14-2.9) 0.075
Platelet (cells x 10°/pl) 253.63 +50.18 268.42 £55.19 NS
RBC (cells x 10%ul) 4.7 (4.41-5.18) 5.01 (4.73-5.2) 0.013
Hb (g/dl) 13.6 (13.2-14.2) 13.8 (13.2-14.5) ns
CRP (mg/dl) 0.5 (0.5-0.5) 0.5 (0.5-0.8) <0.001
Fasting glucose (mg/dl) 84.0 £7.55 83.65 +8.96 ns
TC (mg/dl) 156.79 +22.47 166.02 +29.12 ns
HDL-C (mg/dl) 58.0 (49.0-66.0) 43.0 (38.0-48.0) <0.001
LDL-C (mg/dl) 77.95 +22.36 95.18 +26.36 0.006
TG (mg/dl) 65.0 (54.5-87.5) 116.0 (86.0-161.0) <0.001

Data are presented as mean +standard deviation (SD) or median values with interquartile range as appropriate; BMI — body mass index, BMI SDS — body mass
index standard deviation score, WC — waist circumference, HC — hip circumference, WHR — waist-to-hip ratio, WHIR — waist-to-height ratio, % BFM — % of body
fat mass, WBC — white blood cells, RBC — red blood cells, Hb — hemoglobin, CRP — C-reactive protein, TC — total cholesterol, HDL-C — high-density lipoprotein
cholesterol, LDL-C — low-density lipoprotein cholesterol, TG — triglycerides, ns — non-significant.

p =0.034). The CRP concentration correlated with almost
all anthropometric parameters describing fatness, but not
with carbohydrate and lipid parameters. We did not find
any significant relationship between the leucocyte profile,
CRP concentration and WHR, fasting glucose, TC and
LDL-C concentrations at baseline.

The differences derived from the comparison between
variables were confirmed by the backward stepwise re-
gression analysis. Six models were proposed in order to
evaluate the relationship between the baseline WBC count
(models 1 and 2), the baseline neutrophil count (models 3
and 4) and the baseline monocyte count (models 5 and 6),
which were considered as dependent variables and select-
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ed independent variables (models 1, 3 and 5: BMI SDS,
% BFM, WC and WHtR; models 2, 4, and 6: CRP and fast-
ing insulin concentrations, HOMA-IR and TG/HDL ratio).
The baseline BMI SDS and fasting insulin concentration
were identified as independent predictors of both the base-
line WBC count (model 1: B =0.961, 95% CI: 0.191-1.730,
R?=0.061, F =6.15, p < 0.015, Fig. 1; model 2: B = 0.040,
95% CI: 0.011-0.067, R* = 0.10, F =7.93, p < 0.006) and
the baseline neutrophil count (model 3: = 1.04, 95% CI:
0.467-1.613, R?=0.121, F = 12.99, p < 0.01; model 4:
B =0.031, 95% CI: 0.009-0.053, R* = 0.105, F = 8.34,
p <0.005). No correlation between the baseline monocyte
count in models 5 and 6 was found.
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Changes in the leukocyte profile, CRP
concentration in overweight and obese
children within the observation period
and the relationship with anthropometric
and biochemical parameters

Eighty-two children were present at the follow-up visit.
Forty-five of them (8 OW/37 O) lost weight (ABMI SDS
> 0), 22 (3 OW/19 O) gained weight (ABMI SDS < 0) and
in 15 (5 OW/10 O) BMI SDS (ABMI SDS = 0) remained
unchanged.

The characteristics of anthropological measurements
and laboratory parameters are shown in Table 3. In chil-
dren who lost weight, a decline in BMI SDS was correlat-
ed, as expected, with a decrease in other anthropometric
parameters. A decrease in the WBC count (p = 0.011),
the neutrophil count (p = 0.014) and the monocyte count
(p = 0.014) compared to baseline values was found. The
leucocyte profile in overweight and obese children after
reduction of body weight was comparable to the control
group. The CRP (p = 0.009), fasting insulin (p = 0.029), TC
(p <0.001), LDL-C (p < 0.001) and TG concentrations
(p = 0.046) decreased at the follow-up visit compared to
baseline measurements. However, in children who gained
weight and whose weight remained unchanged, we did not
observe any changes in blood and biochemical parameters,
but it could result from the small number of participants in
these groups. We only found a tendency to a higher fasting
glucose level and insulin concentration in children who
gained body weight (p = 0.05, p = 0.067, respectively).

In the three groups considered together, the chang-
es in the WBC count at the follow-up visit (AWBC =
WBC, iiow-up visit = WBC, puserine) cOrrelated with chang-
es in BMI (ABMI = BMI_ . . — BMI
p=0.007) and BMISDS (ABMI SDS =BMISDS
- BMISDS_, .. p=0.002). Asimilar positive rela-
tionship was also found between Aneutrophil count (Aneu-
trophil count = neutrophil count, follow-up visit neutrophil
count . )and Amonocyte count (Amonocyte count =
monocyte count, ., . —monocyte count, haseline) ANd
ABMI (p =0.022; p = 0.001, respectively) and ABMI SDS
(p =0.032; p = 0.017). Moreover, changes in the mono-
cyte count correlated with changes in WHtR (AWHtR =
WHIR | owap visi = WHIR L es P = 0.002). Consider-
ing some biochemical parameters, changes in leuko-
cytes correlated significantly with Ainsulin concentration
(A insulin = insulin,, followup visit insulin_ . - p=0.025),
AHOMA-IR (AHOMA-IR = HOMA-IR (/0 vi —
HOMA-IR , . . p=0.022), ATC (ATC = TC
TCa[ basclinc; p= 0014)’ ATG (ATG = TGal follow-up visit

stbasatings P = 0.02), and ATG/HDL-C ratio (ATG/HDL-C
= TG/HDL_Ca[ follow-up visit TG/HDL-CaI baseline; p= 0.01 ])
Changes in the neutrophil count were associated with ATG
(p =0.011), ATG/HDL-C ratio (p = 0.009) and ACRP
(A CRP =CRP, CRP - p=0.005). Chang-

at follow-up visit - at baselin

at baseline’

at follow-up

visit
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Table 2. Correlations between white blood cells, neutro-
phil count, CRP concentration and selected anthropometric
and biochemical parameters in overweight and obese chil-
dren at the baseline visit

Variables WBC Neutrophils CRP
(cells x 10%/pl) (cells x 10%/ul)  (mg/dl)
Body ns 0.287 0.294
weight (kg) 0.003 0.010
WC (cm) ns 0.259 0.460
0.002 <0.001
HC (cm) ns 0.313 0.335
0.001 0.003
% BFM ns 0.287 0.329
0.004 0.004
BMI ns 0.307 0.363
0.001 0.001
BMI SDS 0.210 0.325 0.362
0.036 0.001 0.001
WHtR ns ns 0.343
0.002
Fasting insulin 0.216 0.203 ns
(uIU/ml) 0.031 0.044
HOMA-IR 0.214 0.206 ns
0.033 0.041
TG (mg/dl) 0.269 0.197 ns
0.008 0.055
HDL-C -0.210 -0.250 ns
(mg/dl) 0.045 0.016
TG/HDL-C 0.295 0.248 ns
0.004 0.017
CRP (mg/dl) 0.235 0.245 -
0.028 0.002

Data are presented as rs — Spearman correlation coefficient and below p-value
or ns — non- significant; BMI — body mass index, WC — waist circumference,
HC — hip circumference, WHIR — waist- to-height ratio, % BFM — % of body fat
mass, WBC — white blood cells, CRP — C-reactive protein, TG — triglycerides,
HDL-C — high-density lipoprotein cholesterol, TG/HDL-C — triglycerides to
high-density lipoprotein cholesterol ratio, HOMA-IR — homeostasis model
assessment — insulin resistance

B =0.961,p <0.015,95% CI: 0.191-1.730
14 T T T T T T T T T T T

WBC (cells x 10%/ul)

2 1 1 1 1 1 1 1 1 1 1 1
10 1.2 14 1.6 18 20 22 24 26 28 3.0 32 34

BMI SDS

Fig. 1. Correlations between the white blood cell count
and BMI SDS in overweight and obese children at baseline
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es in the monocyte count correlated significantly only with
ATG (p = 0.026). No correlation between changes in the
CRP concentration and analyzed anthropometric and bio-
chemical parameters was found.

In order to evaluate independent relationships between
AWBC count (model 7), Aneutrophil count (model 8) and
Amonocyte count (model 9), which were considered as de-
pendent variables, and changes in selected anthropometric
and biochemical parameters during 6-12 months of the ob-
servation period, which were considered as independent
variables, backward stepwise regression models were used
(model 7 including ABMI SDS, Ainsulin concentration,
AHOMA-IR and ATG/HDL ratio; models 8 and 9 includ-
ing ABMI SDS, Ainsulin concentration, ATG/HDL ratio
and ACRP). In models 7 and 8, AHOMA-IR (3 = 0.168,
95% CI: 0.024-0.312, R? = 0.175, F = 6.26, p < 0.003,
Fig. 2; p = 0.135, 95% CI: 0.023-0.246, R? = 0.192,
F =7.03, p < 0.002, respectively) and ATG/HDL ratio
(B =0.305, 95% CI: 0.074-0.534, R> = 0.175, F = 6.26,
p <0.003; B =0.256, 95% CI: 0.077-0.434, R = 0.192,
F=17.03, p<0.002) were identified as independent pre-
dictors of both AWBC count and Aneutrophils. In model 9,
AHOMA-IR had a significant impact on Amonocyte count
(B =0.719, 95% CI: 0.079-1.360, R> = 0.116, F = 1.87,
p <0.03).

Discussion

Our study confirmed previous observations that accu-
mulation of fat mass leads to development of low-grade
systemic inflammation. Overweight and obese children
had a higher peripheral total leukocyte count compared
to their lean peers [9, 10, 29]. It is mainly related to the
elevated monocyte count [7]. Some researchers have
demonstrated an increased count of WBC subfractions
such as neutrophils, lymphocytes or eosinophils [9-11]. In
our study, overweight and obese teenagers had elevated
monocyte and neutrophil counts, and a slightly increased
lymphocyte count. A higher count of leukocytes is reported
also in obese children with non-alcoholic fatty liver disease
(NAFLD) [7] and type 2 diabetes [30], which increases the
prevalence of metabolic syndrome [31]. Likewise, a chron-
ic inflammatory process activates thrombogenic factors
and leads to an increase in the platelet number in patients
with excess fat mass [10, 12, 32], but this process has not
been confirmed in our study. Differences in WBC, neu-
trophil, lymphocyte and platelet counts were not always
found in other studies [33, 34].

Numerous studies have shown that changes in the leu-
kocyte profile are associated with indices of excess adi-
posity [9, 10, 32, 35, 36]. In two cross-sectional studies
including a representative sample of the Korean pediatric
population and Italian overweight and obese children, the
mean values of BMI, BMI z-score, waist circumference
and WHI(R increased along with the increase in WBC
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Fig. 2. Correlation between changes in the white blood
cell count and changes in HOMA-IR after 6 to 12 months
of dietary intervention in overweight and obese children

count quartile [37, 38]. In another study, a higher neutro-
phil count in 77 obese children correlated also with waist
circumference and WHR [11]. Our study has brought
similar results. The WBC count in overweight and obese
children correlated with BMI SDS, the monocyte count
with waist circumference and the neutrophil count with all
anthropometric measurements relating to fatness. Howev-
er, in the multiple regression analysis, the only indepen-
dent variable significantly impacting total leukocyte and
neutrophil counts was BMI SDS. The data can explain
the mechanism leading to the changes in the WBC count
and its subfractions. Visceral fat is generally much more
proinflammatory than subcutaneous adipose tissue. It pro-
duces a huge number of proinflammatory adipokines and
cytokines which are responsible for the development of an
inflammatory process. IL-6 stimulates differentiation and
proliferation of multipotential hematopoietic progenitors
into granulocytes and macrophages, accelerates neutrophil
release from the bone marrow and induces their demargi-
nation from the marginal pool [6]. Moreover, IL-6, whose
synthesis is induced by both TNF-a and IL-1, also reg-
ulates CRP production in the liver [5, 29]. Visser et al.
found, after the adjustment of factors influencing CRP,
that in overweight boys and girls, the CRP concentration
was elevated 3.74 times and 3.17 times, respectively, com-
pared to their normal weight peers [29]. Furthermore, the
common signaling paths in the production of neutrophils
and CRP could elucidate the link between total leukocyte
and neutrophil counts and CRP concentration found in the
literature and in our study [11, 12]. Leptin plays an import-
ant role in controlling immunity and inflammation. Beside
neutrophil, monocyte and macrophage activation, leptin
also stimulates human lymphocyte T cell proliferative re-
sponses, and increased Th1 and suppressed Th2 cytokine
production regulates functions of natural killer (NK) cells
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and induces B lymphocytes to produce proinflammatory
cytokines [2, 4]. These alterations in lymphocyte homeo-
stasis are confirmed by clinical trials [4, 9]. The tendency
to an elevated lymphocyte count, which was observed in
our study in overweight and obese children, may be par-
tially explained by the proinflammatory nature of leptin.

Proinflammatory adipokines and cytokines are in-
volved in the development of insulin resistance [3]. They
have a direct negative impact on the insulin signaling path-
way and indirect via stimulation of inflammatory pathways
and changes in the glucose and lipid homeostasis [2]. In
the above-mentioned cross-sectional studies, it was found
that the mean values of typical cardiometabolic risk factors
(such as triglyceride and insulin concentrations, glucose
concentration at 120 minutes of the oral glucose tolerance
test, HOMA-IR and WBISI, whole body insulin sensitiv-
ity index, and the TG/HDL-C ratio) and increase in the
prevalence of insulin resistance rose proportionally with
the increase of the WBC count quartile [37, 38]. In our
study, the baseline WBC count in overweight and obese
individuals correlated with lipid profile and the insulin re-
sistance index, wherein the fasting insulin concentration
was their independent predictor. Another study confirmed
the relationship between total leukocyte count, their sub-
fractions and insulin resistance [7]. Moreover, Di Bonito
et al. observed increased thickness of the common carotid
intima media (cIMT) as well as the elevation of the left
ventricular mass index (LVMi) and relative wall thickness
(RWT) together with increased quartiles of WBC count.
Furthermore, children with WBC > 8 700 cell/mm? are at
1.3 to 2.5-fold greater risk of glucose metabolism distur-
bance and vascular and cardiac damage [37]. These results
make us aware of their public significance. Chronic low-
grade inflammation contributes to the development of ath-
erosclerosis in the pediatric population. Studies in adults
have revealed that a high leukocyte count is an indepen-
dent cardiovascular risk factor [39].

Moreover, our study showed that the proinflammato-
ry state is reversible. Elevated counts of total leukocytes,
monocytes and neutrophils and CRP concentration in
overweight and obese children decreased consistently with
their weight reduction and also in the case of the leucocyte
profile, achieving values comparable to the control group.
In all overweight and obese children, AWBC, Aneutrophil
and Amonocyte counts were dependent on ABMI, ABMI
SDS and also AHOMA-IR 6 to 12 months after dietary
intervention. Studies among children and adolescents are
limited and focused on the assessment of other inflamma-
tory parameters. Balagopal et al. found that the elevated
blood concentration of CRP, fibrinogen and IL-6 in 21
obese adolescents was reduced after 3 months of moderate
physical activity and diet-based lifestyle following an in-
tervention only. At the baseline visit, these inflammatory
parameters correlated not only with indices of body fatness
but also with the insulin resistance index HOMA-IR and
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their reduction accompanied improvement of HOMA-IR
[15]. In a study including 43 obese children aged 7-11,
Ferguson et al. did not find any evidence of the reduc-
tion of fibrinogen, PAI-1, or D-dimer concentrations af-
ter 4 months of physical training. However, children with
a greater percentage of body fat and concentrations of
hemostatic factors at baseline had a greater reduction in
fibrinogen and D-dimer concentration after physical train-
ing compared to those with lower values [16]. A similar
conclusion was reached by Barbeau [8]. In a group of 74
obese teenagers participating in three different §-month
interventions relating to lifestyle education (LSE), LSE
and moderate-intensity physical training, and LSE with
high-intensity physical training, changes in CRP, fibrin-
ogen, D-dimer and PAI-1 concentrations were mainly as-
sociated with their baseline values, but not dependent on
adiposity and physical activity [8]. Future investigations
comprising a bigger number of participants and longer
duration of interventions are needed to understand better
changes in immunological and inflammatory processes in
obesity. It is assumed that long-term care for the obese pe-
diatric population may reduce metabolic and inflammatory
disturbances.

Conclusions

Routine tests in pediatric care showed that accumula-
tion of fat mass leads to the development of a low-grade
inflammation state. Overweight and obese children have
an elevated leukocyte count with increased neutrophil and
monocyte counts and increased CRP concentration com-
pared to their normal weight peers. The intensity of this
inflammatory process is dependent on the degree of obesity
and metabolic disturbances accompanying obesity, espe-
cially insulin resistance. Reduction of fat mass can improve
lipid profile and fasting insulin concentration and, impor-
tantly, decrease serological biomarkers of inflammation.
Changes in the insulin resistance index HOMA-IR are an
independent predictor of changes in WBC, neutrophil and
monocyte counts after a 6-12-month observation period.

The authors declare no conflict of interest.
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