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Objective: To evaluate the association of hepatic steatosis index (HSI) in the first trimester 
and the risk of gestational diabetes mellitus (GDM) as well as large for gestational age 
(LGA) infant in Chinese women.
Methods: A total of 1082 pregnant women were included in this study. Maternal basic 
laboratory data, including ALT, AST, FBG, insulin, TG, and HDL-C, were tested during 6– 
12 weeks of gestation and anthropometric characteristics were monitored during gestation. 
A 75-g oral glucose tolerance test (OGTT) was conducted at 24–28 weeks of gestation. HSI, 
nonalcoholic fatty liver disease (NAFLD) liver fat score, triglyceride/high-density lipopro
tein cholesterol (TG/HDL-C) and triglyceride-glucose (TyG) index were calculated. Odds 
ratio with 95% confidence interval for subsequent risk of GDM and LGA by HSI quartiles 
were assessed by binary logistic regression model. The predictive ability of HSI for GDM 
and LGA was evaluated by the receiver operating characteristic (ROC) curve analysis and 
was compared with other indices.
Results: The incidence of GDM and LGA were 22.09% (239/1082) and 10.53% (87/826). HSI 
was higher in GDM group than in NGT group (median, interquartile range: 30.67, 27.20–35.10 
vs 27.98, 25.70–30.82, P<0.001). Incidence of GDM was gradually increased with increasing 
HSI values. Women in the highest HSI quartile had significantly higher risk of LGA delivery 
than those in the lowest HSI quartile (P<0.05). The area under the ROC curves of HSI for GDM 
and LGA were higher than other indices, reaching 0.646 (95%CI: 0.605–0.686) and 0.600 (95% 
CI: 0.541–0.660), respectively.
Conclusion: Higher HSI was independently associated with higher risk of GDM and LGA 
in Chinese women. HSI in the first trimester can predict the risk of GDM and LGA.
Keywords: hepatic steatosis index, nonalcoholic fatty liver disease, gestational diabetes 
mellitus, large for gestational age infant

Introduction
Gestational diabetes mellitus (GDM) is one of the most common medical compli
cations of pregnancy, which is described as a state of impaired glucose tolerance 
first being diagnosed during pregnancy.1 It is acknowledged that GDM increases the 
risk of pregnancy complications and adverse perinatal outcomes, including preg
nancy-induced hypertension, preeclampsia, abortion, large for gestational age 

Correspondence: Tao Yuan; Weigang Zhao  
Email t75y@sina.com; 
xiehezhaoweigang@163.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 4791–4800              4791
© 2021 Song et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy          Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 21 August 2021
Accepted: 27 October 2021
Published: 16 December 2021

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-4810-4063
mailto:t75y@sina.com
mailto:xiehezhaoweigang@163.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


(LGA) delivery and so on, and influenced maternal and 
infant health in the future.2,3 Thus a lot of studies reported 
risk factors of GDM and aimed to find an effective index 
to predict GDM.

LGA is defined as birth weight above the 90th percen
tile for gestational age. LGA increases risks of adverse 
perinatal outcomes and serious birth complications, such 
as preterm birth, cesarean section, stillbirth, hypoxic brain 
damage due to difficulties in delivery, and neonatal hyper
insulinemia. LGA infant have higher risk of developing 
obesity, type 2 diabetes (T2DM) and other metabolic dis
eases in the future.4 LGA is associated with many risk 
factors, including maternal BMI, glucose, lipids, gesta
tional weight gain (GWG), and so on.5–7 As a common 
adverse perinatal outcome, clinical doctors are concerned 
about decreasing and preventing the incidence of LGA.

Nonalcoholic fatty liver disease (NAFLD) is one of the 
most important causes of liver disease worldwide.8 

A recent study reported the prevalence of NAFLD in the 
contemporary US population was a stagging 37.1%.9 As 
a multisystemic metabolic disorder, the close relationship 
of NAFLD and diabetes is confirmed.10 The independent 
association between NAFLD and adverse perinatal out
comes, such as postpartum hemorrhage and preterm 
birth, has also been reported.11 The prevalence of 
NAFLD in pregnancy has nearly tripled in the last 
decade,11 but the screening of NAFLD in asymptomatic 
individuals by ultrasonography or computed tomography 
is not cost-effective. Hepatic steatosis index (HSI) was 
a simple noninvasive index to detect NAFLD by BMI 
and liver enzymes,12 which can also be an assessment 
tool of other metabolic diseases and their 
complications.13,14 The liver plays an important role in 
glucose metabolism and liver enzymes are related to dia
betes risk. A previous study reported that although there 
was not a clear threshold, ALT levels were positively 
associated with GDM risk.15,16 However, to our knowl
edge, HSI has not been investigated among pregnant 
women and its relationship to GDM and LGA is unclear. 
Thus, in this study, we analyzed the association between 
HSI and the subsequent risk of GDM and LGA in 
a prospective, double-center, observational cohort study 
in China. Previous studies also reported NAFLD liver fat 
score could predict NAFLD17 and triglyceride/high- 
density lipoprotein cholesterol (TG/HDL-C) as well as 
triglyceride-glucose (TyG) index were both good predic
tors for GDM and LGA.18 Hence, we also did preliminary 

analyses to compare the predictive ability of these indices 
in this study.

Materials and Methods
This work was a sub-study of an ongoing prospective 
double-center observational cohort study aiming to find 
the biological markers of GDM in early pregnancy by 
urinary proteomics, which started in 2019 at Haidian 
District Maternal and Child Health Care Hospital and 
Chaoyang District Maternal and Child Health Care 
Hospital, Beijing, China (clinical trial number: 
NCT03246295).

The ethics committees of all participating centers 
approved the study protocol. Written informed consent 
was obtained from each participant and the study was 
performed in accordance with the Declaration of Helsinki 
as revised in 2013.

Study Participants
At baseline, participants underwent a clinical investigation 
at the first prenatal visit in early pregnancy (6–12 weeks of 
gestation). For all participants in the present study, all 
available clinical and laboratory data were recorded and 
verified by two researchers at the same time.

Inclusion and exclusion criteria of participants were as 
follows. Inclusion criteria: (1) gestation at entry <12 
weeks; (2) without diabetes mellitus before pregnancy; 
(3) acceptance of participation in the study, and signature 
of the consent form. Exclusion criteria: (1) non-singleton 
pregnancy; (2) fasting blood glucose ≥6.1mmol/L at base
line; (3) severe acute or chronic diseases, such as severe 
liver and renal dysfunction, heart disease, autoimmune 
disease, and so on. On this basis, a total of 1128 pregnant 
women with clinical and laboratory data at 6–12 weeks of 
gestation and 75-g oral glucose tolerance test (OGTT) at 
24–28 weeks of gestation were enrolled from August 2019 
to November, 2020. Forty-six women without data on 
gestational weight gain were excluded. Thus 1082 preg
nant women were included in the present study. Perinatal 
database of 826 women was collected from electronic 
medical records (EMRs).

Measurements
Participants were measured by body weight, height, sys
tolic blood pressure (SBP) and diastolic blood pressure 
(DBP) at the first prenatal visit (6–12 weeks of gestation). 
Body weight and blood pressure were monitored during 
gestation. Blood samples collected from the peripheral 
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vein of participants at the first prenatal visit were used to 
examine the parameters of blood routine, fasting blood 
glucose, insulin, C-peptide, total cholesterol (TC), TG, 
low-density lipoprotein cholesterol (LDL-C), HDL-C, 
and liver and renal function. Medical history, personal 
history and family history were recorded in EMR.

A 75-g OGTT was conducted for all participants at 24– 
28 weeks of gestation to screen GDM. GDM was diag
nosed according to the International Association of the 
Diabetes and Pregnancy Study Groups criterion in 2010.1 

LGA and small for gestational age (SGA) were defined as 
birth weight >90th percentile and <10th percentile for 
gestational age and sex, respectively.19

Body mass index (BMI) was determined by dividing 
body weight in kilograms by height in meters squared. HSI 
was calculated as 8*ALT/AST+BMI+2 in women.12 

NAFLD liver fat score was calculated according to its 
first publication.17 TG/HDL-C was TG to HDL-C ratio 
and TyG index was ln (fasting TG[mg/dL]*FBG [mg/ 
dL]/2).18

Statistical Analysis
Statistical analyses were conducted using the Software 
Package for Social Science (SPSS version 24.0, SPSS, 
IBM Corporation, Armonk, NY, USA). Continuous vari
ables were tested for normality of distribution. Variables 
with approximately normal distributions were presented as 
mean ±SD, and those with skewed distributions were pre
sented as median and interquartile range (25th–75th per
centile). Categorical variables were presented as 
percentage (number). Two-sample Student's t test or 
Mann–Whitney test was used for continuous variables 
and chi-squared test or Fisher's exact test were used for 
categorical variables. HSI (quartile 1, ≤25.92; quartile 2, 
25.93–28.45; quartile 3, 28.46–31.78; quartile 4, ≥31.79) 
were divided into quartiles according to the cutoff points 
of entire distribution for this study population. P-value for 
the linear trend of glucose concentration during OGTT, 
birth weight of infant, incidence of GDM and LGA based 
on HSI quartiles were calculated. Binary logistic regres
sion analyses were performed to determine the odds ratio 
(ORs) and 95% confidence intervals (CIs) of GDM and 
LGA according to HSI quartiles with adjustment for 
potential confounding factors. Receiver operating charac
teristic (ROC) curve analysis was used to evaluate the 
predictive ability of HSI, NAFLD liver fat score, TG/ 
HDL-C and TyG for GDM and LGA delivery. Z test was 
performed for comparison between ROC-AUC of HSI and 

other indices for GDM and LGA Infant (MedCalc, version 
19.6.4). Statistical significance was inferred from two- 
sided P-values <0.05.

Results
In the present study, the incidence of GDM was 22.09% 
(239/1082). Maternal and neonatal characteristics between 
women with and without GDM were shown in Table 1. 
Compared to women with normal glucose tolerance 
(NGT), women with GDM had significantly older age as 
well as higher pre-pregnancy body mass index (preBMI), 
percentage of family history of diabetes mellitus (FHDM), 
systolic blood pressure (SBP), FBG, insulin, C-peptide, 
ALT, TG, LDL-C, HSI, and other indices (P<0.05), but 
lower gestational weight gain (BMI gain[B]) and HDL-C. 
Neonatal characteristics in women with recorded perinatal 
outcomes were also presented in Table 1. The overall 
incidence of LGA was 10.53% (87/826) and the incidence 
of LGA was higher in GDM group than in NGT group, but 
the difference was not significant (13.9% vs 9.6%, 
P=0.107).

Values of HSI were divided into quartiles. Maternal 
glucose concentration at each time point during OGTT, 
infant birth weight, incidence of GDM, LGA, and SGA in 
each HSI quartile were presented in Table 2. Although the 
differences between two neighboring groups were slight, 
there were statistically significant increased linear trends 
between OGTT results, birth weight, incidence of GDM 
and increased HSI quartiles (P for linear trend <0.05). 
LGA in women with the third quartile of HSI was lower 
than in the second quartile, but P for linear trend analysis 
implied the incidence of LGA increased with higher HSI 
in totality (P=0.001). The incidence of SGA was gradually 
decreased from the lowest quartile of HSI to the highest 
quartile of HSI. Gravidity and parity had no significant 
difference among these groups (Supplementary Table 1). 
Since the originally proposed HSI cutoff points for diag
nosing or excluding NAFLD were 30 and 36, the compar
ison of variables based on these points was shown in 
Supplementary Table 2. The incidence of GDM in 
women with HSI >36 reached up to 40%.

The lowest quartile of HSI was used as reference and 
binary logistic regression analyses were used to examine 
the association between the quartiles of HSI and GDM as 
well as LGA risk (Table 3). Women in the upper two HSI 
quartiles had significantly higher GDM risk than those in 
the lowest quartile and after adjustment for confounding 
factors, the results were still significant (all P<0.05). 
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Table 1 Maternal and Neonatal Characteristics Between Women with and without GDM

Variables GDM NGT P-value

Maternal Characteristics n=239 n=843

Age 31.40±3.92 30.08±3.93 <0.001

PreBMI (kg/m2) 23.13±3.53 21.68±2.81 <0.001

BMI gain (A)(kg/m2) 2.51 (1.65–3.24) 2.48 (1.71–3.31) 0.802

BMI gain (B) (kg/m2)(n=734) 3.91 (3.05–5.14) 4.96 (3.86–5.88) <0.001

FHDM 43 (18.0%) 94 (11.2%) 0.005

Gravidity 0.591

1 119 (49.8%) 449 (53.3%)

2 68 (28.5%) 231 (27.4%)
≥3 52 (21.8%) 163 (19.3%)

Parity 0.254
0 159 (66.5%) 591 (70.1%)

1 75 (31.4%) 244 (28.9%)

≥2 5 (2.1%) 8 (0.9%)

SBP (mmHg) 114.66±9.58 112.56±10.50 0.008

DBP (mmHg) 71.21±8.52 70.57±9.09 0.352

FBG (mmol/L) 4.8 (4.4–5.2) 4.5 (4.1–4.9) <0.001

Insulin (µIU/mL)(n=958) 8.10 (4.90–10.90) 6.10 (4.30–8.40) <0.001

C-peptide (ng/mL)(n=958) 0.95 (0.69–1.31) 0.79 (0.60–1.04) <0.001

ALT (U/L) 15.28 (11.00–20.80) 12.56 (10.00–17.70) <0.001

AST (U/L) 16.17 (14.00–19.00) 16.00 (14.00–18.80) 0.406

TBil (µmol/L) 10.40 (8.50–13.60) 10.50 (8.40–13.00) 0.641

TC (mmol/L) 4.02 (3.48–4.66) 3.92 (3.50–4.45) 0.085

TG (mmol/L) 0.95 (0.72–1.32) 0.83 (0.63–1.10) <0.001

HDL-C (mmol/L) 1.41 (1.20–1.61) 1.49 (1.29–1.71) <0.001

LDL-C (mmol/L) 2.12 (1.76–2.67) 2.00 (1.68–2.40) 0.001

HSI 30.67 (27.20–35.10) 27.98 (25.70–30.82) <0.001

NAFLD liver fat score (n=958) 2.02 (1.35–2.57) 1.53 (1.22–1.96) <0.001

TG/HDL-C 0.68 (0.48–0.92) 0.55 (0.41–0.77) <0.001

TyG 8.20 (7.93–8.51) 8.00 (7.68–8.29) <0.001

Neonatal Characteristics n=173 n=653

Gestational age (weeks) 39.00 (38.14–40.00) 39.29 (38.57–40.14) <0.001

Birth weight (g) 3310 (3030–3600) 3310 (3000–3540) 0.629

Sex (male) 88 (50.9%) 347 (53.1%) 0.595

(Continued)
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Compared to women in the lowest quartile, women in the 
upper quartile had higher risk of LGA delivery (all 
P<0.05). After adjustment for confounding factors, 
including maternal age, gestational age, BMI gain in 
gestation, FHDM, FBG, TC, TG, HDL-C, LDL-C and 
even GDM, women in the second and highest HSI quar
tiles still had significantly higher LGA delivery risk 
(adjusted OR, 95% CI: 3.441, 1.438–8.237; 3.444, 
1.417–8.368, P<0.05, respectively).

The AUC values for detecting GDM and LGA infant 
by HSI, NAFLD liver fat score, TG/HDL-C and TyG 
index were shown in Table 4. The AUC of all indices for 
predicting GDM were statistically significant (P<0.001 for 
all, Table 4 and Figure 1). Although the differences of 
AUC between HSI and other indices were not statistically 
significant (Supplementary Table 3), the AUC of HSI was 
the highest among them (0.646, 95%CI: 0.605–0.686, 
P<0.001). The AUC of HSI and other indices for detecting 
LGA infant were presented in Table 4 and Figure 2. In this 

cohort, HSI could be a predictor for LGA, whereas the 
predictive ability of other indices for LGA were not sta
tistically significant (0.600, 95%CI: 0.541–0.660, 
P=0.002). The comparison between predictive ability of 
HSI and preBMI for GDM and LGA were in 
Supplementary Figure 1 and Supplementary Figure 2. 
Preliminary analysis on the predictive ability of all indices 
for SGA was also given in this study (Supplementary 
Figure 3).

Discussion
In this study, we examined the relationship of HSI in the 
first trimester and the incidence of GDM and LGA in 
Chinese pregnant women and compared them with other 
indices. Higher HSI levels were independently associated 
with higher subsequent risk of GDM and LGA. HSI was 
a relatively better simple index for predicting risk of GDM 
and LGA delivery. To the best of our knowledge, this is 

Table 1 (Continued). 

Variables GDM NGT P-value

LGA 24 (13.9%) 63 (9.6%) 0.107

SGA 8 (4.6%) 42 (6.4%) 0.375

Note: Data are presented as mean ±SD or median (interquartile range) or number (%). 
Abbreviations: GDM, gestational diabetes mellitus; NGT, normal glucose tolerance; preBMI, pre-pregnancy body mass index; BMI gain (A): maternal BMI gain before 
OGTT; BMI gain (B): maternal BMI gain during gestation; FHDM, family history of diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting 
blood glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total bilirubin; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; HSI, hepatic steatosis index; NAFLD, nonalcoholic fatty liver disease; TyG, triglyceride-glucose index; LGA, large for 
gestational age; SGA, small for gestational age.

Table 2 Glucose Concentration at Three Time Points During OGTT, Incidence of GDM, LGA and SGA According to HSI Quartiles

Variables Quartile 1 Quartile 2 Quartile 3 Quartile 4 P for Linear Trend

n 267 274 271 270 –

HSI range ≤25.92 25.93–28.45 28.46–31.78 ≥31.79 –

OGTT (mmol/L)

FBG 4.63 (4.38–4.83) 4.66 (4.40–4.85) 4.69 (4.47–4.93) 4.76 (4.53–5.10) <0.001
1-hBG 7.36 (6.26–8.30) 7.18 (6.38–8.37) 7.71 (6.68–8.78) 8.12 (7.04–9.27) <0.001

2-hBG 6.14 (5.50–7.14) 6.31 (5.65–7.05) 6.60 (5.86–7.50) 6.92 (6.10–7.82) <0.001

GDM 38 (14.2%) 40 (14.6%) 68 (25.1%) 93 (34.4%) <0.001

n 197 206 205 218 –

Birth weight (g) 3240 (2940–3460) 3275 (2990–3540) 3350 (3070–3580) 3365 (3070–3650) 0.031

LGA 8 (4.1%) 26 (12.6%) 19 (9.3%) 34 (15.6%) 0.001

SGA 17 (8.6%) 14 (6.8%) 12 (5.9%) 7 (3.2%) 0.020

Note: Data are presented as median (interquartile range) or number (%). 
Abbreviations: HSI, hepatic steatosis index; OGTT, oral glucose tolerance test; FBG, fasting blood glucose; GDM, gestational diabetes mellitus; LGA, large for gestational 
age; SGA, small for gestational age.
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the first study to evaluate the association of HSI in early 
pregnancy and the subsequent GDM and LGA risk.

The increasing prevalence of GDM in China is alarming 
over the past few decades.20 The prevalence of GDM varies 
in different cities and regions because of many factors, such 
as economics level, diet, education and so on. In this study, 
the incidence of GDM was much higher than average pre
valence of GDM in China, but was similar to the previous 
investigation done in Beijing.21 The booming economy and 
good living conditions in Beijing, followed by the high pre
valence of metabolic disorders, including GDM, indicating it 
is crucial to improve people’s health consciousness. PreBMI 
was significantly higher in GDM group, which was consis
tent with previous studies.22 Gestational weight gain (GWG) 
was usually higher in women with GDM,22 but women who 
participated in this study underwent regular follow-up and 
professional guidance during pregnancy, and BMI increased 
during pregnancy in GDM group was significantly lower 
than those in the NGT group.

As a common public health problem, NAFLD has 
influenced nearly a third adult population worldwide.23,24 

The pathogenesis of NAFLD is complicated, but it is 
acknowledged that dysfunctional hepatic lipid metabolism 
and insulin resistance are common features of NAFLD and 
contribute a lot to its progression.24,25 Metabolic syndrome 
(MetS) is a strong risk factor of NAFLD and NAFLD and 
MetS may be bidirectional. Among all the features of 
MetS, diabetes mellitus has the most obvious link to 
NAFLD, and 75% of individuals with T2DM may have 
NAFLD.26 Insulin resistance and dyslipidemia also pro
vide appropriate conditions for the development of GDM 
and LGA, thus some researchers investigated the associa
tion of NAFLD and GDM as well as LGA. However, it 
seems the relationship between NAFLD and GDM is not 
completely similar to that between NAFLD and T2DM. 
There is bidirectional influence between NAFLD and 
T2DM, while NAFLD can increase the risk of GDM, but 
GDM may not have the same significant effect on the 
development of NAFLD. Souza et al27 found NAFLD in 
early pregnancy could predict dysglycemia in mid- 
pregnancy. Ciardullo et al28 investigated the relative 
impact of T2DM and previous GDM on the development 

Table 3 Association Between HSI Quartiles and GDM and LGA

Variables Quartile 2 Quartile 3 Quartile 4

GDM
Crude 1.030 (0.637–1.665) 2.019 (1.301–3.133) 3.166 (2.069–4.845)

Multivariable-adjusted (A) 0.970 (0.579–1.575) 1.882 (1.207–2.935) 2.915 (1.889–4.498)

Multivariable-adjusted (B) 0.847 (0.515–1.394) 1.623 (1.027–2.566) 2.100 (1.322–3.336)

LGA
Crude 3.413 (1.506–7.735) 2.413 (1.031–5.649) 4.365 (1.968–9.681)

Multivariable-adjusted (C) 3.264 (1.382–7.710) 2.016 (0.815–4.985) 3.881 (1.653–9.113)

Multivariable-adjusted (D) 3.257 (1.370–7.742) 1.940 (0.777–4.841) 3.455 (1.426–8.373)
Multivariable-adjusted (E) 3.441 (1.438–8.237) 1.956 (0.782–4.894) 3.444 (1.417–8.368)

Notes: Data are presented as OR (95%CI). (A): Adjusted for age, BMI gain before OGTT and FHDM. (B):Adjusted for (A) + FBG, TC, TG, HDL-C and LDL-C. (C): 
Adjusted for age, gestational age, BMI gain in gestation and FHDM. (D): Adjusted for (C) + FBG, TC, TG, HDL-C and LDL-C. (E): Adjusted for (D) + GDM. 
Abbreviations: GDM, gestational diabetes mellitus; LGA, large for gestational age; HSI, hepatic steatosis index; BMI, body mass index; FHDM, family history of diabetes 
mellitus; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 4 Area Under Curve (AUC) and Corresponding 95% Confidence Interval (CI) of the HSI and Other Indices for Detecting GDM 
Development and LGA Infant

Variables GDM LGA

AUC 95%CI P-value AUC 95%CI P -value

HSI 0.646 0.605–0.686 <0.001 0.600 0.541–0.660 0.002

NAFLD liver fat score 0.638 0.594–0.683 <0.001 0.555 0.485–0.625 0.121

TG/HDL-C 0.606 0.566–0.646 <0.001 0.513 0.447–0.579 0.701
TyG 0.636 0.596–0.675 <0.001 0.558 0.494–0.623 0.074

Abbreviations: GDM, gestational diabetes mellitus; LGA, large for gestational age; HSI, hepatic steatosis index; NAFLD, nonalcoholic fatty liver disease; TG/HDL-C, 
triglyceride/high-density lipoprotein cholesterol; TyG, triglyceride-glucose index.
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of significant liver fibrosis related to NAFLD by vibration 
controlled transient elastography and found current 
T2DM, rather than a previous history of GDM, was inde
pendently associated with steatosis and significant fibrosis. 
As for LGA, Lee et al29 reported NAFLD was a risk factor 
of LGA in a prospective cohort study including 623 preg
nant women. NAFLD in most studies was diagnosed by 
ultrasound examination, which is not the prenatal routine 
examination. It is unclear whether the HSI, a simple 
screening tool for NAFLD, is related to GDM and LGA.

Our findings showed HSI was closely associated with 
glucose concentration during OGTT and the risk of GDM. 
The incidence of GDM in the highest HSI quartile was 
even up to 34.4%. It is acknowledged that high preBMI is 
a strong risk factor of GDM.30 Higher liver enzymes, even 
in the normal range, have been noticed to be associated 
with increased diabetic risk, including GDM.31,32 ALT/ 
AST is a simple assessment tool of viral hepatitis, which 
has also been reported as a potential predictive index for 
metabolic diseases.33–35 Thus the association between HSI 
and GDM in this study was an expectation. This result 
further proved the independent relationship between 
NAFLD and GDM from another perspective by a simple 
index. NAFLD liver fat score is also a noninvasive index 

to diagnose NAFLD, but it is unclear whether it can 
predict GDM. TG/HDL-C and TyG have been proposed 
as simple clinical indicators of insulin resistance and pre
vious studies found its potential clinical utility for predict
ing GDM.18,36 To further investigate the clinical value of 
HSI, we examined the predictive ability of HSI for GDM 
and compared it with the above indices. In this cohort 
study, HSI in first trimester appeared relatively higher 
predictive ability for GDM compared with other indices, 
although there was no statistical significance. As all clin
ical variables included in these indices are closely related 
to individual life habits and can be changed by diet, 
physical exercise or drugs, these results suggested that 
necessary interventions during pre-pregnancy in women 
with high risk of GDM might be an effective and eco
nomic way to decrease the incidence of GDM.

The results in this study showed the infant birth weight 
was increased with HSI increasing. Although the previous 
study related to the association of maternal HSI and infant 
birth weight and incidence of LGA is rare, our result was 
consistent with the effect of NAFLD on perinatal out
comes reported by Lee et al.29 The incidence of LGA 
were the lowest and highest in the first and fourth HSI 
quartiles, respectively. But it was lower in the third HSI 

Figure 1 Receiver operating characteristic (ROC) curves of HSI and other indices used to predict GDM.
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quartile than in the second quartile, and after adjustment 
for preBMI, GWG, FHDM, FBG, blood lipids, and GDM, 
the OR with 95%CI for LGA in the second HSI quartile 
was not statistically significant. The most probable expla
nation might be that some potential confounding factors 
were not collected in this study, such as diet, physical 
exercise, blood lipids concentration during pregnancy, as 
well as percentage and dose of insulin therapy and glucose 
control condition in women with GDM. Previous studies 
reported maternal first-trimester TG/HDL-C and TyG were 
good indicators in predicting the risk of later LGA 
newborn.18,37 We also analyzed the predictive ability of 
HSI and NAFLD liver fat score, TG/HDL-C and TyG. To 
our surprise, HSI was an effective predictor for LGA while 
the other indices could not predict LGA risk in the present 
study. These results also indicated the complicated risk 
factors of LGA. The predictive ability of HSI for LGA 
should be further investigated in different cohorts.

The association between HSI and the subsequent risk 
of GDM was already obvious in the first trimester, and it 
also suggested increased risk of LGA had existed at early 
stage of pregnancy in women with high HSI. However, 
there are still some limitations that should be noted in this 
study. First, some potential confounding factors, as men
tioned above, were not included in this study. Second, the 

samples of LGA infants were limited, which may lead to 
bias of results. Predicting GDM and LGA by simple and 
economical ways in the first trimester or even pre- 
pregnancy may allow for early interventions to decrease 
these risks. However, we have noticed the predictive abil
ity of these indices, including TG/HDL-C and TyG, were 
all limited. It indicated that the development of GDM and 
LGA are complicated processes involving many factors. 
The predictive ability of existing indices might not be 
stable enough. But more study on related risk factors 
may contribute to build a potential prediction model for 
GDM and LGA in the future. Since the predictive ability 
of HSI was relatively better and more stable than other 
indices, being a more easily available index, the associa
tion between HSI and GDM as well as LGA deserves 
further investigation in larger population and different 
races.

Conclusion
In conclusion, in this study, higher HSI in early pregnancy 
was independently associated with higher risk of GDM 
and LGA. This preliminary cohort study determined that 
maternal first-trimester HSI could be useful in predicting 
subsequent risk of GDM and LGA delivery in Chinese 
pregnant women. As an easily available index in clinical 

Figure 2 Receiver operating characteristic (ROC) curves of HSI and other indices used to predict LGA infant.
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practice, HSI can be of clinical utility in pregnant women, 
providing better clinical features of patients for clinical 
doctors and possibly guiding the therapeutic choice.
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