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Öz

Objective In this study, we aimed to investigate serum chitotriosidase (ChT) activity and irisin levels in children with obesity and compare them to those of healthy counterparts. 

Materials 
and Methods

A total of 91 obese and 83 normal-weight children were included in the study. Serum ChT activity and irisin levels of children with obesity were compared to those of 
normal-weight children.

Results The mean ChT value in the obese group was 1825.332 ± 4804.147 nmol/L/h and was significantly higher than that in the control group. In contrast, the mean irisin 
level, 2679.663 ± 5473.58 pg/ml, was lower than that in the control group. The cutoff point of the continuous variable selected in the model for ChT was 601, with 31.9% 
sensitivity, 90.6% specificity, and an area under the curve of 0.596. The cutoff point for irisin was 901.4, with 83.5% sensitivity, 42.4% specificity, and an area under the 
curve of 0.617. 

Conclusion This study is the first to show decreased serum both serum  ChT activity and irisin level and  ChT’s association with irisin levels in children with obesity . We argue that ChT 
and irisin should be considered potential biomarkers of metabolic syndrome in children with obesity. 

Keywords Obesity; Childhood; Irisin; Chitotriosidase; Biomarker

Abstract

Amaç Bu çalışmada obez çocuklar ile sağlıklı çocukların serum kitotriosidaz (ChT) aktivitesi ve irisin düzeylerini araştırmayı karşılaştırmayı amaçladık.

Gereç ve 
Yöntemle Çalışmaya 91 obez ve 83 normal kilolu çocuk dahil edildi. Obeziteye sahip çocukların serum ChT aktivitesi ve irisin düzeyleri normal kilolu çocuklarla karşılaştırıldı.

Bulgular Obez grupta ortalama ChT değeri 1825.332 ± 4804.147 nmol / L / h idi ve kontrol grubuna göre anlamlı derecede yüksekti. Buna karşılık, ortalama irisin seviyesi 2679.663 ± 5473.58 pg / ml, 
kontrol grubuna göre daha düşüktü. ChT için seçilmiş sürekli değişken modelde cutoff değeri 601, duyarlılık % 31.9, özgüllük % 90.6 ve eğri altında bir alan 0.596  idi. İrisin için cutoff değeri 
901,4, duyarlılık % 83,5, özgüllük % 42,4 ve eğri altındaki alan 0,617.

Sonuç Bu çalışma, obezitesi olan çocuklarda serum ChT aktivitesi ve irisin düzeyinin azaldığını ve ChT’nin irisin düzeyleri ile ilişkisini gösteren ilk çalışmadır.ChT ve irisin’in obezitesi olan çocuk-
larda metabolik sendromun potansiyel biyobelirteçleri olarak kabul edilmesi gerektiğini savunuyoruz.

Anahtar 
Kelimeler

Obezite; Çocukluk çağı; İrisin, Kitotriosidaz; Biyobelirteç
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INTRODUCTION
Childhood obesity is a serious and growing public health 
problem worldwide.1–4 It is associated with short‐ and 
long‐term comorbidities, including insulin resistance (IR), 
arterial hypertension, metabolic syndrome, type 2 diabetes 
mellitus, obstructive sleep apnea syndrome, as well as psy-
chological problems during childhood and adolescence. 
Childhood obesity commonly persists as a problem in 
adulthood, and it can pose a higher risk of early mortali-
ty.5–8 Childhood obesity is described as an excessive accu-
mulation of body fat, which undermines health according 
to the World Health Organization (WHO).8 

Th e association between chronic low-grade infl amma-
tion and obesity is well established.9,10  Although the exact 
mechanism of action of this association is not clear, it has 
been suggested that obesity-related infl ammation might 
be responsible for the impairment of various systems of 
the body.11–13  Several infl ammatory markers, including 
C-reactive protein (CRP). TNF-α, IL-6, IL-10, and adi-
ponectin, have been investigated to clarify the association 
between obesity-related infl ammation and cardiovascular 
events and tissue injury.14,15

In the last decade, chitotriosidase (ChT) has been con-
sidered a promising infl ammatory marker. ChT belongs 
to the human chitinase glycosyl hydrolase family 18, and 
it is produced in activated macrophages.16–18 Adipokines 
(i.e., adipocyte-secreted proteins) and myokines (i.e., my-
ocyte-secreted proteins) are known to be involved in the 
pathophysiology of obesity-associated metabolic and vas-
cular diseases. It has recently been suggested that irisin, a 
member of the myokine family, could reduce obesity and 
improve glucose metabolism.19 

In this study, we aimed to investigate the serum ChT activ-
ity and irisin levels in children with obesity and compare 
them to those of healthy counterparts. We hypothesized 
that serum ChT activity and irisin levels would diff er be-
tween obese and healthy children and would be associated 

with each other, as well as with other metabolic parame-
ters.

MATERİAL and METHODS
Study Population

Th e study was conducted at Istanbul Training and Educa-
tion Hospital and Istanbul Medeniyet University, Depart-
ment of Pediatrics, between January and September 2019. 
Th e study group consisted of children with obesity. Th e 
inclusion criteria were as follows: obesity, as defi ned by 
WHO Reference 2017 (body mass index–standard devia-
tion score [BMI-SDS] above 2) and the mean BMI-SDS by 
gender, no endocrinological diseases, no comorbid diseas-
es, ability to cooperate for anthropometric measurements, 
no psychiatric disorders, mental retardation, or autism 
spectrum disorder, and willingness of their parents to con-
sent to their children’s participation.20  Children who had 
comorbid diseases, mental retardation, or autism spec-
trum disorder and children whose parents did not consent 
to their participation were excluded. Th e control group 
consisted of children whose weight was normal (BMI-SDS 
between −1 and 1). Th e inclusion criteria were as follows: 
ability to cooperate in anthropometric and other measure-
ments that would be used in the study and willingness of 
their parents to consent to their participation. Children 
whose parents did not consent were excluded. According 
to the inclusion and exclusion criteria, 91 obese and 83 
normal-weight children were included. All parents signed 
written informed consent forms aft er being provided with 
a detailed description of the study. Present study was de-
signed as case –control comparison. Th e present study 
was approved by Medeniyet University Non-Invasive 
Clinic Research Ethical Committee ( Date: 03 July 2019; 
Approval Number:  2019/303). Th is study was performed 
according to the standards for biomedical research on hu-
man subjects set by the Declaration of Helsinki. Before the 
operations, all patients provided that their records could 
be  used in the present study.
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Anthropometric Assessments
Anthropometric measurements, as body weight and 
height were assessed by authors. Th e measurements were 
made while the children wore only underclothes and no 
shoes. Height was measured to the nearest 0.1 cm, with a 
portable SECA stadiometer Model 213 (SECA, Hamburg, 
Germany). Body weight was taken to the nearest 0.1 kg 
using a SECA digital weighing scale Model 803 (SECA, 
Hamburg, Germany). Measurements were made two times 
for confi rmation of the results.  Body mass index (BMI) 
was calculated by dividing the measured weight (kg) by the 
square of height (m2). Anthropometric status was classi-
fi ed according to the age- and sex-specifi c WHO  growth 
reference using the WHO AnthroPlus 1.0.3 (World Health 
Organisation, Geneva, Switzerland). Th e values were fol-
lows; WHO Reference 2017, that is: Low weight (BMI-SDS 
≤ -1); normal weight (BMI-SDS > - 1 and ≤ 1; overweight 
(BMI-SDS >1 and ≤ 2) and obese (BMI-SDS > 2).

Blood Sampling
A biochemistry technician who was blinded to the study 
groups performed the blood sample analyses. Th e blood 
samples were obtained in the morning aft er 12 hours of 
overnight fasting and placed in tubes with EDTA (1 mg/
ml). Th e plasma was split by centrifugation at 4 °C and 
stored at −80 °C.

Biochemical Analysis
Blood glucose and glycosylated hemoglobin A1c (HbA1c) 
were assessed by the glucose-oxidase method and ani-
on-exchange high-performance liquid chromatography 
(HPLC). Th e serum insulin levels were measured by ra-
dioimmunoassay. Th e homeostasis model assessment of 
IR (HOMA-IR) and insulin secretion (HOMA-β) were 
calculated using the following equations: HOMA − IR = 
fasting insulin FINS microunits/milliliter × FBG milli-
moles/liter ÷ 22 5 and HOMA − β = 20 × FINS microunits/
milliliter ÷ FBG millimoles/liter − 3 5. Total cholesterol 
(TC), triglycerides (TG), high-density lipoprotein cho-
lesterol (HDL-C), and low-density lipoprotein cholesterol 

(LDL-C) were measured using an enzymatic autoanalyzer 
(Beckman Coulter, CA, USA). Th e liver and renal function 
profi les were also determined with an autoanalyzer (Beck-
man Coulter, CA, USA). Hemogram analysis was also 
performed using an autoanalyzer (Sysmex 1500, Sysmex 
Europe, Germany).

Serum Chitotriosidase Activity and 
Irisin Level Measurements

Blood samples for irisin and chitotriosidase measurements 
were centrifuged immediately aft er collection, and the se-
rum samples were stored at −80°C until the day of analysis. 
Serum human irisin measurements were performed using 
a human irisin enzyme-linked immunosorbent assay (ELI-
SA) commercial kit (catalog No. SG10179; Sinogeneclon 
Co., Ltd., Hangzhou, China) according to the manufactur-
er’s protocol (sensitivity: 1.0 pg/ml; intra-assay coeffi  cient 
of variation [CV]: <8%; inter-assay CV: <10%). Serum 
human chitotriosidase (CHIT1) measurements were per-
formed using a human chitotriosidase ELISA commercial 
kit (catalog No. SG1188; Sinogeneclon Co., Ltd., Hang-
zhou , China) according to the manufacturer’s protocol 
(sensitivity: 7.8 pg/ml; intra-assay CV: <8%; inter-assay 
CV: <10%).

Statistical Analysis
Power analysis was performed to determine whether the 
sample size was suffi  cient for the study. For the compar-
isons between the obese and control groups, the t-test, 
Mann–Whitney U test, and Pearson chi-square test were 
performed for two independent samples. At the same 
time, the normal distribution assumptions Shapiro–Wilk 
normality test was used. Th e Mann–Whitney U test was 
performed for data that did not fi t the normal distribution. 
In the correlation analysis, Pearson’s correlation coeffi  cient 
was assumed to be normally distributed. However, as chi-
totriosidase and irisin did not fi t the normal distribution, 
Spearman’s correlation coeffi  cient was used for the corre-
lation analysis. Receiver operating characteristic (ROC) 
analysis was used to choose the most appropriate cutoff  
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points for chitotriosidase and irisin. We also tried to pre-
dict chitotriosidase and irisin levels using multiple regres-
sion with the ordinary least squares (OLS) method. How-
ever, assumptions were not provided because the errors 
were not normally distributed and there were too many 
outliers in the obese group to be excluded from the study. 
Th erefore, we used quantile regression (QR) as a more ro-
bust method to predict the chitotriosidase and irisin levels. 
Th e statistical analyses were performed with R 3.5.3, SPSS 
Statistics 23.0, and G*Power 3.1.  Type 1 error was accept-
ed as 0.05

Power Analysis
In order to calculate the power of the study, the t-test re-
sults were used in the multiple regression. Since the inde-
pendent variables were tested at signifi cance (alpha) levels 
of both 0.01 and 0.05, the powers were examined accord-
ing to both. With an alpha level of 0.05, a sample size of 70 
achieved 82.9% power to detect an eff ect size (f2) of 0.1248 
using a t-test. With an alpha level of 0.01, a sample size of 
110 achieved 85.9% power. In the case of a sample size of 
170, the power was over 95% with both alpha levels (Figure 
1).

RESULTS
Th e diff erences in chitotriosidase activity, irisin levels, age, 
weight, weight-SDS, height-SDS, BMI, BMI-SDS, waist 
circumference, waist-height ratio, WBC, platelet (Plt), 
AST, ALT, TC, triglycerides, HDL-C, LDL-C, insulin, HO-
MA-IR, ISI, and HbA1c between the obese and the control 
group were statistically signifi cant. Th e mean value of ChT 
in the obese group was 1825.332 ± 4804.147 nmol/L/h and 
was signifi cantly higher than that in the control group. In 
contrast, the mean irisin level, 2679.663 ± 5473.58 pg/ml, 
was lower than that in the control group (Table 1).

Th e correlations between irisin and other variables and be-
tween ChT and other variables were investigated for over-
all observations. Th en, all correlation analyses were repeat-
ed for the obese group. Overall, ChT and irisin showed a 

low, negative, and signifi cant correlation. Th e correlations 
between ChT and weight, weight-SDS, BMI, BMI-SDS, 
hemoglobin (Hgb), and hematoctrit (Hct) were low, very 
positive, and signifi cant. Th e correlations between irisin 
and weight-SDS, BMI, BMI-SDS, waist circumference, 
and waist-height were low, very negative, and signifi cant. 
In the obese group, ChT and irisin showed a low, negative, 
and signifi cant correlation as well. Th e correlations of ChT 
with Hgb and Hct were low, positive, and signifi cant. Iri-
sin showed no signifi cant correlations in the obese group 
(Table 2).

Th e cutoff  point of the continuous variable selected in 
the model for ChT was 601, with 31.9% sensitivity, 90.6% 
specifi city, and an area under the curve of 0.596. Th e cut-
off  point for irisin was 901.4 with 83.5% sensitivity, 42.4% 
specifi city, and an area under the curve of 0.617. In both 
models, the predictions seemed to overlap. Both cutoff  
points were between the 60% and 80% quantiles. For this 
reason, we also considered those cutoff  points in the quan-
tile regressions to ensure accuracy of the optimal threshold 
values (Figure 2).

Multiple regression assumptions were also examined. 
Normal distribution of the residuals (errors), homosce-
dasticity, multicollinearity, and independence of residuals 
were examined. However, assumptions were not provided. 
In particular, there were too many outliers that could not 
be excluded from the study. We tried some basic transfor-
mation of variables, but this did not help in providing as-
sumptions.

Th e OLS model for irisin as a dependent variable ex-
plained approximately 18.25% of the changes in irisin. Th e 
model was signifi cant at a 5% signifi cance level. BMI-SDS 
and urea had a statistically signifi cant eff ect on irisin. In 
the QR model for ChT as a dependent variable, age had a 
statistically signifi cant eff ect on ChT at each of the quan-
tiles. Interestingly, BMI-SDS and glucose were statistically 
signifi cant at the 80th percentile, where the cutoff  point 
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Table 1.Descriptive Statistics Test Statistics Results according to Control and Obese Group

Group Control (n=83) Obese (n=91) Test -statistics p

Chitotriosidase (nmol/L/h) ¯x±s 438.892±151.31 1825.332±4804.147 3123.00 b 0.028

Irisin ( pg/ml) ¯x±s 2679.663±5473.58 702.136±399.83 2963.500b 0.007

Age(years) ¯x±s 13.106±2.405 12.332±2.406 2.130 a 0.035

Gender Female 44(51.8) 44(48.4) 0.205c 0.651

Male                            
41(48.2) 47(51.6)

Weight (kg) ¯x±s 46.082±12.229 66.703±18.933 1333.00 b <.001

Weight-SDS (SD) ¯x±s -.422±.911 2.157±.966 -18.183 a <.001

Weight Percentile (%) Min. 0.29 35.90

Max. 98.30 99.90

Height (cm) ¯x±s 155.410±14.168 155.510±13.010 -0.046 a .964

Height -SDS (SD) ¯x±s -.014±1.012 .708±1.153 -4.410 a <.001

Height Per.(%) Min. 1.30 1.30

Max. 99.10 99.10

BMI(kg/m2) ¯x±s 18.771±2.798 27.074±4.142 -15.471 a <.001

BMI-SDS ¯x±s -.498±1.028 2.032±.668 -19.485 a <.001

BMI Percentile (%) Min. 0.10 51.90

Max. 92.10 99.90

Waist around (cm) ¯x±s 67.959±7.461 87.956±13.173 -12.275 a <.001

Waist/Heightn(cm/kg) ¯x±s .438±.041 .565±.065 424.00 b <.001

WBC (103/uL) ¯x±s 7217.760±1733.176 7991.320±2215.720 3072.00 b .019

Hemoglobin (g/dL) ¯x±s 13.031±1.1855 13.107±.971 3690.50 b .600

Hematoctrit (%) ¯x±s 37.972±2.929 38.604±2.752 -1.477 a .141

Platelet (103/uL) ¯x±s 3160.50 b .036

Glucose (mg/dL) ¯x±s 90.130±6.871 91.240±13.485 3776.50 b .787

AST (U/L) ¯x±s 23.916±10.1078 25.586±9.272 3111.50 b .025

ALT(U/L) ¯x±s 15.710±10.792 22.04±13.296 2329.00 b <.001

Urea (mg/dL) ¯x±s 23.053±6.423 23.132±5.841 3769.00 b .770

Creatine (mg/dL) ¯x±s .539±.127 .508±.116 3239.00 b .063

Total Cholesterol (mg/dL) ¯x±s 155.560±28.971 167.650±34.814 3096.50 b .022

High density lipoprotein (mg/dL) ¯x±s 53.580±11.364 49.758±10.214 2.349 a .020

Triglyceride (mg/dL) ¯x±s 78.865±32.619 109.571±52.305 2400.50 b <.001

Low density lipoprotein (mg/dL) ¯x±s 86.204±24.732 95.852±30.898 3162.50 b .037

Insulin (mU/L) ¯x±s 8.982±4.277 14.565±9.862 2258.50 b <.001

HOMA-IR ¯x±s 2.026±1.026 3.305±2.309 2323.50 b <.001

ISI ¯x±s 12.726±6.782 8.503±4.756 2238.50 b <.001

HbA1c (%) ¯x±s 5.300±.181 5.403±.260 2780.50 b .001

TSH (mIU/L) ¯x±s 3.2484±4.535 3.352±1.729 3170.50 b .039

FT4 ¯x±s .8186±.1126 .808±.109 0.612 a .633

a: Independent t-Test Statistic; b: Mann Whitney –U Test Statistic; c : Pearson� χ�^2 Test Statistic



528

Sakarya Med J 2021;11(3):523-532  
DURANKUŞ et al., Chitotriosidase Activity and Irisin Level in Obese Children

Table 2. Correlation of Chitotriosidase (a) and Irisin (b) according to Overall, Obese Group

Spearman’s ρ Overall (n=176) Obese (n=91)

(a) p (b) p (a) p (b) p

Chitotriosidase (nmol/L/h) (a) 1.000 - -.188* .0.03 1.000 - .211* .0.009

Irisin ( pg/ml) (b) -.188* . .0.03 1.000 - .211* .0.009 1.000 -

Age(years) .097 .201 .039 .604 .143 .175 .062 .559

Weight (kg) .157* .038 -.099 .193 .052 .623 .139 .188

Weight -SDS(SD) .155* .040 -.172* .023 -.031 .771 .055 .606

Height (cm) .064 .400 .052 .495 .091 .394 .080 .453

Height -SDS (SD) -.025 .746 -.064 .401 -.121 .254 -.117 .270

BMI(kg/m2) .181* .016 -.164* .030 .015 .886 .175 .098

BMI-SDS .169* .025 -.190* .011 -.019 .857 .102 .334

Waist around (cm) .146 .053 -.149* .049 -.025 .811 .094 .377

Waist/Heightn(cm/kg) .117 .121 -.179* .018 -.043 .685 .033 .757

WBC (103/uL) -.078 .303 .000 1.000 -.075 .479 -.061 .563

Hemoglobin (g/dL) .176* .019 -.019 .800 .285** .006 .116 .274

Hematoctrit (%) .159* .035 -.040 .602 .220* .036 .018 .867

Platelet (103/uL) -.010 .896 .013 .868 -.068 .525 .056 .596

Glucose (mg/dL) -.056 .459 -.014 .857 -.154 .145 -.029 .784

AST (U/L) .015 .841 -.091 .229 .107 .313 -.073 .494

ALT(U/L) -.001 .995 -.116 .126 -.001 .993 -.049 .643

Urea (mg/dL) -.079 .295 .106 .162 .022 .835 -.064 .547

Creatine (mg/dL) -.005 .950 -.065 .391 .019 .862 -.133 .208

Total Cholesterol (mg/dL) .033 .664 -.048 .524 .067 .527 -.063 .552

High density lipoprotein (mg/dL) .041 .585 .043 .571 .070 .509 .028 .791

Triglyceride (mg/dL) -.005 .946 -.096 .205 -.126 .232 -.026 .805

Low density lipoprotein (mg/dL) .020 .797 -.070 .354 .104 .326 -.080 .452

Insulin (mU/L) .036 .635 -.121 .110 -.178 .091 -.013 .899

HOMA-IR .023 .760 -.113 .136 -.205 .052 -.005 .962

ISI -.072 .342 .132 .081 .118 .264 .036 .734

HbA1c (%) .009 .907 -.072 .342 -.096 .365 -.082 .438

TSH (mIU/L) -.026 .732 -.028 .716 -.048 .650 -.102 .334

FT4 -.027 .721 .000 .998 -.070 .509 -.038 .722

**p<0.01, * p<0.05  (2-tailed); Chitotriosidase(a), Irisin (b)
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Table 3. Quantile Regression and Multiple Linear Regression Analyses Results for Dependent Variables Chitotriosidase(a) and Irisin (b)

Variables OLS Quantile Regression (QR)

%10 %20 %30 %40 %50 %60 %70 %80 %90

(a)

Age 247.18** 13.16* 15.16* 19.40* 22.35* 26.48* 23.19 19.99 15.92 59.41*

BMI-SDS 596.58** 14.12 16.16 12.82 19.84 23.68 37.07* 33.17* 55.10** 89.37**

Glucose(mg/dL) -27.10* 0.98 1.05 1.07 1.02 1.03 2.02 3.12 4.62* 0.30

(b)
BMI-SDS -521.04 ** -42.35 -22.12 -15.00 -12.47 -42.71 -99.09* -97.91* -157.29** -370.73*

Urea (mg/dL) 87.89 ** 15.70** 18.47** 22.88** 25.17** 30.80** 40.54** 46.61** 60.04** 104.94**

**p<0.01, * p<0.05; Chitotriosidase(a), Irisin (b); OLS: Ordinary Least Square
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Tail(s) = Two, Number of predictors = 3, Effect size f² = 0,124859
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Figure 1. Results of Power Analysis according to 0.01 and 0.05 Alpha Error Probabilities

Figure 2. Th e ROC curve analysis of  Chitotriosidase and Irisin according to Groups
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was found. In the QR model for irisin as a dependent vari-
able, urea had a statistically signifi cant eff ect at each of the 
quantiles. As in the other QR model, BMI-SDS was statis-
tically signifi cant at the 60th percentile, where the cutoff  
point was found. Based on the results of both QR models, 
we concluded that these cutoff  points were accurate (Table 
3).

Th e red solid lines in Figures 3 (a–c) and 4 (a–b) show the 
coeffi  cients of the OLS model. Th e red dashed lines show 
the 95% confi dence intervals. Th e black fi xed-point lines 
show the values of the coeffi  cients of the QR model at dif-
ferent quantiles. Th e gray ranges around them show the 
95% confi dence intervals. Th e red solid lines show that the 
coeffi  cients of the independent variables were aff ected by 
the outliers. Th e black lines show opposite results com-
pared to the red lines, yielding more robust results.

DISCUSSION
In this study, we found signifi cantly higher values of serum 
ChT activity and signifi cantly lower levels of serum irisin 
in children with obesity than in healthy controls. We also 
found that serum ChT activity and irisin levels correlated 
with each other and other several metabolic parameters. 
Furthermore, we succeeded in predicting cutoff  values for 
both serum ChT activity and irisin levels in children with 
obesity.

Human ChT activity is a well-established tool for moni-
toring the eff ects of treatment for GD. It was fi rst regarded 
as a signifi cant diagnostic tool for monitoring the effi  cacy 
of treatments for Gaucher’s disease (GD) and glucocere-
brosidase defi ciency. However, accumulating data suggest 
that ChT activity is also signifi cantly associated with ather-
osclerosis neurodegenerative disorders, and non-alcoholic 
steatohepatitis. Relatively recent research has shown that 
serum ChT activity predicts endothelial dysfunction in 
uncomplicated, newly diagnosed type 2 diabetes mellitus 
(DM) patients.16–18 However, only one study has investi-
gated serum ChT activity in children with obesity.21 Sev-

eral studies have reported that ChT activity is associated 
with intracellular lipid accumulation in GD.22–24 Beside 
the role of ChT activity in GD, it has been shown that the 
macrophages within atherosclerotic vascular plaques pro-
duce high amounts of ChT, which means that serum ChT 
activity might correlate with the amount of lipid-loaded 
macrophages in atherosclerotic plaques.25  Regarding this 
shared mechanism, it seems reasonable to investigate se-
rum ChT activity in children with obesity. Kundak et al., 
authors of the only study on serum ChT activity in chil-
dren with obesity, reported that it was signifi cantly higher 
in children with obesity than in lean children. However, as 
they found no signifi cant correlations between serum ChT 
activity and high-sensitivity CRP (hsCRP), HOMA-IR, 
and BMI-SDS, they concluded that it may not be a useful 
tool for monitoring systemic low-grade infl ammation and 
insulin resistance in obese subjects and called for further 
confi rmation studies.21 Our results confi rm Kundak et 
al.’s fi ndings in terms of the signifi cantly higher values of 
serum ChT activity in children with obesity than in nor-
mal-weight children. Additionally, we demonstrated a sig-
nifi cant association between serum ChT activity and BMI-
SDS in quantile regression and multiple linear regression 
analyses and determined a signifi cant cutoff  value for ChT 
activity.

Myokines are produced with exercise in both rodents 
and humans. Th ey have been shown to be associated with 
browning in adipose tissue and to increase energy values 
in mice without interpreting movement and food intake. 
Th us, this mechanism has been found to reduce obesity 
and improve glucose homeostasis. Like ChT activity, irisin 
has been associated with infl ammation in obese individ-
uals.19 Regarding irisin, several studies have investigated 
the association between circulating irisin, adiposity, and 
obesity in humans. However, their results can be consid-
ered inconsistent, as they have variably reported a positive 
correlation of serum irisin levels with BMI and adiposity, 
a negative correlation between circulating irisin levels and 
BMI, and no signifi cant correlation.26,27 It is well estab-
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lished that there is a signifi cant imbalance in cytokine se-
cretion in obesity, which is a predictor of developing insu-
lin resistance and type 2 diabetes mellitus.28  Irisin has been 
suggested to have a role in infl ammation, although this has 
not been well established. Irisin treatment has been re-
ported to suppress the expression of pro-infl ammatory cy-
tokines, nuclear factor-kappa B (NF-κB), TNF-α, and IL-6 
in a concentration-dependent manner.29 Recently, Shim et 
al. found that irisin levels were low in overweight/children 
with obesity with metabolic syndrome. Th ey determined a 
possible cutoff  value to distinguish between children with 
metabolic syndrome and overweight/children with obesity 
with 75% sensitivity and 94% specifi city, concluding that 
irisin is a candidate as a biomarker of metabolic syndrome 
in prepubertal children.30 In line with Shim et al., we found 
that serum irisin levels were signifi cantly lower in children 
with obesity than in healthy controls. We also determined 
a cutoff  point of 901.4 for irisin, with 83.5% sensitivity, 
42.4% specifi city, and an area under the curve of 0.617. 
Quantile regression and multiple linear regression anal-
yses revealed that BMI-SDS was signifi cantly associated 
with serum irisin levels.

Th is is the fi rst study to investigate the roles of serum ChT 
activity and irisin in children with obesity simultaneously. 
We found a signifi cant correlation between serum ChT ac-
tivity and irisin levels in obesity. Regarding the infl amma-
tory role of serum activity in several diseases, we can argue 
that our results confi rm the infl ammatory role of irisin in 
childhood obesity. 

Th e main limitation of this study is that we could not in-
vestigate several infl ammatory markers, such as CRP and 
interleukins, which would have strengthened our results 
in terms of illuminating the infl ammatory roles of serum 
ChT activity and irisin levels. However, we believe that this 
limitation would be the object of further studies. Another 
limitation is that we could not measure other circulating 
myokines or adipokines like previous stuides that may be 
simultaneously secreted from muscle and adipose tissue.

CONCLUSION
In conclusion, this study is the fi rst to show decreased se-
rum both serum  ChT activity and irisin level and  ChT’s 
association with irisin levels in children with obesity . We 
argue that ChT and irisin should be explored as potential 
biomarkers of metabolic syndrome in children with obe-
sity. However, further studies are needed to confi rm our 
results.

Clinical Signifi cance
Children who are suspected for developing obesity will be 
able to determine. Th us, early interventions can be per-
formed aft er analyzing of serum ChT and irisin will be 
taken into account in such children. However, there will 
be further studies to confi rm our suggestions.
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