
World Journal of
Gastroenterology

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World J Gastroenterol  2022 April 28; 28(16): 1608-1724

Published by Baishideng Publishing Group Inc



WJG https://www.wjgnet.com I April 28, 2022 Volume 28 Issue 16

World Journal of 

GastroenterologyW J G
Contents Weekly Volume 28 Number 16 April 28, 2022

THERAPEUTIC AND DIAGNOSTIC GUIDELINES

Guidelines to diagnose and treat peri-levator high-5 anal fistulas: Supralevator, suprasphincteric, 
extrasphincteric, high outersphincteric, and high intrarectal fistulas

1608

Garg P, Yagnik VD, Dawka S, Kaur B, Menon GR

REVIEW

Noninvasive imaging of hepatic dysfunction: A state-of-the-art review1625

Duan T, Jiang HY, Ling WW, Song B

Small nucleolar RNA host gene 3 functions as a novel biomarker in liver cancer and other tumour 
progression

1641

Shan DD, Zheng QX, Wang J, Chen Z

ORIGINAL ARTICLE

Basic Study

LncRNA cancer susceptibility 20 regulates the metastasis of human gastric cancer cells via the miR-143-
5p/MEMO1 molecular axis

1656

Shan KS, Li WW, Ren W, Kong S, Peng LP, Zhuo HQ, Tian SB

Retrospective Cohort Study

Aspartate transferase-to-platelet ratio index-plus: A new simplified model for predicting the risk of 
mortality among patients with COVID-19

1671

Madian A, Eliwa A, Abdalla H, A Azeem Aly H

Retrospective Study

Association of maternal obesity and gestational diabetes mellitus with overweight/obesity and fatty liver 
risk in offspring

1681

Zeng J, Shen F, Zou ZY, Yang RX, Jin Q, Yang J, Chen GY, Fan JG

Evaluating the accuracy of American Society for Gastrointestinal Endoscopy guidelines in patients with 
acute gallstone pancreatitis with choledocholithiasis

1692

Tintara S, Shah I, Yakah W, Ahmed A, Sorrento CS, Kandasamy C, Freedman SD, Kothari DJ, Sheth SG

SYSTEMATIC REVIEWS

Risk of venous thromboembolism in children and adolescents with inammatory bowel disease: A 
systematic review and meta-analysis

1705

Zhang XY, Dong HC, Wang WF, Zhang Y



WJG https://www.wjgnet.com II April 28, 2022 Volume 28 Issue 16

World Journal of Gastroenterology
Contents

Weekly Volume 28 Number 16 April 28, 2022

LETTER TO THE EDITOR

Viral hepatitis: A global burden needs future directions for the management1718

Verma HK, Prasad K, Kumar P, Lvks B

Comment on “Artificial intelligence in gastroenterology: A state-of-the-art review”1722

Bjørsum-Meyer T, Koulaouzidis A, Baatrup G



WJG https://www.wjgnet.com III April 28, 2022 Volume 28 Issue 16

World Journal of Gastroenterology
Contents

Weekly Volume 28 Number 16 April 28, 2022

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology, Mauro Bortolotti, MD, Gastroenterologist, Internist, 
Former Director of 1st level and contract Professor at the Department of Internal Medicine and Gastroenterology of 
the S.Orsola-Malpighi  Polyclinic, University of Bologna, via Massarenti 9, Bologna 40138, Italy. bormau@tin.it 

AIMS AND SCOPE

The primary aim of World Journal of Gastroenterology (WJG, World J Gastroenterol) is to provide scholars and readers 
from various fields of gastroenterology and hepatology with a platform to publish high-quality basic and clinical 
research articles and communicate their research findings online. WJG mainly publishes articles reporting research 
results and findings obtained in the field of gastroenterology and hepatology and covering a wide range of topics 
including gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, gastrointestinal 
oncology, and pediatric gastroenterology.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation Index Expanded (also known as 
SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, and Scopus. The 2021 
edition of Journal Citation Report® cites the 2020 impact factor (IF) for WJG as 5.742; Journal Citation Indicator: 0.79; 
IF without journal self cites: 5.590; 5-year IF: 5.044; Ranking: 28 among 92 journals in gastroenterology and 
hepatology; and Quartile category: Q2. The WJG’s CiteScore for 2020 is 6.9 and Scopus CiteScore rank 2020: 
Gastroenterology is 19/136.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu; Production Department Director: Xu Guo; Editorial Office Director: Ze-Mao Gong.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1007-9327 (print) ISSN 2219-2840 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 1, 1995 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

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

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Andrzej S Tarnawski https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

April 28, 2022 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2022 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
http://www.wjgnet.com/1007-9327/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


WJG https://www.wjgnet.com 1681 April 28, 2022 Volume 28 Issue 16

World Journal of 

GastroenterologyW J G
Submit a Manuscript: https://www.f6publishing.com World J Gastroenterol 2022 April 28; 28(16): 1681-1691

DOI: 10.3748/wjg.v28.i16.1681 ISSN 1007-9327 (print) ISSN 2219-2840 (online)

ORIGINAL ARTICLE

Retrospective Study

Association of maternal obesity and gestational diabetes mellitus 
with overweight/obesity and fatty liver risk in offspring

Jing Zeng, Feng Shen, Zi-Yuan Zou, Rui-Xu Yang, Qian Jin, Jing Yang, Guang-Yu Chen, Jian-Gao Fan

Specialty type: Pediatrics

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): C 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Popova PV, Russia; 
Pustozerov EA, Russia

Received: August 29, 2021 
Peer-review started: August 29, 
2021 
First decision: October 16, 2021 
Revised: October 30, 2021 
Accepted: March 16, 2022 
Article in press: March 16, 2022 
Published online: April 28, 2022

Jing Zeng, Feng Shen, Zi-Yuan Zou, Rui-Xu Yang, Qian Jin, Jing Yang, Guang-Yu Chen, Jian-Gao 
Fan, Department of Gastroenterology, Xinhua Hospital, Shanghai Jiao Tong University School 
of Medicine, Shanghai 200092, China

Jian-Gao Fan, Shanghai Key Lab of Pediatric Gastroenterology and Nutrition, Shanghai 
200092, China

Corresponding author: Jian-Gao Fan, MD, PhD, Professor, Department of Gastroenterology, 
Xinhua Hospital, Shanghai Jiao Tong University School of Medicine, No. 1665 Kongjiang 
Road, Shanghai 200092, China. fanjiangao@xinhuamed.com.cn

Abstract
BACKGROUND 
Childhood obesity and fatty liver are associated with adverse outcomes such as 
diabetes, metabolic syndrome, and cardiovascular diseases in adulthood. It is very 
important to identify relevant risk factors and intervene as early as possible. At 
present, the relationship between maternal and offspring metabolic factors is 
conflicting.

AIM 
To estimate the association of maternal obesity and gestational diabetes mellitus 
(GDM) with overweight/obesity and fatty liver risk in offspring at 8 years of age.

METHODS 
The prospective study included mothers who all had a 75-g oral glucose tolerance 
test at 24-28 wk of gestation and whose offspring completed follow-up at 8 years 
of age. Offspring birth weight, sex, height, weight, and body mass index (BMI) 
were measured and calculated. FibroScan-502 examination with an M probe 
(Echosens, Paris, France) was prospectively conducted in offspring aged 8 years 
from the Shanghai Prenatal Cohort Study.

RESULTS 
A total of 430 mother-child pairs were included in the analysis. A total of 62 
(14.2%) mothers were classified as obese, and 48 (11.1%) were classified as having 
GDM. The mean age of the offspring at follow-up was 8 years old. Thirty-seven 
(8.6%) offspring were overweight, 14 (3.3%) had obesity, and 60 (14.0%) had fatty 
liver. The prevalence of overweight, obesity and fatty liver in offspring increased 
significantly across maternal BMI quartiles (all P < 0.05). Among offspring of 

https://www.f6publishing.com
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mothers with GDM, 12 (25.0%) were overweight, 4 (8.3%) were obese, and 12 (25.0%) had fatty 
liver vs. 25 (6.5%), 10 (2.6%) and 48 (12.6%), respectively, for offspring of mothers without GDM 
(all P < 0.05). In multiple logistic regression, after adjustment for variables, the OR for fatty liver in 
offspring was 8.26 (95%CI: 2.38-28.75) for maternal obesity and GDM.

CONCLUSION 
This study showed that maternal obesity can increase the odds of overweight/obesity and fatty 
liver in offspring, and GDM status also increases the odds of overweight/obesity in offspring. 
Weight management and glycemic control before and during pregnancy need to be highlighted in 
primary prevention of pediatric obesity and fatty liver.

Key Words: Maternal obesity; Gestational diabetes mellitus; Offspring overweight/obesity; Offspring fatty 
liver; FibroScan

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: It is very important to identify relevant risk factors for childhood obesity and fatty liver and 
intervene as early as possible, considering their adverse outcomes. In this work, we reported the 
association of maternal obesity and gestational diabetes mellitus (GDM) with overweight/obesity and fatty 
liver risk in offspring at 8 years of age. This study showed that maternal obesity can increase the odds of 
overweight/obesity and fatty liver in offspring, and GDM status also increases the odds of 
overweight/obesity in offspring. Weight management and glycemic control before and during pregnancy 
need to be highlighted in primary prevention of pediatric obesity and fatty liver.

Citation: Zeng J, Shen F, Zou ZY, Yang RX, Jin Q, Yang J, Chen GY, Fan JG. Association of maternal obesity and 
gestational diabetes mellitus with overweight/obesity and fatty liver risk in offspring. World J Gastroenterol 2022; 
28(16): 1681-1691
URL: https://www.wjgnet.com/1007-9327/full/v28/i16/1681.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i16.1681

INTRODUCTION
With economic development and changing living and eating habits, the prevalence of obesity in 
children has been rapidly increasing in recent decades[1]. It is alarming because it is also associated with 
health consequences such as metabolic syndrome, diabetes, cardiovascular diseases, and even many 
types of cancers in adulthood[2,3]. The incidence of fatty liver in children is also rising, due, in part, to 
the increasing prevalence of childhood obesity. At present, there is still no effective noninvasive means 
for diagnosing fatty liver in children. Recently, some novel noninvasive techniques for the assessment of 
liver fat have been developed. Transient elastography (TE) is one of these new techniques based on 
inducing a shear wave to the liver and measuring the velocity of the wave. The device (FibroScan-502, 
Echosens, Paris, France) was developed using the TE technique, and controlled attenuation parameter 
(CAP) and liver stiffness measurement (LSM) can be obtained simultaneously by the device in a rapid, 
noninvasive, reproducible, and painless way. FibroScan-502 has also been used in the assessment of 
liver fat and fibrosis in pediatric individuals with liver diseases, and the reference values of CAP have 
been studied in our previous article[4].

Recent studies have suggested that maternal body mass index (BMI) is associated with the birth 
weight of offspring and is a risk factor for offspring obesity[5,6]. Gestational diabetes mellitus (GDM) is 
the occurrence of glucose intolerance during pregnancy and usually resolves after birth[7]. Meanwhile, 
many studies have shown that GDM can increase the incidence of impaired glucose tolerance in 
offspring and increase the risk of offspring obesity[8,9].

Therefore, in this article, we aimed to assess whether maternal BMI and in utero exposure to GDM 
are associated with a long-term risk of overweight/obese and fatty liver among offspring 8 years 
postpartum.

https://www.wjgnet.com/1007-9327/full/v28/i16/1681.htm
https://dx.doi.org/10.3748/wjg.v28.i16.1681
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MATERIALS AND METHODS
Study population
The individuals included in the prospective study were 430 maternal-child pairs from the Shanghai 
Prenatal Cohort Study, which is a prospective study that enrolled 1043 Han maternal-child pairs 
between January 2012 and December 2013 at Xinhua Hospital and International Peace Maternity and 
Child Hospital in Shanghai. The offspring were followed up at the age of 8 years (94 to 98 mo) with 
medical examinations. The exclusion criteria for the study population were as follows: (1) Non-Shanghai 
residents; (2) lost to follow-up; (3) missing some of the mothers' clinical information on prepregnancy 
and the offspring's anthropometric data; (4) mothers' medical history of diabetes (diagnosed before the 
index pregnancy) and other participants whose fasting glucose was ≥ 7.0 mmol/L before 12 gestational 
weeks; and (5) failure of FibroScan-502 measurement with an M probe. Ethics approval was obtained by 
the Ethics Committees (XHEC-C-2012-023). The parents of all the participating children were required to 
give informed consent for study participation and sign the written documents.

Clinical and laboratory data collection 
All mothers' heights and weights were measured in light indoor clothing and without shoes during 
early pregnancy. The oral glucose tolerance test (OGTT) was conducted between 24 and 28 wk gestation 
among those mothers. All followed-up offspring underwent annual medical examination at the health 
examination center in Xinhua Hospital. Stadiometers (Seca 416 Infantmeter, United States) were used to 
measure height to the nearest 0.1 cm. Digital scales (Detector 6745 Baby Scale, United States) were used 
to measure body weight to the nearest 0.1 kg. Participant characteristics and anthropometric indices, 
including age, sex, body weight, height, chest circumference, waist circumference, hip circumference 
and BMI, were obtained.

Following a fast of at least 6 h, all offspring underwent FibroScan-502 examination with an M-probe 
(3.5 MHz) (Echosens, Paris, France) by the same physician. The device estimates liver stiffness in 
kilopascals (kPa) and liver steatosis in decibels/meter (dB/m). CAP in dB/m and LSM in kPa were 
obtained simultaneously by each examination. A TE examination was considered successful when 10 
valid measurements with a success rate of at least 60% were conducted and the interquartile range (IQR) 
was less than 30% of the median LSM value[10]. Subjects with unsuccessful examinations were excluded 
from the analyses.

Work definitions
Maternal obese, overweight and lean: A BMI during the early pregnancy greater than 25 kg/m2 was 
used to define the obese population, and a BMI less than 25 kg/m2 was used to define the nonobese 
population. The nonobese population was further divided into lean (< 23 kg/m2) and overweight (23-25 
kg/m2) groups.

GDM: All mothers without diagnosed diabetes were screened for GDM by a one-step approach 
undergoing a 75g OGTT after fasting overnight between 24 and 28 wk gestation according to the 
guideline from Obstetrics and Gynecology Branch of Chinese Medical Association[11]. GDM was 
diagnosed when the glucose level that met or exceeded any of the following standards: a blood glucose 
value of 92, 180 or 153 mg/dL before or one or two hours after taking a 75 g glucose tolerance test, 
respectively.

Offspring overweight/obesity were defined by using the International Obesity Task Force age- and 
sex-specific cutoff points[12].

Offspring fatty liver: The offspring were considered to have fatty liver when the CAP value exceeded 
the normal value of 214.53 dB/m[4].

Statistical analysis
Continuous variables are expressed as the mean ± SD for a normal distribution and as the median ± IQR 
for a skewed distribution. General linear models for continuous variables were used to compare means 
of characteristics, and the χ2 test for categorical variables was applied to compare offspring proportions 
across quartiles of maternal BMI during early pregnancy. We further explored the effects of maternal 
GDM status on such associations by a stratified analysis according to GDM status. Multivariate logistic 
regression models were used to examine the relationship between maternal BMI during early 
pregnancy and GDM status and offspring overweight/obesity status and fatty liver prevalence. 
Multiple logistic regression was used for continuous outcomes, and the results are reported as odds 
ratios (ORs) with 95%CIs. Three multivariate-adjusted models were included in these analyses. 
Significance tests were two tailed, and a P value < 0.05 was considered statistically significant. The data 
analysis for this article was generated using SAS Version 9.4.
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Figure 1 Flow diagram of participants included in this study.

RESULTS
Participant characteristics
A total of 513 maternal-child pairs from the Shanghai Prenatal Cohort Study were prospectively 
followed for 8 years. Of these individuals, 430 mothers and their offspring were included in the analysis 
(Figure 1).

The characteristics of participating mothers and offspring are shown in Table 1. The mean maternal 
age before pregnancy was 29 (4.9) years (20 to 42 years old). The mean maternal BMI was 21.55 (3.59) 
kg/m2. A total of 62 (14.2%) mothers were classified as obese, and 48 (11.1%) were classified as having 
GDM. The mean birth weight of the offspring was 3.40 ± 0.48 kg and 210 (48.8%) were boys. A total of 37 
(8.6%) offspring were classified as overweight, 14 (3.3%) offspring were classified as obese, and 60 
(14.0%) had fatty liver (Table 1).

Maternal BMI and the characteristics of the mothers and offspring
Across maternal BMI quartiles, mothers in higher maternal BMI quartiles were more likely to have a 
greater weight and GDM. The offspring of mothers in higher maternal BMI quartiles were also more 
likely to have greater birth weight, BMI, waist circumference, hip circumference, chest circumference 
and CAP values and to be more prone to overweight/obese and fatty liver (Table 1).

The association of maternal BMI with outcomes for offspring
The fatty liver risk of these offspring increased progressively from the lowest to the highest quartiles of 
maternal BMI, with odds ratios (ORs) of 5.84 (95%CI: 0.67-50.67), 9.76 (95%CI: 1.21-78.83), and 26.3 
(95%CI: 3.21-215.3), respectively, after controlling for the sex and age of the offspring (Model 1). Further 
adjusting for maternal age, nulliparity (Model 2), GDM status of the mothers and birth weight (Model 3) 
did not change the associations (Table 2).

The OR of the offspring overweight/obesity risk in the highest quartile of maternal BMI was 10.6 
(95%CI: 2.17-51.76) after controlling for the sex and age of the children (Model 1) (Table 2).

Association of maternal GDM status with offspring overweight/obesity and CAP values
As shown in Table 3, mothers with GDM weighed more, had higher maternal BMIs and had a higher 
prevalence of maternal obesity than mothers without GDM (all P < 0.05). The offspring of mothers with 
GDM had higher BMI, chest circumference, hip circumference, and CAP values (all P < 0.05). Among 
offspring whose mothers had GDM, 4 (8.3%) were obese, compared with 10 (2.6%) offspring whose 
mothers did not have GDM (P < 0.000). However, there were no significant differences in birth weight, 
sex distribution, weight at follow-up, waist circumference, or LSM values between the offspring of 
mothers with and without GDM (Table 3).
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Table 1 Characteristics of mothers and their offspring stratified into groups based on maternal body mass index quartiles at follow-up

Quartiles of maternal BMI (kg/m2)
Variables All (n = 

430) Q1 (n = 108): 15.00-
19.13

Q2 (n = 105): 19.14-
20.76

Q3 (n = 115): 20.77-
23.44

Q4 (n = 102): 23.45-
42.00

P 
value

Maternal characteristics

Age, yr 29.33 ± 4.89 29.21 ± 4.59 28.97 ± 3.14 29.59 ± 3.73 29.44 ± 7.36 0.805

Height, cm 162.97 ± 
16.46

162.77 ± 5.09 161.84 ± 4.93 161.61 ± 4.29 162.26 ± 6.18 0.358

Weight, kg 56.73 ± 9.77 47.48 ± 3.45 52.21 ± 3.53 57.76 ± 3.53 69.9 ± 9.1 0.000

BMI, kg/m2 21.55 ± 3.59 17.92 ± 0.97 19.91 ± 0.43 22.1 ± 0.79 26.57 ± 3.3 0.000

GDM, n (%) 48 (11.2) 6 (5.6) 8 (7.6) 11 (9.6) 23 (22.5) 0.000

Offspring characteristics

Birth weight, kg 3.40 ± 0.48 3.33 ± 0.42 3.34 ± 0.39 3.42 ± 0.55 3.51 ± 0.51 0.021

Boy, n (%) 210 (48.8) 47 (43.5) 53 (50.5) 53 (46.1) 57 (55.9) 0.304

Height, cm 122.78 ± 
29.93

121.59 ± 31.31 129.03 ± 4.91 118.81 ± 36.96 123.35 ± 31.01 0.242

Weight, kg 25.58 ± 10.57 22.98 ± 8.83 26.37 ± 7.8 25.18 ± 10.25 28.15 ± 13.12 0.070

BMI, kg/m2 15.89 ± 4.42 14.58 ± 3.81 15.70 ± 4.00 16.20 ± 3.69 17.25 ± 5.81 0.025

Waist circumference, 
cm

58.70 ± 10.79 54.33 ± 12.76 58.33 ± 7.08 59.15 ± 9.32 63.13 ± 9.42 0.000

Hip circumference, cm 69.04 ± 13.73 65.3 ± 14.55 69.17 ± 13.47 69.39 ± 7.36 72.14 ± 13.39 0.041

Chest circumference, 
cm

56.19 ± 21.03 49.79 ± 22.55 53.44 ± 22.62 56.72 ± 16.15 63.41 ± 14.73 0.003

Waist-height ratio 0.46 ± 0.05 0.44 ± 0.05 0.45 ± 0.05 0.46 ± 0.04 0.48 ± 0.06 0.000

Waist-hip ratio 0.84 ± 0.08 0.83 ± 0.06 0.84 ± 0.07 0.84 ± 0.06 0.86 ± 0.12 0.292

Chest-height ratio 0.44 ± 0.14 0.4 ± 0.16 0.44 ± 0.12 0.41 ± 0.17 0.48 ± 0.11 0.023

CAP, dB/m 167.71 ± 
46.09

151.76 ± 37.01 164.33 ± 41.45 169.97 ± 40.76 188.38 ± 58.89 0.001

LSM, kPa 3.36 ± 0.75 3.31 ± 0.8 3.52 ± 0.8 3.35 ± 0.73 3.4 ± 0.71 0.480

Overweight, n (%) 37 (8.6) 4 (3.7) 7 (6.7) 5 (4.4) 21 (20.6) 0.000

Obesity, n (%) 14 (3.3) 0 (0) 0 (0) 2 (1.7) 12 (11.8) 0.000

Fatty liver, n (%) 60 (14.0) 2 (1.9) 10 (9.5) 19 (16.5) 29 (28.4) 0.001

BMI: Body max index; GDM: Gestational diabetes mellitus; CAP: Controlled attenuation parameter; LSM: Liver stiffness measurement.

The CAP values of the offspring gradually increased in the mothers with neither obesity nor GDM 
(163.62 ± 44.41) dB/m, GDM but no obesity (173.43 ± 34.57) dB/m, obesity but no GDM (190.73 ± 49.74) 
dB/m to both obesity and GDM (202.15 ± 61.55) dB/m (all P < 0.05) (Figure 2).

Association of maternal obesity and GDM with outcomes for offspring
Maternal obesity was positively associated with childhood fatty liver with OR 4.57 (95%CI: 1.96-10.67) 
and childhood overweight/obesity with OR 5.73 (95%CI: 2.18-15.10) (Model 1). Further adjustment for 
maternal age, nulliparity (Model 2), GDM status of the mother and birth weight (Model 3) did not 
change the associations (Table 4).

Maternal GDM was also positively associated with childhood overweight/obesity, with an OR of 4.70 
(95%CI: 1.72-12.81) (Model 1). Additionally, further adjustment for maternal age, nulliparity (Model 2), 
and offspring birth weight (Model 3) did not change the associations. In addition, the association of 
maternal GDM with childhood fatty liver was not statistically significant, with an OR of 2.39 (95%CI: 
0.91-6.29) (Model 1) (Table 4).
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Table 2 Adjusted odds ratios (95% confidence interval) of offspring overweight/obesity and fatty liver according to quartiles of maternal 
body max index

Model 1 Model 2 Model 3Quartiles of 
BMI OR 95%CI

P value
OR 95%CI

P value
OR 95%CI

P value

Offspring fatty liver 1.21 1.1-1.33 0.000 1.21 1.1-1.34 0.000 1.23 1.11-1.36 0.000

Q1 Reference Reference Reference

Q2 5.84 0.67-50.67 0.109 5.70 0.65-49.77 0.115 5.52 0.63-48.36 0.123

Q3 9.76 1.21-78.83 0.033 9.60 1.18-77.79 0.034 9.50 1.17-77.33 0.035

Q4 26.3 3.21-215.3 0.002 26.95 3.27-222.23 0.002 26.09 3.08-220.72 0.003

Offspring 
overweight/obesity

1.19 1.07-1.33 0.002 1.19 1.07-1.33 0.002 1.20 1.07-1.34 0.002

Q1 Reference Reference Reference

Q2 2.09 0.37-11.60 0.401 2.23 0.40-12.57 0.364 2.17 0.38-12.5 0.385

Q3 1.30 0.22-7.62 0.770 1.43 0.24-8.49 0.694 1.43 0.24-8.58 0.696

Q4 10.6 2.17-51.76 0.004 11.66 2.34-58.14 0.003 10.75 2.05-56.28 0.005

Model 1: Adjusted for offspring age and sex; Model 2: Further adjusted for maternal age and nulliparous; Model 3: Further adjusted for gestational 
diabetes mellitus status of the mothers included in the model and offspring birth weight. OR: Odds ratio; CI: Confidence interval; BMI: Body mass index.

DISCUSSION
In this prospective birth cohort, we assessed the causal association of maternal metabolic disorders with 
offspring overweight/obesity and fatty liver in Han Chinese populations. This study demonstrated that 
high maternal BMI increased the odds of both childhood overweight/obesity and fatty liver, 
independent of maternal age, offspring birth weight, and childhood waist circumference at 8 years of 
age. Furthermore, maternal pregnancy glucose concentrations were positively correlated with offspring 
CAP values at school age. These two findings corroborated that the negative impacts of maternal 
obesity and impaired glucose metabolism on offspring livers are long-term and not merely limited to 
infancy.

More impressively, the negative effects of maternal obesity and impaired glucose metabolism might 
vary in degree. A recent cohort study based on magnetic resonance imaging found that maternal early-
pregnancy glucose levels were associated with a 1.95-fold increase in odds of offspring non-alcoholic 
fatty liver disease (NAFLD) only among mothers of European ancestry[13]. In our study, maternal 
blood samples were collected in the second trimester. We observed that maternal mid-pregnancy 
glucose levels had only a weak relation with offspring fatty liver among Han Chinese populations, 
while maternal obesity was more strongly associated with offspring fatty liver than GDM.

Maternal obesity and impaired glucose metabolism have lasting impacts on offspring hepatic health 
through epigenetic, dietary, and metabolic factors[14,15]. A sibling comparison cohort reported that 
maternal weight gain was aligned with the odds of offspring obesity[16], suggesting that maternal 
overnutrition may be a predisposing factor for offspring metabolic dysbiosis. This conclusion was also 
validated in some animal models, such as macaques and mice, and investigators found that reversing 
the high-fat diet to a low-fat diet during the subsequent pregnancy alleviated offspring hepatic lipid 
accumulation[17-19]. In terms of mechanisms, one study demonstrated that maternal obesity might 
render innate immunity dysfunctional, and another study observed that maternal obesity accelerated 
the progression of offspring NAFLD through activation of lipogenesis and oxidative stress pathways[20,
21].

Our observations were mutually verified with previous studies and have several differences as 
follows. Two studies focused on the relation between maternal factors and infant hepatic fat[22,23]. 
Modi et al[23] observed that increasing maternal BMI might initiate lipid accumulation in infant livers. 
Subsequently, Brumbaugh and colleagues reported that infants of GDM mothers had greater hepatic 
steatosis than infants of non-GDM mothers[22]. In contrast, our study revealed the relatively long-term 
health outcomes in school-age children to corroborate that such associations might predispose children 
to fatty liver later in life.

Another study in obese mothers observed a positive relation with offspring ultrasound-diagnosed 
NAFLD during adolescence. However, ultrasound has limited power to detect mild steatosis and cannot 
quantify histological characteristics such as hepatic lipid content and liver stiffness. In our studies, we 
assessed pediatric liver pathology through TE, which is a reliable noninvasive diagnostic tool for 
fibrosis assessment in NAFLD[24]. Meanwhile, a biopsy-confirmed study reported that an association 
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Table 3 Characteristics of mothers with and without gestational diabetes mellitus and their offspring at follow-up

Variables Mother without GDM (n = 382) Mother with GDM (n = 48) P value

Maternal characteristics

Age, yr 29.25 ± 5.1 29.98 ± 3.17 0.172

Height, cm 163.12 ± 17.48 162.02 ± 4.96 0.336

Weight, kg 56.16 ± 9.65 61 ± 9.47 0.001

BMI, kg/m2 21.33 ± 3.59 23.22 ± 3.28 0.000

Obesity, n (%) 42 (11.0) 20 (41.7) 0.000

Children characteristics

Birth weight, kg 3.41 ± 0.45 3.37 ± 0.61 0.653

Boy, n (%) 186 (49.1) 25 (52.1) 0.699

Height, cm 122.19 ± 30.67 125.07 ± 25.75 0.597

Weight, kg 25.13 ± 10.28 29.15 ± 10.38 0.058

BMI, kg/m2 15.74 ± 4.43 17.72 ± 3.94 0.024

Waist circumference, cm 58.2 ± 10.79 61.39 ± 10.23 0.148

Hip circumference, cm 68.15 ± 13.73 73.83 ± 7.94 0.003

Chest circumference, cm 54.38 ± 21.03 64.48 ± 7.96 0.000

Waist-height ratio 0.46 ± 0.05 0.47 ± 0.07 0.202

Waist-hip ratio 0.85 ± 0.08 0.83 ± 0.07 0.265

Chest-height ratio 0.43 ± 0.15 0.49 ± 0.05 0.024

CAP, dB/m 166.49 ± 45.65 187.26 ± 50.59 0.029

LSM, kPa 3.36 ± 0.75 3.53 ± 0.77 0.303

Overweight, n (%) 25 (6.5) 12 (25.0) 0.000

Obesity, n (%) 10 (2.6) 4 (8.3) 0.000

Fatty liver, n (%) 48 (12.6) 12 (25.0) 0.073

BMI: Body max index; GDM: Gestational diabetes mellitus; CAP: Controlled attenuation parameter; LSM: Liver stiffness measurement.

between parental obesity and offspring liver fibrosis was found in Italians[25]. As maternal impaired 
glucose metabolism was only related to offspring NAFLD in Europeans[13], the association between 
maternal obesity and progression of NAFLD in offspring may also differ across ethnic groups and the 
possible mechanisms need to be explored[26,27].

To the best of our knowledge, the present study is the first prospective birth cohort to assess the 
causal relationship between maternal metabolic dysbiosis and the odds of fatty liver in offspring. After 
adjustment for multiple regression models, the results were rigorous and trustworthy. Nonetheless, 
there are still several limitations that are worthy of discussion. First, to date, there is no widely accepted 
threshold of TE to detect childhood liver steatosis and fibrosis[28]. We used the 95th percentile cutoff 
values reported in a large health check-up cohort of preschool children as a surrogate threshold for this 
study[4]. Second, in this cohort, only 11.1% of mothers developed GDM during pregnancy, which 
reflected the true prevalence of GDM in the Chinese population. However, the small number of mothers 
with GDM might lead to type-2 statistical errors. Further nested case-control studies can address this 
issue and are recommended. Ultimately, single nucleotide polymorphisms of the patatin-like 
phospholipase domain containing 3, transmembrane 6 superfamily member 2, glucokinase regulatory 
protein, and several other susceptibility genes were not determined in this cohort. Further studies are 
needed to explore whether a predisposed genetic background mediates the influence of maternal 
metabolic dysbiosis on offspring NAFLD.

With the rapid spread of childhood fatty liver, it is urgent to develop preventive strategies against 
childhood fatty liver. In this regard, the current observations could be applied to the primary prevention 
of childhood obesity and fatty liver. The earliest timepoints of primary prevention of pediatric fatty liver 
could be before pregnancy. Weight management and glycemic control before and during pregnancy 
may help to promote liver and metabolic health status in children. Furthermore, lifestyle intervention 
before pregnancy is worth further investigation.
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Table 4 Adjusted odds ratios for the association of maternal obesity and gestational diabetes mellitus with outcomes among children 
in a follow-up study

Model 1 Model 2 Model 3
Outcomes Risk factors

OR 95%CI
P value

OR 95%CI
P value

OR 95%CI
P value

Maternal obesity 4.57 1.96-10.67 0.000 4.79 2.03-11.31 0.000 4.64 1.82-11.87 0.001

GDM 2.39 0.91-6.29 0.077 2.45 0.93-6.49 0.071 2.49 0.94-6.61 0.068

Fatty liver

Maternal obesity 
and GDM

7.19 2.15-24.13 0.001 7.72 2.25-26.46 0.001 8.26 2.38-28.75 0.001

Maternal obesity 5.73 2.18-15.10 0.000 5.69 2.14-15.10 0.000 4.15 1.44-11.97 0.009

GDM 4.70 1.72-12.81 0.003 4.85 1.76-13.37 0.002 4.84 1.76-13.36 0.002

Overweight/obesity

Maternal obesity 
and GDM

16.97 4.07-70.88 0.000 16.97 4.07-70.88 0.000 17.22 4.08-72.79 0.000

Model 1: Adjusted for offspring age and sex; Model 2: Further adjusted for maternal age and nulliparity; Model 3: Further adjusted for offspring birth 
weight. OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; GDM: Gestational diabetes mellitus.

Figure 2 Controlled attenuation parameter values of the children of mothers with or without gestational diabetes mellitus and/or obesity. 
CAP: Controlled attenuation parameter; GDM: Gestational diabetes mellitus.

CONCLUSION
In this study, maternal obesity increased the odds of both fatty liver and obesity in offspring, 
independent of maternal age, GDM status and offspring birth weight at 8 years of age. On another note, 
the association between maternal GDM and childhood fatty liver trended toward significance in the 
Chinese population, and this association needs to be confirmed in studies with larger sample sizes. To 
prevent these intergenerational predisposing factors, weight management and glycemic control before 
and during pregnancy need to be highlighted for primary prevention of pediatric fatty liver.

ARTICLE HIGHLIGHTS
Research background
Associations were found among childhood obesity, fatty liver and adverse outcomes such as diabetes, 
metabolic syndrome, and cardiovascular diseases in adulthood. It is important to identify relevant risk 
factors and intervene as early as possible.

Research motivation
We aimed to discover the possible relationship between metabolic factors in mothers and offspring.
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Research objectives
We aimed to estimate the association of maternal obesity and gestational diabetes mellitus (GDM) with 
overweight/obesity and fatty liver risk in offspring.

Research methods
The mothers in the study all underwent a 75 g oral glucose tolerance test at 24-28 wk of gestation, and 
their offspring completed follow-up at 8 years of age. An examination was prospectively conducted in 
offspring using a FibroScan-502 with an M probe (Echosens, Paris, France).

Research results
A total of 430 mother-child pairs were included in the analysis. The prevalence of overweight, obesity 
and fatty liver in offspring increased significantly across maternal BMI quartiles and among mothers 
with GDM (all P < 0.05). In the multiple logistic regression analysis, after adjustment for variables, the 
OR for fatty liver in offspring was 8.26 (95%CI: 2.38-28.75) for participants with maternal obesity and 
GDM.

Research conclusions
Maternal obesity can increase the odds of overweight/obesity and fatty liver in offspring, and GDM 
status also increases the odds of overweight/obesity in offspring.

Research perspectives
To prevent these intergenerational predisposing factors, weight management and glycemic control 
before and during pregnancy need to be emphasized for primary prevention of pediatric fatty liver.
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