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Abstract.	 Obesity	is	associated	with	mild	chronic	inflammation,	frequently	observed	along	with	increased	platelet	
and white blood cell (WBC) levels in adults. We aimed to clarify the relationship between peripheral blood cell count, 
body mass index standard deviation score (BMI-SDS), and adipocytokine levels in obese adolescents. Participants 
included 31 patients with obesity (age: 13.1 ± 3.1 yr) and 28 normal-weight controls (age: 13.3 ± 1.9 yr). Obesity was 
defined	as	a	percentage	of	overweight	≥	20%;	patients	with	type	2	diabetes	were	excluded.	As	sex	differences	were	
observed in blood cell counts, the analysis was performed after adjusting for sex differences. The obese group has 
significantly	higher	WBC,	red	blood	cell,	and	platelet	counts,	as	well	as	high	serum	leptin	levels	and	Homeostasis	
Model Assessment of insulin resistance (HOMA-IR) scores compared with those of the control group. In all participants, 
BMI-SDS	significantly	correlated	with	WBC	and	platelet	counts.	Platelet	count	correlated	with	serum	leptin	and	
glucose levels, whereas WBC count correlated with serum leptin, insulin, HOMA-IR, and glucose levels. Statistical 
analysis	showed	that	serum	leptin	level	significantly	influenced	the	platelet	count	and	HOMA-IR	score	affected	
WBC count. Increased platelet and WBC counts in adolescents with obesity may increase the risk of thrombosis.
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Highlights

●	BMI-SDS	was	significantly	correlated	with	WBC	and	platelet	count.
●	Platelet	count	was	correlated	with	serum	leptin	and	glucose.
●	WBC	count	was	correlated	with	serum	leptin,	insulin,	HOMA-IR,	and	glucose.
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Introduction

Obesity is often correlated with chronic 
inflammation, which is characterized by low-grade 
systemic inflammation and the secretion of inflammatory 
adipokines from adipose tissue, such as interleukin-6, 
tumor necrosis factor-α, monocyte chemoattractant 
protein-1, and resistin (1). Chronic inflammation 
contributes to the pathogenesis of various conditions, 
including insulin resistance, metabolic syndrome, 
type 2 diabetes, hypertension, cardiovascular disease, 
dyslipidemia, and thrombosis (1, 2). Furthermore, 
obesity-induced inflammation influences metabolic 
functions in insulin-responsive tissues, including 
bone. In the bone marrow, hyperplasia can lead to 
increased migration of immune cells into the circulation, 
potentially exacerbating chronic inflammatory responses 
in peripheral tissues (3).

Complete blood count is a relatively cost-effective 
procedure for monitoring peripheral immune cell levels. 
Several studies have reported a positive association 
between obesity and elevated platelet and white blood 
cell (WBC) counts (4–6), suggesting that obesity-induced 
inflammation may result in increased peripheral blood 
cell counts and a higher risk of thrombosis (7). Most 
research on the relationship between hematological 
parameters and anthropometric indices has focused 
on adults (4, 6), indicating a research gap in studies 
involving adolescents with obesity. Given the global 
rise in childhood obesity (8, 9), including in Japan (10), 
understanding the relationship between peripheral 
blood cell counts, body mass index standard deviation 
score (BMI-SDS), and adipocytokines in adolescents is 
crucial for identifying and mitigating thrombosis risk 
in this population.

In this context, this study aimed to further explore 
the implications of obesity on blood cell counts and 
overall health in adolescents with obesity in Japan.

Subjects and Methods

Study participants

Adolescents with simple obesity were recruited 
from the pediatric clinic of Kawachi General Hospital. 
This study was conducted according to the principles 
of the Declaration of Helsinki. The study protocol was 
approved by the Kawachi General Hospital Review Board 
for Human Studies (study approval number: 2019-003), 
and written informed consent was obtained from the 
parents of the adolescent participants. The adolescents 
were also asked to provide consent before entering the 
study. The study group comprised 31 adolescents with 
simple	obesity	(obesity	group;	23	boys	and	8	girls;	mean	
age: 13.1 ± 3.1 yr). The control group consisted of 28 
participants	(15	boys	and	13	girls;	mean	age:	13.3	±	1.9	
yr) with normal blood pressure and no family history of 
diabetes mellitus. No significant differences in age or 
sex were observed between the obese and control groups.

Blood samples were collected in the morning after 
an	overnight	fast	and	were	separated	by	centrifugation;	
the	resulting	serum	was	stored	at	−80ºC	until	analysis.	
All samples used in this study were stored under the same 
conditions. Serum glucose levels were determined using 
a glucose oxidase assay. Enzyme-linked immunosorbent 
assay kits were used to measure the serum levels of 
plasminogen activator inhibitor-1 (PAI-1), P-selectin, 
and thrombopoietin (all Abcam. Ltd., Cambridge, 
UK), leptin (Proteintech, Rosemont, IL, USA), insulin 
(Mercodia AB, Uppsala, Sweden), and adiponectin (R&D 
Systems Inc., Minneapolis, ML, USA). The mean intra-
assay coefficients of variation (CV) for leptin and insulin 
were	3.7%	and	9.5%,	respectively,	with	lower	detection	
limits of 2.0 pg/mL and 7.8 pmol/L, respectively. For PAI-
1, P-selectin, and thrombopoietin, the lower detection 
limits were 16 pg/mL, 3.6 ng/mL, and 11 pg/mL with 
mean	intra-assay	CVs	values	of	3.3%,	5.6%,	and	5.1%,	
respectively. The mean intra-assay CV for adiponectin 
was	3.5%,	with	a	lower	detection	limit	of	0.246	ng/mL.

A standardized biochemistry analyzer (Canon 
Medical	 TBA-120FR;	 Tochigi,	 Japan)	 was	 used	 to	
determine the glucose, aspartate aminotransferase, 
alanine transaminase, and uric acid levels. A complete 
blood profile, including WBC count, RBC count, and 
platelet count, was measured using an automated 
cell counter (Sysmex series analyzer, Sysmex XN-
1000). Before blood collection, we confirmed that the 
participants had no history of infectious disease within 
the previous 2 weeks. To rule out any infection or 
underlying hematologic disorder, participants with a 
WBC count < 3,200 or > 12,500 cells/mm3 and a platelet 
count > 440,000 cells/mm3 were excluded. Because 
peripheral blood parameters such as WBC, RBC, platelet, 
hemoglobin, and hematocrit values were all higher in 
boys than in girls, each blood parameter was adjusted 
for sex based on the average value. WBC, RBC, platelet, 
hemoglobin, and hematocrit values were corrected by 
multiplying the female values by 1.18-, 1.09, 1.21,1.07, 
and	1.05	times,	respectively,	to	make	them	equivalent	
to male values.

Definitions of overweight or obesity

Children’s	physiques	were	assessed	based	on	the	
percentage of overweight (POW) calculated using the 
following formula: 
POW	(%)	=	100	×	(measured	weight	−	standard	weight)/
standard weight.

Standard weight was determined from the 2000 
Annual Report of School Health Statistics of the Japanese 
Ministry of Education, Culture, Sports, Science, and 
Technology based on age- and sex-specific weight for 
height. The Japanese standard weight was calculated 
using	an	approximate	equation	derived	from	the	height	
and weight distributions of each age group (11).

The	criterion	for	overweight/obesity	was	a	POW	≥	
20%	(≥	120%	of	the	standard	weight).	The	normal	range	
for	school-aged	children	is	between	−20%	and	20%.	In	
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Japan, POW, which is calculated using the modified 
weight-for-height method, is used not only in medical 
institutions but also in schools as a parameter to assess 
childhood obesity. As tall students are easily defined as 
overweight, whereas short students tend to be evaluated 
as underweight, the POW method appears to be more 
appropriate	than	BMI%	for	school-age	children	(12).

Obesity, defined by POW in this study, approximates 
the BMI standard established by the Japanese 
Association for Human Auxology (13), defined as a 
BMI	equal	to	or	greater	than	the	90th percentile. Simple 
obesity is defined as a weight greater than the normal 
weight if energy intake exceeds energy expenditure. It 
excludes patients with type 2 diabetes and symptomatic 
obesity, such as endocrine diseases. Participants in the 
obese group were not treated with medications and did 
not show any evidence of endocrine malfunction or recent 
medication use.

Statistical analysis

All statistical analyses were performed using JMP 
6 software (SAS Institute Inc., Cary, NC, USA). Data are 
expressed as mean ± standard deviation. Comparisons 
between the two groups were performed using Dunnett’s 
test. Univariate linear correlations were checked using 
Pearson’s r coefficient, and univariate regression was 
used to analyze the associations between WBC and 
platelet counts and several other variables. Stepwise 
multiple regression analysis was performed to assess 
the independent predictive effects of variables (e.g., age, 
sex, BMI-SDS, Homeostasis Model Assessment of insulin 
resistance [HOMA-IR] score, and serum insulin, leptin, 
glucose, adiponectin, PAI-1, and P-selectin levels) on 

WBC and platelet counts. Multivariate modeling was 
performed using forward stepwise regression. Stepwise 
regression included p	=	0.25	as	the	criterion	for	entry	
into the model, and p	=	0.10	as	the	criterion	to	remain	
in the model.

Results

The anthropometric and biochemical characteristics 
of the participants are summarized in Table 1. The 
mean serum insulin level, HOMA-IR score, aspartate 
aminotransferase, alanine transaminase, and uric acid 
levels were significantly higher in the obese group than 
in the control group. Additionally, mean serum leptin 
and PAI-1 levels were higher in the obesity group than 
in the control group (Table 1).

The WBC (p < 0.0001), RBC (p	=	0.047),	platelet	
(p	=	0.0032),	neutrophil	 (p	=	0.0002),	 lymphocyte	(p 
=	0.0003),	and	monocyte	(p	=	0.0025)	counts	were	all	
significantly higher in the obese group than in the 
control group (Table 2). In all participants, BMI-SDS 
showed significant correlations with WBC count (r	=	
0.448, p	=	0.0005)	and	platelet	count	(r	=	0.392,	p	=	
0.0026) (Fig. 1. A and B). Additionally, neutrophils (r	=	
0.377, p	=	0.0046),	monocytes	(r	=	0.344,	p	=	0.0100),	and	
lymphocytes (r	=	0.375,	p	=	0.0048)	count	significantly	
correlated with BMI-SDS (Fig. 1. C and D). The WBC 
count was significantly correlated with serum leptin 
levels (r	=	0.525,	p < 0.0001) (Fig. 2. A), HOMA-IR (r	=	
0.407, p	=	0.0015),	and	serum	glucose	levels	(r	=	0.318,	
p	=	0.0150)	(Fig. 2. B). Platelet count was significantly 
correlated with serum leptin levels (r	=	0.465,	p	=	0.0002)	
(Fig. 2. C), serum PAI-1 levels (r	=	0.403,	p	=	0.0020),	
and serum glucose levels (r	=	0.277,	p	=	0.0355)	(Fig. 

Table 1. Anthropometric and biochemical characteristics of the participants

Control Obesity P

N 28 31
Male/Female 15/13 23/8 .0985
Age (yr) 13.3 ± 1.9 13.1 ± 3.1 .7748
BMI-SDS –0.16 ± 0.97 2.12 ± 0.59 < .0001
Glucose (mg/dL) 96 ± 18 103 ± 14 .0944
Insulin (pmol/L) 565 ± 421 813 ± 461 .0355
HOMA-IR 1.74 ± 1.74 2.83 ± 1.98 .0216
HOMA-β 71.0 ± 74.3 90.7 ± 53.0 .2500
HbA1c	(%) 5.35 ± 0.10 5.52 ± 0.33 .2268
AST (U/L) 20.3 ± 4.8 26.7 ± 9.9 .0027
ALT (U/L) 16.6 ± 9.3 38.5 ± 37.1 .0037
Uric Acid (mg/dL) 5.00 ± 1.06 5.97 ± 1.46 .0091
Leptin (ng/mL) 4.63 ± 5.33 15.5 ± 5.1 < .0001
Adiponectin (mg/mL) 3.58 ± 2.12 2.71 ± 2.01 .1121
PAI-1 (pg/mL) 55.1 ± 12.7 64.8 ± 8.8 .0009
P-selectin (ng/mL) 92 ± 23 107 ± 23 .016
Thrombopoietin (ng/mL) 65.4 ± 23.1 63.0 ± 25.3 .7140

Mean	values	±	SD.	BMI-SDS,	body	mass	index	standard	deviation	score;	HOMA-
IR,	Homeostasis	Model	Assessment	of	insulin	resistance;	HOMA-β, Homeostasis 
Model	Assessment	of	beta	cell	function;	HbA1c,	hemoglobin	A1c;	AST,	aspartate	
aminotransferase;	ALT,	alanine	aminotransferase;	PAI-1,	plasminogen	activator	
inhibitor-1.
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2. D). Serum insulin levels were strongly correlated 
with WBC count (r	=	0.362,	p	=	0.0049);	however,	no	
significant correlation was found with platelet count. In 
stepwise multiple regression analysis, serum leptin (p 
=	0.0121)	was	a	significant	predictor	for	platelet	count	
and HOMA-IR (p	=	0.0308)	for	WBC	count.

Discussion

This study revealed elevated levels of WBCs, 
RBCs, and platelets compared with those of controls. 

Obesity impacts blood cell production by altering bone 
marrow homeostasis and hematopoietic stem cell 
differentiation, leading to elevated WBC and RBC 
counts (3, 14–16). Additionally, obesity may lead to low-
grade inflammation, affecting immune cell responses 
and secretion of inflammatory cytokines from the bone 
marrow, potentially contributing to higher blood cell 
counts (6). Adipokines, bioactive substances secreted 
by adipose tissue, significantly impact platelet and 
WBC function, affecting various physiological and 
pathological processes (17–21). Adipokines such as leptin 

Table 2. Mean levels of platelets, white blood cells, white blood cell subtypes, 
red blood cells, hemoglobin, and hematocrit adjusted for sex

Control Obesity P

Platelet	(×	104/mm3) 28.6 ± 4.6 32.9 ± 5.7 .0032
WBC (/mm3) 6,180 ± 1,260 8,360 ± 1,920 < .0001
Neutrophil (/mm3) 3,440 ± 970 4,860 ± 1,630 .0002
Lymphocyte (/mm3) 2,160 ± 540 2,770 ± 650 .0003
Basophil (/mm3) 31.1 ± 21.7 36.2 ± 18.3 .3353
Eosinophil (/mm3) 211 ± 246 276 ± 210 .2908
Monocyte (/mm3) 348 ± 107 440 ± 113 .0025
RBC	(×	104/mm3) 488 ± 32 508 ± 43 .047
Hemoglobin (g/dL) 14.2 ± 0.8 14.4 ± 1.3 .4868
Hematocrit	(%) 42.2 ± 2.3 42.9 ± 3.9 .3988

Mean	values	±	SD.	WBC,	white	blood	cell;	RBC,	red	blood	cell.

Fig. 1. (A) Relationship between body mass index standard deviation score (BMI-SDS) and white blood cell (WBC) count 
in all study participants (r	=	0.448,	p	=	0.0005).	(B)	Relationship	between	BMI-SDS	and	platelet	count	in	all	
participants (r	=	0.392,	p	=	0.0026).	(C)	Relationship	between	BMI-SDS	and	neutrophil	count	in	all	participants	
(r	=	0.377,	p	=	0.0046).	(D)	Relationship	between	BMI-SDS	and	lymphocyte	count	in	all	participants	(r	=	0.375,	p 
=	0.0048).	Red	circles,	healthy	controls;	blue	circles,	adolescents	with	simple	obesity.
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and adiponectin are associated with markers of platelet 
hyperactivity, hypercoagulability, hypofibrinolysis, and 
increased leukocyte counts (22, 23). Statistical analysis 
using stepwise multiple regression identified leptin as 
the most significant factor affecting platelet count. 
Leptin increases platelet count by various mechanisms 
such as promoting platelet aggregation (17, 18, 21) and 
increasing platelet-reactive T cell levels, which enhance 
platelet activation (24).

Our study revealed higher levels of serum P-selectin 
in the obese group than in the control group. P-selectin, 
a marker of platelet activation, mediates the rolling of 
platelets on activated endothelial cells and promotes 
thrombogenesis by stabilizing GP IIb/IIIa-fibrinogen 
connections, facilitating the production of large, stable 
platelet aggregates in venous thrombi. Epidemiological 
evidence has shown that P-selectin expression increases 
in obesity and may reflect persistent in vivo platelet and 
endothelial activation (25). Moreover, in hypocalorically 
fed humans, physiological leptin administration 
increases P-selectin levels, indicating the role of leptin 
in obesity-associated platelet activation and aggregation 
(26). Furthermore, we found that the serum PAI-1 levels 
were higher in the obese group than in the control group. 
Leptin likely contributes to an increase in PAI-1 levels 

(27). At high concentrations, PAI-1 inhibits fibrinolysis 
and	consequently	promotes	a	thrombotic	state.

Our study revealed significant correlations between 
WBC and platelet counts and BMI and serum glucose 
levels. These findings are consistent with previous studies 
indicating that obesity is associated with increased WBC 
counts, serves as a risk factor for atherosclerosis (28), 
and correlates with BMI in boys (29). Additionally, 
another study reported a positive correlation between 
WBC count and fasting plasma glucose in adults (30). 
These associations may have plausible underlying 
mechanisms. Hyperglycemia stimulates myelopoiesis 
and activates neutrophils in the bone marrow of obese 
mice (15, 16), whereas both obesity and high glucose 
levels promote thrombopoiesis through the interaction 
of neutrophil-derived S100A8/A9 with thrombopoietin, 
which activates megakaryocytes and increases platelet 
production in the bone marrow (7, 14). Furthermore, the 
WBC count was strongly correlated with serum insulin 
levels, suggesting that insulin may increase WBC counts. 
This aligns with a previous study demonstrating that 
insulin increases peripheral blood neutrophil counts 
and phagocytic capacity in non-diabetic cardiac surgical 
patients (31), as well as studies indicating a positive 
relationship between insulin secretion and resistance 

Fig. 2. (A) Relationship between serum leptin level and white blood cell (WBC) count in all study participants (r	=	0.525,	p 
< 0.0001). (B) Relationship between serum glucose level and WBC count in all participants (r	=	0.318,	p	=	0.0150).	
(C) Relationship between serum leptin level and platelet count in all participants (r	=	0.465,	p	=	0.0002).	(D)	
Relationship between serum glucose level and platelet count in all participants (r	=	0.277,	p	=0.0355).	Red	circles,	
healthy	controls;	blue	circles,	adolescents	with	simple	obesity.
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and increased WBC count (32, 33). Horne et al. reported 
that the neutrophil (N)/lymphocyte (L) ratio correlates 
with the risk of cardiovascular disease in adults (34). 
However, in the present study, the N/L ratio did not 
show significant correlations with any of the examined 
parameters.

This study has three limitations. First, the 
relatively small sample size of 59 participants may 
limit the power and generalizability of our analysis. 
Second, the cross-sectional design of the study prevents 
us from establishing causality regarding the observed 
relationships. Third, the exact mechanisms by which 
obesity affects blood cell production remain under 
investigation, necessitating further research to elucidate 
these interactions fully.

In conclusion, our study found that adolescents 
with obesity exhibited elevated peripheral blood cell 
counts compared with those in the control group. The 

significant correlations of BMI-SDS and serum leptin 
levels with WBC and platelet counts highlight the impact 
of obesity and adipokines on bone marrow and blood cell 
function. These findings suggest that the risk of obesity-
associated thrombosis may emerge during adolescence, 
highlighting the importance of early detection of blood 
count abnormalities to identify and mitigate thrombosis 
risk in this population.
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