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ABSTRACT

Aim: This study aims to assess white blood cell count, platelet count, and platelet indices as a metabolic indicator in overweight, obese and
morbidly obese children.

Materials and Methods: One-hundred and thirty overweight, 341 obese, 188 morbidly obese children and 110 controls were enrolled in the study.
Anthropometric measurements, pubertal status, complete blood count parameters [white blood cells (WBC), platelet, mean platelet volume
(MPV), plateletcrit (PCT), and platelet distribution width (PDW)], WBC differential (neutrophils, lymphocytes, and monocytes), neutrophil/
lymphocyte ratio (NLR) and platelet/lymphocyte ratio (PLR), and serum levels of glucose, lipids, aspartate transaminase (AST), and alanine
transaminase (ALT), insulin and thyroid hormones were obtained from the hospital records. Insulin resistance was assessed according to the
homeostasis model assessment-insulin resistance (HOMA-IR) index.

Results: WBC, neutrophil, lymphocyte, and monocyte counts were highest in the morbidly obese group followed by the obese, overweight,
and healthy groups, respectively. Platelet count, PCT, and PDW were significantly higher in the morbidly obese, obese, and overweight groups
compared to the healthy group. However, there was no significant difference between the groups in terms of MPV, NLR, and PLR. WBC,
neutrophil, lymphocyte, platelet, PCT, ALT, and triglyceride levels were higher in children with insulin resistance than those without insulin
resistance. There was a positive correlation with the neutrophil, lymphocyte, monocyte count, and PCT value, and a negative correlation with
the PDW value. Moreover, there was a positive correlation between the HOMA-IR and WBC, neutrophil, lymphocyte count, and PCT.

Conclusion: WBC, neutrophils, lymphocytes, monocytes, platelets, and PCT values increase in childhood obesity, which could point towards
low-grade chronic inflammation and this increase in WBC, neutrophils, lymphocytes, and PCT value may be associated with insulin resistance.
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Introduction three children in the United States are either overweight
Obesity is a medical condition defined as abnormal or or obese. In parallel with the increase in childhood obesity,
excessive fat accumulation in the body to the extent that the frequency of comorbidities such as insulin resistance,
it may cause a risk to health. Obesity has become a serious type 2 diabetes mellitus, hypertension, non-alcoholic
health problem across the world, and currently, one in fatty liver, obstructive sleep apnea, and dyslipidemia have
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also increased (1). The close relationship between insulin
resistance and obesity indicates that insulin resistance
is an important public health issue (2). Cheap and useful
markers that can show insulin resistance in the early period
are important for the prevention of morbidities related to
insulin resistance.

Complete blood count (CBC) is an easy-to-use and cheap
test that is frequently used in clinical practice. Neutrophil/
lymphocyte ratio (NLR) and platelet/lymphocyte ratio
(PLR) obtained by CBC are simple biomarkers showing
inflammation (3-5). Moreover, platelet count, mean platelet
volume (MPV), plateletcrit (PCT), and platelet distribution
width (PDW) are other biomarkers that indicate systemic
inflammation (6,7).

Metabolic syndrome can affect hematologic counts, and
hematologic markers can be used for the early detection of
individuals at risk of cardiovascular disease (8,9). According
to studies conducted on the adult population, white
blood cells (WBC), subtypes, and NLR were independently
associated with insulin resistance (10,11). In Korean and
Chinese adults, obesity, dyslipidemia, glucose intolerance,
and hypertension were associated with changes in
hematologic parameters (8,12,13). However, few studies
have evaluated the relationship between hematological
parameters and insulin resistance in childhood, and the
results of these studies are inconsistent. Therefore, in this
study, we aimed to examine the relationship between
CBC parameters and clinical and metabolic parameters in
overweight and obese children.

Materials and Methods

A total of 659 obese or overweight children between the
ages of 5 and 18 years who were admitted to the outpatient
general paediatrics clinic of our hospital between March
2018 and March 2020 were included in the study. One
hundred and ten healthy children with a body mass index
(BMI) below the 85% percentile who had a similar age and
gender distribution were also enrolled as a control group in
this retrospective study.

Those children with type 2 diabetes mellitus, secondary
obesity (genetic syndromes, monogenic obesity, endocrine
pathology), hypertension, chronic disease or history of
acute infection, children with leukopenia (<4x103/mL),
leucocytosis (>13.0x103/mL), anaemia or thrombocytopenia
(<150x103/mL), a history of drug use that could affect the
CBC parameters or bodyweight or incomplete data were
excluded from the study.
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The age, gender, anthropometric measurements,
pubertal status, CBC parameters and biochemical test
results of the subjects were obtained from the hospital
records. Height was measured using a Harpenden
stadiometer with a sensitivity of 0.1 cm, and weight was
measured using a SECA scale with a sensitivity of 0.1kg. BMI
was calculated by dividing weight (kg) by height squared
(m?). Standard deviation scores (SDS) for weight, height, and
BMI were calculated with the online calculator for paediatric
endocrinologists (child metrics) using a reference created
for the Turkish population by Neyzi et al. (14,15). Findings for
pubertal development were evaluated according to Tanner
and Whitehouse staging (16). A testicular volume of >4 mL
in males and breast development >stage 2 in females were
considered to be findings of puberty.

Subjects with a BMI over the 85™ but less than the 95™
percentile for age and gender are defined as overweight,
and those with a BMI higher than the 95" percentile are
defined as obese. Subjects with a BMI higher than the
99t percentile are defined as severely obese (17). Blood
samples were taken after 10-12 hours of night fasting.
Serum levels of glucose, lipids, aspartate transaminase
(AST), and alanine transaminase (ALT) were measured by a
spectrophotometric method; insulin and thyroid hormones
were measured by chemiluminescent microparticle
immunoassay (Abbot-Architect i2000SR). CBC parameters
(WBC, platelet, PDW, MPV, PCT) and WBC differential
(neutrophils, lymphocytes, monocytes) were measured by
flow impedance, laser light scattering, and flow cytometry
methods (Mindray, BC6800). NLR and PLR were obtained
by dividing the number of neutrophils and platelets by
lymphocytes, respectively. Insulin resistance was assessed
according to the homeostasis model assessment-insulin
resistance (HOMA-IR) index. Different cut-off values for
prepubertal and pubertal stages were used to determine
the status of insulin resistance (prepubertal >2.5, pubertal
>4) (18).

The study was initiated upon approval form the local
ethics committee of Aydin Adnan Menderes University
Faculty of Medicine, in light of the Helsinki Declaration
(2020/98).

Statistical Analysis

Statistical analysis of the data were conducted with
SPSS 21.0 (SPSS Inc., Chicago, IL, USA). The distribution of
data was evaluated with the Kolmogorov-Smirnov test and
histograms. Clinical data were presented as number (%),
mean * standard deviation for normal distribution, and
median (25p-75p-value) for data that were not distributed
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normally. Categorical variables were compared using the
chi-square test. Between study groups, the data obtained
were compared by using Student’s t-test (for normally
distributed data), and Mann-Whitney U test (for non-
normally distributed data). The correlations between the
independent parameters were investigated with Pearson’s
correlation analysis or Spearman’s rank correlation and
partial correlation analysis with respect to the effect of age,
gender, and pubertal status. A p-value of less than 0.05 was
considered statistically significant.

Results

A total of 110 healthy (45 males; median age 13.5 years),
130 overweight (58 males; median age 12.5 years), 341 obese
(161 males; median age 12.5 years), and 188 morbidly obese
(66 males; median age 14.0 years) subjects were included in
this study. There were no significant differences between the
groups in terms of age, gender, or pubertal status (Table I).

WBC, neutrophil, lymphocyte, and monocyte counts
were highest in the morbidly obese group, followed by
the obese, overweight, and healthy group, respectively
(p<0.001). Platelet count, PCT, and PDW were significantly
higher in the morbidly obese, obese, and overweight groups
compared to the healthy group. However, there was no

significant difference between the groups in terms of MPYV,
NLR, and PLR (Table II).

There was a significant difference in fasting serum insulin
and HOMA-IR levels of the morbidly obese, obese, and
overweight patients. Serum HDL levels were significantly
lower in the morbidly obese children than in those of the
other groups (Table Ill).

When obese children were compared according to insulin
resistance status, WBC (p<0.001), neutrophil (p=0.002),
lymphocyte (p=0.001), platelet (p=0.034), PCT (p=0.05),
ALT (p<0.01), and triglyceride (p<0.001) levels were higher
in those children with insulin resistance than in those
without insulin resistance (Table V).

There was a positive correlation between the BMI-SDS
and WBC, neutrophil, lymphocyte, monocyte, platelet count,
NLR, and PCT value (p<0.001), and a negative correlation
with the PDW value (p=0.001). In partial correlation analysis,
similar correlations were found between the BMI-SDS and
blood count parameters except for platelets and NLR (Table
V). Moreover, there was a positive correlation between the
HOMA-IR and WBC (p=0.014), neutrophil (p=0.003), and
NLR (p=0.02). Additionally, in partial correlation analysis,
there was a positive correlation between the HOMA-IR and
lymphocyte (p<0.001) and PCT (p=0.006) (Table VI).

Table I. The clinical characteristics of the study population
Healthy Overweight Obese Morbid obese
(Group 1) (Group 2) (Group 3) (Group 4) p-value*
(n=110) (n=130) (n=341) (n=188)
13.5 12.5 12.5 14.0
Age (year) 0.056
(10.2-15.3) (10.6-14.0) (10.0-14.5) (10.0-15.7)
Gender
Female (%) 65 (59) 72 (55) 180 (53) 122 (65)
0.055
Male (%) 45 (47) 58 (45) 161 (47) 66 (35)
Puberty
Prepubertal (%) 27 (25) 36 (28) 100 (29) 46 (24)
0.595
Pubertal (%) 83 (75) 94 (72) 241 (71) 142 (76)
. -0.20 1.80 2.64 3.84 N
Weight-SDS (-0.74-0.36) (1.30-2.13) (218-3.07) (3.43-4.37) <o.01
. 0.09 0.74 0.65 0.63 b
Height-SDS (-0.89-0.75) (-0.29-1.48) (-0.09-1.37) (-0.13-1.49) <0.01
-0.33 1.76 2.53 3.34 o
BMI-SDS (-0.75-0.20) (1.50-1.89) (2.27-2.80) (314-3.68) <o.01
Continuous variables are expressed as median (25-75p), while the categorical variables are expressed as number (percentage), *Kruskal-Wallis test
2Group 1 & Group 2, Group 1 & Group 3, Group 1 & Group 4, Group 2 & Group3, Group 2 & Group 4, Group 3 & Group 4, p<0.001.
°Group 1& Group2, Group 1 & Group 3, Group 1 & Group 4, p<0.001.
BMI: Body mass index, SDS: Standard deviation score
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Discussion

In  this WBC,
monocytes, platelet count, MPV, and PCT values were

study, neutrophils, lymphocytes,
significantly higher in the obese children. Also, there was
a positive correlation between BMI, HOMA-IR and WBC,

neutrophils, lymphocytes, and PCT.

White Blood Cells

Studies point towards low-grade chronicinflammationin
adipose tissue as the initiating mechanism of obesity-related
complications (19). Macrophage infiltration in adipose
tissues plays a leading role in the development of chronic
inflammation (20). It was shown that pro-inflammatory
cytokines secreted from activated macrophages, such as
tumour necrosis factor-alpha and interleukin 6, disrupt the

autocrine and paracrine effect of insulin in adipocytes (21,22).
As well as macrophages, the effects of other leucocyte
subgroups in adipose tissue inflammation were shown (23).
Experimental studies showed an increase in neutrophil
count in adipose tissues even in the first few days of a high-
fat diet, and this finding led to the idea that inflammation is
seen in the early stages of obesity (24). On the other hand,
studies investigating the relationship between childhood
obesity and leucocyte subgroups and insulin resistance are
limited. In this study, we found that WBC, neutrophil, and
lymphocyte count were higher in obese children with insulin
resistance compared to obese children without insulin
resistance. Furthermore, a positive correlation was shown
between HOMA-IR and WBC, neutrophil, and lymphocyte
count. These findings seem to support the idea of the effect

Table Il. Complete blood count parameters of the study population
Healthy Overweight Obese Morbid obese
(Group 1) (Group 2) (Group 3) (Group 4) p-value*
(n=110) (n=130) (n=341) (n=188)
7,015 8,270 8,570 9,135
3 ) ) ) ) a
WBC (10°/uL) (5.867-8,140) (7,223-9,725) (7,375-9,810) (7.80510,288) | <0-001
3,745 4,295 4,530 5135
B 3 ) ’ , , b
Neutrophil (10*/L) (2,988-4,763) (3,743-5,295) (3,660-5,715) (4,180-6,123) <0.001
2,375 2,960 3,060 3,085
3 g ’ ! ’ C
Lymphocyte (10°/pL) (2,068-,2878) (2,503-3,600) (2,515-3,570) (2,543-3,465) <0.001
440 520 520 535
3 d
Monocyte (10°/uL) (360-560) (430-650) (440-600) (440-658) <0.001
1.57 1.44 148 1.76
N/L (1.16-2.07) (1.18-1.81) (1.18-1.96) (1.32-2.11) 0370
286.0 322.5 332.0 3315
3 e
Platelet (10°/uL) (249.5-336.5) (289.5-365.5) (287.0-383.0) (289.0-388.8) <0.001
9.3 9.7 9.3 9.4 ¢
MPV (8.7-9.8) (8.9-10.2) (8.7-9.9) (8.8-10.0) 0.045
15.9 15.8 15.7 15.7
g
PDW (15.6-16.1) (15.5-16.1) (15.4-15.9) (15.5-16.0) 0.001
0.26 0.31 0.31 0.30 h
pcT (0.23-0.31) (0.27-0.35) (0.27-0.35) (0.27-0.36) <0.001
0.12 0.10 on on
P/L (0.09-014) (0.08-012) (0.09-013) (010-013) 0.236
Data are expressed as median (25-75p)
*Dunn’s test (non-parametric pairwise multiple comparison)
2Group 1& Group 2, Group 1 & Group 3, Group 1 & Group 4, p<0.001; Group 2 & Group 4, p=0.014
®Group 1 & Group 2, p=0.012; Group 1 & Group 3, Group 1& Group 4, Group 2 & Group 4, Group 3 & Group 4, p<0.001
“Group 1& Group 2, Group 1 & Group 3, Group 1 & Group 4, p<0.001
9Group 1 & Group 2, p=0.001; Group 1 & Group 3, Group 1 & Group 4, p<0.001
¢Group 1 & Group 2, p=0.002; Group 1 & Group 3, Group 1 & Group 4, p<0.001
fGroup 1 & Group 2, p=0.045; Group 2 & Group 3, p=0.049
eGroup 1 & Group 3, p<0.001; Group 1 & Group 4, p=0.001; Group 2 & Group 3, p=0.048
"Group 1 & Group 2, Group 1 & Group 3, Group 1 & Group 4, p<0.001
WBC: White blood cell, PCT: Plateletcrit, MPV: Mean platelet volume, PDW: Platelet distribution width, N/L:
Neutrophil/lymphocyte, P/L: Platelet/lymphocyte
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Table Ill. The laboratory characteristics of the study population

Overweight Obese Morbid obese

(Group 2) (Group 3) (Group 4) p-value*

(n=130) (n=341) (n=188)
Glucose (mg/dL) ?881_92) ?871-92) ?862_91) 0.776
Insulin (uIU/mL) 1(;,6;-15.8) 1(;'.?)-19.5) 217698—24.9) <0.007*
HOMA-IR €i234-3,40) 52?59-430) ?2?22-5.33) <0.007
AST (U/L) 5118—26) ?128—22) (2117—26) 0316
ALT (U/L) 2184-26) ?116—30) (2116—33) 0.0
TC (mg/dL) 1(16:9—186) 1(1625—182) 216424-179) 0.489
HDL (mg/dL) 555-59) go-lse) ?359-52) oo
TG (mg/dL) ?636»123) ?;0»130) (9657—137) 0384
LDL (mg/dL) ((950-112) ((9725-107) ?726-113) 0.668
fT4 (ng/dL) ?6?971»1.05) 260.92-1.09) ?6.9;9-1.07) 0.075
TSH (miU/L) 2%?224-2.75) ?i.]f7-2.79) (21'.2670—3.03) 0.079

Data are expressed as median (25-75p), *Kruskal-Wallis test

‘Group 2 & Group 3, p=0.044; Group 2 & Group 4, p=0.034.
9Group 2 & Group 3, p=0.041; Group 2 & Group 4, p=0.001.

2Group 2 & Group 3, p=0.001; Group 2 & Group 4, p<0.001; Group 3 & Group 4, p=0,040.
°Group 2 & Group 3, p=0.002; Group 2 & Group 4, p<0.007; Group 3 & Group 4, p=0,041.

HOMA-IR: Homeostatic model assessment for insulin resistance, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, TC: Total cholesterol, HDL: High
density cholesterol, TC: Triglyceride, LDL: Low density cholesterol, fT4: Free thyroxine, TSH: Thyroid stimulating hormone

of adipose tissue inflammation on insulin resistance and
white blood cells.

In a study of 656 adults at high risk of developing
type 2 diabetes mellitus, a positive correlation was found
between leucocyte subgroups (neutrophils, lymphocytes,
monocytes), NLR, and HOMA-IR (10). In contrast to that
study, we did not see a correlation between monocyte
count and NLR and HOMA-IR in our study; this difference
was thought to be related to the difference in population
and age group.

We could not find a significant relationship between
BMI, HOMA-IR, and NLR, although it is well known that an
increase in NLR and PLR in chronic inflammation is a marker
of immune response (25,26). The lack of a significant relation
between NLR and BMI in our study could be related to an
increase in lymphocyte count together with a neutrophil
count. Similar to our study, Marginean et al. (3) and Bahadir

et al. (27) did not find a relation between NLR and obesity
in children and adults. Nevertheless, it was shown that NLR
is a marker suggesting inflammation in studies of obese
patients with comorbidity. A positive correlation was found
between NLR and carotid intima-media thickness in adult
patients who were candidates for bariatric surgery (28). In
another study, it was reported that NLR was higher in obese
children who have obstructive sleep apnoea compared
to those who do not (4). Vuong et al. (29) assessed the
relation between blood count and waist circumference in
6,766 adults and showed that there is a positive correlation
between neutrophil, lymphocyte, and monocyte count with
waist circumference. Furthermore, in the same study, they
saw that the percentage of neutrophils increased; however,
lymphocyte and monocyte percentage decreased with
increasing waist circumference (29). Similarly, in our study,
the neutrophil percentage increased with increasing BMI;
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Table IV. The clinical and laboratory characteristics of the
overweight and obese patients with and without insulin resistance

Insulin Resistance
No Yes _value*
(n=424) (n=227) P
121 13.0
Age (year) (9.0-14.6) (11.0-15.0) 0.002
Gender (%)
Male 199 (47) 96 (42) 0.257
Female 225 (53) 131(58)
Puberty (%)
Prepubertal 129 (30) 50 (22) 0.022
Pubertal 295 (70) 177 (78)
2.53 2.83
BMI-SDS (2.01-3.0) (2.38-3.32) <0.001
8,550 9,070
3 ’ ’
WEC (10°/uL) (7200-9,770) | (7,980-10,420) | <0-00
4,540 4,795
s : :
Neutrophil (10°/pL) (3.680-5,550) | (3,990-5,970) 0.002
2,970 3,140
3 g 7
Lymphocyte (10°/uL) | 5 6 3 490) | (2,680-2,670) | 009
520 520
Monocyte (10°/pL) (430-610) (450-640) 0.244
327 341
Platelet (103/puL) (283-382) (297-441) 0.034
0.31 0.32
0y
PCT (%) (0.27-0.35) (0.28-0.35) 0.055
9.4 93
MPV (fL) (8.8-10.1) (8.710.0) 0.250
15.7 15.7
PDW (15.5-16.0) (15.4-15.9) 0.037
1.53 1.59
N/L (1.20-2.01) (1.22-1.99) 0.706
on 0.1
P/L (0.09-0.13) (0.09-0.13) 0.353
85 91
Glucose (mg/dL) (80-90) (85-95) <0.001
. 11.0 232
Insulin (uIU/mL) (8.2-14.4) (18.9-28.6) <0.001
23 5.1
HOMA-IR (1.7-3.) (4.3-6.7) <0001
2 2
AST (U/L) (1716) (17-28) 0.809
19 24
ALT (U/L) (15.27) (17-35) <0.01
161 165
TC (mg/dL) (145-181) (147182) 0.246
49 44
HDL (mg/dL) (42-57) (38-52) <0.001
89 105
TG (mg/dL) (66-120) (79-146) <0.001
91 94
LDL (mg/dL) (77-109) (77-10) 0.214

Continuous variables are expressed as median (25-75p), while the categorical
variables are expressed as number (percentage)

*Mann-Whitney U test

BMI: Body mass index, WBC: White blood cell, PCT: Plateletcrit, MPV: Mean
platelet volume, PDW: Platelet distribution width, N/L: Neutrophil/lymphocyte,
P/L: Platelet/lymphocyte, HOMA-IR: Homeostatic model assessment for insulin
resistance, AST: Aspartate aminotransferase, ALT: Alanine aminotransferase, TC:
Total cholesterol, HDL: High density cholesterol, TG: Triglyceride, LDL: Low density
cholesterol
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lymphocyte and monocyte count also increased in numbers,
but their percentages in white blood cell distribution
decreased, which means they did not increase as much as
neutrophils. We saw that the percentage of neutrophils
increased, and the percentage of lymphocytes decreased
with increasing BMI, and NLR also increased; however, this
increase did not reach statistical significance.

Platelets

Similar to an increase in WBC, platelet count also
increases in acute and chronic inflammation due to secreted
cytokines (30). Moreover, it is thought that thrombopoietin,
one of the adipokines secreted from omental adipose tissue,
may be responsible for both the increase in platelet count
and insulin resistance (31). In addition, insulin resistance
shortens platelet life, and that causes an increase in the
number of platelets (32).

Similar to the results of our study, Arslan and Makay
(33) reported that MPV was significantly higher in 128
obese children compared to normal-weight children. The
different result from our study was that they reported
a positive correlation between MPV and HOMA-IR (33).
In 330 prepubertal children (125 normal weight, 205
overweight), platelet count was significantly higher in
overweight children, and MPV was significantly lower in
overweight children with metabolic syndrome (34). There
was a negative correlation between MPV and HOMA-IR
(34). There are also studies reporting higher platelet count,
and lower MPV in adult obese subjects (35,36). In another
study, in which children were assessed in three groups as
normal weight, obese with insulin resistance and obese
without insulin resistance, no difference was found between
the groups in terms of platelet count, MPV and PDW
values (37). Similar to our results, in an adult study, PDW
decreased with increasing BMI, and it was shown that the
risk of having lower PDW increased with an increase in BMI
(38). In contrast, some studies report higher PDW in adults
with metabolic syndrome (6). Also, some studies reported
no significant difference in the platelet indices of obese
and normal-weight children (37). Different results were
reported in studies assessing the relation between obesity,
metabolic syndrome, and platelet indices such as MPV and
PDW (39-42). To the best of our knowledge, this is the first
study assessing the relation between PCT and childhood
obesity. PCT provides more accurate information about
platelet mass (1). PCT is the volume occupied by platelets in
the blood as a percentage and it is calculated according to
the formula PCT=platelet count x MPV/10,000 (43). We
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Table V. Correlation analysis of body mass index SDS with complete blood count parameters

Spearman’s rho p* Partial correlation p**
WBC 0.260 <0.001 0.230 <0.001
Neutrophil 0.250 <0.001 0.196 <0.001
Lymphocyte 0.165 <0.001 0.135 <0.001
Monocyte 0.146 <0.001 0.147 <0.001
Platelet 0.125 <0.001 0.023 0.530
PCT 0.159 <0.001 0.206 <0.001
MPV 0.009 0.807 0.059 0.100
PDW -0.137 <0.001 -0.125 0.001
N/L 0.097 0.007 0.048 0.186
P/L -0.044 0.222 0.024 0.508

*Spearman’s correlation analysis, **Partial correlation analysis (age, gender and pubertal status)

WBC: White blood cell, PCT: Plateletcrit, MPV: Mean platelet volume, PDW: Platelet distribution width, N/L: Neutrophil/lymphocyte, P/L: Platelet/lymphocyte

Table VI. Correlation analysis of HOMA-IR with complete blood count parameters

Spearman’s rho p* Partial correlation p**
WBC 0.107 0.014 0.150 0.001
Neutrophil 0.130 0.003 0.089 0.042
Lymphocyte 0.024 0.582 0.164 <0.001
Monocyte 0.047 0.281 0.062 0.160
Platelet -0.009 0.846 -0.056 0.206
PCT 0.045 0.303 0121 0.006
MPV 0.066 0.133 -0.070 0.109
PDW 0.039 0.377 -0.061 0.163
N/L 0.102 0.020 -0.061 0.166
P/L -0.019 0.672 -0.057 0.198
*Spearman's correlation analysis, **Partial correlation analysis (age, gender and pubertal status)
HOMA-IR: Homeostatic model assessment for insulin resistance, WBC: White blood cell, PCT: Plateletcrit, MPV: Mean platelet volume, PDW: Platelet distribution width,
N/L: Neutrophil/lymphocyte, P/L: Platelet/lymphocyte

observed a positive correlation between PCT and BMI and
HOMA-IR in our study. In a study of young adult morbidly
obese patients, it was found that PCT was higher in obese
patients compared to normal-weight patients, similar to
our study, and no significant difference was found in MPV
and PDW values (35). Han et al. (44) reported that platelet
count and PCT were positively associated with BMI and
body fat mass, but there were no significant associations
between the other platelet indices (MPV, PDW), and body
fat. There are also adult studies reporting similar results
between PCT and BMI (45,46).

Although PLR, as well as NLR, are known as chronic

inflammation-related markers, no relation was found

between PLR with being overweight/obesity and
insulin resistance in our study (47). PLR was found to
be significantly higher in morbidly obese adult patients
compared to normal-weight patients (35). Erdim et al. (4)
found that PLR was significantly higher in 127 obese children
with a hypopnea index of >5 compared to other children.
Additionally, in another study, an increase in platelet and
lymphocyte count was seen in obese children; however, no
increase was seen in PLR, similar to our study (3). A study of
600 adult obese patients, assessing the relation between
serum inflammatory markers and visceral adiposity, showed
that there is a stronger correlation between WBC and high-
sensitive C-reactive protein and visceral adipose tissue
compared to PLR and NLR (48). These inconsistent results
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were thought to be related to the different ages of the
subjects included in the studies and the accompanying
complications of obesity.

Obesity is an independent risk factor for having higher
cell counts in children, specifically WBC, neutrophils,
and platelets (49). In the present study, when subjects
were compared according to their pubertal status, WBC,
neutrophil, lymphocyte, and monocyte counts were higher
in the obese groups than those of the healthy subjects in
both prepubertal and pubertal children (data is not shown).
However, there was no difference between the groups
in terms of PLT, MPV, RDW, N/L and P/L in prepubertal
children, and MPV and P/L in pubertal children. The lack of
significance for these parameters is thought to be due to
the relatively small sample size of the subgroups.

Study Limitations

Firstly, caution should be taken about causative
comments regarding the observed findings due to the cross-
sectional design. Secondly, infections cannot be strictly
ruled out, although those patients with a suspicion of
infection and WBC >13.5x103/mL were excluded from the
study. Furthermore, despite the statistically significant
p-values in correlation analysis, the correlation coefficients
were low. We thought that the main reason for this situation
was related to the large sample size. The strengths of
the study were that the sampling size was large, the
cases were compared in four different groups as normal,
overweight, obese, and morbidly obese, and also, the study
was performed in a single centre that has a standard
protocol.

Conclusion

In this study, it was shown that WBC, neutrophils,
lymphocytes, monocytes, platelets, and PCT values
increase in childhood obesity, which could point towards
low-grade chronic inflammation and also an increase in
WBC, neutrophils, lymphocytes and PCT values might be
associated with insulin resistance.
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