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Purpose: This study explores the link between women’s pre-pregnancy overweight and obesity and glucose and lipid metabolism in 
their early pregnancy. It assesses how early pregnancy glucose and lipid levels predict gestational diabetes mellitus (GDM) risk, 
aiming to offer foundational weight management strategies for overweight and obese women to prevent GDM.
Patients and Methods: This study analyzed 2172 pregnant women from 2017 to 2021 at Waitan Street Community Health Service 
Center, Shanghai, monitoring early pregnancy (7–10 weeks) glucose and lipid levels (TG, TC, HDL-C, LDL-C, FBG, HbA1c) and 24- 
week OGTT values. Pre-pregnancy BMI categorized participants into overweight and obese, normal, and underweight groups. We 
compared early pregnancy glycemic and lipid metrics and GDM incidence across groups, examining the relationship between pre- 
pregnancy BMI and early pregnancy blood metrics. The overweight and obese cohort was further split into GDM and non-GDM 
groups, comparing early pregnancy glycolipid indicators and assessing their predictive value for GDM development.
Results: In the overweight and obese group, maternal FBG, HbA1c, TG, and LDL-C were higher, while HDL-C was lower than in 
normal and underweight groups (P<0.05), with a higher GDM incidence (P<0.05). Pre-pregnancy BMI positively correlated with 
FBG, HbA1c, TG, and LDL-C levels (r=0.556, 0.567, 0.686, 0.214; P<0.05) but not HDL-C. Each 1-unit BMI increase raised GDM 
risk by 0.204 times (P<0.05). FBG, TG, and LDL-C had high predictive accuracy for GDM in overweight and obese women, with 
AUCs of 0.991, 0.994, and 0.935, respectively.
Conclusion: Pre-pregnancy overweight and obesity can cause early pregnancy glucose and lipid abnormalities, raising GDM risk. 
Early testing in such women is a strong predictor for GDM.
Keywords: pregnant women, overweight and obesity, pre-pregnancy body mass index, glucose and lipid metabolism, gestational 
diabetes mellitus

Introduction
Significant lifestyle changes have occurred with the continuous development of the economy and improvements in the 
quality of life. These changes have led to a steady increase in the incidence of overweight or obesity in women’s pre- 
pregnancy Body Mass Index (BMI).1 According to China’s testing data, the prevalence of overweight and obesity among 
women of childbearing age (18 to 44 years old) in China can reach as high as 34.26%.2 Moreover, pre-pregnancy 
overweight and obesity not only impact the individuals’ health but also increase the likelihood of adverse pregnancy 
complications.3 Studies both domestically and internationally have consistently shown that pre-pregnancy overweight or 
obesity significantly increases the risk of developing gestational diabetes mellitus (GDM),4,5 and the incidence of GDM 
induced by pre-pregnancy overweight and obesity is higher in China.6,7 In the United States, the prevalence of GDM 
increased from 4.6% in 2006 to 8.2% in 2016. However, on a global scale, the prevalence of gestational diabetes varies 
from 3% to 25%, depending on different diagnostic criteria and population demographics.8 This increase is closely 
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related to the rise in overweight and obesity. As the prevalence of overweight and obesity continues to grow, the 
incidence of gestational diabetes is also on the rise.9 Overweight and obese mothers with GDM not only face significant 
short- and long-term health impacts but also influence the health of their offspring. GDM is associated with an increased 
risk of the mother developing type 2 diabetes and cardiovascular diseases in the future. For the fetus, GDM increases the 
dangers of macrosomia, birth injuries, and neonatal metabolic issues. The offspring are also at significantly higher risk of 
obesity and metabolic syndrome in childhood and adulthood.4,10 These factors contribute to a substantial economic 
burden, warranting greater attention and awareness.11 Pathophysiologic studies also suggest that abdominal fat is 
negatively correlated with insulin sensitivity in adults and that the incidence of impaired glucose tolerance is higher in 
obese women, regardless of whether they are pregnant or not. After pregnancy, the placenta secretes large amounts of 
anti-insulin, which further increases the risk of diabetes mellitus.12 Therefore, early detection and prevention of GDM are 
crucial, particularly for overweight and obese pregnant women. However, there are multiple challenges in the early 
diagnosis and management of GDM in this population. GDM often presents without apparent symptoms in the early 
stages, especially among obese women, where blood glucose fluctuations are more subtle, and the increased metabolic 
burden may cause mild metabolic abnormalities to be overlooked. Clinically, the most commonly used diagnostic method 
for GDM in recent years is the oral glucose tolerance test (OGTT) conducted between 24–28 weeks of gestation. 
However, this method only allows for the diagnosis of GDM after 24 weeks, which may affect the effectiveness of early 
treatment to some extent.13 Additionally, overweight and obese pregnant women often exhibit some degree of insulin 
resistance, and standard screening indicators such as fasting glucose and OGTT may not sensitively reflect decreased 
insulin sensitivity in the early stages, further complicating the diagnosis. These women face the dual challenges of weight 
management and glycemic control, requiring more personalized screening schedules and strategies. However, current 
clinical data and research supporting early diagnosis of GDM are insufficient. Therefore, how to diagnose early GDM in 
overweight and obese pregnant women is an important issue that needs to be addressed. This study aims to explore the 
relationship between pre-pregnancy overweight or obesity and early pregnancy glucose and lipid metabolism markers 
and their association with the development of GDM. The study hypothesizes that overweight or obese pregnant women 
are more likely to develop GDM due to early pregnancy glucose and lipid metabolism abnormalities. This could provide 
a scientific basis for early screening and intervention in this high-risk population, facilitating timely diagnosis and 
treatment of GDM.

Materials and Methods
Study Population
This retrospective analysis used clinical data from 2172 parturient women collected at our hospital from 2017 to 
2021. The inclusion criteria were: (1) singleton natural conception; (2) visible primitive heart tube pulsation in early 
pregnancy ultrasound; (3) Absence of pre-pregnancy comorbidities influencing the study; (4) Maternal age ranged from 
22 to 35 years; (5) Presence of complete clinical information; (6) establishment of medical records before 13 weeks of 
gestation; (7) Received education on early risk prevention methods for GDM. Exclusion criteria included: (1) 
Combination of severe insufficiency of vital organs such as heart, liver, and kidneys; (2) cognitive impairment precluding 
effective participation; (3) fetal abnormalities; (4) chronic hypertension or pre-pregnancy diabetes. (5) did not take 
diabetes-related medication before or during pregnancy; (6) neurological disorders; (7) autoimmune diseases; (8) 
malignant tumors; (9) acute or chronic infections; (10) a scarred uterus or fetal malformations; (11) underwent in vitro 
fertilization and embryo transfer; (12) reproductive tract malformations; (13) thyroid dysfunction. For the early risk 
prevention of gestational diabetes mellitus (GDM), it is recommended that pregnant women adopt a healthy dietary 
pattern, such as the Mediterranean diet or DASH diet. This includes increasing the intake of whole grains, vegetables, 
fruits, legumes, and nuts while reducing the consumption of red meat, fats, refined sugars, and sugary beverages. 
Pregnant women should also be encouraged to engage in moderate physical activity, such as walking or prenatal yoga, to 
help control weight, improve insulin sensitivity, and reduce the risk of GDM. The participant screening process and 
results flowchart are detailed in Figure 1. All pregnant women should receive education and guidance at their initial 
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prenatal visit. Pregnant women undergoing preventive pharmacological treatment were not included in the study group. 
All parturients provided informed consent for the study.

Data Source and Collection
The pre-pregnancy BMI was calculated by body weight/height (kg/m2). These data were based on inquiries from the first 
prenatal visit. During early pregnancy (7–10 weeks), fasting blood was collected and centrifuged to obtain the super
natant (centrifugation speed 400 r/min, centrifugation radius 10 cm, centrifugation time 10 min). Fasting blood glucose 
(FBG) and glycated hemoglobin (HbA1c) were measured using a glucose analyzer using the oxidase electrode method. 
At the same time, triglycerides (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), and low- 
density lipoprotein cholesterol (LDL-C) were detected using an automatic biochemical analyzer. At 24 weeks of 
gestation, an oral glucose tolerance test (OGTT) was performed. Fasting for at least 8–12 hours was ensured before 
the test. A solution containing 75g of anhydrous glucose, with a total volume of 250–300 mL, was consumed within 
5 minutes. Venous blood samples were measured 1 and 2 hours after oral glucose intake.

Diagnostic Criteria and Definition
Overweight and Obesity
Pre-pregnancy BMI was calculated using the formula BMI = weight/height²(kg/m²). According to the 2002 “Health 
Industry Standards of the People’s Republic of China: Criteria for Weight Determination in Adults”, pre-pregnancy BMI 
between 18.5 kg/m² and 24 kg/m² was considered normal weight, BMI ≥24 kg/m² was classified as overweight or obese, 
and BMI <18.5 kg/m² was classified as underweight. So, participants were divided into three subgroups based on pre- 

The parturients were categorized based on their pre- BMI into the 
overweight/obese group (n=530), normal weight group (n=937), and 
underweight group (n=705).

The clinical data of 3,000 parturients collected at our hospital from 2017 
to 2021 were retrospectively analyzed.

A total of 2,172 parturients met the inclusion and exclusion criteria

Based on the inclusion and exclusion criteria: 29 cases of twin 
pregnancies were excluded; 107 cases were excluded due to maternal 
age not falling within the 22-35 years range; 277 cases with incomplete 
clinical data were excluded; 10 cases were excluded due to cognitive 
impairment or mental disorders; 158 cases of in vitro fertilization-
embryo transfer (IVF-ET) were excluded; 84 cases with thyroid 
dysfunction were excluded; 82 cases with chronic hypertension or pre-
pregnancy diabetes were excluded; 36 cases with a scarred uterus were 
excluded; and 45 cases with pre-pregnancy or gestational use of 
diabetes-related medications were excluded

Data were compiled and summarized, followed by statistical analysis. The 
experimental results were analyzed, and conclusions were drawn for the academic 

Figure 1 A flow diagram of the study participants.
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pregnancy BMI: the normal weight subgroup (937 participants, the overweight and obese subgroup (530 participants, and 
the underweight subgroup (705 participants).

Gestational Diabetes Mellitus
All participants underwent OGTT at 24 weeks of gestation, following the standards in the 2014 Guidelines for the 
Diagnosis and Treatment of Gestational Diabetes.14 We could confirm a diagnosis if any of the following blood glucose 
levels were met or exceeded: fasting blood glucose (FBG) ≥ 5.1 mmol/L; blood glucose ≥ 10.0 mmol/L 1 hour after 
glucose ingestion; blood glucose ≥ 8.5 mmol/L 2 hours after glucose ingestion.

Statistical Analysis
Count data was described using frequencies (percentages). The Kruskal–Wallis rank-sum test was used for comparisons 
among multiple groups, and the χ²-test was used for comparisons between two groups in cross-tabulation. Quantitative 
data were expressed as mean ± standard deviation (x� s). One-way ANOVA was used for comparisons among multiple 
groups, while the independent samples t-test was used for comparisons between two groups. Paired t-tests were 
performed for within-group comparisons. The correlation between pre-pregnancy BMI and levels of blood glucose 
and lipids was analyzed using Spearman’s rank correlation analysis. With GDM as the dependent variable and different 
pre-pregnancy BMI categories as the independent variables, logistic regression analysis was conducted to evaluate the 
effect of pre-pregnancy BMI on GDM. Furthermore, the predictive value of blood glucose and lipid levels on the risk of 
developing concomitant GDM in the overweight and obese group was examined by Receiver Operating Characteristic 
(ROC) curve analysis. The significance level (α) was set at 0.05. Two individuals entered all received data to minimize 
the influence of human factors and avoid bias in the experimental results. For quality control, the regression model 
included confounding factors as covariates.

Results
Clinical Characteristics of Participants
A total of 2172 parturient women were involved in this study. The BMI of the pre-pregnancy overweight and obese, 
normal weight, and underweight groups were 27.67±2.09, 22.21±0.78, and 17.52±0.55 Kg/m2, respectively. The 
differences were statistically significant (t=10,931.422, P<0.001). The body weights of the three groups were (73.28 
±15.65), (58.98±12.24), and (46.22±7.00) kg, respectively, with statistically significant differences (t=792.206, P<0.001). 
The ages for the pre-pregnancy overweight and obese, normal weight, and underweight groups were 29.15±3.03, 28.82 
±3.15, and 29.05±3.28 years old, respectively. The differences were not statistically significant (t=2.133, P=0.119). 
Comparisons of height, age distribution, educational level, and proportion of primiparas among the pre-pregnancy 
overweight and obese, normal weight and underweight groups showed no statistically significant differences (all 
P>0.05). As shown in Table 1

Comparison of Early Pregnancy Blood Glucose and Lipid Levels and the Incidence of 
GDM with Varying Pre-Pregnancy BMIs
The comparison of early pregnancy blood glucose and lipid levels and the incidence of GDM among pregnant women 
with varying pre-pregnancy BMIs are shown in Table 2. Maternal early pregnancy levels of FBG, HbAlc, TG, and LDL- 
C levels were higher in the overweight and obese group than in the normal weight and underweight groups (P<0.05), and 
HDL-C levels were lower than in the normal weight and underweight groups (P<0.05). Maternal FBG, HbAlc, and TG 
levels in early pregnancy were higher in the normal weight group than in the underweight group (P<0.05). In contrast, 
there was no statistically significant difference between the two groups when comparing the LDL-C and HDL-C levels in 
early pregnancy (P>0.05). The incidence of gestational diabetes mellitus was higher in the overweight and obese group 
of pregnant women compared to the normal weight and underweight groups (P<0.05). The incidence of maternal GDM 
was higher in the normal-weight group than the underweight group (P<0.05).
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Correlation Between Pre-Pregnancy BMI and Early Pregnancy Blood Glucose and Lipid 
Levels
Spearman’s rank correlation analysis (Table 3, Figures 2–5) revealed no significant correlation between pre-pregnancy 
BMI and HDL-C levels (r=0.005, P > 0.05). Conversely, there was a positive correlation between pre-pregnancy BMI 
and FBG, HbA1c, TG, and LDL-C levels (P<0.05). Among them, pre-pregnancy BMI was strongly correlated with FBG, 
HbAlc, and TG levels (r=0.556, 0.567, 0.686, P<0.05) but weakly correlated with LDL-C levels (r=0.214, P<0.05).

Impact of Pre-Pregnancy BMI on Gestational Diabetes Mellitus
In binary logistic regression analysis (Table 4), we used gestational diabetes mellitus as the dependent variable and pre-pregnancy 
BMI as the independent variable. The risk of GDM was highly associated with pre-pregnancy BMI. The results indicated that for 
every 1-unit increase in pre-pregnancy BMI, the risk of developing GDM increased by 0.204 times (P < 0.05).

Comparison of Blood Glucose and Lipid Levels in the Overweight and Obese Group 
with GDM and the Non-GDM Group
As shown in Table 5, in overweight and obese parturients, the group with GDM exhibited higher levels of FBG, HbA1c, 
TG, and LDL-C compared to the group without GDM (P < 0.05). The comparison of HDL-C levels between the two 
groups showed no statistically significant difference (P > 0.05).

Table 1 Comparison of the Baseline Characteristics of the Parturients in the Different Pre-Pregnancy BMI Groups

Index Classification Overweight and Obesity  
Group (n=530)

Normal Weight  
Group (n=937)

Underweight  
Group (n=705)

χ2/F value P value

Pre-pregnancy height (m2) 162.00±16.24 162.15±15.88 162.03±11.88 0.024 0.976

Pre-pregnancy weight (kg) 73.28±15.65 58.98±12.24 46.22±7.00 792.206 <0.001

Pre-pregnancy BMI (kg/m2) 27.67±2.09 22.21±0.78 17.52±0.55 10,931.422 <0.001
Age (years) 29.13±3.07 28.83±3.15 29.05±3.28 1.817 0.163

Degree of education 3.028 0.082

Below junior high school 36 (6.79) 98 (10.46) 52 (7.38)
High school and secondary school 78 (14.72) 98 (10.46) 80 (11.35)

Junior college degree or above 416 (78.49) 741 (79.08) 573 (81.28)
Primipara 107 (20.19) 191 (20.38) 150 (21.28) 0.203 0.652

Notes: Except for height, weight, BMI, and age are x� s. Except for outside education level and primiparas are the number of cases, and inside the bracket are 
constituent ratios/%. 
Abbreviation: BMI, body mass index.

Table 2 Comparison of Blood Glucose and Lipid Levels and the Incidence of GDM Among Pregnant Women with Different 
Preconception BMI

Index Classification Overweight and Obesity 
Group (n=530)

Normal Weight 
Group (n=937)

Underweight 
Group (n=705)

F/H value P value

Blood glucose 

and lipid levels

FBG (mmol/L) 5.40±1.14ab 4.18±0.79 4.04±0.47a 504.923 <0.001

HbAlc (%) 5.90±0.42ab 5.51±0.31 5.25±0.35a 515.153 <0.001
TG (mmol/L) 1.69±0.32ab 1.33±0.21 0.94±0.15a 2321.211 <0.001

HDL-C (mmol/L) 1.16±0.33ab 1.30±0.36 1.34±0.39 27.014 <0.001

LDL-C (mmol/L) 3.07±0.82ab 2.90±0.72 2.85±0.57 247.614 <0.001
Pregnancy 

complications

GDM 109(20.57)ab 83(8.86) 9(1.28)a 134.298 <0.001

Notes: Except for blood glucose and lipid levels, they are x� s, and outside the bracket of GDM is the number of cases, and inside the bracket are constituent ratios/%. 
Comparison to the preconception normal weight group, a: P<0.05; Comparison to the preconception underweight group, b: P<0.05. 
Abbreviations: BMI, body mass index; FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, 
low-density lipoprotein cholesterol; GDM, gestational diabetes mellitus.
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Predictive Value of FBG, HbA1c, TG, and LDL-C Levels in the Incidence of GDM in an 
Overweight and Obese Group
As shown in Table 6 and Figure 6, ROC curve analysis demonstrated that the AUCs of FBG, TG, and LDL-C levels for 
predicting GDM in the overweight and obese group were 0.991, 0.994, and 0.935, respectively. FBG, TG, and LDL-C 
indicated high accuracy. The optimal cutoff values determined by the ROC curves, corresponding to the maximum 
Youden index, were FBG: 5.595 mmol/L, TG: 2.000 mmol/L, and LDL-C: 3.465 mmol/L. This point’s predictive 
sensitivity and specificity were high. 83.3%, 85.5%, 95% confidence interval 0.842–0.912 for FBG, 56.0%, 67.3%, 95% 
confidence interval 0.589–0.705 for HbAlc, 91.7% for TG, 100.0%, 95% confidence interval 0.990–0.998 for TG. TG’s 
predictive sensitivity and specificity were 91.7%, 100.0%, 95% confidence interval 0.990–0.998, and the predictive 
sensitivity and specificity of LDL-C were 90.8%, 89.8%, and 95% confidence interval 0.910–0.961. It showed that the 
predictive value of the FBG, HbAlc, TG, and LDL-C levels for the maternal gestational diabetes mellitus complication in 
the overweight-obese group was good.

Discussion
In recent years, with the improvement of national living standards and changes in dietary structure, the number of 
overweight and obese people is increasing, posing a severe impact on both physical and mental health.15 Previous 
research has shown that pre-pregnancy overweight and obesity can trigger complications during pregnancy, severely 
impacting the physical and psychological health of both mother and child. Furthermore, it even leads to the risk of 
cardiovascular and cerebrovascular diseases in adulthood.16,17 Analysis of 20 international cohort studies indicates that 

Table 3 Correlation Analysis of Pre-Pregnancy BMI and Blood Glucose and Lipid Levels

Spearman’s Rank Correlation Coefficient Correlation FBG HbAlc TG HDL-C LDL-C

Pre-pregnancy body mass index Correlation coefficient 556** 567** 686** 0.005 214**

Significance (two-tailed) <0.001 <0.001 <0.001 0.862 <0.001

Notes: **indicates a statistically significant correlation at the 0.01 level (two-tailed). 
Abbreviations: FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; TG, triglycerides; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol.

Figure 2 Scatter plot of correlation between pre-pregnancy BMI and FBG. 
Abbreviations: BMI, body mass index; FBG, fasting blood glucose.
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compared to women with normal weight, the risk of GDM in overweight, obese, and severely obese women increases by 
2-fold, 4-fold, and 8-fold, respectively. Additionally, this elevation in weight categories is associated with an increased 
risk of dystocia, postpartum hemorrhage, and stillbirth.18 Current research suggests that overweight or obese parturients 
with GDM have a significant association with various adverse pregnancy outcomes.19–21 If we can predict the occurrence 
of GDM before performing the OGTT test at 24 weeks, it would enable timely and effective prevention and treatment, 
ultimately improving pregnancy outcomes. This study analyzes the impact of pre-pregnancy overweight and obesity on 
early pregnancy glycolipid metabolism levels, the incidence of GDM, and the early predictive value of early pregnancy 
glycolipid metabolism levels in overweight and obese parturients for GDM. It provides a scientific and rational 

Figure 4 Scatter plot of correlation between pre-pregnancy BMI and TG. 
Abbreviations: BMI, body mass index; TG, triglycerides.

Figure 3 Scatter plot of correlation between pre-pregnancy BMI and HbAlc. 
Abbreviations: BMI, body mass index; HbAlc, glycosylated hemoglobin.
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theoretical basis for developing weight management strategies for women of childbearing age, improving glycolipid 
metabolism during pregnancy, early prediction of GDM, and preventing pregnancy-related complications.

By comparing the glycemic and lipid metabolism indicators among parturients with varying pre-pregnancy BMIs, this 
study indicates that the differences between each group are statistically significant. Furthermore, it reveals that levels of 
FBG, TG, and LDL-C increase with the rise in pre-pregnancy BMI. This indicates that pre-pregnancy BMI is one of the 
significant factors affecting early pregnancy glycemic and lipid metabolism. Being overweight or obese before pregnancy 
can lead to abnormal glycemic and lipid metabolism during pregnancy, which is consistent with the findings of previous 
studies.22,23 The potential mechanisms underlying the observed associations may be as follows: First, individuals are 
more likely to develop insulin resistance as BMI increases. Insulin resistance is a crucial feature of type 2 diabetes and 

Figure 5 Scatter plot of correlation between pre-pregnancy BMI and LDL-C. 
Abbreviations: BMI, body mass index; LDL-C, low-density lipoprotein cholesterol.

Table 4 Correlation Analysis of Pre-Pregnancy BMI and 
GDM

Variable in an Equation B value 95% CI P value

GDM 1.204 1.161~1.248 <0.001

Abbreviation: GDM, gestational diabetes mellitus.

Table 5 Comparison of Blood Glucose and Lipid Levels Between the GDM Group and Non- 
GDM Group in the overweight and Obesity Group

Index Gestational Diabetes  
Mellitus (n=109)

Non Gestational Diabetes  
Mellitus (n=421)

t value P value

FBG (mmol/L) 5.88±0.42 5.18±0.49 27.691 <0.001

HbAlc (%) 5.93±0.48 5.72±0.47 7.669 <0.001
TG (mmol/L) 2.06±0.19 1.59±0.15 10.763 <0.001

HDL-C (mmol/L) 1.21±0.34 1.30±0.54 1.656 0.098

LDL-C (mmol/L) 4.44±0.68 2.91±0.66 9.244 <0.001

Notes: Except for blood glucose and lipid levels, are x� s 
Abbreviations: FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; TG, triglycerides; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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metabolic syndrome, leading to elevated blood glucose levels and stimulating the liver to produce more glucose and 
lipids, which in turn increases levels of HbA1c (an indicator of long-term blood glucose control), TG, and LDL-C. 
Second, in overweight and obese women before pregnancy, changes in placental insulin, estrogen, progesterone, and 
thyroid hormones are more pronounced during gestation. Reduced thyroid hormone levels can exacerbate insulin 
resistance, affecting intestinal glucose absorption and resulting in abnormal glucose metabolism, as indicated by elevated 
HbA1c and FBG levels.24 Simultaneously, a decrease in thyroid hormone levels can lead to a reduction in cholesterol 
content, resulting in decreased lipid utilization by the body, increased lipid levels, and abnormalities in lipid metabolism. 
This is manifested by pathologically elevated levels of TG and LDL-C, along with a reduction in HDL-C.25 On the other, 
an increase in BMI is typically accompanied by fat accumulation, particularly abdominal fat. Abdominal fat is 

Figure 6 ROC curve of overweight and obesity group complicated with GDM by FBG, HbAIc, TG, and LDL-C levels. 
Abbreviations: FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; GDM, gestational diabetes 
mellitus; ROC, receiver operating characteristic.

Table 6 Analysis of the Predictive Value of FBG, HbAlc, TG, and LDL-C Levels in the Incidence of GDM in an Overweight and Obese 
Group

Test Items AUC Standard 
Error

Asymptotic 
Significance  

Level

95% Confidence 
Intervals

Optimal 
Critical value

Sensitivity Specificity Youden 
Index

Lower 
Limit

Upper 
limit

FBG 0.991 0.019 <0.001 0.842 0.916 5.595 85.5 68.8 0.833

HbAlc 0.641 0.028 <0.001 0.574 0.683 5.235 35.1 24.0 0.889
TG 0.994 0.002 <0.001 0.99 0.998 2.000 91.7 100.0 0.917

LDL-C 0.935 0.013 <0.001 0.91 0.961 3.465 90.8 89.8 0.806

Abbreviations: FBG, fasting blood glucose; HbAlc, glycosylated hemoglobin; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; GDM, gestational diabetes 
mellitus; ROC, receiver operating characteristic; AUC, area under curve.
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a metabolically active tissue that secretes various inflammatory cytokines and adipokines, interfering with insulin 
signaling, promoting fat synthesis and storage, and inhibiting fat breakdown. At the same time, abnormalities in lipid 
metabolism can lead to a continuous increase in body fat mass. This decreases the density of insulin receptors on the 
membranes of fat cells, leading to reduced insulin sensitivity and insulin resistance. It also further impacts glucose 
metabolism, exacerbating abnormalities in glucose metabolism. Insulin resistance affects the biological regulation of 
insulin, causing disturbances in the body’s metabolism of fats and proteins. In turn, it exacerbates lipid metabolism 
abnormalities, creating a vicious cycle.12,26 The level of HDL-C is influenced by a combination of genetic and 
environmental factors, including diet, physical activity, smoking habits, alcohol consumption, and certain medications. 
Therefore, HDL-C levels may not change significantly, even with increased BMI. Thus, through the aforementioned 
multiple mechanisms, overweight and obese pregnant women are more prone to abnormalities in glycemic and lipid 
metabolism during pregnancy, and these abnormalities tend to occur earlier. Although this study only analyzed the 
correlation between early pregnancy lipid metabolism and pre-pregnancy BMI, research by Patricia Corrales and other 
scholars26 has already proven that, in addition to early pregnancy, lipid metabolism during the mid and late stages of 
pregnancy also exhibits similar characteristics. Therefore, maintaining a reasonable BMI before pregnancy can reduce 
the levels of glycemic and lipid metabolism abnormalities throughout the pregnancy period, decrease the incidence of 
related metabolic diseases, and improve pregnancy outcomes for both mother and child.

The results of this study indicate that for every unit increase in pre-pregnancy BMI, the risk of developing GDM 
increases by 0.204 times (P<0.05). This is consistent with previous research findings, indicating that pre-pregnancy 
overweight and obese pregnant women often exhibit metabolic syndrome, which is associated with a certain degree of 
endocrine and metabolic disorders within the body.27,28 Studies demonstrate that, on the one hand, pregnancy itself leads 
to significant alterations in the levels of estrogen and progesterone within the body, alongside a continuous increase in 
lipid levels. This results in decreased insulin sensitivity in peripheral tissues. Additionally, the development of the 
placenta releases inflammatory mediators that, to a certain extent, impair pancreatic function. On the other, if a woman is 
overweight or obese before pregnancy, the levels of adipose-derived cytokines (such as adiponectin and leptin) in the 
body are higher, increasing insulin sensitivity. Therefore, pregnant women who are overweight and obese can exert direct 
or indirect effects on insulin secretion and sensitivity through the aforementioned multiple pathways, making them more 
susceptible to gestational complications such as GDM and hypertension,29 leading to adverse maternal and neonatal 
pregnancy outcomes. Therefore, maintaining a healthy body mass index before pregnancy holds significant clinical 
importance for reducing the incidence of gestational diabetes and improving adverse pregnancy outcomes.

In this study, by generating ROC curves, the results indicate that early pregnancy levels of FBG, TG, and LDL-C 
demonstrate considerable accuracy in predicting gestational diabetes among pregnant women in the overweight and 
obese group, with both sensitivity and specificity holding clinical value. This indicates that the development of GDM is 
significantly associated with abnormalities in glucose and lipid metabolism in early pregnancy.30 Previous literature has 
demonstrated that GDM not only adversely affects maternal and neonatal outcomes31–33 but also impacts the mother’s 
and offspring’s quality of life in later life.10,34 The combination of GDM in overweight and obese women increases the 
incidence of the aforementioned adverse outcomes.35 Therefore, early screening for GDM in women who are overweight 
or obese before pregnancy holds significant value. Currently, in clinical practice, the diagnosis of GDM is made by 
conducting an OGTT between 24 and 28 weeks of pregnancy. This timing is chosen because blood glucose levels in 
pregnant women peak most notably during this stage, enhancing the accuracy of GDM diagnosis.36,37 Simmons38 et al 
demonstrated that early exposure to mild hyperglycemia may be more significant than previously thought, necessitating 
the early identification of high-risk pregnant women for timely intervention. If treatment for GDM is initiated only after 
the diagnosis via OGTT at 24–26 weeks, the therapeutic effect may be less pronounced.39 Therefore, the early diagnosis 
and management of GDM in existing guidelines may require further review, particularly for overweight and obese 
pregnant women. However, the gestational week at which testing is conducted is relatively late, preventing timely 
prevention and intervention for high-risk populations. Addressing this limitation, the findings of WU Z Q et al support 
the perspective of this study, showing a specific correlation between FBG and TG levels measured in early pregnancy and 
OGTT glucose values at 24 to 32 weeks of gestation.40,41 This significantly advances the timeline for predicting 
GDM. Ueland T30 et al also indicate that, from early pregnancy to delivery, pregnant women with GDM consistently 
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exhibit lower HDL-C levels and higher total cholesterol levels throughout the entire pregnancy period compared to 
normal pregnant women. Assessing GDM risk, elevated early LDL-C levels may indicate insulin resistance and lipid 
metabolism disorders. High LDL-C levels are associated with pregnancy complications such as gestational hypertension 
and GDM. Thus, as one of the early biochemical markers for GDM, they can provide additional information for risk 
prediction.42 Although HbA1c is commonly used in long-term diabetes management, its value in diagnosing GDM 
remains controversial; however, it can also serve as a tool for risk assessment in early pregnancy. A study suggested that 
higher HbA1c levels in early pregnancy are significantly associated with GDM, making it a potential tool for early GDM 
prediction.43 This is consistent with the results of our study, indicating that overweight and obese pregnant women who 
develop GDM in the mid-trimester already exhibit abnormalities in glucose and lipid metabolism indicators detected in 
early pregnancy. Therefore, glucose and lipid metabolism tests in early pregnancy can serve as a supplement to the 
24–32 weeks OGTT, potentially offering great value in the early prediction of GDM for women who are overweight or 
obese before pregnancy. This approach is beneficial for early identification of high-risk GDM populations,44 conducive to 
clinical assessment and prevention, and holds significant practical value. This is consistent with the research conclusions 
of scholars such as Ying Zheng.45 This study builds upon previous research by further exploring the impact of pre- 
pregnancy overweight and obesity on early blood glucose and lipid levels in women with GDM, as well as its predictive 
value for GDM. This has significant implications for the early identification of high-risk groups prone to gestational 
diabetes among overweight and obese pregnant women in clinical practice. Early screening and diagnosis enable 
physicians to implement timely interventions, such as dietary adjustments, increased physical activity, or pharmacolo
gical treatments, to prevent or delay the onset of gestational diabetes and reduce the risk of maternal and neonatal 
complications.

This study has the following limitations: it is a single-center retrospective study, and its data accuracy is not as high as 
that of large-scale, multicenter prospective randomized controlled trials. Additionally, the inclusion of pregnant women 
who are overweight or obese was based solely on first prenatal visit inquiries, which may lead to underestimation of 
weight data. Further investigation and validation through multicenter prospective studies are needed. In this study, 
biochemical indicators were measured simultaneously, which may not fully reflect the metabolic changes in pregnant 
women throughout the entire gestation period. Future research could consider multiple measurements to assess these 
indicators’ trends and predictive value more accurately. Although individual indicators show good predictive value, 
a multi-factor combined model may improve prediction accuracy and practicality. Future studies could explore the 
interactions between these indicators and develop comprehensive predictive models. New biomarkers, such as inflam
matory factors and hormone levels, could also be investigated beyond the conventional biochemical markers studied to 
enhance predictive sensitivity and specificity further.

Conclusion
In summary, pre-pregnancy overweight and obesity are likely to lead to abnormalities in glucose and lipid metabolism 
levels in early pregnancy, thereby increasing the incidence of gestational diabetes mellitus. By assessing glucose and lipid 
metabolism markers in early pregnancy, there is significant practical value in predicting and preventing the occurrence of 
gestational diabetes mellitus among pregnant women who are overweight or obese before pregnancy. Therefore, it is 
essential to leverage community-based platforms to collaborate with maternity hospitals to optimize pre-pregnancy BMI 
for women of childbearing age, conduct early pregnancy assessments, and manage glucose and lipid metabolism. Timely 
management and intervention guidance on nutritional status should be provided for pregnant women with higher BMI 
and abnormalities in glucose and lipid metabolism during early pregnancy.
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