
World Journal of
Diabetes

ISSN 1948-9358 (online)

World J Diabetes  2021 August 15; 12(8): 1141-1362

Published by Baishideng Publishing Group Inc



WJD https://www.wjgnet.com I August 15, 2021 Volume 12 Issue 8

World Journal of 

DiabetesW J D
Contents Monthly Volume 12 Number 8 August 15, 2021

EDITORIAL

Clinical effects of antidiabetic drugs on psoriasis: The perspective of evidence-based medicine1141

Zhang MX, Zheng BY, Chen HX, Chien CW

REVIEW

Gut microbiota as a target for prevention and treatment of type 2 diabetes: Mechanisms and dietary 
natural products

1146

Xia F, Wen LP, Ge BC, Li YX, Li FP, Zhou BJ

Current progress in metabolomics of gestational diabetes mellitus1164

Wang QY, You LH, Xiang LL, Zhu YT, Zeng Y

Progress in treatment of type 2 diabetes by bariatric surgery1187

Jin ZL, Liu W

Genetics of macrovascular complications in type 2 diabetes1200

Tonyan ZN, Nasykhova YA, Danilova MM, Glotov AS

MINIREVIEWS

Place of intravitreal dexamethasone implant in the treatment armamentarium of diabetic macular edema1220

Karti O, Saatci AO

Cardiac changes in infants of diabetic mothers 1233

Al-Biltagi M, El razaky O, El Amrousy D

Effect of inflammatory bowel disease treatments on patients with diabetes mellitus1248

Bower JAJ, O'Flynn L, Kakad R, Aldulaimi D

Perioperative challenges in management of diabetic patients undergoing non-cardiac surgery1255

Galway U, Chahar P, Schmidt MT, Araujo-Duran JA, Shivakumar J, Turan A, Ruetzler K

ORIGINAL ARTICLE

Basic Study

Decabromodiphenyl ether causes insulin resistance and glucose and lipid metabolism disorders in mice1267

Alimu A, Abudureman H, Wang YZ, Li MY, Wang JS, Liu ZL

Case Control Study

Clinical significance of serum miR-129-5p in patients with diabetes mellitus presenting macrovascular 
complications

1282

He XY, Ou CL



WJD https://www.wjgnet.com II August 15, 2021 Volume 12 Issue 8

World Journal of Diabetes
Contents

Monthly Volume 12 Number 8 August 15, 2021

Retrospective Study

Association of β-cell function and insulin resistance with pediatric type 2 diabetes among Chinese children1292

Xu ZR, Du HW, Cui LW, Zheng RX, Li GM, Wei HY, Lu FY, Chen LL, Wu CS, Zhang SX, Zhang SL, Liu F, Zhang MY, Pei Z, 
Sun CJ, Wu J, Luo FH

Observational Study

Polymorphisms in HIF-1a gene are not associated with diabetic retinopathy in China1304

Liu YH, Guo C, Sun YQ, Li Q

SYSTEMATIC REVIEWS

Which predictors could effect on remission of type 2 diabetes mellitus after the metabolic surgery: A 
general perspective of current studies?

1312

Akkus G, Tetiker T

What can we learn from β-cell failure biomarker application in diabetes in childhood? A systematic review1325

Calderón-Hernández MF, Altamirano-Bustamante NF, Revilla-Monsalve C, Mosquera-Andrade MB, Altamirano-
Bustamante MM



WJD https://www.wjgnet.com III August 15, 2021 Volume 12 Issue 8

World Journal of Diabetes
Contents

Monthly Volume 12 Number 8 August 15, 2021

ABOUT COVER

Editorial Board Member, Vaia D Raikou, PhD, Chief Doctor, Department of Nephrology, Doctors' Hospital, Athens 
11257, Greece. vraikou@med.uoa.gr

AIMS AND SCOPE

The primary aim of World Journal of Diabetes (WJD, World J Diabetes) is to provide scholars and readers from various 
fields of diabetes with a platform to publish high-quality basic and clinical research articles and communicate their 
research findings online. 
  WJD mainly publishes articles reporting research results and findings obtained in the field of diabetes and 
covering a wide range of topics including risk factors for diabetes, diabetes complications, experimental diabetes 
mellitus, type 1 diabetes mellitus, type 2 diabetes mellitus, gestational diabetes, diabetic angiopathies, diabetic 
cardiomyopathies, diabetic coma, diabetic ketoacidosis, diabetic nephropathies, diabetic neuropathies, Donohue 
syndrome, fetal macrosomia, and prediabetic state.

INDEXING/ABSTRACTING

The WJD is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, and PubMed Central. The 
2021 Edition of Journal Citation Reports® cites the 2020 impact factor (IF) for WJD as 3.763; IF without journal self 
cites: 3.684; 5-year IF: 7.348; Journal Citation Indicator: 0.64�Ranking: 80 among 145 journals in endocrinology and 
metabolism; and Quartile category: Q3. 

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Lin-YuTong Wang; Production Department Director: Yu-Jie Ma; Editorial Office Director: Jia-Ping Yan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Diabetes https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9358 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

June 15, 2010 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Timothy Koch https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9358/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

August 15, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-9358/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJD https://www.wjgnet.com 1292 August 15, 2021 Volume 12 Issue 8

World Journal of 

DiabetesW J D
Submit a Manuscript: https://www.f6publishing.com World J Diabetes 2021 August 15; 12(8): 1292-1303

DOI: 10.4239/wjd.v12.i8.1292 ISSN 1948-9358 (online)

ORIGINAL ARTICLE

Retrospective Study

Association of β-cell function and insulin resistance with pediatric 
type 2 diabetes among Chinese children

Zhen-Ran Xu, Hong-Wei Du, Lan-Wei Cui, Rong-Xiu Zheng, Gui-Mei Li, Hai-Yan Wei, Fei-Yu Lu, Li-Li Chen, 
Chu-Shan Wu, Shu-Xin Zhang, Shu-Le Zhang, Fang Liu, Miao-Ying Zhang, Zhou Pei, Cheng-Jun Sun, Jing 
Wu, Fei-Hong Luo

ORCID number: Zhen-Ran Xu 0000-
0003-2718-6717; Hong-Wei Du 0000-
0001-9833-9763; Lan-Wei Cui 0000-
0003-1883-0750; Rong-Xiu Zheng 
0000-0001-6118-0218; Gui-Mei Li 
0000-0002-1784-4555; Hai-Yan Wei 
0000-0002-3414-8009; Fei-Yu Lu 
0000-0002-6230-3168; Li-Li Chen 
0000-0003-3999-1203; Chu-Shan Wu 
0000-0002-4559-3247; Shu-Xin Zhang 
0000-0001-9278-4284; Shu-Le Zhang 
0000-0003-1784-4555; Fang Liu 
0000-0002-0672-358X; Miao-Ying 
Zhang 0000-0001-5101-7003; Zhou 
Pei 0000-0003-1811-2548; Cheng-Jun 
Sun 0000-0001-6025-4801; Jing Wu 
0000-0003-6215-4537; Fei-Hong Luo 
0000-0002-6433-7994.

Author contributions: Luo FH and 
Xu ZR conceived the idea and 
designed the study; Luo FH, Li 
GM, Zheng RX, Du HW, Cui LW, 
and Wei HY were the local 
principal investigators and 
supervised the study; Xu ZR, Liu F, 
Lu FY, Chen LL, Wu CS, Zhang SX, 
and Zhang SL were responsible for 
data collection; Xu ZR, Zhang MY, 
and Sun CJ did the statistical 
analysis; Zhang MY, Wu J, Pei Z, 
and Xu ZR did the literature 
review; Xu ZR wrote the first draft; 
Luo FH gave critical comments 
and contributed to the writing of 
the manuscript; Luo FH had full 
access to all of the data in the study 

Zhen-Ran Xu, Miao-Ying Zhang, Zhou Pei, Cheng-Jun Sun, Jing Wu, Fei-Hong Luo, Department of 
Pediatric Endocrinology and Inherited Metabolic Diseases, National Children’s Medical Center, 
Children’s Hospital of Fudan University, Shanghai 201102, China

Hong-Wei Du, Fei-Yu Lu, Department of Pediatric Endocrinology and Inherited Metabolic 
Diseases, The First Bethune Hospital of Jilin University, Changchun 130021, Jilin Province, 
China

Lan-Wei Cui, Li-Li Chen, Department of Pediatrics, The First Affiliated Hospital of Harbin 
Medical University, Harbin 150001, Heilongjiang Province, China

Rong-Xiu Zheng, Chu-Shan Wu, Shu-Xin Zhang, Department of Pediatrics, Tianjin Medical 
University General Hospital, Tianjin 300052, China

Gui-Mei Li, Shu-Le Zhang, Department of Pediatric Endocrinology and Inherited Metabolic 
Diseases, Shandong Provincial Hospital Affiliated to Shandong University, Jinan 250021, 
Shandong Province, China

Hai-Yan Wei, Fang Liu, Department of Endocrinology, Henan Children's Hospital, Zhengzhou 
450052, Henan Province, China

Corresponding author: Fei-Hong Luo, MD, PhD, Chief Doctor, Department of Pediatric 
Endocrinology and Inherited Metabolic Diseases, National Children’s Medical Center, 
Children's Hospital of Fudan University, No. 399 Wan Yuan Road, Min Hang District, 
Shanghai 201102, China. luofh@fudan.edu.cn

Abstract
BACKGROUND 
In addition to insulin resistance, impaired insulin secretion has recently been 
identified as a crucial factor in the pathogenesis of type 2 diabetes mellitus 
(T2DM). Scarce clinical data exist for pediatric T2DM.

AIM 
To investigate the association of β-cell function and insulin resistance with 
pediatric T2DM in the first Chinese multicenter study.
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METHODS 
This multicenter cross-sectional study included 161 newly diagnosed T2DM 
children and adolescents between January 2017 and October 2019. Children with 
normal glycemic levels (n = 1935) were included as healthy control subjects. The 
homeostasis models (HOMAs) were used to assess the β-cell function (HOMA2-
%B) and insulin resistance (HOMA2-IR) levels. The HOMA index was 
standardized by sex and age. We performed logistic regression analysis to obtain 
odds ratios (ORs) for T2DM risk using the standardized HOMA index, adjusted 
for confounding factors including sex, Tanner stage, T2DM family history, body 
mass index z-score, and lipid profile.

RESULTS 
The male-female ratio of newly diagnosed T2DM patients was 1.37:1 (OR = 2.20, P 
= 0.011), and the mean ages of onset for boys and girls were 12.5 ± 1.9 years and 
12.3 ± 1.7 years, respectively. The prevalence of related comorbidities including 
obesity, elevated blood pressure, and dyslipidemia was 58.2%, 53.2%, and 80.0%, 
respectively. The T2DM group had lower HOMA2-%B levels (P < 0.001) and 
higher HOMA2-IR levels (P < 0.001) than the control group. Both the decrease in 
HOMA2-%B z-score (OR = 8.40, 95%CI: 6.40–11.02, P < 0.001) and the increase in 
HOMA2-IR z-score (OR = 1.79, 95%CI: 1.60–2.02, P < 0.001) were associated with a 
higher risk of T2DM, and the decrease in HOMA2-%B z-score always had higher 
ORs than the increase in HOMA2-IR z-score after adjusting for confounding 
factors.

CONCLUSION 
Besides insulin resistance, β-cell function impairment is also strongly associated 
with Chinese pediatric T2DM. Gender difference in susceptibility and high 
comorbidities warrant specific T2DM screening and prevention strategies in 
Chinese children.

Key Words: Diabetes mellitus; Type 2; β-cell dysfunction; Insulin resistance; Adolescent; 
Homeostasis models

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This multicenter cross-sectional study described the clinical characteristics of 
Chinese type 2 diabetes (T2DM) children in detail, and characterized the association of 
β-cell function and insulin resistance with T2DM among children and adolescents. This 
study showed that β-cell dysfunction, compared with insulin resistance, is a stronger 
risk factor associated with pediatric T2DM among Chinese children, regardless of 
obesity status. Our results suggested that pediatricians should pay more attention to 
children with relatively low β-cell function regardless of insulin resistance during 
pediatric T2DM screening and emphasize the protection and improvement of β-cell 
function in T2DM children in clinical practice.

Citation: Xu ZR, Du HW, Cui LW, Zheng RX, Li GM, Wei HY, Lu FY, Chen LL, Wu CS, 
Zhang SX, Zhang SL, Liu F, Zhang MY, Pei Z, Sun CJ, Wu J, Luo FH. Association of β-cell 
function and insulin resistance with pediatric type 2 diabetes among Chinese children. World J 
Diabetes 2021; 12(8): 1292-1303
URL: https://www.wjgnet.com/1948-9358/full/v12/i8/1292.htm
DOI: https://dx.doi.org/10.4239/wjd.v12.i8.1292

INTRODUCTION
Over the past two decades, pediatric type 2 diabetes mellitus (T2DM) has emerged in 
both developed and underdeveloped countries, mainly driven by the increasing 
prevalence of obesity in children and adolescents[1-4]. China’s estimated annual 
incidence of T2DM is 1.96/100000 people[5]. With higher risks of complications and 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1948-9358/full/v12/i8/1292.htm
https://dx.doi.org/10.4239/wjd.v12.i8.1292


Xu ZR et al. β-cell function and pediatric T2DM

WJD https://www.wjgnet.com 1294 August 15, 2021 Volume 12 Issue 8

Grade A (Excellent): 0 
Grade B (Very good): 0 
Grade C (Good): C, C 
Grade D (Fair): 0 
Grade E (Poor): 0

Received: November 11, 2020 
Peer-review started: November 11, 
2020 
First decision: June 5, 2021 
Revised: June 15, 2021 
Accepted: July 13, 2021 
Article in press: July 13, 2021 
Published online: August 15, 2021

P-Reviewer: Arumugam VA 
S-Editor: Zhang H 
L-Editor: Wang TQ 
P-Editor: Xing YX

comorbidities than adult T2DM and pediatric T1DM, pediatric T2DM imposes an 
increasing burden on both patients and society[6,7].

Insulin resistance and impaired insulin secretion are two crucial factors in the 
pathogenesis of T2DM[8]. However, for T2DM patients of different sexes, ages, and 
ethnicities, these factors affect the pathogenesis of T2DM differently. The United States 
Treatment Options for type 2 Diabetes in Adolescents and Youth (TODAY) Trial found 
that impairment of β-cell function in children with T2DM was more serious than that 
in adults at the time of diagnosis[9], and occurred as early as prediabetes[10,11]. The β-
cell function deteriorated more rapidly in children and adolescents than in adults[12,
13]. When comparing with the United States population, it was indicated that β-cell 
dysfunction played a more important role than insulin resistance in the occurrence of 
T2DM among the Japan population[14]; whereas in the latest study, Wang et al[15] 
found that insulin resistance was more strongly associated with incident diabetes 
among Chinese adults, and in the Caucasian population, the high insulin resistance 
level in females during puberty made girls more prone to T2DM[16]. Therefore, it is 
still inconsistent among different studies regarding the insulin resistance and β-cell 
function dysfunction in different population and age groups about T2DM 
pathogenesis.

In natural human development, insulin resistance increases significantly with the 
progression of puberty development but decreases to near prepubertal levels at 
Tanner stage 5[17,18], thus the ever-increasing insulin resistance if accompanied by β-
cell dysfunction during puberty development may increase the T2DM risk in 
adolescents. So far, study especially multi-center study in the Chinese pediatric 
population is still scarce. We thus aimed to systematically describe the clinical charac-
teristics of Chinese children and adolescents with T2DM in the first Chinese 
multicenter pediatric T2DM cohort and assess the relationship between sex and 
pediatric T2DM. We used homeostasis models (HOMAs) to investigate the association 
between islet function and pediatric T2DM, as well as to assess the effects of sex, 
obesity, and puberty on β-cell function and insulin resistance.

MATERIALS AND METHODS
Study design and participants
This multicenter cross-sectional study collected data from six centers in China located 
in Changchun, Harbin, Jinan, Shanghai, Tianjin, and Zhengzhou. These included four 
tertiary hospitals and two pediatric hospitals (Supplementary Figure 1). Between 
January 2017 and October 2019, data were collected from all patients newly diagnosed 
with T2DM who were under 18 years old. Cases were validated using the criteria of 
the International Society for Pediatric and Adolescent Diabetes (ISPAD)[19,20]. Cases 
were excluded if the patient had positive diabetes-associated autoantibodies 
(including islet-cell antibody, insulin autoantibody, serum glutamate decarboxylase 
antibody, protein tyrosine phosphatase antibody, and zinc transporter-8 antibody), 
inherited disorders, other endocrine diseases, or other serious chronic disorders. 
Ultimately, 168 newly diagnosed T2DM patients were collected from six centers 
during the study period; seven cases were excluded due to positive diabetes-
associated autoantibodies (Supplementary Figure 2). This study was approved by the 
medical ethics committees of the six hospitals.

Control subjects were enrolled from primary school and middle school. Informed 
consent was obtained from the guardians of the students. Children aged below 7 years 
or over 18 years, those who did not complete a medical examination, and those who 
might have had glucose metabolism disorders (history of diabetes, fasting blood 
glucose ≥ 7.0 mmol/L, or HbA1c ≥ 6.5%) were excluded. Cases with data missing for 
the HOMA index, sex, or age were also excluded. Ultimately, 1935 children and 
adolescents were enrolled as the control population (Supplementary Figure 2). The 
recruitment of the control group was approved by the medical ethics committee of 
Children’s Hospital of Fudan University.

Data collection and measurements
From medical records, clinical characteristics of T2DM patients were collected, 
including name, sex, age of onset, birth weight, family history of T2DM, height, 
weight, blood pressure, Tanner stage, fasting serum glucose, fasting serum insulin, 
HbA1c, diabetes-associated autoantibodies, total triglycerides, total cholesterol, low-
density lipoprotein cholesterol, and high-density lipoprotein cholesterol. Biochemical 
data were measured simultaneously at diagnosis of disease on admission in the central 
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laboratory in the local center. Data from the control population were obtained from 
physical examinations and questionnaires. Fasting blood samples of the control 
population were collected and measured in the central laboratory in Shanghai.

Body mass index (BMI) was calculated, and BMI z-scores were computed using the 
Chinese standard[21]. Obesity and elevated blood pressure were diagnosed according 
to the Chinese standards for children and adolescents[22,23]. Dyslipidemia was 
diagnosed according to the National Heart, Lung, and Blood Institute guidelines for 
children and adolescents[24].

HOMAs were used to evaluate islet function. The homeostasis model assessment of 
β-cell function (HOMA2-%B) and homeostasis model assessment of insulin resistance 
(HOMA2-IR) were computed using the HOMA2 Calculator v2.2.3 (Diabetes Trials 
Unit, University of Oxford, United Kingdom).

We also performed a literature review to identify the clinical characteristics of 
T2DM in children from different countries, especially the male-female ratio (Supple-
mentary material and Supplementary Figure 3).

Statistical analysis
Data are described as numbers (proportions) for categorical variables and the mean ± 
SD or medians (IQRs) for continuous variables. We used χ² tests to compare 
categorical variables. For normally distributed continuous variables, Student's t test 
was used to compare the differences between two groups, and the Kruskal-Wallis test 
was used if variables were not consistent with a normal distribution.

Since insulin resistance level and β-cell function change during puberty, the HOMA 
index was standardized to sex- and age-specific z-scores [the (index-mean)/SD, mean, 
and SD were calculated from the control population].

We examined the associations of the HOMA2-%B z-score and the HOMA2-IR z-
score with pediatric T2DM using univariate and multivariate binary logistic regression 
analyses. Confounding factors were adjusted, including sex, Tanner stage, T2DM 
family history, BMI z-score, and lipid profile. Regression analyses were also done in 
different subgroups based on sex, obese status, and pubescent status. We also 
conducted three sensitivity analyses. To avoid the influence of glucotoxicity effect on β
-cell function, we removed the cases with diabetic ketoacidosis (DKA) and did the 
multivariate binary logistic regression analysis again[25]. We further analyzed T2DM 
association with different groups of age (≤ 12 years and > 12 years) and BMI z-scores, 
which were used as another diagnostic criterion for childhood obesity (< 2 and ≥ 2). 
Binary logistic regression analysis was also used to estimate the OR for pediatric 
T2DM in Chinese boys. A two-sided P value of less than 0.05 was considered 
significant. All analyses were performed using IBM SPSS Statistics for Windows, 
version 21 (IBM Corp., Armonk, NY, United States).

RESULTS
Clinical characteristics of children and adolescents with T2DM
Among the newly diagnosed T2DM patients, 93 (57.8%) were male (male-female ratio: 
1.37: 1). The mean age of onset was 12.4 ± 1.8 (range: 6.6 to 16.7) years, and 15 (9.3%) 
patients were diagnosed before 10 years of age (Table 1). The age of onset in Chinese 
boys was similar to that in Chinese girls (12.5 ± 1.9 vs 12.3 ± 1.7, P = 0.50) (Supple-
mentary Table 1). Most of the patients (76.2%) were pubescent; however, nearly 30.9% 
of the male patients were diagnosed with T2DM before puberty, and 73.3% of those < 
10 years old were at the Tanner I stage. Furthermore, 26.2% of cases had a birth history 
of macrosomia.

The onset of pediatric T2DM was insidious. About 30% of the pediatric T2DM 
patients did not report any discomfort or present characteristic clinical manifestations, 
and were diagnosed accidentally. Children and adolescents with T2DM tended to 
have other metabolically related comorbidities, including obesity, elevated blood 
pressure, and dyslipidemia; the comorbidities of the above diseases were 58.2%, 53.2%, 
and 80.0%, respectively.

Metformin and insulin injection were the two most commonly used medications for 
Chinese pediatric T2DM patients, with 63.4% of the patients using only metformin.

Islet function in healthy children and T2DM patients
The variation trend of islet function in Chinese children and adolescents of different 
ages were categorized by sex, using the control population. Both boys and girls 
showed a gradual increase in insulin resistance and did not show a downward trend 
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Table 1 Clinical characteristics of the newly diagnosed type 2 diabetes mellitus patients and the control healthy population

T2DM (n = 161) Control population (n = 1935) P value

Gender 0.068

Male 93/161 (57.8%) 973/1935 (50.3%)

Female 68/161 (42.2%) 962/1935 (49.7%)

Age, yr 12.4 ± 1.8 11.4 ± 2.5 < 0.0001c

BMI z-score 2.22 ± 0.91 0.33 ± 1.10 < 0.0001c

Birth weight, kg 3.52 ± 0.74 3.32 ± 0.46 < 0.0001c

Obesity status

Normal weight 19/153 (12.4%) 1558/1935 (80.5%) < 0.0001c

Overweight 45/153 (29.4%) 232/1935 (12.0%) < 0.0001c

Obesity 89/153 (58.2%) 145/1935 (7.5%) < 0.0001c

Stage of puberty

Tanner I 24/101 (23.8%) 960/1841 (52.1%) < 0.0001c

Tanner II 26/101 (25.7%) 231/1841 (12.5%) < 0.0001c

Tanner III 20/101 (19.8%) 221/1841 (12.0%) 0.021a

Tanner IV 14/101 (13.9%) 319/1841 (17.3%) 0.37

Tanner V 17/101 (16.8%) 110/1841 (6.0%) < 0.0001c

Family history of T2DM 75/159 (47.2%) 324/1871 (17.3%) < 0.0001c

Fasting serum glucose (mmol/L) 10.6 (7.1-15.2) 4.6 (4.4-4.9) < 0.0001c

Fasting serum insulin (mIU/L) 13.0 (7.5-25.9) 10.0 (6.9-14.1) < 0.0001c

HbA1c (%) 11.5 (8.9-13.0) 5.2 (5.0-5.4) < 0.0001c

Total triglycerides (mmol/L) 1.7 (1.11-2.63) 0.67 (0.51-0.90) < 0.0001c

Total cholesterol (mmol/L) 4.70 (3.94-5.40) 3.86 (3.45-4.30) < 0.0001c

LDL-C (mmol/L) 3.01 (2.45-3.47) 2.27 (1.93-2.70) < 0.0001c

HDL-C (mmol/L) 1.10 (0.92-1.27) 1.91 (1.64-2.19) < 0.0001c

Dyslipidemia 108/135 (80.0%) 245/1935 (12.7%) < 0.0001c

Elevated blood pressure 59/111 (53.2%) 231/1862 (12.4%) < 0.0001c

aP < 0.05.
cP < 0.001. T2DM: Type 2 diabetes mellitus; BMI: Body mass index.

until age 14 (Figure 1). The level of insulin resistance was similar between boys and 
girls before age 10; while older girls had higher insulin resistance levels than did boys 
in the same age group. Changes in β-cell function followed the trend of insulin 
resistance in compensation.

Newly diagnosed children and adolescents with T2DM had impaired β-cell function 
and serious insulin resistance. The HOMA2-%B levels of T2DM patients were 
significantly lower than those of the control population [34.7 (16.7–87.1) vs 126.9 
(98.9–165.2), P < 0.0001], while the HOMA2-IR levels were significantly higher [2.23 
(1.25–4.37) vs 1.31 (0.90–1.87), P < 0.0001]. However, in our stratification analysis after 
using z-score standardization to adjust for the effects of age and sex, T2DM children 
always had lower HOMA2-%B z-score than the control population, but we found that 
there was no significant difference in insulin resistance levels between T2DM patients 
and the control population in girls, obese and non-obese children, and pubescent 
children (Figure 2 and Supplementary Figure 4).

Both the decrease in HOMA2-%B and the increase in HOMA2-IR were associated 
with pediatric T2DM. The ORs for T2DM were 8.40 (95%CI: 6.40–11.02) per unit 
decrease in the z-score of HOMA2-%B and 1.79 (95%CI: 1.60–2.02) per unit increase in 
the z-score of HOMA2-IR according to the univariate regression. A decrease in 
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Figure 1 Islet function traits of children and adolescents in the control population by sex. A: Beta-cell function; B: Insulin resistance. The box plots 
show the median (horizontal line), interquartile range (box), 5th percentiles (whiskers), 95th percentiles (whiskers), and outliers outside the 5th and 95th percentiles 
(dots). Red boxes represent female control population and blue boxes represent male control population. HOMA2-%B: Homeostasis model assessment of β-cell 
function; HOMA2-IR: Homeostasis model assessment of insulin resistance.

Figure 2 Differences in z-scores of homeostasis model assessment of β-cell function and insulin resistance between type 2 diabetes 
patients and the control population. The box plots show the median (horizontal line), interquartile range (box), 5th percentiles (whiskers), 95th percentiles 
(whiskers), and outliers outside the 5th and 95th percentiles (dots). Red boxes represent type 2 diabetes patients and blue boxes represent the control population. Z-
scores of the homeostasis model index were compared between the type 2 diabetes patients and the control population by sex (A and B), obesity status (C and D) 
and puberty status (E and F). bP < 0.01, cP < 0.001. T2DM: Type 2 diabetes mellitus; HOMA2-%B: Homeostasis model assessment of β-cell function; HOMA2-IR: 
Homeostasis model assessment of insulin resistance.

HOMA2-%B z-score always had higher ORs than an increase in HOMA2-IR z-score in 
different models (Supplementary Table 2). Furthermore, after adjusting for sex, age, 
BMI z-score, T2DM family history, Tanner stage, and serum lipid, only HOMA2-%B 
showed a close relationship with T2DM, with an OR of 4.78 (95%CI: 3.22–7.11), while 
HOMA2-IR did not have a close association with T2DM (OR = 0.93, 95%CI: 0.77–1.11). 
Further stratified analysis of sex, obesity status, and puberty status revealed that the 
increase in HOMA2-IR z-score was only closely related to T2DM among prepubescent 
children (OR = 1.65, 95%CI: 1.08–2.50), while HOMA2-%B consistently had a strong 
association with pediatric T2DM (Figure 3).



Xu ZR et al. β-cell function and pediatric T2DM

WJD https://www.wjgnet.com 1298 August 15, 2021 Volume 12 Issue 8

Figure 3 Association of changes in the homeostasis model index with risk of type 2 diabetes by sex, obesity status, and puberty status. 
Error bars indicate 95%CIs. Red squares represent the association of per unit decrease in homeostasis model assessment of β-cell function z-score with type 2 
diabetes mellitus (T2DM). Blue circles represent the association of per unit increase in homeostasis model assessment of insulin resistance z-score with T2DM. A: 
Age, Tanner stage, T2DM family history, body mass index (BMI) z-score, and lipid profile were adjusted; B: Sex, age, Tanner stage, T2DM family history, and lipid 
profile were adjusted; C: Sex, age, T2DM family history, BMI z-score, and lipid profile were adjusted. T2DM: Type 2 diabetes mellitus; HOMA2-%B: Homeostasis 
model assessment of β-cell function; HOMA2-IR: Homeostasis model assessment of insulin resistance.

Our sensitivity analyses produced the same results. A decrease in HOMA2-%B z-
score, rather than an increase in HOMA2-IR z-score, was significantly associated with 
T2DM across different BMI z-score and age groups (Supplementary Figure 5). 
Furthermore, when excluding T2DM cases with DKA to avoid the influence of 
glucotoxicity effect on β-cell function, the decrease in HOMA2-%B z-score still had 
higher ORs than the increase in HOMA2-IR z-score [per unit decrease in the z-score of 
HOMA2-%B: 4.58 (3.06–6.84); per unit increase in the z-score of HOMA2-IR: 0.96 
(0.80–1.15)].

Susceptibility differences between sexes
Chinese boys had a higher risk of T2DM than did girls, with an OR (95%CI) of 2.20 
(1.20–4.04) after adjusting for age, T2DM family history, BMI z-score, Tanner stage, 
and dyslipidemia. After adding the HOMA index to the model, boys still had a higher 
risk of T2DM, with an OR (95%CI) of 5.12 (1.48–17.65). The high ORs and male-female 
ratio of 1.37:1 suggested that Chinese males are more susceptible to pediatric T2DM.

DISCUSSION
This nationwide cross-sectional study produced a detailed portrayal of Chinese T2DM 
children and adolescents and analyzed the association between pediatric T2DM and 
islet function in terms of age and sex. A decrease in HOMA2-%B and an increase in 
HOMA2-IR were both related to the onset of pediatric T2DM, and β-cell impairment 
played an important role in addition to insulin resistance. Furthermore, we identified 
high rates of susceptibility to T2DM in male Chinese children and adolescents after 
adjusting for other related factors.

Obesity is known to be one of the main causes of insulin resistance and T2DM. 
Other factors such as genetics, a sedentary lifestyle, and puberty are also associated 
with insulin resistance[26]. T2DM children and adolescents have been shown to have 
high levels of HOMA2-IR[9,10]. However, previous studies often did not account for 
the effects of age and sex on insulin resistance when comparing insulin resistance 
levels between children with T2DM and healthy children. In this study, we adjusted 
the HOMA2-IRs by using age- and sex-specific z-score standardization according to 
the control population and found that there was no significant difference between the 
HOMA2-IRs of T2DM patients and those of the control population, for both obese and 
non-obese children. Furthermore, decreases in HOMA2-IR z-scores were not closely 
associated with pediatric T2DM after the adjustment for other related factors. While 
we did not discount insulin resistance as a key feature of T2DM, our results suggested 
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that most Chinese children had a relatively high insulin resistance level during 
puberty and thus β-cell impairment was of great importance in the development of 
pediatric T2DM in the context of a high level of insulin resistance.

The β-cell function impairment of T2DM patients was closely related to genetic 
susceptibility, which thus might lead to ethnic differences[27,28]. Chinese T2DM 
children and adolescents had significant decreases in HOMA2-%B in our stratification 
analyses even after z-score standardization. Our findings supported studies that have 
indicated that children and East Asian T2DM patients tend to have a more fragile β-
cell function[10,14]. For instance, the TODAY study found that the pediatric T2DM 
involved a rapid deterioration of β-cell function, and our previous single-center study 
of Chinese children found a notable decrease in the β-cell function of newly diagnosed 
T2DM children[11,29]. Additional studies have provided evidence that β-cell function 
is crucial to the pathogenesis of T2DM, and Weir et al[30] noted that deficient β-cell 
mass was essential for the pathogenesis of T2DM.

However, Wang et al[15] found a stronger association between insulin resistance 
and T2DM, with an attributable risk percentage of 24% among Chinese adults. The 
results of our stratified analysis partially explained why the study by Wang et al [15] 
produced results that differed from those of the other studies, by highlighting the 
differences between Chinese children and adults. Boys and prepubescent patients had 
higher HOMA2-IR z-scores than control patients, and prepubescent children with high 
HOMA2-IR z-scores were at a higher risk for T2DM, with an OR of 1.65 (95%CI: 
1.08–2.50). Puberty is known to cause an increase in insulin resistance that is more 
significant in girls than in boys[18], as was the case for the Chinese adolescents in our 
study, who experienced a significant increase in insulin resistance after puberty; even 
children with euglycemia were unable to fully compensate for this effect. Therefore, in 
the context of high levels of insulin resistance, the inability of the β-cells to compensate 
for increased insulin resistance had a larger effect than increased insulin resistance 
alone on the pathogenesis of pediatric T2DM. Prepubescent children had relatively 
low insulin resistance levels; therefore, a high insulin resistance level was associated 
with the occurrence of T2DM among prepubescent children.

This study also revealed some unique characteristics of Chinese pediatric T2DM 
patients, including higher male susceptibility rates, relatively early ages of onset 
(especially in boys), and slightly low comorbidity of obesity. In most Western 
countries, there are more female patients with pediatric T2DM; the SEARCH study 
found that the male-female ratio of incidence rate ranged from 0.58 to 0.81[1]. The 
present study reported a male-female ratio of 1.37:1; other studies of the Chinese 
population also reported increased male susceptibility to pediatric T2DM[4,5]. In order 
to show the sex composition of pediatric T2DM patients in different regions, we 
review the relevant literature. With the exception of China, only Thailand, Mexico, and 
Kuwait have reported male-female ratios over 1.00 after adjusting the population 
male-female ratio according to the literature review (Figure 4 and Supplementary 
Table 3). One possible hypothesis for the increased male susceptibility is that the 
obesity incidence rate in Chinese boys is higher than that in girls[31]. However, other 
factors, including genetic polymorphisms, different lifestyles, and dietary habits, 
might account for the high rates of male susceptibility in Chinese children.

Aside from male susceptibility, the age of onset in Chinese boys was close to that in 
girls, contrary to the former belief that the age of onset in boys was 1 year later than 
that in girls[20]. The increase in insulin resistance caused by puberty was identified as 
an important cause of T2DM; females start puberty earlier than males, which explains 
why the age of onset in females was earlier than that in males. The similar ages of 
onset between male and female Chinese patients further confirmed that the increased 
levels of insulin resistance during puberty only had a limited effect on the 
pathogenesis of T2DM. Furthermore, only 58% of patients with T2DM were obese in 
this study, and the obesity rate in China is significantly lower than that in Europe[32]. 
It was noticed that even little weight gain could cause insulin resistance and increased 
risk of diabetes among the Chinese population[15]. Although some patients suffered 
from weight loss before diagnosis, Chinese patients were relatively thinner than 
European patients, which also indicated the different pathogenesis of T2DM among 
Chinese children.

The findings of this study may provide a basis for the prevention, screening, and 
control of pediatric T2DM in China. The ISPAD and the American Diabetes 
Association recommend screening at-risk obese youth for T2DM in a clinical setting 
after either age 10 or the onset of puberty[19]. However, based on the results of our 
study, it may be necessary to pay special attention to boys and non-obese children 
(even those younger than 10 years or before puberty) who have high-risk factors other 
than obesity. Additionally, patients with low levels of β-cell function in our study were 
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Figure 4 Adjusted male-female ratio of children and adolescents with type 2 diabetes mellitus from different countries and regions. The 
adjusted male-female ratio was calculated by dividing the male-female ratio of the study population by the male-female ratio of the population of the country/region.

at risk for T2DM even though their insulin resistance levels were within the normal 
range. Therefore, during screening, pediatricians should determine whether β-cell 
function is at the lower limits for the patient’s age and whether it is relatively deficient 
with regard to the patient’s insulin resistance level.

This study had several limitations. First, the sample size of pediatric T2DM patients 
was limited. Despite its increasing incidence rate, T2DM is still a relatively rare disease 
among Chinese children and adolescents, even much rarer than type 1 diabetes[5]. 
However, this multicenter cross-sectional study covered regions with different 
climates, lifestyles, and economic development levels in China, and each center was 
the main provider of medical services for local pediatric diabetes patients; therefore, 
the data are representative. Second, part of the T2DM cases in this study did not have 
molecular genetic testing to exclude monogenic diabetes. However, since monogenic 
diabetes only accounted for about 1% to 6% of pediatric diabetes patients[33], the 
number of patients in our population who might have monogenic diabetes and its 
impact on outcomes were limited. Third, we used HOMA to evaluate the β-cell 
function and insulin resistance level. Though not the gold standard, HOMA is the 
most widely used and the most feasible method, and has been validated among 
children and adolescents[34]. What’s more, we established the normal range of the 
HOMA index of different genders and ages through the control population. The islet 
function of T2DM patients was evaluated according to these standards, which was 
more reasonable than comparing the indicators directly without considering the 
influences of gender and puberty.
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CONCLUSION
In conclusion, β-cell function impairment is strongly associated with pediatric T2DM 
among Chinese children and adolescents in addition to insulin resistance. This finding, 
along with the high level of male susceptibility to pediatric T2DM, indicates that 
special attention should be paid to boys in specific T2DM screening and prevention 
strategies for Chinese children.

ARTICLE HIGHLIGHTS
Research background
β-cell dysfunction and insulin resistance are two crucial factors in the pathogenesis of 
type 2 diabetes mellitus (T2DM), but the effects may vary with ages, sexes, and 
ethnicities.

Research motivation
The study of the association β-cell function and insulin resistance with pediatric T2DM 
is still scarce.

Research objectives
To investigate the association of β-cell function and insulin resistance with pediatric 
T2DM among Chinese children and adolescents.

Research methods
We applied a multicenter cross-sectional study in China between 2017 to 2019, 
including 161 children and adolescents with newly diagnosed T2DM, and 1935 healthy 
control subjects. Homeostasis models (HOMAs) were used to evaluate β-cell function 
and insulin resistance, and HOMA index were standardized for sex and age.

Research results
The decrease in homeostasis model assessment of β-cell function (HOMA2-%B) z-score 
and the increase in homeostasis model assessment of insulin resistance (HOMA2-IR) z-
score were associated with a higher risk of T2DM, and the decrease in HOMA2-%B z-
score always had higher odd ratios than the increase in HOMA2-IR z-score after 
adjusting for confounding factors.

Research conclusions
β-cell dysfunction, compared with insulin resistance, is a stronger risk factor associated 
with pediatric T2DM among Chinese children, regardless of obesity status.

Research perspectives
Future cohort studies with larger samples and mechanism researches would help to 
better understand the specific pathogenesis of T2DM among Chinese children.
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