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ABSTRACT
OBJECTIVE: Obesity is a growing health problem in most of the developed countries. It is associated with many
chronic diseases, affecting particularly endocrine and cardiovascular systems. Inflammation plays a key role in
pathophysiology of obesity. In this study, we aimed to investigate the inflammation status in obese children using
neutrophil/lymphocyte ratio.
METHODS: In this study 130 obese and 57 healthy children were assessed retrospectively. According to Centers
for Disease Control 2000 (CDC) BMI percentiles for childhood and adulthood, 85–95 percentile was considered as
overweight and >95 percentile as obese.
RESULTS: Lymphocyte/neutrophil ratios in the obese group were significantly higher compared to those in
healthy controls (p=0.03 and p=0.045, respectively). Neutrophil/lymphocyte ratio and CRP level in the obese
group were significantly higher compared to those in healthy controls (p=0.02 and p=0.00, respectively). Thrombocyte/lymphocyte ratios were not significantly different between two groups (p=0.156).
CONCLUSION: It is possible that childhood obesity which has been increasingly prevalent recently triggers the
pathogenesis of atherosclerosis during the early years of life. Increased neutrophil/lymphocyte ratio might be
associated with the severity of inflammation which plays a role in the early stages of atherosclerosis. Therefore,
taking childhood obesity under control using diet and other treatment methods will prevent mortality and morbidity in the elderly.
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O

besity is a multifactorial disease which can
cause diabetes, cardiovascular disease, and
renal failure [1]. Obesity which is a global health
problem causes increases in morbidity, and mortali-

ty. In recent years, health problems account 2–7% of
all health expenditures [2]. Therefore investigations
on pathophysiology of obesity have gained increasing importance.
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In the pathogenesis of obesity many factors play
important roles. Inflammation which is characterized by abnormal cytokine production, and penetration of macrophages into adipose tissue is one of
these factors Besides this mechanism can also contribute to the development of insulin resistance [3].
Pediatric obesity is a determinative factor of
adult obesity. One-third of obese children become
obese adults [4]. Besides, childhood obesity increases the risk of cardiovascular, metabolic, pulmonary, gastrointestinal, and skeletal system diseases [5]. In obese children, it has been proposed
that endothelial dysfunction caused by insulin resistance, free fatty acids, nitric oxide, and inflammatory cytokines results in cardiovascular diseases in
obese children [6].
NLR is the ratio between the number of neutrophils, and lymphocytes. The neutrophil/lymphocyte ratio is a simple, cost-effective, and useful inflammation marker which has been studied in many
inflammatory diseases, cardiovascular diseases, and
cancer [7, 8].
In our study, assessments of NLR between obese
children, and the control group were performed
with the intention to investigate the usefulness of
NLR as a marker in the evaluation of the severity of
inflammation in obesity.
MATERIALS and METODS
Study group
Medical files of the patients who were referred to
the outpatient clinics of Children’s Health and Diseases of Namik Kemal University Research, and
Application Hospital were analyzed, and height,
bodyweight, waist, and hip circumferences of the
patients were recorded. Among these cases, patients who had undergone complete word counts
because of medical requirement or routine control
were included in the study, and their neutrophil,
and lymphocyte parameters were evaluated. Medical files or the patients were screened, and those
with viral-bacterial infection, insulin-dependent
diabetes, congenital metabolic disease or hormonal
disorder were excluded from the study group. A to-
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tal of 130 obese (aged 6–15 years) and 57 (aged
7–15 years) healthy control subjects were included
in the study. Demographic data of the patients are
presented in Table 1.
Body mass indices (BMIs) of the children were
estimated based on BMI percentiles established by
The Centers for Disease Control 2000 (CDC) for
children, and adolescents. Participants with BMIs
between 85–95 percentiles were defined as overweight, and those over 95 percentile as obese [9].
Hematological measurements
Blood samples to be analyzed for neutrophils, lymphocytes, and other hemogram parametres were
placed in tubes containing K2 EDTA. Following 15
minutes of agitation, the samples were analyzed in
Pentra Dx Nexus (UK) device under room temperature. For biochemical measurements venous blood
samples obtained after 8–10 hours of fasting period were analyzed. All biochemical tests were performed in Cobas C 501 Roche ( Japan) biochemical
analyzer using commercial kits.
Statistical analysis
In all analyses SPSS 17.0 (Chicago, IL.) program
was used. Numerical variables were expressed as
medians, maximum, and minimum. Normality of
continuous variables was checked with KruskalWallis test. For comparison of data with non-normal distribution Mann- Whitney U test was used.
Results
Measured parametres of a total of 187 healthy, and
obese children are given as median, minimum, and

Table 1.

Age, and measured body parametres of the
healthy control, and obese individuals participating in
the study
		

Healthy control

Obese group

Age (year)
Bodyweight (kg)
Height (cm)

13.14±1.88
39.23±9.04
144.02±13.09

12.84±2.04
67.52±14.36
153.04±12.02
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maximum values in Table 2. Obese, and healthy
control groups were compared, and lymphocyte,
and neutrophil ratios were found to be significantly
higher in the obese group (p=0.03, and 0.045, respectively). Similarly, neutrophil/lymphocyte ratio,
and CRP levels were found to be significantly higher
in the obese group (p=0.03, p=0.02, and p=0.00).
Besides, mean platelet volume (MPV) was significantly higher in the obese group (p=0.005). Both
groups did not differ significantly as for platelet/
lymphocyte ratio (p=0.156)
Discussion
In recent years because of diets rich in fats, and
sedentary life style, prevalence of obesity has rapidly increased [2]. Obesity plays a central role in
insulin resistance which include hyperinsulinemia,
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hypertension, hyperlipidemia, and type-2 diabetes,
and increases the risk of cardiovascular disease [10].
Although, obesity has been demonstrated to be an
independent risk factor for atherosclerotic cardiovascular diseases, the mechanism of increased cardiovascular risk in obese individuals has not been
clarified yet [11]. In studies performed, the pathogenesis of pathological processes of atherosclerotic
cardiovascular disease, and related risk factors have
been dated back to the pediatric age [12].
Obesity is a chronic inflamatory disease characterized by altered adipokine production, and increase in the levels of inflammatory cytokines. Kim
et al. analyzed levels of leptin, and inflammatory
cytokines including hs-CRP, tumor-necrosis factor (TNT-α), interleukin-6 (IL-6) in young obese
girls, and they were found to be significantly higher

Table 2. Biochemical, and hematological parametres measured in healthy controls, and obese individuals
			Obese			
Control
		

Median

Min.

Max.

Median

Min.

Max.

p

Red blood cell (103/uL)
HGB (g/dL)
HCT (%)
MCV (fL)
MCH (pg)
MCHC (g/dL)
RDW (%)
WBC (103/uL)
Netrophil (%)
Lymphocyte (%)
Monocyte (%)
Eosinophil (%)
Basophil (%)
Platelets (103/uL)
MPV (fL)
PDW (%)
Netrophil/Lymphocyte ratio
Platelet/Lymphocyte ratio
CRP (mg/dL)

4.91
12.92
38.58
78.54
27.37
33.34
13.89
7.09
49.05
39.28
8.70
2.44
0.32
311.75
9.90
11.00
1.33
94.73
3.36

4.23
11.4
32.7
66.9
23.1
32.1
11.5
4.39
32.4
25.6
5.4
0.5
0.1
165
8.6
9.1
0.53
50.27
0.04

5.99
15.3
43.9
87.5
29.6
35.6
16.1
9.86
65.5
52.5
12.8
5.9
0.9
493
12.9
14.5
2.23
189.21
4.99

4.76
12.68
37.77
77.42
28.27
33.56
13.48
7.08
46.87
41.67
8.70
2.72
0.34
324.92
9.50
10.36
1.21
103.68
1.37

4.26
11.5
34.4
73.3
23.4
31.8
12.4
5.07
30.7
30.6
5.3
1.1
0.1
199
8.5
9
0.52
57.3
0.07

5.66
13.9
42.2
85.9
28.2
35.8
17.5
8.62
60.8
57.3
15.4
4.3
0.9
455
10.9
13.1
2.09
181.4
4.34

.871
.807
.343
.193
.878
.047
.079
.718
.045*
.021*
.851
.336
.591
.694
.005*
.007
.030*
.155
.000*

*
p<0.05 statistically significant; HGB: Hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean
corpuscular hemoglobin concentration; RDW: Red blood cell distribution width; WBC: White blood cell; MPV: Mean platelet volume; PDW: Platelet distribution width; CRP: C-reactive protein.
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in obese women relative to non-obese women [13].
In recent studies increased levels of CRP were
detected in obese individuals [14, 15]. High-sensitive C-reactive protein (hs-CRP) which can be used
as a marker of metabolic syndrome is a useful marker of childhood obesity. Prevention of obesity, and
inflammation which start in childhood will contribute to the prevention of metabolic syndrome in the
future [16]. Similarly, CRP level in the obese group
was found to be significantly higher in our study
when compared with the healthy controls.
Arslan and Makay have demonstrated that MPV
levels were higher in obese adolescents with nonalcoholic fatty liver when compared with healthy
controls, and other obese patient groups [17].
However, Kilciler et al. reported that any significant
difference was not found between the patients with
non-alcoholic fatty liver disease as for MPV levels
[18]. Also in our study, we detected higher MPV
levels in the obese patient group when compared
with the healthy controls.
NLR which is a strong indicator of inflammation has been investigated in various inflammatory,
and neoplasic diseases including metabolic syndrome [19], Behcet’s disease [20], coronary artery
disease [21, 22], heart failure [23, 24], colorectal
cancer, chest, and lung diseases, and hepatocellular
carcinoma [8]. The main fundamental etiological
factor of this wide spectrum is that NLR contains
two separate inflammation markers.
Neutrophils have been reported to migrate into
ischemic myocardial tissue before other inflammatory cells, and cause destructive changes by stimulating release of proteolytic enzymes, reactive oxygen radicals, and neutrophils [25]. As a known fact,
in the pathophysiology of atherosclerotic cardiovascular diseases, increased inflammation, and endothelial dysfunction play fundamental roles [26].
Outcomes of this study suggest that NLR may be
one of the markers of endothelial dysfunction, and
inflammation in obese patients.
Obesity–related studies performed in adults
have suggested that various comorbidities as diabetes, insulin resistance, hyperlipidemia, and coronary
artery disease prevent disclosure of cause-effect
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relationship between obesity, and inflammation.
However, in the pediatric age group rarely any disease state accompanies obesity. Therefore this study
provides a clarification on this issue which also aids
in the evaluation of this correlation between obesity,
and inflammation.
In conclusion, in chidhood obesity, increased
NLR, and MPV levels probably trigger atherogenesis. Therefore keeping obesity under control using
dietary modifications, and other treatment methods carries importance in decreasing mortality, and
morbidity rates in adulthood.
Conflict of Interest: No conflict of interest was declared by
the authors.
Financial Disclosure: The authors declared that this study
has received no financial support.

REFERENCES
1. Aballay LR, Eynard AR, Díaz Mdel P, Navarro A, Muñoz SE.
Overweight and obesity: a review of their relationship to metabolic syndrome, cardiovascular disease, and cancer in South
America. Nutr Rev 2013;71:168–79.
2. Obesity: preventing and managing the global epidemic. Report
of a WHO consultation. World Health Organ Tech Rep Ser
2000;894:1–253.
3. Nomiyama T, Perez-Tilve D, Ogawa D, Gizard F, Zhao Y, Heywood EB, et al. Osteopontin mediates obesity-induced adipose
tissue macrophage infiltration and insulin resistance in mice. J
Clin Invest 2007;117:2877–88.
4. Parlak A, Çetinkaya Ş. Çocuklarda Obezitenin Oluşumunu Etkileyen Faktörler. Fırat Sağlık Hizmetleri Dergisi 2007;2:24–35.
5. Daniels SR. The consequences of childhood overweight and obesity. Future Child 2006;16:47–67.
6. Ozdemir O, Abaci A, Hizli S, Akelma AZ, Razi CH, Köksal T,
et al. Factors associated with left atrial size in obese children: an
observational study. Anadolu Kardiyol Derg 2011;11:633–7.
7. Ataseven A, Kurtipek GS, Ozturk P. Neutrophil Lymphocyte
Ratio in Patients Receiving Isotretinoin for Acne Vulgaris. MedScience 2014;3:1026–31.
8. Templeton AJ, McNamara MG, Šeruga B, Vera-Badillo FE, Aneja P, Ocaña A, et al. Prognostic role of neutrophil-to-lymphocyte ratio in solid tumors: a systematic review and meta-analysis.
J Natl Cancer Inst 2014;106:124.
9. Himes JH, Dietz WH. Guidelines for overweight in adolescent
preventive services: recommendations from an expert committee.
The Expert Committee on Clinical Guidelines for Overweight in
Adolescent Preventive Services. Am J Clin Nutr 1994;59:307–
16.

Aydin et al., Neutrophil/lymphocyte ratio in obese adolescents

10. Pi-Sunyer FX. A review of long-term studies evaluating the efficacy of weight loss in ameliorating disorders associated with
obesity. Clin Ther 1996;18:1006–35.
11. Musaad S, Haynes EN. Biomarkers of obesity and subsequent
cardiovascular events. Epidemiol Rev 2007;29:98–114.
12. Steinberger J, Daniels SR; American Heart Association Atherosclerosis, Hypertension, and Obesity in the Young Committee
(Council on Cardiovascular Disease in the Young); American
Heart Association Diabetes Committee (Council on Nutrition,
Physical Activity, and Metabolism). Obesity, insulin resistance,
diabetes, and cardiovascular risk in children: an American Heart
Association scientific statement from the Atherosclerosis, Hypertension, and Obesity in the Young Committee (Council on
Cardiovascular Disease in the Young) and the Diabetes Committee (Council on Nutrition, Physical Activity, and Metabolism). Circulation 2003;107:1448–53.
13. Kim J, Ahn J. Effect of zinc supplementation on inflammatory
markers and adipokines in young obese women. Biol Trace Elem
Res 2014;157:101–6.
14. Paepegaey AC, Genser L, Bouillot JL, Oppert JM, Clément K,
Poitou C. High levels of CRP in morbid obesity: the central role
of adipose tissue and lessons for clinical practice before and after
bariatric surgery. Surg Obes Relat Dis 2015;11:148–54.
15. Nishide R, Ando M, Funabashi H, Yoda Y, Nakano M, Shima
M. Association of serum hs-CRP and lipids with obesity in
school children in a 12-month follow-up study in Japan. Environ
Health Prev Med 2015;20:116–22.
16. Hiura M, Kikuchi T, Nagasaki K, Uchiyama M. Elevation of serum C-reactive protein levels is associated with obesity in boys.
Hypertens Res 2003;26:541–6.
17. Arslan N, Makay B. Mean platelet volume in obese adolescents
with nonalcoholic fatty liver disease. J Pediatr Endocrinol Metab
2010;23:807–13.
18. Kilciler G, Genc H, Tapan S, Ors F, Kara M, Karadurmus N, et

91

19.

20.

21.

22.

23.

24.

25.

26.

al. Mean platelet volume and its relationship with carotid atherosclerosis in subjects with non-alcoholic fatty liver disease. Ups J
Med Sci 2010;115:253–9.
Ryder E, Diez-Ewald M, Mosquera J, Fernández E, Pedreañez
A, Vargas R, et al. Association of obesity with leukocyte count in
obese individuals without metabolic syndrome. Diabetes Metab
Syndr 2014;8:197–204.
Rifaioglu EN, Bülbül Şen B, Ekiz Ö, Cigdem Dogramaci A.
Neutrophil to lymphocyte ratio in Behcet’s disease as a marker
of disease activity. Acta Dermatovenerol Alp Pannonica Adriat
2014;23:65–7.
Balta S, Aparci M, Ozturk C, Demir M, Celik T. NeutrophilLymphocyte Ratio May Predict the Degree of Coronary Collateral Circulation. Clin Appl Thromb Hemost 2015;21:586–7.
Zhang GY, Chen M, Yu ZM, Wang XD, Wang ZQ. Relation
between neutrophil-to-lymphocyte ratio and severity of coronary artery stenosis. Genet Mol Res 2014;13:9382–9.
Cakıcı M, Cetin M, Doğan A, Oylumlu M, Aktürk E, Polat M,
et al. Neutrophil to lymphocyte ratio predicts poor functional
capacity in patients with heart failure. Turk Kardiyol Dern Ars
2014;42:612–20.
Benites-Zapata VA, Hernandez AV, Nagarajan V, Cauthen CA,
Starling RC, Tang WH. Usefulness of neutrophil-to-lymphocyte ratio in risk stratification of patients with advanced heart
failure. Am J Cardiol 2015;115:57–61.
Williams BA, Merhige ME. Association between neutrophillymphocyte ratio and impaired myocardial perfusion in patients with known or suspected coronary disease. Heart Lung
2013;42:436–41.
Ziyrek M, Tayyareci Y, Yurdakul S, Sahin ST, Yıldırımtürk O,
Aytekin S. Association of mitral annular calcification with endothelial dysfunction, carotid intima-media thickness and serum fetuin-A: an observational study. Anadolu Kardiyol Derg
2013;13:752–8.

