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Purpose: CTRP3 is a novel peptide that has recently emerged as an important regulatory

adipokine of obesity and related metabolic disease. Little is known about its role in children.

The current study aimed to investigate the potential role of CTRP3 in obese children and

explore its relationships with insulin sensitivity, pancreatic β cell function, and obesity-

related markers.

Patients and methods: We studied the levels of serum CTRP3 in 48 obese and 36 normal

weight pre-puberty children. The levels of blood pressure, lipids, glucose, and insulin were

measured, and the values of HOMA-IR, HOMA-β and insulinogenic index were calculated.

The correlations of these measurements with CTRP3 levels were analyzed.

Results: In this study, we found that CTRP3 serum levels significantly decreased in obese

children compared to controls, and insulin resistant obese subjects have lower CTRP3 levels in

contrast with the non-insulin resistant obese subjects. Moreover, serum CTRP3 concentrations

significantly decreased, while glucose and insulin concentrations significantly increased after a

3 hrs oral glucose tolerance test in obese children. Furthermore, Serum CTRP3 levels correlated

negatively and significantly with BMI, triglycerides, systolic blood pressure, fasting insulin,

glucose, HOMA-IR, HOMA-β and insulinogenic index in obese children.

Conclusion: In summary, serum CTRP3 levels significantly decreased in obese children,

and negatively correlated with insulin resistance and pancreatic β cell function indicators.

Therefore, CTRP3 may play a protective role in the glucose homeostasis and tightly related

to β cell function as well as obesity-related markers in obese children.
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Introduction
The proportion of people with overweight and obesity has been increasing drama-

tically over the past thirty years, which makes obesity become a major global health

issue in the 21st century.1 In particular, the worldwide prevalence of childhood

obesity has increased strikingly over the past three decades. For instance, the

incidence of pediatric obesity has increased from less than 5% to approximately

20% in the US.2 Similar trends have also been observed in China, whose national

prevalence of childhood overweight and obesity were 1.1% and 0.1%, respectively,

in 1985,3 but grew rapidly to 14.0% and 10.5%, respectively, in 2015.4 Moreover,

accumulating literature have revealed that childhood obesity is one of the most

critical risk factors of type 2 diabetes mellitus (T2DM), hyperlipidemia and hyper-

tension in later life.5,6
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Adipose tissue produces several hormones and cytokines

named “adipokines”, which have widespread effects on car-

bohydrate and lipid metabolism. Previous studies have

demonstrated that adipokines play essential roles in the

pathogenesis of obesity, and connect obesity with obesity-

related disorders.7 Recently, a new and highly conserved

family of secreted proteins, C1q/tumor necrosis factor-

related proteins (CTRPs), were found to be adipokines

which have anti-diabetic effects. The protein structures of

CTRPs are similar to that of adiponectin.8 Moreover, the

metabolic function of CTRPs also resembles adiponectin,

particularly CTRP3 (also known as cartonectin, cartducin,

and CORS-26). A series of studies have been conducted to

reveal its physiological functions in adult human and

animals.9–11 Ban et al reported that CTRP3 concentrations

significantly reduced in subjects with type 2 diabetes adult

patients compared to controls.12 Likewise, Wolf and collea-

gues found circulating CTRP3 levels were lower in obese

patients than lean control subjects.13 In animal studies,

recombinant CTRP3 injection displayed a significant anti-

diabetic effect in the high-fat diet fed normal C57BL/6 and

leptin-deficient ob/ob mice.14 Besides, CTRP3 transgenic

mice were demonstrated a modest improvement in systemic

insulin sensitivity and strikingly resistance to the develop-

ment of hepatic steatosis induced by a high-fat diet.10

Collectively, these data suggest that CTRP3 has a close

relationship with obesity and related diseases, and might be

a useful biomarker as well as a new treatment to obesity.

As far as we know, no study has investigated the circu-

lating CTRP3 levels in obese children. Moreover, the poten-

tial relationships of CTRP3 with obesity and related glucose

metabolism disorders have not been explored in children. In

this study, we analyzed the CTRP3 serum levels in obese

Chinese children, as well as the relationships between

CTRP3 and obesity-related metabolic diseases, especially

insulin resistance and pancreatic β cell function

Methods
Study Design And Participants
This study was approved by the medical ethics committee

of the Children’s Hospital of Soochow University, and the

written informed consent was obtained from all partici-

pants’ parents, according to the guidelines of Declaration

of Helsinki 2000. The sample size was determined by

G*Power software (version 3.1.9.4, http://www.gpower.

hhu.de/en.html) with values of mean and standard devia-

tion from the literature and by calculating the effect size.

Effect size (d) was estimated to be 1.0, from the values of

subjects reported by Deng et al,15 keeping the power at

0.95, Type I error at 0.05 to follow a standard protocol. A

minimum sample size of 26 per group was estimated.

Therefore, a total of 48 children with BMI at or above

the 95th percentile, according to the Chinese National

standard,16 and an age-matched control group including

36 healthy children with normal BMI were recruited

(P5-85).

Before initiating the present study, all subjects received

a comprehensive physical examination. Besides, labora-

tory assessment, including serum cortisol and thyroid

function tests, were done to exclude patients with potential

endocrine disorders. Children with any chronic systemic

diseases (respiratory, neurologic, cardiovascular, and gas-

trointestinal), history of drug use (antiepileptics, anti-psy-

chotic sand steroids) or suspected obesity-related

syndromes (Prader-Willi, Bardet-Biedl and Alstrom syn-

drome) were excluded from the study. Pubertal develop-

ment of subjects was evaluated according to Tanner

staging.17 Boys with testicular volume larger than 4 mL

and girls with breast development more than Tanner stage

II were also excluded to avoid the effect of sex hormones

on obesity and relevant parameters.

Clinical Evaluation Of Subjects
Standardized protocols were used to measure height, body

weight, waist circumferences, and blood pressure (BP) in

all subjects. Height and waist circumferences were mea-

sured to accurate to 0.1 cm, and body weights accurate to

0.01 kg. The BP was measured twice with a standard

mercury manometer in seated subjects. Body mass index

(BMI) were calculated as weight/height2 (kg/m2).

Clinical And Laboratory Measurements
All blood samples were obtained in the morning following

an overnight fast. Blood samples were centrifuged at 3500

g for 15 mins, and serum was aliquoted and stored at −80°
C for subsequent assays.

A 180-min OGTT (1.75 g/kg glucose, maximum 75 g)

according to the American Diabetes Association criteria

was performed in all obese subjects.17 Venous blood sam-

ples were obtained by venipuncture after overnight fasting

at 0, 30, 60, 120 and 180 mins to measure serum glucose,

insulin and CTRP3 levels as described previously.19

Blood glucose, insulin, hemoglobin A1c (HbA1c),

aspartate aminotransferase (AST), alanine aminotransfer-

ase (ALT), total cholesterol (TC), triglycerides (TG), high
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density lipoprotein cholesterol (HDL-C), low density lipo-

protein cholesterol (LDL-C) and high sensitive C reaction

protein (hsCRP) were performed by the Clinical

Laboratory of the Children’s Hospital of Soochow

University. Circulating CTRP3 levels were determined by

commercial ELISA kits according to the manufacturers’

instructions (R&D, Cat# DY7925-05, Minneapolis, USA).

The homeostasis model assessment for insulin resistance

(HOMA-IR) was computed as follows: insulin in mIU/L×

glucose in mmol/L/22.5,20 and HOMA-IR > 2.5 was used as

a cutoff value to differentiate IR from non-resistant obese

subjects.21 To assess the β-cell function, the homeostasis

model assessment for β-cell function (HOMA-β) was calcu-
lated as follows: (20 × insulin in mIU/L)/(glucose in mmol/L -

3.5).22 Moreover, the insulinogenic index (ΔI30/ΔG30) was
calculated as the ratio of the incremental change of insulin and

glucose from 0 to 30 min of the OGTT as previously

reported.23

Statistical Analysis
The Shapiro–Francia normality test was used to test con-

tinuous variables for their normal distribution. For nor-

mally distributed data, arithmetic mean and standard

deviation were used. For data not normally distributed,

median with data range (minimum to maximum) were

used. Mann–Whitney U-test was used to compare demo-

graphic and biochemical variables between the obese and

control groups. For differences in blood glucose, insulin or

CTRP3 levels during the OGTT, a repeated measures

ANOVA was performed and significance determined

using Bonferroni’s post hoc test. Chi-square test was

used to analyze the differences in the distribution of cate-

gorical variables. Spearman Rank correlation analysis was

used for the calculation of associations between variables.

All statistical analyses were performed using SPSS version

22.0 (SPSS, Inc.). P<0.05 was considered significant.

Result
The Clinical Characteristics
The clinical and biochemical characteristics of the study

subjects were presented in Table 1. There were no signifi-

cant differences between the two groups in terms of age

and gender. In the overall cohort, BMI, waist circumfer-

ence, systolic blood pressure (SBP), glucose, insulin, ALT,

hsCRP, HOMA-β and HOMA-IR levels were significantly

higher, whereas HDL-C levels were lower in obese sub-

jects compared with the control group.

The Concentrations Of Serum CTRP3
Serum CTRP3 concentrations were significantly lower in

obese children compared to controls [257.5 (43.0–376.5)

vs 343.6 (115.3–567.8) ng/mL; P<0.01: Figure 1A]. All

obese children were classified into two groups according

to HOMA-IR values: obese IR group (HOMA-IR≥2.5,
n=24) and obese non-IR group (HOMA-IR<2.5, n=24),

and serum CTRP3 concentrations were lower in obese IR

children than non-IR subjects (Figure 1B). However, there

were no significant differences in serum CTRP3 concen-

trations between boys and girls, either in the obese group

or in the control group (Figure 1C).

During a 3 hr OGTT, glucose and insulin levels of

obese children peaked at 30 min, and decreased gradually

from 30 min to 180 min (Figure 2A and B). Surprisingly,

the serum CTRP3 levels remained unchanged before 60

min, and decreased gradually after that. At 180 min, serum

CTRP3 concentrations were significantly lower than those

at 0 min (Figure 2C).

Association Of Circulating CTRP3

Concentrations With Metabolic

Parameters
Spearman rank analysis showed that serum CTPR3 sig-

nificantly correlated negatively with BMI, SBP, TG, fast-

ing glucose, fasting insulin, HOMA-IR, HOMA-β and

insulinogenic index in obese children (Table 2). Figure 3

showed that the relationships of CTRP3 levels with BMI

(A), SBP (B), TG (C), HOMA-IR (D) and HOMA-β (E)

and insulinogenic index (F).

Discussion
CTRP3, a novel adipokine, has been discovered to have a

variety of physiological functions, including regulating the

secretion of adipokines, energy metabolism, inflammation,

cellular differentiation and development through an endo-

crine mean.10,24–27 In the current study, we found circulat-

ing CTRP3 concentrations reduced in obese children, and

serum CTRP3 levels negatively correlated with BMI,

blood pressure and systematic insulin resistance indicator.

Moreover, serum CTRP3 levels were also inversely corre-

lated with pancreatic β cell function indicators in obese

children. To our best knowledge, this is the first study to

report circulating CTRP3 levels in obese children.

CTRP3 was first cloned by Maeda and colleagues in

2001.28 Subsequently, many studies have demonstrated

that lower CTRP3 level may be associated with obesity
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Table 1 The Clinical And Laboratory Characteristics Of Obese And Non-Obese Groups

Variable Control Group (n=36) Obese Group (n=48) P- value

Age (months) 96.00(51.00–135.00) 106.50(40.00–147.00) N.S

Gender(Boys/girls) 21/15 28/20 N.S

BMI (kg/m2) 15.40(13.00–17.68) 26.13(18.20–35.42) P<0.01

WC (cm) 53.62(50.50–60.00) 86.37(60–111.00) P<0.01

SBP (mmHg) 96.00(88.00–105.00) 106.00(90.00–126.00) P<0.01

DBP (mmHg) 64.00(52.00–86.00) 67.00(54.00–85.00) N.S

TC (mmol/L) 3.94(0.85–5.62) 4.38(2.02–5.75) N.S

HDL-C (mmol/L) 1.60(1.15–1.98) 1.23(0.57–1.64) P<0.01

LDL-C (mmol/L) 2.46(1.26–4.54) 2.67(0.52–3.80) N.S

TG (mmol/L) 0.81(0.44–4.80) 1.12(0.31–2.73) N.S

AST (U/L) 12.87(6.50–32.43) 26.00(9.30–88.80) N.S

ALT (U/L) 24.45(17.30–43.98) 23.40(11.50–57.60) P<0.01

hsCRP (mg/L) 0.25(0.01–1.83) 1.36(0.14–10.93) P<0.01

Glucose (mmol/L) 4.59(3.23–5.70) 4.17(2.72–5.40) P<0.01

Insulin (mIU/L) 3.45(1.46–8.61) 14.28(1.12–33.84) P<0.01

Hemoglobin A1C (%) 4.40(4.30–4.80) 4.40(3.40–5.10) N.S

HOMA-IR 0.71(0.30–1.86) 2.48(0.09–7.52) P<0.01

HOMA-β 71.33(21.33–226.21) 503.13(38.64–2434.44) P<0.01

Notes: Data are presented as median with data range (minimum to maximum).

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high density lipoprotein cholesterol;

LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; HOMA-IR, homeostasis model assessment of insulin resistance; HOMA-β, Homeostasis

model assessment of β-cell function.

Figure 1 (A) Serum CTRP3 levels in non-obese and obese children, (B) Serum CTRP3 levels in non-insulin resistant (IR) obese subject and IR obese subject, (C) Serum

CTRP3 levels between boys and girls in the non-obese and obese group. Data are expressed as median with data range (minimum to maximum). *P< 0.05 compared with

control group.

Figure 2 Comparisons of trends in serum glucose (A), insulin (B) and CTRP3 (C) during OGTT in obese children. Data are expressed as mean±standard deviation.

*P< 0.05 compared with 0 min time point.
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state. Serum CTRP3 levels were found to be decreased in

high-fat diet fed obese rats with or without diabetes.9,14 In

2015, Wolf et al conducted the first human study, which

found CTRP3 levels significantly decreased in obese

instead of non-obese subjects. Further studies showed

that serum CTRP3 levels were lower in patients with

obesity and related diseases, such as pre-DM,29 T2DM30

and nonalcoholic fatty liver disease,31 compared with

healthy controls. Consistently, our study found circulating

CTRP3 levels were relatively lower in the obese pre-pub-

ertal children than lean controls, and inversely correlated

with BMI in obese subjects, indicating that CTRP3 may

play a potentially beneficial role in obesity.

Also, we present novel data that serum CTRP3 levels

were lower 3 hrs after a glucose load in obese children,

while the glucose and insulin concentrations were signifi-

cantly higher after the OGTT. To date, the regulation of

CTRP3 under physiological conditions in vivo has not yet

been well established, especially in children. Recently,

Wurm et al examined circulating CTRP3 levels before

and 2 hrs after a glucose load in slim adults and observed

no change in CTRP3 levels in these subjects,32 and they

determined the concentration of CTRP3 by immune-blot

analysis. However, using an ELISA based method, Ban et

al observed that, in type 2 diabetic patients, CTRP3 levels

decreased about 2 hrs after an oral glucose load.12 As

previously reported, glucose ingestion will affect systemic

inflammation and oxidative stress, causing a significant

decrease of IL-6 and IL-8 levels, and increase the concen-

trations of leptin and CRP.33 All these markers of inflam-

mation and oxidative stress are closely correlated with

CTRP3 levels.34 Therefore, the reduction of CTRP3 levels

during OGTT in our study may be due to the altered state

Table 2 Correlation Of CTRP3 Levels With Clinical

Characteristics In Obese Groups

Variable R P -value

Age (months) −0.08 N.S

BMI (kg/m2) −0.40 P<0.01

WC (cm) −0.24 N.S

SBP (mmHg) −0.30 P<0.05

DBP (mmHg) −0.29 N.S

TC (mmol/L) −0.23 N.S

HDL-C (mmol/L) −0.11 N.S

LDL-C (mmol/L) −0.08 N.S

TG (mmol/L) −0.41 P<0.01

AST (U/L) 0.07 N.S

ALT (U/L) 0.25 N.S

hsCRP (mg/L) −0.31 N.S

Glucose (mmol/L) −0.16 P<0.05

Insulin (mIU/L) −0.49 P<0.05

Hemoglobin A1C (%) −0.44 N.S

HOMA-IR −0.53 P<0.01

HOMA-β −0.32 P<0.05

Insulinogenic index −0.37 P<0.05

Abbreviations: BMI, body mass index; WC, waist circumference; SBP, systolic

blood pressure; DBP, diastolic blood pressure; HDL-C, high density lipoprotein

cholesterol; LDL-C, low density lipoprotein cholesterol; TC, total cholesterol; TG,

triglycerides; HOMA-IR, homeostasis model assessment of insulin resistance;

HOMA-β, Homeostasis model assessment of β-cell function.

Figure 3 Scatter plots showing the correlation of serum CTRP3 levels with insulin BMI (A), SBP (B), TG (C), HOMA-IR (D), HOMA-β (E) and insulinogenic index (F) in
obese subjects.
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of inflammation. Further studies are still needed to clarify

the detailed crosstalk among these cytokines.

Insulin resistance is a common feature of obesity, even

in children.35 In the current study, the HOMA-IR levels in

the obese group are higher than the control group, and

serum CTRP3 concentrations negatively correlated with

HOMA-IR levels in obese children. Consistently, Wei et

al also showed circulating CTRP3 levels inversely corre-

lated with HOMA-IR in pre-diabetes and T2DM patients.29

These data suggest CTRP3 might act as a protective factor

of systematic insulin sensitivity. The precise mechanism for

CTRP3 improving systematic insulin sensitivity is still a

matter of discussion. Recently, Wolfing et al reported that

CTRP3 stimulates the secretion of adiponectin in human

adipocytes,36 and adiponectin is known to improve insulin

sensitivity.37 Also, the inflammatory factors play a pivotal

role in the etiology of IR,38 and CTRP3 is known to

decrease inflammation.25 In the present study, we also

found that serum CTRP3 negatively correlated with inflam-

matory indicator hsCRP levels in obese children, which

may explain its protection effects for insulin resistance in

obese children.

Furthermore, our study clearly showed that CTRP3

levels negatively correlated with pancreatic β-cells func-

tion indicators both under fasting (HOMA-β) and glucose-

loaded conditions (insulinogenic index). The fasting serum

insulin levels were also inversely correlated with CTRP3

levels. All these results again indicate that CTRP3 may

ameliorate IR and reduce the over secretion of insulin of β-
cells, and thereby protect pancreatic β-cell function. So far

as we know, very limit study concerning the relationship

between CTRP3 and β-cell function in obese subjects were

reported. Nevertheless, one study conducted recently

proved that circulating CTRP3 levels were correlated

with HOMA-β levels in gestational diabetes mellitus

women,39 and further studies are needed to clarify the

impact of CTRP3 on β-cell secretion function during dif-

ferent stage of diabetes mellitus.

The present study also demonstrated that the CTRP3 con-

centrations were significantly negatively associated with sys-

tolic blood pressure levels. Similarly, Deng et al proved that

CTRP3 levels negatively correlated with both systolic and

diastolic blood pressure in patients with obesity and

hypertension.15 Yoo and colleagues also confirmed that

serum CTRP3 levels were inversely associated with diastolic

blood pressure and triglycerides in metabolic syndrome

patients.27 As is well known, chronic inflammation may alter

the endothelial function and reduce the arterial stiffness.40

Thus, the anti-inflammation effects of CTRP3 may contribute

to blood pressure regulation. However, this postulation needs

to be confirmed in further in vitro studies.

Recently, a study conducted by Trogen et al showed

that transgenic overexpression of CTRP3 prevents alcohol-

induced hepatic triglyceride accumulation,41 and CTRP3

transgenic mice could strikingly reduce the expression of

triglyceride synthesis genes and in turn decrease the hepa-

tic triglyceride content after a high-fat diet.10 These studies

indicate that CTRP3 may function to help regulate lipid

metabolism. The current study also demonstrated that

serum CTRP3 levels negatively correlated with triglycer-

ide levels in obese children, which imply the protective

role of CTRP3 in regulating lipid metabolism.

Our study has several limitations. Firstly, the sample size

was relatively small, and further studies with larger sample

size are needed to confirm our findings. Secondly, owing to

the lack of biological materials, we could not determine the

expression of CTRP3 in adipose tissue of the study subjects.

Thirdly, because this study included only Chinese children,

our results may not apply to other populations.

In conclusion, this study showed that serum CTRP3

levels reduced in obese children. Furthermore, the CTRP3

in obese children may play a protective role against obe-

sity-related disorders, such as insulin resistance, hyperten-

sion and dyslipidemia. Therefore, CTRP3 may act as a

potential therapeutic target for the management of obesity-

related diseases, which is still needed to be further

explored by additional clinical and experimental studies.

To our knowledge, this is the first study of CTRP3 con-

ducted in pre-pubertal obese children.
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