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Purpose: To compare the whole-pregnancy insulin resistance level between women with gestational diabetes mellitus A1 (GDM A1) and 
healthy pregnant women by means of the METS-IR and the TyG index, and to assess the impact of such resistance on pregnancy outcomes.
Methods: 344 parturients were classified as GDM A1 (n=118) or normal by 75-g oral glucose tolerance test (OGTT) conducted at 
24–28 weeks of gestation. Body mass index (BMI), fasting plasma glucose, triglycerides, and high-density lipoprotein cholesterol were 
measured in early, mid-, and late pregnancy to calculate METS-IR and TyG index values for each period. Longitudinal changes and 
early-pregnancy values of METS-IR and TyG were compared between groups and related to obstetric outcomes. Furthermore, 
mediation analysis was conducted to assess the mediating effect of BMI gain on the relationship between TyG index and METS-IR 
during pregnancy.
Results: METS-IR indicated that insulin resistance in mid- and late pregnancy was significantly higher in the GDM A1 group than in 
the control group, while the TyG index showed a similar trend beginning in early pregnancy. However, the magnitude of increase in 
insulin resistance from early to mid-pregnancy did not differ significantly between the two groups. From mid- to late pregnancy, 
METS-IR increased more rapidly in the control group than in the GDM A1 group, whereas no significant difference was observed in 
TyG index changes. Early-pregnancy METS-IR and TyG values were not significantly associated with mode of delivery, neonatal birth 
weight, or placental weight. Mediation analysis revealed that BMI gain had a significantly greater mediating effect on METS-IR 
elevation than on TyG increase.
Conclusion: Women with GDM A1 exhibited higher insulin resistance throughout pregnancy compared to healthy controls. Early- 
pregnancy METS-IR and TyG indices were associated with GDM A1 diagnosis but not with delivery characteristics or fetal 
parameters. Due to the influence of BMI changes during pregnancy, METS-IR may not be a reliable surrogate marker of insulin 
resistance in this population.
Keywords: GDM A1, insulin resistance, METS-IR, TyG

Introduction
Gestational diabetes mellitus (GDM) occurs in approximately one in seven pregnancies, and an increasing number of 
women are affected,1 especially in developing countries such as China.2–4 It is associated with adverse outcomes for both 
mother and infant during pregnancy, delivery, and throughout life.5–7 Recent data further indicate that GDM significantly 
elevates the risks of neonatal hypoglycaemia, hyperbilirubinaemia and acute respiratory distress syndrome.8

During normal pregnancy, the mother adapts her glucose metabolism to ensure continuous glucose transfer to the fetus. 
A series of metabolic changes take place: fat accretion is promoted in early pregnancy, whereas late pregnancy is characterized 
by insulin resistance and lipolysis.9,10 These alterations may be related to ineffective insulin-receptor phosphorylation and 
decreased IRS-1 expression. Concurrently, rising human placental lactogen and prolactin enhance pancreatic β-cell mass and 
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glucose-stimulated insulin secretion, thereby preserving maternal glucose homeostasis despite increasing insulin resistance.11 

Compared with women with uncomplicated pregnancies, patients with GDM exhibit more pronounced subclinical inflamma
tion, reduced secretion of placental hormones and adiponectin, and excessive lipolysis, which collectively lead to more severe 
insulin resistance.9 The degree of insulin resistance in GDM has been linked to adverse pregnancy outcomes, including 
hypertensive disorders of pregnancy, higher cesarean-section rates, and fetal complications.11,12

GDM can be further subclassified as diet-controlled (GDM A1) or medication-controlled (GDM A2).13 Studies 
have shown that maternal and neonatal outcomes in women with GDM A1 are comparable to those in women without 
a GDM diagnosis but with abnormal oral glucose tolerance test results, and are significantly better than outcomes in 
women with GDM A2.14 This difference is likely attributable to poorer glycaemic control in the GDM A2 group. 
However, whether the degree of insulin resistance in women with GDM A1 is similar to that in healthy pregnant 
women remains unclear.

The metabolic score for insulin resistance (METS-IR) and the triglyceride–glucose index (TyG) are laboratory-based 
surrogate markers of insulin resistance. They are widely used when the gold-standard hyperinsulinaemic–euglycaemic 
clamp (HEC) method is not feasible, yet assessment of insulin resistance is still required.15 Because the required 
laboratory parameters are routinely available and easy to obtain, these surrogates are particularly suitable for retro
spective and cohort studies.16,17 To date, longitudinal data on insulin resistance in pregnant women with GDM A1 remain 
scarce, largely because repeated application of the HEC markedly increases antenatal costs and reduces maternal 
compliance. In the present study, these surrogate markers allowed us to evaluate longitudinal changes in insulin 
resistance across pregnancy without adding any tests beyond routine antenatal care.

By collecting routine antenatal examination results from women with GDM A1 and healthy controls, we calculated 
insulin-resistance surrogates in early, mid-, and late pregnancy. Our aim was to delineate the trajectory of insulin 
resistance throughout gestation and to explore its relationship with pregnancy outcomes. This will facilitate a more 
comprehensive understanding of GDM A1 from the perspective of insulin resistance and provide clinical evidence for the 
application of similar pharmacological strategies.

Methods
Patients
Clinical data were collected from women who delivered at the Department of Obstetrics and Gynecology, Beijing 
Friendship Hospital, Capital Medical University, between January and June 2025. GDM was diagnosed by a 75-g oral 
glucose tolerance test (OGTT) performed at 24–28 weeks’ gestation. Women whose glycaemic targets (fasting ≤ 
5.3 mmol/L, postprandial ≤ 6.7 mmol/L) were achieved with diet and exercise alone, without pharmacological therapy, 
were classified as GDM (A1).

Inclusion criteria: 1. GDM diagnosed by OGTT; 2. Complete serological data available for early (7 weeks), mid- 
(24–28 weeks), and late pregnancy (36–37 weeks); 3. Delivery by vaginal birth or caesarean section with a live neonate.

Exclusion criteria: 1. Pre-pregnancy diabetes or impaired fasting glucose; 2. Use of insulin or oral hypoglycaemic agents at 
any time during pregnancy; 3. Re-diagnosis of GDM by repeat OGTT in the second or third trimester for any reason.

Healthy controls were recruited from women who delivered at the same hospital between April and June 2025 and 
who had neither pre-existing diabetes nor GDM diagnosed at any time during pregnancy.

OGTT Procedure
At 24–28 weeks’ gestation, after an overnight fast of 8–14 h, participants ingested 300 mL of solution containing 75 
g glucose. Venous blood samples were obtained at 0, 1, and 2 h. GDM was diagnosed when any single value met or 
exceeded the following thresholds: fasting ≥ 5.1 mmol/L, 1 h ≥ 10.0 mmol/L, or 2 h ≥ 8.5 mmol/L.18

Data Collection
Maternal age, gravidity, parity, and serological parameters at 7, 24–28, and 36–37 weeks were extracted. Parameters 
included fasting plasma glucose (FPG), triglycerides (TG), total cholesterol, high-density lipoprotein cholesterol (HDL-C), 
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low-density lipoprotein cholesterol (LDL-C), uric acid, and glycated haemoglobin. All blood samples were drawn in the 
morning after ≥ 8 h fasting. FPG, TG, total cholesterol, HDL-C, and LDL-C were converted to mg/dL for calculation.

Surrogate indices of insulin resistance were computed as follows:
TyG = ln [TG (mg/dL) × FPG (mg/dL) / 2]
METS-IR = ln [2 × FPG (mg/dL) + TG (mg/dL)] × BMI (kg/m²) / ln [HDL-C (mg/dL)]

Statistics
All analyses were performed with SPSS 26.0, SigmaStat 3.5, and Excel. Ordinal data were analysed using ANOVA. 
Normally distributed continuous variables were compared between groups by one-way ANOVA; non-normally distrib
uted variables were analysed with the Mann–Whitney U or Kruskal–Wallis test.

Since the calculation of METS-IR incorporates maternal BMI in addition to serological parameters, we sought to 
determine whether longitudinal changes in METS-IR reflect variations in insulin resistance rather than mere fluctuations 
in BMI. To this end, we evaluated the mediating role of the TyG index between BMI and METS-IR. All analyses were 
performed with the “mediation” package in R, using 5000 non-parametric bootstrap iterations to estimate the 95% 
confidence intervals for the natural direct and indirect effects.

Figures were generated in R 4.4.1 using the “tidyverse” and “ggsignif” packages. Statistical significance was set at 
P < 0.05.

Results
A total of 344 women were enrolled: 161 in the GDM A1 group and 183 in the control group. Maternal characteristics 
and serological findings across early, mid-, and late pregnancy are presented in Table 1. Women with GDM A1 were 
older and had higher gravidity and parity than controls (P < 0.05). Throughout pregnancy, fasting plasma glucose and 

Table 1 General Characteristics and Serological Results in Early, Mid-, and Late Pregnancy of the GDM 
(A1) and Control Groups

GDM A1 Group (n=161) Control Group (n=183) P

Age 33 (31, 36) 32 (30, 34) <0.001
Number of pregnancies 1(1, 2) 1(1, 2) 0.025

Number of childbirths 0(0, 1) 0(0, 0) 0.023

Early pregnancy
BMI(kg/m²) 22.266 (20.701, 25.485) 21.359 (19.813, 23.337) <0.001

Fasting plasma glucose (mg/dl) 81.437±6.978 78.758±6.56 <0.001

Triglycerides (mg/dl) 98.313 (76.17, 135.512) 85.027 (69.085, 108.72) <0.001
Total cholesterol (mg/dl) 163.187 (146.656, 182.909) 158.547 (142.016, 177.012) 0.099

High-density lipoprotein cholesterol (mg/dl) 58.392 (50.658, 66.609) 60.325 (52.591, 70.766) 0.020

Low-density lipoprotein cholesterol (mg/dl) 89.714 (78.983, 102.476) 84.687 (76.18, 99.285) 0.088
Uric acid (umol/L) 232.7 (201.425, 270.75) 212.8 (182.5, 246.775) <0.001

Glycated hemoglobin (%) 5.1 (4.9, 5.3) 5 (4.825, 5.2) 0.001

Mid-pregnancy
BMI (kg/m²) 25.712 (23.312, 27.852) 23.951 (22.511, 26.267) <0.001

Fasting plasma glucose (mg/dl) 82.08 (76.635, 88.245) 75.96 (71.82, 80.73) <0.001

Triglycerides (mg/dl) 217.882 (173.819, 279.217) 196.625 (156.99, 248.882) 0.004
Total cholesterol (mg/dl) 226.993 (204.274, 257.832) 240.141 (216.262, 275.33) 0.003

High-density lipoprotein cholesterol (mg/dl) 75.726±13.017 80.081±14.416 0.004

Low-density lipoprotein cholesterol (mg/dl) 121.811 (107.116, 142.692) 131.091 (113.593, 152.166) 0.006
Uric acid (umol/L) 248.047±49.186 235.399±48.09 0.017

Glycated hemoglobin (%) 4.9 (4.6, 5.1) 4.7 (4.5, 4.9) <0.001

(Continued)

International Journal of Women’s Health 2025:17                                                                               https://doi.org/10.2147/IJWH.S557974                                                                                                                                                                                                                                                                                                                                                                                                   3791

Jiang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



triglyceride levels were consistently higher in the GDM (A1) group (P < 0.001). In mid-pregnancy, HDL-C was 
significantly higher (P = 0.004) and LDL-C significantly lower (P = 0.006) in the GDM A1 group; these differences 
were no longer evident in late pregnancy.

We calculated the METS-IR and TyG indices as markers of insulin resistance in different periods of pregnancy using the 
aforementioned formulas. The complete gestational trajectories of both METS-IR and TyG indices are presented in Table 2. 
METS-IR showed no significant differences in insulin resistance between the GDM and control groups in early and mid- 
pregnancy, but significant differences emerged from mid- to late pregnancy. TyG indicated a significant increase in insulin 
resistance from early to mid- and late pregnancy (P < 0.001). Between-group comparisons revealed that insulin resistance was 
consistently higher in the GDM group than in the control group throughout pregnancy (P < 0.001, Figure 1).

We compared the rates of change in insulin resistance between the two groups. Within-group comparisons showed that the 
increase in insulin resistance from mid- to late pregnancy was significantly higher than that from early to mid-pregnancy in 
both groups (P < 0.001). Between-group comparisons indicated no significant difference in the increase in insulin resistance 

Table 2 METS-IR and TyG Results During Pregnancy in GDM (A1) and Control Groups

GDM A1 Group Control Group

Early pregnancy Mid-pregnancy Late pregnancy P Early pregnancy Mid-pregnancy Late pregnancy P

METS-IR 2.152 (2.053, 2.24) 2.132 (2.052, 2.209) 2.182 (2.117, 2.269) 0.001 2.083 (2.002, 2.164) 2.054 (1.995, 2.162) 2.129 (2.063, 2.229) <0.001

TyG 8.296 (8.009, 8.648) 9.133 (8.846, 9.34) 9.289 (9.107, 9.545) <0.001 8.109 (7.88, 8.371) 8.928 (8.687, 9.166) 9.081 (8.934, 9.304) <0.001

Table 1 (Continued). 

GDM A1 Group (n=161) Control Group (n=183) P

Late pregnancy

BMI (kg/m²) 27.636 (25.218, 30.105) 26.723 (24.814, 28.671) 0.013
Fasting plasma glucose (mg/dl) 79.74 (73.395, 85.32) 74.16 (70.38, 78.435) <0.001

Triglycerides (mg/dl) 272.796 (235.153, 341.437) 241.796 (202.161, 287.853) <0.001

Total cholesterol (mg/dl) 242.848 (217.325, 276.297) 250.195 (223.996, 279.101) 0.288
High-density lipoprotein cholesterol (mg/dl) 76.18 (66.512, 83.141) 75.793 (66.899, 814) 0.317

Low-density lipoprotein cholesterol (mg/dl) 133.025 (116.01, 156.517) 139.212 (118.62, 158.354) 0.188

Uric acid (umol/L) 285.107±53.07 274.464±57.988 0.079
Glycated hemoglobin (%) 5.2 (4.9, 5.5) 5.1 (4.9, 5.3) 0.060

Figure 1 Changes in Insulin Resistance Throughout Pregnancy in the Two Groups. (A) Changes in METS-IR During Pregnancy in the Two Groups. (B) Changes in TyG 
During Pregnancy in the Two Groups. *indicates P < 0.05 between the two groups.
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from early to mid-pregnancy (P = 0.674). However, METS-IR showed that the increase in insulin resistance from mid- to late 
pregnancy was faster in the control group than in the GDM A1 group (control group: GDM A1 group=1.023 (1.003, 1.04) vs 
1.03 (1.015, 1.045), P = 0.006), while TyG showed no such difference (P = 0.939). We also analyzed the delivery outcomes of 
the two groups. There were no significant differences in mode of delivery (P = 0.367), neonatal birth weight (P = 0.228), or 
placental weight (P = 0.879) between the groups. However, the gestational age at delivery was significantly lower in the GDM 
A1 group than in the control group (38.81 vs 39.11 weeks, P = 0.024).

We divided all participants into quartiles (Q1, Q2, Q3, Q4) based on early-pregnancy METS-IR and TyG values 
(Table 3). Analysis showed that higher early-pregnancy METS-IR was associated with an increased likelihood of GDM 
A1 diagnosis (P = 0.001), but not with gestational age at delivery, mode of delivery, neonatal birth weight, or placental 
weight (P > 0.05). Early-pregnancy TyG was associated with maternal age, parity, and gravidity (P < 0.05). Higher early- 
pregnancy TyG was also linked to an increased likelihood of GDM A1 diagnosis (P < 0.001), consistent with METS-IR, 
but not with delivery or neonatal outcomes (P > 0.05).

Finally, we quantified the mediating effect of BMI on the relationship between the TyG index and METS-IR. In both 
healthy controls and women with GDM A1, BMI exerted a direct positive effect on METS-IR. Among GDM A1 
participants, 32% of the change in METS-IR was attributable to TyG, whereas only 16% of the total effect was mediated 
by TyG in the control group; the majority of the effect was driven by BMI variation (Table 4). Across early, mid- and late 
pregnancy, the TyG index consistently displayed a stronger mediating role between BMI and METS-IR in the GDM (A1) 
group than in the control group (Table 5).

Discussion
Gestational diabetes mellitus (GDM) is a state of glucose intolerance first detected during pregnancy, characterized by 
relatively reduced insulin secretion and pregnancy-associated insulin resistance.19 However, women diagnosed with 
GDM may have already had insulin resistance before conception, even if their blood glucose levels did not fluctuate 
significantly.20 In this study, our results showed that in early pregnancy, women with GDM A1 had higher insulin 
resistance than those in the control group, suggesting that it is possible to identify potential GDM patients earlier using 
insulin resistance tests or surrogate markers before the OGTT (at 24 weeks). Insulin resistance is thought to be strongly 
associated with pregnancy weight gain,21 but in this study, there was no significant difference in the increase in insulin 
resistance from early to mid-pregnancy between the two groups. From mid- to late pregnancy, the increase in insulin 
resistance was even faster in the control group than in the GDM A1 group, indicating that the increase in insulin 
resistance due to pregnancy was not significantly different between the two groups. The higher insulin resistance in 
women with GDM A1 was mainly due to their higher pre-pregnancy insulin resistance levels and was not significantly 
related to pregnancy.

TyG and METS-IR have been proven to be surrogate markers of insulin resistance,22,23 and early-pregnancy results 
are associated with the risk of GDM.24,25 However, METS-IR is rarely used in pregnancy studies, possibly because BMI 
is required for calculation, and the weight of pregnant women includes the weight of the fetus and its appendages. Due to 
hormonal changes during pregnancy, insulin resistance changes with increasing gestational age. In longitudinal studies, 
Thaweethai et al26 showed in their longitudinal observational study that insulin sensitivity was slightly reduced in early 
pregnancy and significantly decreased in mid- and late pregnancy.

In this study, we used both METS-IR and TyG to assess the same pregnant women. In mid-pregnancy, METS-IR 
values showed no significant decrease, but TyG values increased significantly. In late pregnancy, both METS-IR and TyG 
results increased significantly, indicating enhanced insulin resistance in pregnant women, similar to other longitudinal 
studies. In the quartile analysis, both surrogate markers showed that the likelihood of GDM diagnosis at the time of 
OGTT increased with higher values, suggesting that METS-IR may be as effective as TyG in measuring insulin 
resistance in pregnant women with GDM. However, subsequent mediation analyses revealed that BMI exerted 
a substantially greater influence on METS-IR than did TyG, a metric that is independent of adiposity. Given that 
gestational weight encompasses the fetus and its appendages, the validity of METS-IR for quantifying insulin resistance 
in pregnant women remains to be confirmed by comparison with reference indices such as the homeostasis model 
assessment of insulin resistance (HOMA-IR) or the quantitative insulin sensitivity check index (QUICKI).
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Table 3 Pre-Pregnancy and Delivery Outcomes After Classifying Participants According to Quartiles of Early-Pregnancy METS-IR and TyG

METS-IR TyG

Q1 (n=86) Q2 (n=86) Q3 (n=86) Q4 (n=86) P Q1 (n=86) Q2 (n=86) Q3 (n=86) Q4 (n=86) P

Mode of delivery Cesarean 

section

Vaginal 

delivery

Cesarean 

section

Vaginal 

delivery

Cesarean 

section

Vaginal 

delivery

Cesarean 

section

Vaginal 

delivery

0.291 Cesarean 

section

Vaginal 

delivery

Cesarean 

section

Vaginal 

delivery

Cesarean 

section

Vaginal 

delivery

Cesarean 

section

Vaginal 

delivery

0.855

32 54 35 51 36 50 44 42 36 50 39 37 39 37 34 52

Gestational age 

at delivery

39 (38, 40) 39 (38, 40) 39 (38, 40) 39 (38, 40) 0.396 39 (39, 40) 39 (38, 40) 39 (38, 40) 39 (38, 40) 0.332

Neonatal birth 

weight

3192.558±381.188 3245.116±381.565 3293.244±404.62 3253.558±374.16 0.768 3310.116±399.601 3208.706±377.709 3264.571±352.489 3319.353±399.54 0.217

Placental weight 620 (560, 650) 610 (550, 670) 620 (580, 680) 610 (560, 680) 0.773 620 (560, 680) 620 (560, 650) 610 (560, 650) 620 (580, 680) 0.629

Diagnostic GDM(A1) Normal GDM(A1) Normal GDM(A1) Normal GDM(A1) Normal 0.001 GDM(A1) Normal GDM(A1) Normal GDM(A1) Normal GDM(A1) Normal <0.001

30 56 37 49 39 47 56 30 30 56 34 52 41 45 57 29

Age 32 (29, 36) 33 (31, 35) 33 (31, 35) 33 (30, 35) 0.610 32 (29, 34) 32 (30, 34) 33 (31, 36) 34 (31, 36) <0.001

Number of 

pregnancies

1 (1, 2) 1 (1, 2) 1 (1, 2) 1 (1, 2) 0.173 1 (1, 2) 1 (1, 2) 1 (1, 2) 1.5 (1, 2) 0.013

Number of 

childbirths

0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 1) 0.121 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 1) 0.002
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We also analyzed the relationship between TyG and METS-IR values and mode of delivery, neonatal birth weight, 
and placental weight in this study. Previous studies have suggested that insulin resistance during pregnancy is closely 
related to neonatal birth outcomes. Ikenoue et al27 showed that maternal insulin resistance in mid- and late pregnancy 
was significantly associated with fetal fat mass but not with fetal weight. In another study, Yamashita et al28 found that 
maternal insulin resistance in mid-pregnancy was associated with neonatal birth weight. In other studies using surrogate 
markers of insulin resistance, early-pregnancy TyG was not associated with macrosomia, small for gestational age, 
preterm birth, or cesarean section.29 In our study, TyG and METS-IR values were not associated with neonatal birth 
weight, placental weight, or mode of delivery, consistent with previous studies, indicating that a single surrogate marker 
cannot predict neonatal obstetric outcomes.

This study still has certain limitations. First, as a retrospective study, we were unable to collect data on insulin 
secretion, which prevented us from using more widely accepted surrogate markers of insulin resistance, such as HOMA- 
IR. Although we utilized currently recognized surrogate indices of insulin resistance, accurate insulin-related measure
ments are still required to verify whether the results obtained from these surrogates are reliable. Because METS-IR 
involves body weight, it is not possible to measure the weight of pregnant women separately in mid- and late pregnancy 
to exclude the weight of the fetus and its appendages. The accuracy of METS-IR in mid- and late pregnancy is 
questionable and needs to be verified against the gold standard to determine whether it can reflect the insulin resistance 
levels of pregnant women in these periods. Second, this study only focused on GDM A1 patients. Since GDM A2 
patients use long-acting or intermediate-acting insulin at night, which affects the next day’s fasting insulin measurement, 
further research is needed to determine whether surrogate markers can be used to evaluate insulin resistance in patients 
with GDM A2. On the other hand. This study is a single-center retrospective investigation; given the substantial 
heterogeneity in maternal characteristics and insulin resistance across different regions, multicenter or regional studies 
are warranted to confirm our findings.

Conclusion
In this study, our results showed that women with GDM A1 had higher insulin resistance than the control group in early 
pregnancy. There was no significant difference in the rate of increase in insulin resistance from early to mid-pregnancy 
between women with GDM A1 and normal pregnant women. The increase in insulin resistance from mid- to late 
pregnancy was even higher in normal pregnant women than in those with GDM A1. There were no significant 
differences in delivery outcomes or fetal and placental conditions between the GDM A1 group and normal parturients. 
Both early-pregnancy METS-IR and TyG were associated with GDM A1 diagnosis but not with delivery outcomes or 

Table 4 Mediating Effect of the TyG Index Between BMI and METS-IR in the GDM A1 Group and the Normal Group

Indicator GDM A1 Group Control Group

Estimate 95% CI p-value Estimate 95% CI p-value

Average Causal Mediated Effect (ACME) 0.005 [0.003, 0.007] < 0.001 0.003 [0.001, 0.005] 0.0012

Average Direct Effect (ADE) 0.011 [0.008, 0.014] < 0.001 0.014 [0.012, 0.018] < 0.001
Total Effect 0.016 [0.013, 0.019] < 0.001 0.017 [0.015, 0.020] < 0.001

Proportion Mediated (Prop. Mediated) 0.320 [0.214, 0.444] < 0.001 0.160 [0.058, 0.268] 0.0012

Table 5 Mediation Analysis Results by Trimester for GDM and Normal Groups

Period GDM A1 Group Control Group

ACME ADE TE Prop ACME ADE TE Prop

First trimester 0.006 0.016 0.022 0.259 0.002 0.023 0.025 0.079

Second trimester 0.006 0.015 0.021 0.296 0.003 0.017 0.020 0.163
Third trimester 0.004 0.012 0.016 0.228 0.003 0.014 0.017 0.159
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fetal conditions. The observed rise in METS-IR may largely reflect gestational BMI gain rather than a genuine increase in 
insulin resistance. Our data confirm that insulin resistance intensifies with advancing gestation, and both TyG and METS- 
IR measured in early pregnancy may serve as early predictors of GDM. Nevertheless, BMI accretion during the second 
and third trimesters could weaken the concordance between METS-IR and actual insulin resistance; additional clinical 
studies are therefore required to clarify whether METS-IR reliably mirrors insulin resistance throughout pregnancy. 
Although the present analysis found no association between surrogate-estimated insulin resistance and pregnancy 
outcomes, heightened vigilance and management of GDM remain essential in clinical practice to prevent adverse events.
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