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Objective: To determine whether an elevated hepatic steatosis index (HSI), a non-invasive test for possible metabolic dysfunction-
associated fatty liver disease (MAFLD), is associated with the development of adverse pregnancy outcomes.

Material and Methods: A retrospective cohort study was conducted on adult women with singleton pregnancies who delivered at
two tertiary hospitals from August 2014 to December 2017. Aspartate aminotransaminase (AST) and alanine aminotransaminase
(ALT) levels obtained 12 months pre-gravid, or during pregnancy but prior to screening for gestational diabetes mellitus (GDM), were
extracted and linked with oral glucose tolerance test results. The HSI was calculated using the following equation: 8 x (ALT/AST
ratio) + BMI (+2 if female; +2 if diabetes mellitus present) and considered elevated if >36. Multiple logistic regression analysis was
used to quantify the association between elevated HSI and each composite adverse pregnancy outcome after adjusting for independent
maternal risk factors.

Results: Over 40-months, 11929 women were eligible and of these, 1885 had liver enzymes collected. Women with an elevated HSI
(>36) were more likely multiparous and overweight/obese compared to those women with a non—elevated HSI (<36). Elevated HSI
was significantly associated with a composite of adverse maternal outcomes (adjusted odds ratio (aOR) 1.55 95% CI 1.11-2.17,
p=0.01), although a non-significant increased risk of a composite of adverse neonatal outcomes occurred after multivariable adjustment
(aOR 1.17, 95% CI 0.94-1.45, p=0.17).

Conclusion: Over and above known maternal risk factors, women with elevated HSI were more likely to develop adverse maternal,
but not adverse neonatal outcomes.
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Introduction

Metabolic dysfunction-associated fatty liver disease (MAFLD), formerly non-alcoholic fatty liver disease (NAFLD), is
the most common chronic liver disorder worldwide, with strong associations to obesity and type 2 diabetes.'** Over the
last decade, the largest rise in MAFLD incidence occurred amongst young adults (<40 years).> The prevalence of
MAFLD in pregnancy has also tripled, increasing from 10.5 per 100000 to 28.9 per 100000 pregnancies.”

Of concern, MAFLD has been associated with adverse pregnancy outcomes.*® A Swedish study found women with
MAFLD had higher risks of gestational diabetes mellitus (GDM), pre-eclampsia, neonate prematurity and low birth
weight.” A United States study additionally ascertained postpartum hemorrhage more frequently occurred in women with
MAFLD compared to those without.* As both these studies were retrospective audits, the diagnosis of MAFLD was
determined from the International Classification of Diseases (ICD) codes, raising the possibility that MAFLD was likely
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underdiagnosed. More recently, an Australian meta-analysis determined that MAFLD (diagnosed on imaging and/or
histology) was associated with a 3-fold higher risk of GDM and pre-eclampsia, and a 2-fold higher risk of pre-term birth
and large-for-gestational age (LGA) neonates.’®

Although liver biopsy remains the gold standard for diagnosing MAFLD, most of its diagnosis can be achieved
through non-invasive measures.'” Serum liver enzymes, particularly aspartate aminotransferase (AST) and alanine
aminotransferase (ALT), have been used to form clinical indices of hepatic steatosis,”® such as the Hepatic Steatosis
Index (HSI).” The HSI is a non-invasive test, in which a score >36 has been associated with the presence of hepatic
steatosis.” Developed in 2009 by Lee et al, HSI uses the parameters of body mass index (BMI), ALT/AST ratio and the
presence of diabetes or female gender.” A recent study found that elevated HSI values were associated with the
development of GDM and LGA,'" although these were the only pregnancy outcomes analysed in a predominantly
Chinese cohort of women. To our knowledge, no study assessing HSI and its association with the development of adverse
pregnancy outcomes in a multiethnic population has previously been performed. Our aim is to determine whether an
elevated HSI (>36) is associated with the development of a composite of adverse maternal or neonatal outcomes in
a multiethnic cohort of women.

Materials and Methods

Study Design

A retrospective cohort study was conducted on adult women (=18 years old) who delivered singleton pregnancies at two
tertiary referral hospitals in Sydney, Australia, from August 2014 to December 2017. If a woman delivered more than
once during the 40-month study period, only her earliest pregnancy was included. Ethics approval was gained from the
Western Sydney Local Health District Human Research Ethics Committee (WSLHD HREC 2019/ETHO01935). As de-
identified patient data was used, written informed patient consent was waived for this study. Our study also complies with
the Declaration of Helsinki.

Serum Liver Enzymes (ALT and AST)

Liver enzyme levels for ALT and AST obtained 12 months pre-gravid, or during pregnancy but prior to screening for GDM
at 2428 weeks gestation, were extracted from the Institute of Clinical Pathology and Medical Research (ICPMR) database.
ALT and AST were measured with the Siemens Dimension Vista® 1500 System analyzer (Siemens Healthcare Diagnostics
Inc, Newark DE, USA). The low and high normal reference intervals for AST (5-30U/L) and ALT (5-35U/L) were derived
from the ICPMR database, which conforms with the Australasian Association of Clinical Biochemists Harmonisation of
Adult Reference Intervals in Australia and New Zealand."'

Hepatic Steatosis Index (HSI)
The HSI was calculated using the following equation:

HSI = 8 x (ALT /AST ratio) + BMI(+2if female; +2if diabetes mellitus is present)’

For our study, pre-pregnancy BMI was used. A HSI score >36 (AUC 0.82, 95% confidence intervals (CI) 0.81-0.83)
was used as the cut-off to define hepatic steatosis or possible MAFLD.’

Data Collection

Information regarding maternal demographics (age, ethnicity, smoking, alcohol consumption, medical history,
medication use), anthropometric data (height, pre-pregnancy weight, pre-pregnancy BMI) and obstetric history
(gravidity, parity, gestational hypertension, pre-eclampsia, eclampsia, cesarean delivery, induction of labor) were
extracted from the ObstetriX database. Pre-pregnancy BMI was further categorised in our study depending on
ethnicity.'>'? For East Asian and South Asian ethnicities, underweight was defined as BMI <18.5kg/m?; healthy
weight was defined as BMI between 18.5 and 23.0kg/m’; overweight was defined as BMI between 23.1 and
27.5kg/m* and obese was defined as BMI >27.5kg/m>.'? For European and Other ethnicities, underweight was
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defined as BMI <18.5kg/m?; healthy weight was defined as BMI between 18.5 and 25.0kg/m?; overweight was
defined as BMI between 25.1 and 30.0kg/m? and obese was defined as BMI >30.0kg/m?."?

Women with multiple pregnancies, documented chronic liver disease (ie hepatitis B/C, autoimmune liver disease,
hemochromatosis, Wilson’s disease, primary biliary cholangitis, primary sclerosing cholangitis) or moderate-to-excessive
alcohol intake (>2 standard drinks per day) were excluded from our study. ObstetriX (Cerner Sverige AB, Sweden) is an
electronic patient record system which is used in many government-managed hospitals in New South Wales, Australia. Data
are entered contemporaneously by healthcare staff in either inpatient or outpatient settings during the entire pregnancy cycle.

The diagnosis of GDM was determined using the International Association of Diabetes in Pregnancy Study Groups
(IADPSG) 2010 criteria,'* which recommends universal testing with a standard one-step, 2-hour 75g oral glucose
tolerance test (OGTT) at 24-28 weeks gestation. GDM was diagnosed if any one of the three OGTT blood glucose
levels (BGLs) exceeded the following thresholds: fasting BGL >5.1 mmol/L, 1-hour BGL >10.0 mmol/L and 2-hour
BGL >8.5 mmol/L."* OGTT BGLs (fasting, 1-hr and 2-hr) were obtained from ObstetriX.

Neonatal demographics (gestational age (weeks), gender, birthweight) and neonatal complications — including pre-term
birth (delivery at <37 weeks gestation), neonatal hypoglycemia (defined as neonate capillary BGL <2.6mmol/L) and
admissions into neonatal high dependency units or HDU (either neonatal special care nursery unit or neonatal intensive care
unit) — were extracted from ObstetriX. Neonate birthweight percentiles were calculated from an online weight centile
calculator (Grow Bulk Centile Calculator, version 6.7.3 13) customised for maternal height, weight, ethnicity and parity as
well as neonatal birthweight, gender and gestational age (days).'> Small-for-gestational age (SGA) was defined as neonatal
birthweight below the 10th percentile and LGA was defined as neonatal birthweight above the 90th percentile.

Outcome Measures

A composite of adverse maternal outcomes was defined as having one or more of GDM or any maternal hypertensive
complication (gestational hypertension, pre-eclampsia or eclampsia). A composite of adverse neonatal outcomes was
defined as the presence of one or more of pre-term birth, SGA or LGA neonates, neonatal hypoglycemia, or neonatal
HDU admissions.

Statistical Analysis

A dataset was created in Microsoft Excel (Microsoft Office 365 version 16.0, Redmond, WA, USA: Microsoft Corp) and data
linkage was performed using the study participants identification number, serum liver enzyme levels and OGTT BGLs
(fasting, 1-hour, 2-hour). Data were analyzed using IBM SPSS Statistics version 27 (IBM SPSS Statistics, Version 27.0.
Armonk, NY, USA: IBM Corp). Frequencies and percentages were used to summarize categorical variables and the median
and interquartile range (IQR) were used for continuous variables. Chi-squared or Fisher’s exact test were used to test for
associations between categorical variables. Mann—Whitney U-tests were used to test for differences in the distribution of
continuous variables between groups. Two-tailed tests with a 5% level of significance were used throughout.

HSI levels could only be calculated for pregnant women who had liver enzymes collected. Odds ratios (OR) with
95% CI were used to quantify the strength of association between elevated HSI (>36) and each dichotomous
outcome variable. Multiple logistic regression analysis with backward stepwise variable selection was used to
identify independent maternal risk factors associated with each outcome. Candidate variables for selection in each
model were those maternal risk factors (excluding HSI status and whether liver enzymes were taken during
pregnancy) associated with the outcome at p-value <0.20. For each dichotomous outcome variable, the OR with
95% CI for HSI status (Elevated >36 vs Non-Elevated <36) adjusted for independent maternal risk factors was then
calculated.

Results
Over 40-months, a total of 13330 women delivered and 11929 women with singleton pregnancies were considered
eligible (Figure 1). Only 1885 women had liver enzymes collected (Figure 1), of whom 1407 (74.6%) had liver enzymes
collected during pregnancy, but prior to GDM screening, and 478 (25.4%) had liver enzymes collected up to 12 months
pre-gravid.
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Figure | Flow diagram illustrating selection of study participants from August 2014 to December 2017.

Women who had serum liver enzymes collected pre-gravid or during pregnancy were more likely multiparous, of
Caucasian ethnicity, had a higher pre-pregnancy BMI, underwent higher rates of induced labor or cesarean delivery and
experienced increased adverse maternal outcomes than those women who did not have serum liver enzymes collected
(Supplementary Table 1). Neonates of these women were more likely born premature, admitted into neonatal HDU and

experienced neonatal hypoglycemia compared to women without liver enzymes collected (Supplementary Table 1).
Table 1 summarizes the study cohort by HSI status. Of the 1885 women who had liver enzymes collected, 1260
(66.8%) had an Elevated HSI >36 and 372 women (19.7%) had GDM. Supplementary Tables 2 and 3 summarizes the
characteristics of our cohort who had liver enzymes collected pre-gravid or during pregnancy respectively, as according
to HSI status.
Women in the Elevated HSI group were more likely to be of Caucasian ethnicity, overweight or obese, multiparous,
had higher OGTT BGL results, underwent higher rates of induced labor or cesarean delivery and experienced increased
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Table | Characteristics of 1885 Women by HSI Status Who Had Delivered from Aug 2014 to Dec 2017
Non-Elevated HSI (< 36) Elevated HSI (> 36) p-value
(n=625) (n=1260)
Maternal characteristics
Age (years) 30 (26-33) 30 (26-34) 0.0l
Race/Ethnicity
Caucasian 233 (37.3%) 561 (44.5%) < 0.01
East Asian 139 (22.2%) 146 (11.6%)
South Asian 126 (20.2%) 254 (20.2%)
Other® 127 (20.3%) 299 (23.7%)
Pre-pregnancy BMI (kg/mz)b 21.2 (19.6-23.0) 28.1 (25.0-32.3) < 0.01
Underweight 70 (11.2%) 4 (0.3%)
Healthy 476 (76.2%) 229 (18.2%)
Overweight 76 (12.2%) 498 (39.5%)
Obese 3 (0.5%) 529 (42.0%)
Primiparous 203 (32.5%) 339 (26.9%) 0.01
Smoker 36 (5.8%) 80 (6.3%) 0.62
Alcohol intake 7 (1.1%) 3 (0.2%) 0.02
Prior history of GDM (pGDM)
Primiparous 203 (32.5%) 340 (27.0%) 0.01
Multiparous, no pGDM 393 (62.9%) 829 (65.8%)
Multiparous with pGDM 29 (4.6%) 91 (7.2%)
Family history of diabetes 219 (35.0%) 544 (43.2%) < 0.0l
Gestation (weeks) at OGTT 27.0 (26.0-28.0) 27.0 (26.0-28.1) 0.44
75g OGTT BGL results
Fasting 4.3 (4.1-4.6) 4.5 (4.2-4.38) < 0.0l
I-hour 6.9 (5.8-8.2) 7.6 (6.4-9.1) < 0.01
2-hour 5.8 (5.0-7.0) 6.2 (5.3-7.3) < 0.01
Pregnancy outcomes
Gestation (weeks) at delivery 39.3 (38.440.1) 39.2 (38.340.1) 0.02
Induction of labor 174 (27.8%) 448 (35.6%) < 0.01
Cesarean delivery 158 (25.3%) 427 (33.9%) < 0.0l
Neonate birthweight centile (%) 51.2 (28.0-72.6) 47.5 (22.7-72.4) 0.06
Adverse maternal outcomes
GDM 76 (12.2%) 296 (23.5%) < 0.0l
Gestational hypertension 24 (3.8%) 142 (11.3%) <0.01
Pre-eclampsia 9 (1.4%) 38 (3.0%) 0.04
Eclampsia 2 (0.3%) 8 (0.6%) 051
Composite® 101 (16.2%) 425 (33.7%) < 0.01
Adverse neonatal outcomes
Pre-term birth 32 (5.1%) 93 (7.4%) 0.06
SGA 46 (7.4%) 127 (10.1%) 0.05
LGA 60 (9.6%) 119 (9.4%) 091
Neonatal hypoglycemia 10 (1.6%) 55 (4.4%) <0.01
Admission to neonatal HDU 65 (10.4%) 187 (14.8%) 0.01
(.'.omposit:ed 167 (26.7%) 403 (32.0%) 0.02
Notes: Reported as median (interquartile range) or number (percentage). Bold text indicates significance at the p<0.05 level. *Other ethnicity
includes African, Middle Eastern, Persian, Pacific Islander, Maori, Aboriginal and Torres Strait Islander. bPre-pregnancy BMI categories defined
differently for specific ethnicities.'>'® “Composite adverse maternal outcomes include one or more of GDM, gestational hypertension, pre-
eclampsia and eclampsia. “Composite adverse neonatal outcomes include one or more of pre-term birth, SGA, LGA, neonatal hypoglycemia and
admission to neonatal HDU.
Abbreviations: HSI, hepatic steatosis index; n, number; BMI, body mass index; GDM, gestational diabetes mellitus; OGTT, oral glucose
tolerance test; BGL, blood glucose level, SGA, small-for-gestational age; LGA, large-for-gestational age; HDU, high dependency unit.
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Table 2 Association Between the Presence of Adverse Maternal Outcomes and HSI Status (Elevated >36 Vs Non-Elevated <36)

Adverse Maternal Outcomes Unadjusted OR (95% CI) p-value Adjusted OR* (95% ClI) p-value
GDM 2.214 (1.685-2.909) < 0.0l 1.486 (1.002-2.155) 0.04
Gestational Hypertension 3.175 (2.037-4.949) < 0.0l 2.258 (1.268—4.023) < 0.0l
Pre-Eclampsia/Eclampsia 2.064 (1.060—4.019) 0.03 1.835 (1.334-2.086) 0.70
Composite® 2.636 (2.067-3.360) < 0.0l 1.554 (1.112-2.173) 0.01

Notes: Bold text indicates significance at the p<0.05 level. *Adjusted for maternal age, pre-pregnancy BMI, ethnicity, primiparous status, prior history of GDM, family
history of diabetes and whether liver enzymes were collected during pregnancy. "Composite adverse maternal outcomes include one or more of GDM, gestational
hypertension, pre-eclampsia or eclampsia.

Abbreviations: HSI, hepatic steatosis index; OR, odds ratio; Cl, confidence intervals; GDM, gestational diabetes mellitus; BMI, body mass index.

Table 3 Association Between the Presence of Adverse Neonatal Outcomes and HSI Status (Elevated >36 Vs Non-Elevated <36)

Adverse Neonatal Outcomes Unadjusted OR (95% CI) p-value Adjusted OR® (95% CI) p-value
Pre-term birth 1.474 (0.975-2.230) 0.05 1.318 (0.761-2.283) 0.32
SGA 1.408 (0.991-2.002) 0.06 1.334 (0.935-1.904) 0.11
LGA 0.980 (0.707-1.359) 0.6l 0.918 (0.658-1.279) 0.61
Neonatal hypoglycemia 2.802 (1.419-5.536) <0.01 1.835 (0.910-3.699) 0.09
Admission to neonatal HDU 1.499 (1.110-2.023) 0.0l 1.008 (0.664—1.532) 0.97
Composite® 1.277 (1.032-1.581) 0.02 1.165 (0.935-1.451) 0.17

Notes: Bold text indicates significance at the p<0.05 level. *Adjusted for maternal age, ethnicity, pre-pregnancy BMI, primiparous status, smoking, GDM, IOL,
cesarean delivery and whether liver enzymes were collected during pregnancy. bComposite adverse neonatal outcomes include one or more of pre-term birth, SGA,
LGA, neonatal hypoglycemia or admission to neonatal HDU.

Abbreviations: HSI, hepatic steatosis index; OR, odds ratio; Cl, confidence intervals; SGA, small-for-gestational age; LGA, large-for-gestational age; HDU, high
dependency unit; BMI, body mass index; GDM, gestational diabetes mellitus; IOL, induction of labor.

rates of GDM, gestational hypertension or pre-eclampsia compared to women in the Non-Elevated HSI group (Table 1).
Neonates of Elevated HSI women were more likely to experience hypoglycemia and HDU admissions than neonates born
to women with Non-Elevated HSI on univariate analysis (Table 1).

Table 2 presents unadjusted and adjusted OR (aOR) with 95% CI for the development of adverse maternal outcomes
in those with Elevated HSI (>36) versus Non-Elevated HSI (<36). After adjusting for the independent maternal risk
factors, elevated HSI was associated with the development of GDM, gestational hypertension and the overall composite
of adverse maternal outcomes (Table 2).

Table 3 presents unadjusted and aOR with 95% CI for the development of adverse neonatal outcomes in those with
Elevated HSI (>36) versus Non-Elevated HSI (<36). After adjusting for the independent maternal risk factors, elevated
HSI was not significantly associated with the development of adverse neonatal outcomes.

Discussion
By extending the investigation of HSI and its association with adverse pregnancy outcomes into a multiethnic cohort
of women, we identified that elevated HSI (>36) was associated with the development of adverse maternal, but not
adverse neonatal outcomes. Prior studies have examined the association of liver enzyme levels and its development
of adverse pregnancy outcomes, such as GDM and pre-eclampsia.'®° By itself, liver enzyme levels, such as ALT,
are poor predictors of MAFLD.?' As such, non-invasive indices of hepatic steatosis may be a simple measure (over
imaging) used to assess for probable MAFLD. HSI is easier to calculate than other measures of hepatic steatosis,
such as the Fatty Liver Index,?* as it involves clinical parameters (other than liver enzyme levels) that are routinely
collected during pregnancy.

Our study builds on the findings of prior studies assessing the consequences of MAFLD in pregnancy, especially its
association with adverse maternal complications.‘H”Bf28 The concurrent presence of MAFLD in pregnancy may further

worsen the insulin-resistant state of pregnancy, thereby increasing the risk of GDM.?***> We identified that women with
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an elevated HSI had a 1.5-fold increased odds of developing GDM, although this association was attenuated after
multivariable adjustment, particularly with BMI. Our adjusted odds were lower than those identified in Song et al study
for GDM, which were between 2-3-fold.'® However, pre-pregnancy BMI was not included in their multivariable
analysis.'’

Our study also identified a 3-fold increased odds of developing gestational hypertension, although more severe
maternal hypertensive complications (pre-eclampsia and eclampsia) were not found to be significant after multivariable
adjustment. A similar 2-3-fold higher risk of gestational hypertension and pre-eclampsia occurred in women with
MAFLD compared to those without in previous studies.* *?”*® The pathological mechanisms behind MAFLD inducing
pregnancy-associated hypertension may be associated with insulin resistance and its inappropriate activation of the
renin—angiotensin system.*?”?®* As MAFLD, obesity, GDM and pregnancy-associated hypertension are all known

cardiometabolic risk factors,zg*30

pregnancy (or even conception planning) is an opportune time to screen reproductive-
aged women with any of these risk factors for future cardiovascular disease and organise long-term follow-up if required.

However, our study did not identify elevated HSI as being an independent predictor of adverse neonatal outcomes
after multivariable adjustment. Unlike Song et al,'® we did not find a significant association between elevated HSI and
the development of LGA neonates, despite experiencing similar LGA rates (around 8—-9%). Prior studies have found that
MAFLD during pregnancy was associated with an increased risk of adverse neonatal outcomes, although results remain
conflicting. MAFLD has been associated with a higher risk of having both SGA® or LGA neonates,*2

birth*> and extreme prematurity (<32 weeks)’ have also been reported. Differences are likely secondary to the total

whilst pre-term

sample size of the studies, varying predominant ethnicities of the populations examined and confounding variables able
to be captured and assessed.

Our study is not without limitations. The use of HSI has not yet been validated in pregnant populations, although it
has previously been investigated in a pregnant cohort.'® Our study has also included serum liver enzymes collected both
pre-gravid and during the first two trimesters of pregnancy. Most studies have focused on liver enzymes collected either
pre-gravid'®'” or during pregnancy.'®?° The inclusion of pre-gravid AST and ALT in our study was important as prior
studies have determined that abnormal values were associated with the development of adverse maternal outcomes, such
as GDM or pre-eclampsia.'®!” Whilst a majority of studies analysed liver enzyme levels during pregnancy and
determined associations with adverse pregnancy outcomes,'® 2’ liver enzyme levels can change during the course of
pregnancy. Whilst AST levels did not significantly change between matched pregnant and non-pregnant women, ALT
levels were slightly elevated (although remained within reference limits) in second-trimester pregnant women.>' A later
study by Gohel et al found that ALT and AST levels did not significantly deviate until the third trimester of pregnancy,
where slight increases in levels were identified.>> Hence, ALT and AST values collected during the third trimester of
pregnancy were excluded from our study. ALT and AST values can also differ between specific ethnicities, with more
values noted in the upper limits of set reference ranges amongst Black American and Hispanic populations.®® Both these
population groups are not as prevalent in Australia and hence we did not feel it was necessary to account for ethnic
disparities in AST or ALT values in our study.

The presence of selection bias is likely in our study cohort, as not only were the pregnant women who had serum liver
enzymes collected overweight or obese, but also suffered more complicated pregnancies when compared to those women
who did not have serum liver enzymes collected. Furthermore, the retrospective nature of this study raises the possibility
that we may not have completely excluded all participants with chronic liver disease, or with moderate-to-excessive alcohol
intake, even though clinical information were mostly inputted by healthcare staff into ObstetriX. Our study could also be
further strengthened by correlating elevated HSI with imaging results suggestive of hepatic steatosis, but this information
was not available on the ObstetriX database. Nevertheless, major strengths of our study include being one of the largest such
study to date, with 1885 women from multiethnic backgrounds, compared to the next largest which had 1082 Chinese
women.'® We were also able to obtain the majority of the OGTT BGLs and other confounding variables through ObstetriX.

Conclusions
Our study indicates that over and above known maternal risk factors, elevated HSI >36, suggestive of possible
MAFLD, was significantly associated with the development of GDM and pregnancy-associated hypertension but
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not adverse neonatal outcomes. Given the increasing prevalence of MAFLD amongst young adults and its
cardiometabolic consequences in later life, routine measurement of liver enzymes may be useful in young
reproductive-aged women who are obese, either in early pregnancy or during pregnancy-planning, to help with
the calculation of HSI. However, longitudinal cohort studies and intervention studies are needed to help validate
the utility and effectiveness of such a measure.

Abbreviations

ALT, alanine aminotransferase; aOR, adjusted odds ratio; AST, aspartate aminotransferase; BGL, blood glucose level;
BMI, body mass index; CI, confidence intervals; GDM, gestational diabetes mellitus; HDU, high dependency unit; HSI,
Hepatic Steatosis Index; IADPSG, International Association of Diabetes in Pregnancy Study Groups; ICD, International
Classification of Diseases; LGA, large-for-gestational neonates; MAFLD, metabolic dysfunction—associated fatty liver
disease; NAFLD, non-alcoholic fatty liver disease; OGTT, oral glucose tolerance test; OR, odds ratio; SGA, small-for-
gestational neonates.
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