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Objective: To examine the ability of the fatty liver index (FLI) in early pregnancy to
predict the risk of Gestational Diabetes Mellitus (GDM).

Methods: A total of 1,004 women underwent metabolism characterization at
weeks 8-12 of gestation and a 75 g oral glucose tolerance test (OGTT) at weeks
24-28 of gestation. The participants were divided into the normal glucose
tolerance (NGT, n = 816) and GDM (n = 188) groups according to the OGTT
results. Pregnant women were divided into three tertiles according to their FLI
scores in early pregnancy. Multivariable regression analysis was performed to
estimate the independent relationship between FLI and GDM.

Results: The FLI values of the GDM and NGT groups were 8.47 (5.26, 13.41) and
6.10 (3.90, 10.41), the differences were significant (P < 0.001). The FLI values of the
T1-T3 groups were 3.49 (2.74, 4.07), 6.43 (5.58, 7.51), and 14.46 (10.96, 21.58),
respectively. The differences in homeostasis model assessment of insulin
resistance (HOMA-IR), TyG, TG/HDL-C, LDL-C/HDL-C, TC/HDL-C, and ALT/
AST between the T1-T3 groups were significant and gradually increased (P <
0.001). The risk of GDM in pregnant women in the highest FLI tertile was 1.881
times greater than that in the lowest FLI tertile(OR = 1.881, 95% CI: 1.049-3.374, P
= 0.034).The cut-off point of FLI for predicting the risk of GDM was 5.108.
Compared with other three indicators, FLI has better sensitivity (77.7%), but the
specificity was slightly lower (41.1%).

Conclusion: The early pregnancy FLI is an independent risk factor for GDM. A high
FLI is predictive of GDM risk.

KEYWORDS
fatty liver index, gestational diabetes, MAFLD, predictive factor, TyG

Introduction

Gestational Diabetes Mellitus (GDM) refers to glucose metabolism abnormalities that
occur for the first time during pregnancy and account for 80-90% of gestational
hyperglycemia. GDM causes short- and long-term adverse effects on mothers and infants
(1, 2) and is a major public health issue. One previous study revealed that gestational
nonalcoholic fatty liver disease (NAFLD) is a major risk factor for GDM (3). Currently,
metabolic dysfunction-associated fatty liver disease (MAFLD) has gradually replaced the
traditional concept of NAFLD. Ludwig (4) first proposed the concept of “non-alcoholic fatty
liver disease (NAFLD)” in 1980. In 2020, an international expert group from 22 countries
proposed a new name, “metabolic dysfunction-related fatty liver disease (MAFLD)” (5). The
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definition of JMAFLD emphasizes the importance of metabolic
dysfunction, including being overweight, obese, having T2DM or
having at least 2 metabolic risk factors, without considering the
underlying causes and comorbidities, such as alcohol consumption
and viral hepatitis.

Currently, the assessment of hepatic steatosis severity primarily
relies on liver biopsy or ultrasound imaging. Liver biopsy, although
considered a reference standard, is invasive and associated with low
patient compliance, limiting its routine use in clinical practice.
Consequently, the diagnosis of metabolic dysfunction-associated
fatty liver disease (MAFLD) predominantly depends on ultrasound
examination. However, the diagnostic accuracy of ultrasound is
constrained by operator-dependent variability and the technical
specifications of the imaging equipment. The fatty liver index (FLI)
is a simple and accurate marker of hepatic steatosis (6) and an
effective predictor of gestational NAFLD (7). The FLI is accurate in
the detection of fatty liver disease. This index can also replace
ultrasound to determine the severity of hepatic steatosis. Compared
with that in the normal population, the incidence of MAFLD is
significantly greater in pregnant women and poses a potential risk
to maternal and infant health (8).

Inflammation and insulin resistance are key pathological
processes in the development and progression of MAFLD (9, 10).
Chronic low-grade inflammation contributes to hepatic steatosis
and fibrosis through the activation of pro-inflammatory cytokines
and immune cells, while insulin resistance promotes lipid
accumulation and impairs glucose metabolism in hepatocytes
(11, 12). Many previous studies have shown that the FLI is a
predictor of type 2 Diabetes Mellitus (13, 14). however, no studies
have investigated whether the FLI is a predictor of GDM. This study
examined the ability of the FLI in early pregnancy to predict the
GDM risk.

Materials and methods
Study participants

Pregnant women who underwent routine prenatal
examinations at the Maternal and Child Health Hospital of
Qinhuangdao from September 2017 to September 2020 were
selected. The ages of the participants ranged from 17 to 43 years,
and the mean age was 28.19 * 3.70 years. A total of 1,004
participants were included in the baseline survey. Figure 1 shows
the detailed screening process for eligible participants.

Abbreviations: FLI, fatty liver index; GDM, Gestational Diabetes Mellitus;
OGTT, 75 g oral glucose tolerance test; NGT, normal glucose tolerance;
NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic dysfunction-
associated fatty liver disease; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, y-glutamyl transpeptidase; UA, uric acid; TC, total
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; HbAlc, glycosylated hemoglobin
Alg; FINS, fasting insulin; FPG, asting blood glucose; BMI, body mass index.
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The inclusion criteria were as follows: singleton pregnancy;
complete early pregnancy data available; neck circumference, waist
circumference, and hip circumference measurements recorded; and
available 75 g oral glucose tolerance test (OGTT) at weeks 24-28.
The exclusion criteria were comorbid autoimmune disease, chronic
hypertension, heart disease, thyroid disorders, Diabetes Mellitus,
and severe liver or kidney disease. This study was approved by the
ethics committee of the Maternal and Child Health Hospital of
Qinhuangdao, and strictly complied with the principles of the
Declaration of Helsinki.

Data collection

All relevant information was collected from medical record
system, including maternal age, family history, height,
prepregnancy weight and systolic blood pressure, diastolic blood
pressure, waist circumference, blood alanine aminotransferase (ALT),
aspartate aminotransferase (AST), y-glutamyl transpeptidase (GGT),
uric acid (UA), total cholesterol (TC), triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), glycosylated hemoglobin Alc(HbAlc) and fasting insulin
(FINS) in early pregnancy (weeks 8-12 of pregnancy). And the 0 h, 1
h, and 2 h plasma glucose levels in OGTT at mid-pregnancy (weeks
24-28 of gestation) were also collected.

Indices were calculated: BMI = Weight(kg)/Height*(m?); TyG
index =In [TG (mg/dl)x FPG (mg/dl)/2]; Homeostasis model
evaluation insulin resistance index (HOMA-IR) =FPG (mmol/
L)xFINS (uWU/ml)/22.5; VAI (female)=WC/(36.58 + 1.89 x BMI)x
TG/0.81 x1.52/HDL-C; FLI = [e0.953 X In(TG) + 0.139 x BMI +
0.718 x In(GGT) + 0.053 x WC 15.745]/[1 + €0.953 x In(TG) +
0.139 x BMI + 0.718 x In(GGT) + 0.053 x WC 15.745] x 100.

Diagnostic criteria and grouping

GDM diagnostic criteria: The diagnostic criteria of the
International Association of Diabetes and Pregnancy Study
Groups (IADPSG) (15) were used. Pregnant women who were
not diagnosed with Diabetes Mellitus before pregnancy or during
early pregnancy underwent 75 g OGTT at 24-28 weeks of gestation.
Blood glucose was measured on an empty stomach at 1 hand 2 h
after glucose challenge. GDM was diagnosed when the participant
had either fasting blood glucose (FPG) >5.1 mmol/L, 1 h post-blood
glucose(1hPG) 210.0 mmol/L, or 2 h post-blood glucose (2hPG)
>8.5 mmol/L.

The participants were divided into two groups according to
their OGTT results: (1) the normal gestational glucose tolerance
(NGT) group and (2) the GDM group, in which blood glucose met
the aforementioned GDM diagnostic criteria.

Statistical analysis

SPSS 25.0 statistical software was used for the analyses.
Normally distributed quantitative data are expressed as x * s,
nonnormally distributed quantitative data are expressed as M
(P25, P75), and the quantitative data are expressed as percentages
(%). Data between the NGT group and GDM group were compared
using t test, > test and nonparametric test. In this study,
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Pregnancies who underwent routine

antenatal examination at this hospital

from 2017 to 2020 (n=28409)
16023 Excluded
Multifetation (n=550)
Multipara (n=13723)
Miscarriage and stillbirth (n=226)
Type 1 or 2 diabetes mellitus before pregnancy
(n=235)
Polycystic ovary syndrome(n=1029)
History of glucocorticoid, immunosuppressive
agents or non-steroidal anti-inflammatory

- N drugs(n=260)

Singleton pregnancies (n=12386)
10434 Excluded
Missing key medical records at 8 to 12 weeks
(n=10238)
Positive screening for infectious diseases(n=196)
948 Excluded
Without OGTT at 24 to 28 weeks (n=509)
Other metabolic diseases were diagnosed (n=316)
Gestational hypertension/preeclampsia (n=123)

Final inclusion (n=1004)

FIGURE 1

Detailed screening procedures for eligible subjects.

participants were divided into tertiles based on their calculated FLI
scores. The lowest tertile (T1) represented the lowest 33.3% of
intake, the middle tertile (T2) represented the middle 33.3%, and
the highest tertile (T3) represented the highest 33.3%. Chi-square
test and analysis of variance were used to compare the data among
the three tertiles. Multivariate logistic regression models were
employed to explore the independent relationship between FLI
and GDM in three different models. In Model 1, age, prepregnancy
BMI were adjusted. Model 2 was adjusted for Model 1 adds early
pregnancy FPG, early pregnancy HbAlc, LDL-C, and UA. Model 3
was adjusted for Model 2 adds VAI, family history of diabetes. Odds
ratios (ORs) and 95% confidence intervals (CIs) were determined.
The area under the curve (AUC) of the receiver operating
characteristic (ROC) curve was calculated to evaluate the
predictive capacity of the FLI for GDM, and the highest Youden
index was used to calculate the optimal prediction cutoff point. A
difference with P < 0.05 was considered to be significant.

Result

Comparison of clinical data between the
groups

As shown in Table 1, there were no significant differences in
height, prepregnancy weight, prepregnancy BMI, systolic blood
pressure, diastolic blood pressure, early pregnancy waist
circumference, HDL-C, TC, ALT, AST, ALT/AST, or family
history of diabetes between the two groups (P>0.05). In the GDM
group, early pregnancy TG, LDL-C, TG/HDL-C, LDL-C/HDL-C,
TC/HDL-C, TyG, FLI, UA, and GGT levels were significantly
greater than those in the NGT group (P < 0.05), and the mid-

Frontiers in Endocrinology

03

pregnancy OGTT OhPG, 1hPG, and 2hPG levels were significantly
greater than those in the NGT group (P < 0.05).

The total population was divided into three groups according to
FLI tertiles. The GDM ratios of the three groups were T1: 11.34%,
T2: 19.10%, and T3: 25.75%, indicating that the GDM ratio
increased with the FLI tertile (P < 0.001). Among these factors,
there were differences in age, prepregnancy weight, prepregnancy
BMLI, systolic blood pressure, early pregnancy waist circumference,
TG, TC, HDL-C, LDL-C, UA, AST, ALT, GGT, TG/HDL-C, LDL-
C/HDL-C, TC/HDL-C, TyG, HOMA-IR, HbAlc and VAI (P <
0.05). There were significant differences in midpregnancy OGTT
Oh, 1h, and 2h plasma glucose (P < 0.001). There were no significant
differences in height, FPG, or family history of diabetes between the
different groups (P>0.05). See Table 2.

Multivariate logistic regression analysis results show that, after
correcting for age, prepregnancy BMI, early pregnancy FPG,
HbAlc, LDL-C, UA, VAI and the family history of diabetes,
GDM risk increased with FLI (OR = 1.881, 95% CI: 1.049-3.374,
P =0.034), and the risk of developing GDM in pregnant women in
the highest FLI tertile was 1.881 times greater than that in the lowest
FLI tertile. See Table 3.

ROC curves were used to analyze and compare the predictive value
of TyG, TG/HDL-C, LDL-C/HDL-C and the FLI for GDM. The cut-oft
point of FLI for predicting the risk of GDM was 5.108. Compared with
other three indicators, FLI has better sensitivity(77.7%), but the
specificity was slightly lower(41.1%). See Table 4; Figure 2.

Discussion

MAFLD is an important risk factor for the occurrence and
progression of GDM, is associated with severe adverse maternal and
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TABLE 1 Comparison of basic information and biochemical indices between the two groups.

10.3389/fendo.2026.1659379

Index GDM Non-GDM t/%/Z value P-value
Number of cases 188 816

Age (years) 29.17 + 3.83 27.96 + 3.64 3.926 0.000
Height(cm) 162.47 £ 4.21 162.97 + 4.26 -1.454 0.146
Prepregnancy Weight(kg) 56.84 + 9.80 56.47 + 9.46 0.482 0.630
BMI(kg/mz) 21.53 +3.62 21.25 +3.39 0.993 0.321
Systolic pressure(mmHg) 116.26 + 9.91 115.60 + 10.33 0.795 0.427
Diastolic pressure (mmHg) 70.05 + 7.59 69.66 + 8.01 0.603 0.546
WC (cm) 71.62 + 6.36 71.60 = 6.09 0.031 0.975
FPG (mmol/L) 4.84 + 0.44 4.75 + 0.44 2.270 0.023
TG (mmol/L) 1.72 (1.42,2.15) 1.40 (1.12,1.75) -7.923 0.000
HDL-C (mmol/L) 1.88 £ 0.41 1.93 + 041 -1.536 0.125
LDL-C (mmol/L) 2.08 £ 0.71 1.88 + 0.65 3.752 0.000
TC (mmol/L) 4.52 +0.79 4.50 + 0.76 0.352 0.725
UA(umol/L) 233.94 + 49.01 204.89 + 46.99 7.581 0.000
AST (U/L) 16.25 (14.50,19.60) 16.40 (14.20,19.50) -0.409 0.683
ALT(U/L) 12.00 (9.10,16.68) 11.90 (8.90,17.00) -0.100 0.921
GGT (U/L) 12.00 (9.00,16.50) 11.00 (8.80,14.58) 2234 0.025
ALT/AST 0.74 (0.58,0.93) 0.74 (0.57,1.03) -0.279 0.780
TyG index 8.83 £ 0.37 8.59 £ 0.35 8.544 0.000
TG/HDL-C 0.96 (0.71,1.23) 0.72 (0.55,0.97) -6.993 0.000
LDL-C/HDL-C 1.18 + 0.56 1.03 + 0.44 3.607 0.000
TC/HDL-C 2.50 + 0.63 2.41 +0.53 2.075 0.038
HOMA-IR 2.69 (1.90,3.79) 1.66 (1.08,2.62) -8.635 0.000
HbAlc (%) 5.07 +0.37 4.89 + 0.30 6.188 0.000
family history(%) 15 (7.98%) 65 (7.97%) 0.000 0.995
VAI 1.66 (1.18,1.66) 1.28 (0.98,1.69) -6.684 0.000
FLI 8.47 (5.26,13.41) 6.10 (3.90,10.41) -5.028 0.000
Pregnancy weeks 24 to 28

Oh Plasma glucose (mmol/L) 527 + 042 4.54 + 0.29 22.487 0.000
1h Plasma glucose (mmol/L) 9.38 + 1.72 7.21 £ 1.16 16.506 0.000
2h Plasma glucose (mmol/L) 7.94 + 1.36 6.17 £ 0.96 16.815 0.000

BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; UA, serum uric acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase; TyG index, triglycerides/glucose index; HOMA-IR,
homeostasis model assessment of insulin resistance; HbAlc, glycosylated hemoglobin Alc; VAL, visceral adipose index; FLI, fatty liver index; GDM, Gestational Diabetes Mellitus.

infant outcomes, and has potential long-term effects on mothers
and their descendants (16, 17). The FLI is a noninvasive surrogate
marker for evaluating hepatic steatosis and has attracted increasing
attention because it is convenient, inexpensive, and easy to measure.
The FLI can be a predictor or risk factor for many metabolic and
nonmetabolic diseases (18). The clinical significance of the FLI in
pregnant women has not been well determined. Our study
examined the possible correlation between FLI-assessed hepatic
steatosis and GDM.

A prospective South Korean study evaluated liver ultrasound
and FLI in early pregnant women and revealed that the risk of
developing GDM is significantly increased in NAFLD patients and
is positively correlated with steatosis severity (16). A similar study
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in Canada revealed that hepatic steatosis in early pregnancy is
associated with impaired fasting blood glucose and glucose
tolerance at 24-28 weeks of gestation or GDM (19). A meta-
analysis revealed that the prevalence of GDM is 26.0% in women
with NAFLD. Compared with non-NAFLD women, the probability
of developing GDM in NAFLD pregnant women is more than 2.9
times greater (20).

MAFLD identification is based on the identification of hepatic
steatosis (through liver biopsy, imaging, or blood-based
biomarkers). Liver biopsy is the gold standard for diagnosing
NAFLD; however, it is unsuitable for pregnant women. NAFLD
diagnosis is mainly based on ultrasonography. However, liver
ultrasound is a relatively weak method for diagnosing NAFLD,
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TABLE 2 Comparison of general data between the FLI tertiles.

FLI-T1 (n = 335)

FLI-T2 (n = 335) FLI-T3 (n = 334)

Age (years) 27.33 + 3.06 28.27 + 3.74# 28.97 + 4.07# 17.136 <0.001
Height (cm) 162.99 + 4.11 163.04 + 4.25 162.61 + 4.39 1.034 0.356

Prepregnancy Weight (cm) 50.61 + 5.59 55.52 + 6.85# 63.51 + 10.47# 227.304 <0.001
BMI (kg/mz) 19.05 + 1.91 20.86 + 2.11# 24.01 + 3.78# 278.10 <0.001
SDP(mmHg) 115.17 £ 10.32 114.90 + 9.76 117.11 + 10.54# 4.646 0.010

DBP(mmHg) 69.24 + 7.64 69.19 + 7.96 70.77 + 8.12# 4.279 0.014

WC(cm) 68.99 + 4.34 71.62 + 5.10# 7421 + 7.41# 68.651 <0.001
FPG (mmol/L) 4.75 + 0.45 4.76 + 0.44 4.80 £ 0.43 1.070 0.343

TG (mmol/L) 1.19 (0.99,1.42) 1.47 (1.21,1.77)# 1.81 (1.45,2.29)#& 268.508 <0.001
HDL-C (mmol/L) 1.97 + 0.40 1.92 + 0.40 1.86 + 0.42# 6.603 0.001

LDL-C (mmol/L) 1.79 £ 0.61 1.98 + 0.66# 1.99 + 0.70# 9.299 <0.001
TC (mmol/L) 4.31 £ 0.71 4.55 + 0.75# 4.66 + 0.80# 18.688 <0.001
UA(umol/L) 201.47 +47.43 207.63 + 45.88 221.93 + 50.50# 16.008 <0.001
AST(U/L) 16.00 (14.00,18.20) 16.20 (14.00,18.90) 17.70 (15.00,22.72)#& 28.355 <0.001
ALT(U/L) 10.40 (8.00,13.90) 11.80 (8.60,16.00)# 14.75 (11.00,24.50)#& 90.587 <0.001
GGT(U/L) 9.20 (8.00, 12.00) 10.80 (8.80,14.00)# 14.90 (11.00,22.80)#& 207.520 <0.001
ALT/AST 0.64 (0.52,0.87) 0.73 (0.59,0.96)# 0.84 (0.66,1.15)#& 74.886 <0.001
TyG 8.41 +0.28 8.63 + 0.31# 8.86 + 0.37# 167.832 <0.001
TG/HDL-C 0.62 (0.48,0.75) 0.76 (0.60,1.02)# 0.97 (0.74,1.37)#& 216.466 <0.001
LDL-C/HDL-C 0.95 + 0.41 1.08 + 0.45# 1.13 £ 0.51# 13.175 <0.001
TC/HDL-C 2.24 + 045 244 + 0.52# 2.60 + 0.61# 37.933 <0.001
HOMA-IR 1.44 (0.97,2.11) 1.89 (1.16,2.97)# 2.35 (1.55,3.72)#& 93.404 <0.001
HbAlc (%) 4.85 + 0.30 4.92 + 0.33# 5.01 £ 0.31# 20.125 <0.001
Oh Plasma glucose (mmol/L) 4.56 + 0.38 4.69 + 0.45# 4.76 + 0.44# 15.423 <0.001
1h Plasma glucose (mmol/L) 7.23 +1.35 7.62 + 1.63# 7.99 + 1.53# 20.894 <0.001
2h Plasma glucose (mmol/L) 6.25 + 1.06 6.48 + 1.32# 6.79 + 1.30# 16.098 <0.001
Family history (%) 21 (6.27%) 31 (9.25%) 28 (8.38%) 2.153 0.341

VAI 1.10 (0.86,1.35) 1.40 (1.05,1.77)# 1.66 (1.25,2.37)#& 173.021 <0.001
FLI 3.49 (2.74,4.07) 6.43 (5.58,7.51)# 14.46(10.96,21.58)#& 891.556 <0.001
GDM (%) 38 (11.34%) 64 (19.10%)# 86 (25.75%)# 22.852 <0.001

#P < 0.05 compared with FLI-T1; &P < 0.05 compared with FLI-T2.
BMI, body mass index; WC, waist circumference; FPG, fasting plasma glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein
cholesterol; UA, serum uric acid; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma glutamyl transpeptidase; TyG index, triglycerides/glucose index; HOMA-IR,
homeostasis model assessment of insulin resistance; HbAlc, glycosylated hemoglobin Alc; VAL visceral adipose index; FLI, fatty liver index; GDM, Gestational Diabetes Mellitus.

TABLE 3 Logistic regression analysis of FLI and GDM.

Model 1 (n=335)

Odds ratio (95% ClI), p value

Model 2 (n=335)

Model 3 (n=334)

T1 1
T2 1.979 (1.264-3.100) 0.003 1.757 (1.096-2.818) 0.019 1.524 (0.940-2.471) 0.088
T3 3.528 (2.143-5.806) <0.001 2.642 (1.560-4.475) <0.001 1.881 (1.049-3.374) 0.034

Model 1: corrected age, prepregnancy BMI; Model 2: Model 1+ early pregnancy fasting blood glucose, early pregnancy glycated hemoglobin, LDL-C, and UA; Model 3: Model 2+VAI, family

history of diabetes.
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TABLE 4 Predictive value of TG/HDL-C, LDL-C/HDL-C, TyG, and FLI for GDM.

Positive Negative
Cut o o o e L Youden
Parameter . AUC 95% Cl  Sensitivity Specificity  predictive predictive . P value
point index
value value
TyG 8.683 0.692 0.652-0.733 69.1 63.8 30.6 90.0 0329 <0.001
TG/HDL-C 0.831 0.663 0.622-0.705 64.9 63.8 29.3 88.8 0.287 <0.001
LDL-C/HDL-C 0977 0.576 0.531-0.621 622 50.8 225 85.4 0.129 0.001
FLI 5.108 0.617 0.575-0.660 77.7 411 233 88.9 0.188 <0.001

TG, triglyceride; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TyG index, triglycerides/glucose index; FLI, fatty liver index.

particularly when hepatic steatosis is mild (21). In recent years, an
increasing number of studies have shown that FLI can replace
ultrasound in determining the severity of hepatic steatosis. The FLI
was first proposed by Bedogni et al. in 2006 (8), and this marker is
calculated on the basis of BMI, waist circumference, triglycerides,
and 7y-glutamyl transpeptidase. This multivariate model includes
biomarkers and can accurately evaluate the presence of fatty liver
disease; it is one of the most widely used and effective markers in the
world (22). Therefore, the FLI has been recommended as the
primary diagnostic tool for large-scale screening research in the
guidelines for NAFLD by the European Association for the Study of
the Liver (EASL), the European Association for the Study of
Diabetes (EASD), and the European Association for the Study of
Obesity (EASO) (23). A study by Tina Linder (24) revealed that the
hepatic steatosis index is associated with impaired glucose
regulation and could provide a useful tool for early risk
assessment of impaired glucose metabolism. A European study
(25) revealed that the FLI is closely associated with GDM, especially
with insulin resistance and inflammation. Our findings were
consistent with those of the aforementioned studies, as our results
showed that the FLI value in the GDM group was greater than that
in the NGT group, and the difference was significant (P<0.001). FLI
tertiles were used for grouping, and the GDM detection rate
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ROC curve of each indicator predicting the risk of GDM.
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gradually increased with increasing FLI, with values of 11.34% for
T1, 19.10% for T2, and 25.75% for T3 (P<0.001). These findings
indicate that early pregnancy FLI is an independent risk factor
for GDM.

The mechanism by which a high FLI is associated with GDM
occurrence remains unclear. However, many previous studies have
shown that the FLI is closely associated with insulin resistance and
T2DM (26). The results of an Italian study revealed that the FLI is
not only a marker of liver fat content (through MRS measurement)
but also linearly correlated with insulin resistance (27). The study of
Bozkurt (25) evaluated the relationship between women with
previous GDM and the risk of postpartum fatty liver disease
(evaluated via the FLI). Sixty-eight women with a previous
diagnosis of GDM and 29 healthy controls were included 3-6
months after delivery and underwent specific metabolic
evaluation, with a particular focus on the relationship between
insulin resistance and proinflammatory factors. The results showed
that the postpartum FLI is closely associated with previous GDM,
especially insulin resistance, and inflammation. In addition, a
prospective study on the relationship between the postpartum
early FLI and the development of type 2 Diabetes Mellitus during
a 10-year follow-up was conducted. Interestingly, FLI-assessed fatty
liver disease is associated with a possible increase in diabetes during
the 10-year follow-up (25). A European study (24) analyzed the
metabolic characteristics of 109 women at 16 weeks of gestation and
divided them into low-risk (G1), intermediate-risk (G2), and high-
risk (G3) groups according to the FLI. B-cell function and GDM
status were evaluated at week 26 of gestation. The early pregnancy
FLI is closely associated with impaired glucose metabolism
regulation pathophysiological characteristics, such as impaired
insulin action and B-cell dysfunction. This association could
explain why the risk of developing GDM in pregnant women
with a high FLI is increased (24). Our study revealed that when
FLI tertiles were used for grouping, HOMA-IR gradually increased
with FLI in the T1-T3 groups, and the differences were significant
(P<0.001). Moreover, surrogate markers for insulin resistance, such
as TyG, TG/HDL-C, LDL-C/HDL-C, TC/HDL-C, and ALT/AST,
gradually increased (P<0.001). These findings indicate that the FLI
is associated with insulin resistance.

Owing to differences in anthropometric measurements, there
may be differences in FLI distribution between different ethnicities.
In this study, there was substantial variability in the threshold value
of the FLI. In the African Kenyan cohort, the cutoff point for FLI
prediction of NAFLD was 6.12 (28). In Western China, the optimal
cutoff point for NAFLD diagnosis is 30.42 (29). In a study of 12,794
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Uyghur adults in China, the optimal cutoff point for MAFLD
diagnosis in both sexes was 45 (30). Similarly, there are sex
differences in the FLI cutoff point. A Taiwanese study (31)
revealed that when the FLI cutoff point for fatty liver disease
identification was set to 20 in males, the sensitivity was 80.3%,
and the specificity was 66.9%. In female participants, when the FLI
cutoff point was set to 10, the sensitivity was 76.1%, and the
specificity was 65.5%. However, when the FLI cutoff point was set
to 60 for fatty liver disease prediction, the sensitivity decreased to
28.4% and 11.5% in males and females, respectively (31). That study
concluded that the FLI cutoff point for diagnosing steatosis can be
set to 10 in females and 20 in males to increase the feasibility of
undergoing AU in patients. Another Taiwanese study (32) also
revealed that the FLI can accurately identify fatty liver disease in
Taiwanese populations, but the cutoff point is lower than that in
Western populations. Moreover, the cutoff point for females is
lower than that for males. Another previous study demonstrated
similar findings (33). In a cohort of 1,976 Asian participants, the FLI
cutoff point for NAFLD prediction was 10.927 in females and
34.522 in males. Similarly, in two US cohorts, when participants
were stratified by waist circumference and BMI, the FLI for fatty
liver disease prediction was greater in males (48.57 and 61.47) than
in females (41.93 and 51.65) (34). Other studies (35) demonstrated
similar findings. When the FLI cutoff point was set to 60, the
sensitivity also decreased (28.4% in males and 11.5% in females).
Conversely, in an Iranian cohort, the FLI cutoff point for fatty liver
disease in males was lower than that in females (46.9 and 53.8,
respectively) (36). An Italian study revealed that the FLI is the best
noninvasive predictor of fatty liver disease. The FLI cutoft point for
MAFLD detection in females was 50% lower than that in males.
Gender differences are considered to be due to greater MAFLD
prevalence and severity in males than in females, whereas the
incidence of MAFLD is greater in postmenopausal women. This
finding shows that even though biomarkers may indicate that a
subject is healthy, customized MAFLD screening and prevention
plans should be formulated for different sexes. Therefore, they
emphasized the necessity of revising FLI cutoff points (37).

The mean FLI of our pregnant population was significantly
lower than that of the European study population, possibly because
of significant differences in the mean BMI and waist circumference
between our population and the pregnant European population. A
European pregnant population study (24) revealed that the BMIs
for FLI low-risk (G1), intermediate-risk (G2), and high-risk (G3)
patients were 21.9 £ 2.0, 26.1 £ 2.5, and 35.5 * 4.3, respectively, and
the waist circumferences were 85.2 + 5.5, 97.4 + 5.3, and 113.5 +
10.9 cm, respectively. However, in our study, the BMIs of the FLI
tertiles were 19.05 + 1.91, 20.86 + 2.91, and 24.01 + 3.78,
respectively, and the waist circumferences were 68.99 + 4.34,
71.62 * 5.10, and 74.21 + 7.41 cm, respectively. These values are
all significantly lower than those reported in the European pregnant
population, and waist circumference, BMI, and the main markers
for calculating the FLI were also significantly different.

Although FLI showed higher sensitivity than other indices, its
specificity was relatively low (41.1%). The reason for the low
specificity might be that during the early stage of pregnancy, the
mother’s body undergoes physiological lipid metabolism changes
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(such as a slight increase in triglycerides) to adapt to the fetal
development. These changes are not clearly distinguishable from
abnormal metabolic conditions in pathology, making it difficult to
precisely differentiate between physiological metabolic fluctuations
and the pathological tendency of developing gestational diabetes.
When applying in clinical settings, it is necessary to comprehensively
evaluate information such as the pregnant woman’s pre-pregnancy
medical history (such as fatty liver, family history of diabetes) and
lifestyle (such as a high-fat diet, sedentary lifestyle), to avoid drawing
conclusions solely based on the index values.FLI can be used as a
screening tool, an auxiliary means for risk stratification, and it should
be used in combination with other indicators.

This study has several limitations. First, this single-center cross-
sectional retrospective study does not represent the entire
population. Second, we did not validate the severity of hepatic
steatosis when performing liver ultrasound. If liver ultrasound can
be combined with FLI, this will facilitate the identification of FLI
cutoff points and increase the reliability of the study results. Finally,
observations and analyses were conducted in this retrospective
study. However, a causal relationship between FLI and GDM risk
was not established. It should be clarified that FLI reflects metabolic
phenotypes related to liver fat, rather than confirmed MAFLD, and
only correlations were proposed. Therefore, our study results
should be interpreted with caution and need to be further
demonstrated in future studies. Subsequently, multicenter
validation studies are warranted to fully validate the clinical
utility of this approach, thereby facilitating its translational
implementation and widespread clinical application.

GDM is usually diagnosed at 24-28 weeks of gestation.
Therefore, the intervention window is very short, and
determining the potential risk factors for GDM is important for
risk stratification and management. Examining early biomarkers of
GDM and further understanding their roles in GDM is important.
Early pregnancy FLI is associated with GDM, as it may contribute to
increased insulin resistance and has been identified as an
independent risk factor for GDM. The FLI is simple, economical,
and easy to calculate, and its level predicts GDM risk. Attention
should be given to high FLI populations, and aggressive follow-up
and early intervention should be conducted to prevent GDM.
Future researchers should validate our study results in other
populations, and employing simple NAFLD identification
methods may help in the early identification of high-risk mothers.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The present trial followed the Declaration of Helsinki (2000)
and had approval from the Ethics committee of Qinhuangdao

frontiersin.org


https://doi.org/10.3389/fendo.2026.1659379
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wei et al.

Hospital for Maternal and Child Health [2021Q088]. The
requirement for informed consent was waived by the Institutional
Review Board of Ethics committee of Qinhuangdao Hospital for
Maternal and Child Health because of the retrospective nature of
the study.

Author contributions

JW: Writing - original draft. NM: Writing - original draft. LB:
Writing - review & editing. QL: Writing — review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Acknowledgments

The authors sincerely appreciate participants and obstetricians
of Qinhuangdao Maternal and Child Health Hospital for their
selfless assistance.

References

1. McIntyre HD, Catalano P, Zhang C, Desoye G, Mathiesen ER, Damm P. Gestational
diabetes mellitus. Nat Rev Dis Primers. (2019) 5:47. doi: 10.1038/s41572-019-0098-8

2. Sweeting A, Wong ], Murphy HR, Ross GP. A clinical update on gestational diabetes
mellitus. Endocr Rev. (2022) 43:763-93. doi: 10.1210/endrev/bnac003

3. Koralegedara IS, Warnasekara JN, Dayaratne KG, De Silva FN, Premadasa JK,
Agampodi SB. Non-alcoholic fatty liver disease (NAFLD): a significant predictor of
gestational diabetes mellitus (GDM) and early pregnancy miscarriages-prospective
study in Rajarata Pregnancy Cohort (RaPCo). BM] Open Gastroenterol. (2022) 9:
€000831. doi: 10.1136/bmjgast-2021-000831

4. Ludwig J, Viggiano TR, McGill DB, Oh BJ. Nonalcoholic steatohepatitis: Mayo
Clinic experiences with a hitherto unnamed disease. Mayo Clin Proc. (1980) 55:434-8.
doi: 10.1016/S0025-6196(24)00530-5

5. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, et al.
A new definition for metabolic dysfunction-associated fatty liver disease: An
international expert consensus statement. ] Hepatol. (2020) 73:202-9. doi: 10.1016/
jjhep.2020.03.039

6. Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalacqua M, Castiglione A, et al.
The Fatty Liver Index: a simple and accurate predictor of hepatic steatosis in the general
population. BMC Gastroenterol. (2006) 6:33. doi: 10.1186/1471-230X-6-33

7. Koralegedara IS, Warnasekara JN, Rathnayake A, Dayaratne KG, Agampodi SB. Fatty
Liver Index is a valid predictor of non-alcoholic fatty liver disease (NAFLD) in pregnancy.
BM]J Open Gastroenterol. (2022) 9:¢000913. doi: 10.1136/bmjgast-2022-000913

8. Lee SM, Cho GJ, Wi WY, Norwitz ER, Koo BK, Lee ], et al. Metabolic dysfunction-
associated fatty liver disease as a risk factor for adverse outcomes in subsequent
pregnancy: a nationwide cohort study. Hepatol Int. (2023) 17:367-76. doi: 10.1007/
§12072-022-10458-w

9. Zhang W, Zou M, Liang J, Zhang D, Zhou M, Feng H, et al. Association of
cardiovascular health with MAFLD and mortality in overweight and obese adults and
mediation by inflammation and insulin resistance. Sci Rep. (2025) 15:18791.
doi: 10.1038/541598-025-03820-z

10. Rehman K, Haider K, Jabeen K, Akash M. Current perspectives of oleic acid:
Regulation of molecular pathways in mitochondrial and endothelial functioning
against insulin resistance and diabetes. Rev Endocr Metab Disord. (2020) 21:631-43.
doi: 10.1007/s11154-020-09549-6

Frontiers in Endocrinology

10.3389/fendo.2026.1659379

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

11. Akash M, Noureen S, Rehman K, Nadeem A, Khan MA. Investigating the
biochemical association of gestational diabetes mellitus with dyslipidemia and
hemoglobin. Front Med (Lausanne). (2023) 10:1242939. doi: 10.3389/
fmed.2023.1242939

12. Faheem A, Rehman K, Jabeen K, Akash M. Nicotine-mediated upregulation of
microRNA-141 expression determines adipokine-intervened insulin resistance.
Environ Toxicol Pharmacol. (2020) 80:103506. doi: 10.1016/j.etap.2020.103506

13. Seo IH, Lee HS, Lee YJ. Fatty liver index as a predictor for incident type 2 diabetes
in community-dwelling adults: longitudinal findings over 12 years. Cardiovasc
Diabetol. (2022) 21:209. doi: 10.1186/s12933-022-01642-1

14. ZhuY, Hu H, Wu Y, Rao Y, Li Q, Duan X, et al. The association between fatty liver
index and onset of diabetes: secondary analysis of a population-based cohort study.
BMC Public Health. (2023) 23:679. doi: 10.1186/s12889-023-15442-2

15. International Association of Diabetes and Pregnancy Study Groups Consensus
Panel, Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, et al.
International association of diabetes and pregnancy study groups recommendations
on the diagnosis and classification of hyperglycemia in pregnancy. Diabetes Care.
(2010) 33:676-82. doi: 10.2337/dc09-1848

16. Lee SM, Kwak SH, Koo JN, Oh IH, Kwon JE, Kim BJ, et al. Non-alcoholic fatty liver
disease in the first trimester and subsequent development of gestational diabetes
mellitus. Diabetologia. (2019) 62:238-48. doi: 10.1007/s00125-018-4779-8

17. Chai TY, George J, Pasupathy D, Cheung NW, Rudland VL. The maternal and fetal
consequences of metabolic dysfunction-associated fatty liver disease and gestational
diabetes mellitus. Nutrients. (2025) 17:1730. doi: 10.3390/nu17101730

18. Kaneva AM, Bojko ER. Fatty liver index (FLI): more than a marker of hepatic
steatosis. J Physiol Biochem. (2024) 80:11-26. doi: 10.1007/s13105-023-00991-z

19. De Souza LR, Berger H, Retnakaran R, Vlachou PA, Maguire JL, Nathens AB, et al.
Non-alcoholic fatty liver disease in early pregnancy predicts dysglycemia in mid-
pregnancy: prospective study. Am J Gastroenterol. (2016) 111:665-70. doi: 10.1038/
2jg2016.43

20. Chai T, Rajaratnam RM, Deng D, George J, Pasupathy D, Cheung NW. The
prevalence of gestational diabetes mellitus in women diagnosed with non-alcoholic
fatty liver disease during pregnancy: A systematic review and meta-analysis. ] Diabetes
Complicat. (2021) 35:107991. doi: 10.1016/j.jdiacomp.2021.107991

frontiersin.org


https://doi.org/10.1038/s41572-019-0098-8
https://doi.org/10.1210/endrev/bnac003
https://doi.org/10.1136/bmjgast-2021-000831
https://doi.org/10.1016/S0025-6196(24)00530-5
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1136/bmjgast-2022-000913
https://doi.org/10.1007/s12072-022-10458-w
https://doi.org/10.1007/s12072-022-10458-w
https://doi.org/10.1038/s41598-025-03820-z
https://doi.org/10.1007/s11154-020-09549-6
https://doi.org/10.3389/fmed.2023.1242939
https://doi.org/10.3389/fmed.2023.1242939
https://doi.org/10.1016/j.etap.2020.103506
https://doi.org/10.1186/s12933-022-01642-1
https://doi.org/10.1186/s12889-023-15442-z
https://doi.org/10.2337/dc09-1848
https://doi.org/10.1007/s00125-018-4779-8
https://doi.org/10.3390/nu17101730
https://doi.org/10.1007/s13105-023-00991-z
https://doi.org/10.1038/ajg.2016.43
https://doi.org/10.1038/ajg.2016.43
https://doi.org/10.1016/j.jdiacomp.2021.107991
https://doi.org/10.3389/fendo.2026.1659379
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wei et al.

21. Bril F, Ortiz-Lopez C, LoMonaco R, Orsak B, Freckleton M, Chintapalli K, et al.
Clinical value of liver ultrasound for the diagnosis of nonalcoholic fatty liver disease in
overweight and obese patients. Liver Int. (2015) 35:2139-46. doi: 10.1111/liv.12840

22. Biciusca T, Stan SI, Balteanu MA, Cioboata R, Ghenea AE, Danoiu S, et al. The
role of the fatty liver index (FLI) in the management of non-alcoholic fatty liver
disease: A systematic review. Diagn (Basel). (2023) 13:3316. doi: 10.3390/
diagnostics13213316

23. European Association for the Study of the Liver (EASL), European Association for
the Study of Diabetes (EASD) and European Association for the Study of Obesity
(EASO). EASL-EASD-EASO Clinical Practice Guidelines for the management of non-
alcoholic fatty liver disease. J Hepatol. (2016) 64:1388-402. doi: 10.1016/
jjhep.2015.11.004

24. Linder T, Eppel D, Kotzaeridi G, Rosicky I, Yerlikaya-Schatten G, Kiss H, et al.
Fatty liver indices and their association with glucose metabolism in pregnancy - An
observational cohort study. Diabetes Res Clin Pract. (2022) 189:109942. doi: 10.1016/
j.diabres.2022.109942

25. Bozkurt L, G6bl CS, Tura A, Chmelik M, Prikoszovich T, Kosi L, et al. Fatty liver
index predicts further metabolic deteriorations in women with previous gestational
diabetes. PloS One. (2012) 7:¢32710. doi: 10.1371/journal.pone.0032710

26. Mantovani A, Byrne CD, Bonora E, Targher G. Nonalcoholic fatty liver disease and
risk of incident type 2 diabetes: A meta-analysis. Diabetes Care. (2018) 41:372-82.
doi: 10.2337/dc17-1902

27. Carli F, Sabatini S, Gaggini M, Sironi AM, Bedogni G, Gastaldelli A. Fatty Liver
Index (FLI) Identifies Not Only Individuals with Liver Steatosis but Also at High
Cardiometabolic Risk. Int J Mol Sci. (2023) 24:14651. doi: 10.3390/ijms241914651

28. Lajeunesse-Trempe F, Boit MK, Kaduka LU, De Lucia-Rolfe E, Baass A, Paquette
M, et al. Validation of the Fatty Liver Index for identifying non-alcoholic fatty liver
disease in a Kenyan population. Trop Med Int Health. (2023) 28:830-8. doi: 10.1111/
tmi.13927

Frontiers in Endocrinology

09

10.3389/fendo.2026.1659379

29. Zhu ], He M, Zhang Y, Li T, Liu Y, Xu Z, et al. Validation of simple indexes for
nonalcoholic fatty liver disease in western China: a retrospective cross-sectional study.
Endocr J. (2018) 65:373-81. doi: 10.1507/endocrj.EJ17-0466

30. Guo Y, Hu Y, Yang J, Ma R, Zhang X, Guo H, et al. Validation of non-invasive
indicators in the screening of metabolic dysfunction-associated fatty liver disease: a
cross-sectional study among Uighurs in rural Xinjiang. Eur ] Med Res. (2023) 28:555.
doi: 10.1186/s40001-023-01536-2

31. Chen LW, Huang PR, Chien CH, Lin CL, Chien RN. A community-based study on
the application of fatty liver index in screening subjects with nonalcoholic fatty liver
disease. ] Formos Med Assoc. (2020) 119:173-81. doi: 10.1016/j.jfma.2019.03.016

32. Yang BL, Wu WC, Fang KC, Wang YC, Huo TI, Huang YH, et al. External validation of
fatty liver index for identifying ultrasonographic fatty liver in a large-scale cross-sectional
study in Taiwan. PloS One. (2015) 10:¢0120443. doi: 10.1371/journal.pone.0120443

33. Nomura T, Ono M, Kobayashi K, Akaiwa Y, Ayaki M, Ogi T, et al. Validation of
fatty liver index as a predictor of hepatic steatosis in Asian populations: Impact of
alcohol consumption and sex. Hepatol Res. (2023) 53:968-77. doi: 10.1111/hepr.13935

34. WuJ, Tian S, Li H, Xu Z, Li S, Chen YL, et al. Population-specific cut-off points of
fatty liver index: a study based on the National Health and Nutrition Examination
Survey data. BMC Gastroenterol. (2022) 22:265. doi: 10.1186/512876-022-02303-z

35. Motamed N, Sohrabi M, Ajdarkosh H, Hemmasi G, Maadi M, Sayeedian FS, et al.
Fatty liver index vs waist circumference for predicting non-alcoholic fatty liver disease.
World ] Gastroenterol. (2016) 22:3023-30. doi: 10.3748/wjg.v22.i10.3023

36. Fresneda S, Abbate M, Busquets-Cortés C, Lopez-Gonzalez A, Fuster-Parra P,
Bennasar-Veny M, et al. Sex and age differences in the association of fatty liver index-
defined non-alcoholic fatty liver disease with cardiometabolic risk factors: a cross-
sectional study. Biol Sex Differ. (2022) 13:64. doi: 10.1186/s13293-022-00475-7

37. Crudele L, De Matteis C, Novielli F, Di Buduo E, Petruzzelli S, De Giorgi A, et al.
Fatty Liver Index (FLI) is the best score to predict MASLD with 50% lower cut-off value
in women than in men. Biol Sex Differ. (2024) 15:43. doi: 10.1186/s13293-024-00617-z

frontiersin.org


https://doi.org/10.1111/liv.12840
https://doi.org/10.3390/diagnostics13213316
https://doi.org/10.3390/diagnostics13213316
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1016/j.jhep.2015.11.004
https://doi.org/10.1016/j.diabres.2022.109942
https://doi.org/10.1016/j.diabres.2022.109942
https://doi.org/10.1371/journal.pone.0032710
https://doi.org/10.2337/dc17-1902
https://doi.org/10.3390/ijms241914651
https://doi.org/10.1111/tmi.13927
https://doi.org/10.1111/tmi.13927
https://doi.org/10.1507/endocrj.EJ17-0466
https://doi.org/10.1186/s40001-023-01536-2
https://doi.org/10.1016/j.jfma.2019.03.016
https://doi.org/10.1371/journal.pone.0120443
https://doi.org/10.1111/hepr.13935
https://doi.org/10.1186/s12876-022-02303-z
https://doi.org/10.3748/wjg.v22.i10.3023
https://doi.org/10.1186/s13293-022-00475-7
https://doi.org/10.1186/s13293-024-00617-z
https://doi.org/10.3389/fendo.2026.1659379
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Fatty liver index in early pregnancy predicts the risk of gestational diabetes mellitus
	Introduction
	Materials and methods
	Study participants
	Data collection
	Diagnostic criteria and grouping
	Statistical analysis

	Result
	Comparison of clinical data between the groups

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


