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Background: Hyperlipidemia and gestational diabetes mellitus (GDM) are common metabolic disorders during pregnancy and have 
each been associated with adverse maternal and neonatal outcomes. However, evidence regarding the combined association of 
maternal hyperlipidemia and GDM with pregnancy outcomes remains limited.
Objective: To evaluate the association between maternal hyperlipidemia combined with GDM and adverse pregnancy outcomes in 
a retrospective cohort of pregnant women with hyperlipidemia.
Methods: This retrospective observational cohort study included 3,526 singleton pregnant women diagnosed with hyperlipidemia 
during late pregnancy. Participants were categorized into a non-GDM group (n=2,684) and a GDM group (n=842) according to the 
results of the oral glucose tolerance test performed at 24–28 weeks of gestation. Multivariable logistic regression analyses were 
conducted to assess the associations between hyperlipidemia combined with GDM and adverse pregnancy outcomes after adjustment 
for maternal age, gravidity, parity, gestational weight gain, pre-pregnancy body mass index (BMI), educational level, mode of 
conception, and mode of delivery.
Results: Compared with women with hyperlipidemia alone, women with hyperlipidemia combined with GDM were more likely to 
experience preterm birth (PTB) at 34–36+6 weeks (adjusted odds ratio [aOR] 1.986, 95% confidence interval [CI] 1.384–2.849; P<0.001) 
and intrahepatic cholestasis of pregnancy (ICP) (aOR 1.716, 95% CI 1.184–2.489; P=0.004). Hyperlipidemia combined with GDM was also 
associated with increased odds of large for gestational age infants (LGA) (aOR 1.213, 95% CI 1.028–1.433; P=0.023), macrosomia (aOR 
1.445, 95% CI 1.116–1.872; P=0.005), and admission to the general neonatal ward (aOR 1.229, 95% CI 1.017–1.487; P=0.033). In contrast, 
inverse associations were observed for oligohydramnios (aOR 0.410, 95% CI 0.206–0.816; P=0.011) and congenital anomalies (aOR 0.326, 
95% CI 0.114–0.929, P=0.036). Sensitivity analyses demonstrated that the associations with PTB, ICP, LGA, and macrosomia remained robust 
after exclusion of pregnancies conceived through assisted reproductive technology.
Conclusion: Among pregnant women with hyperlipidemia, coexisting GDM was associated with higher odds of PTB at 34–36+6 weeks, 
ICP, LGA, macrosomia, and neonatal ward admission. These findings may contribute to risk stratification among women with combined 
glucose–lipid metabolic abnormalities during pregnancy; however, prospective studies are required to confirm these associations.
Keywords: hyperlipidemia, gestational diabetes mellitus, GDM, retrospective cohort study, pregnancy outcomes

Introduction
Maternal lipid metabolism undergoes profound physiological adaptations throughout pregnancy to support the increasing 
metabolic demands of fetal growth and placental development. Circulating lipid levels, particularly triglycerides, 
progressively increase during gestation and may reach two- to four-fold above pre-pregnancy concentrations by late 
pregnancy.1 While this gestational hyperlipidemic state is generally considered a normal physiological adaptation, 
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excessive lipid accumulation can result in pathological dyslipidemia, which has been increasingly implicated in adverse 
maternal and perinatal outcomes, including hypertensive disorders of pregnancy (HDP), gestational diabetes mellitus 
(GDM), preterm birth (PTB), and aberrant fetal growth.2 Beyond its immediate obstetric consequences, accumulating 
evidence suggests that dysregulated lipid metabolism in late pregnancy may have lasting cardiometabolic implications, 
serving as a significant risk factor for the development of cardiovascular disease in both mothers and their offspring 
during the first decade after delivery.3

GDM represents another prevalent metabolic disorder during pregnancy and has become a growing public health 
challenge worldwide.4 According to the International Diabetes Federation (IDF), hyperglycemia in pregnancy affects 
approximately 23 million live births annually, with nearly one in six live births experiencing related complications. 
Recent epidemiological studies estimate that the global prevalence of GDM is approximately 14.0%, although consider
able heterogeneity exists across populations and geographic regions.5 As a major contributor to maternal and neonatal 
morbidity, GDM has been linked to an increased risk of adverse pregnancy outcomes, including HDP, preterm delivery, 
and fetal overgrowth. In addition to its immediate obstetric consequences, GDM may exert long-lasting effects on 
maternal and offspring health through metabolic programming mechanisms, predisposing both mothers and their children 
to obesity, type 2 diabetes mellitus, and cardiovascular disease later in life.6

Hyperlipidemia and GDM are closely related metabolic disorders characterized by shared pathophysiological path
ways, including insulin resistance,7 metabolic dysregulation,8 endothelial dysfunction,9 and oxidative stress.10 The 
coexistence of these conditions may therefore amplify metabolic derangements through additive or synergistic mechan
isms, potentially conferring a substantially greater risk of adverse pregnancy outcomes than either disorder alone.11 

While extensive evidence has linked maternal hyperlipidemia and GDM individually to adverse maternal and neonatal 
outcomes, data evaluating their combined effects remain scarce. Most previous studies have examined disturbances in 
glucose or lipid metabolism in isolation, with limited investigation into the clinical implications of their coexistence. As 
a result, whether concomitant GDM further increases the risk of adverse maternal and perinatal outcomes among women 
with hyperlipidemia has not been fully elucidated.

Understanding the combined effects of hyperlipidemia and GDM is clinically relevant because the management of 
glucose–lipid metabolic abnormalities during pregnancy remains complex. Current strategies primarily focus on lifestyle 
interventions, including dietary modification, physical activity, metabolic surveillance, and glycemic control, whereas 
pharmacological treatment of dyslipidemia during pregnancy is limited owing to concerns regarding fetal safety. 
Consequently, improved identification of women at elevated metabolic risk and a better understanding of the cumulative 
effects of multiple metabolic disorders may enhance risk stratification and guide future preventive and therapeutic 
approaches. Therefore, we conducted a large retrospective cohort study of singleton pregnancies to investigate the 
associations between maternal hyperlipidemia complicated by GDM and adverse maternal and perinatal outcomes. By 
evaluating the coexistence of these metabolic disorders, this study seeks to provide a more comprehensive understanding 
of the clinical consequences of glucose–lipid metabolic dysregulation during pregnancy and to generate evidence that 
may support earlier risk identification and more individualized obstetric care.

Materials and Methods
Study Subjects
This study selected single pregnant women with hyperlipidemia who underwent routine prenatal examination and delivered at 
the Women’s Hospital, School of Medicine, Zhejiang University from January 1, 2018, to December 31, 2019, as the study 
object. A total of 4255 pregnant women were eligible. All subjects participated in data collection based on informed consent, 
and the study was approved by the Ethics Committee of Women’s Hospital, School of Medicine, Zhejiang University 
(Approval No. IRB-20210269-R). No written informed consent was gathered because this investigation was retrospective.

Inclusion criteria: 1) Patients diagnosed with hyperlipidemia in the third trimester; 2) Patients with singleton 
pregnancy who received prenatal checkup and delivered in this hospital; 3) Pregnant women aged 19 to 44 years; 4) 
OGTT screening during 24–28 weeks of pregnancy; 5) No history of drinking or smoking during pregnancy; 6) Complete 
medical records.
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Exclusion criteria: 1) Those under 18 or over 45 years old; 2) Multiple pregnancy; 3) Malformation induced abortion 
or stillbirth; 4) Pre-pregnancy hypertension, diabetes, thyroid dysfunction, immune system disease, tumor and other 
internal and external diseases; 5) Pregnant women with familial hyperlipidemia; 6) Pregnant women treated with 
hypolipidemic or hypoglycemic drugs; 7) Those with abnormal blood sugar/lipidemia and poor control; 8) Those with 
a history of coagulopathy or thromboembolic disease; 9) Those with incomplete medical records.

Methods of Blood Glucose and Lipid Testing
Pregnant women need to eat normally for 3 days before taking the 75g OGTT and blood lipid test, and the carbohydrate 
intake should be no less than 150g. Fasting should be performed for at least 8 hours before the test and should start before 
9:00 the next day at the latest. On the test day, 6mL venous blood was collected and evenly divided into 2 3.5mL 
disposable vacuum collection vessels. Orally take 300mL of liquid containing 75g of glucose within 5 minutes and draw 
venous blood for blood glucose measurement 1 hour and 2 hours after drinking the sugar water (time is calculated from 
the start of drinking the sugar water).

Relevant Criteria
In this study, hyperlipidemia in late pregnancy was defined according to the diagnostic criteria of Williams Obstetrics, 
24th edition: triglyceride level >5.11 mmol/L or cholesterol level >9.03 mmol/L. GDM was diagnosed as fasting blood 
glucose(FBG) ≥5.1 mmol/L, 1-hour blood glucose ≥10.0 mmol/L, or 2-hour blood glucose ≥8.5 mmol/L. Diagnostic 
criteria for pregnancy outcome and perinatal outcome were defined in the 10th edition of Obstetrics and Gynecology 
(People’s Medical Publishing House).

Grouping and Treatment Methods
According to the OGTT results at 24–28 weeks of gestation and the reference range of blood lipids in the third trimester, 
the pregnant women with hyperlipidemia were divided into two groups: the non-GDM group (2684 cases) and the GDM 
group (842 cases). According to the Gestational Diabetes Evidence-Based Nutrition Practice Guideline published by the 
Academy of Nutrition and Dietetics in 2018, women diagnosed with GDM generally received medical nutrition 
therapy,12 whereas women with abnormal lipid metabolism were managed with non-pharmacological interventions 
according to the National Lipid Association Recommendations for Patient-Centered Management of Dyslipidemia by 
the National Lipid Association in 2015.13

Statistical Analysis
Data were collected using Excel 2016 software, and SPSS 25.0 software was used for statistical analysis. The median and 
quartile were used to describe measurement data that did not conform to a normal distribution, and the Mann–Whitney 
U-test was used to compare groups. The count data was expressed as n (%), and the χ2-test was used for comparison 
between groups. The effect of combined dysglycemia in hyperlipidemic pregnant women on pregnancy complications 
and perinatal outcomes was analyzed using univariate logistic regression. In Logistic regression models, odds ratios (OR) 
and their 95% confidence intervals (CI) were calculated to assess the effect of abnormal blood glucose on pregnancy 
outcomes in hyperlipidemia after controlling for potential confounders such as age, parity, gravidity, gestational weight 
gain, pre-pregnancy BMI, highest level of education, mode of conception and delivery. P value < 0.05 indicated that the 
difference was statistically significant.

Multicollinearity among covariates was assessed using the variance inflation factor (VIF). A VIF value <5 was 
considered indicative of no significant multicollinearity. Model calibration was evaluated using the Hosmer–Lemeshow 
goodness-of-fit test. A P-value >0.05 indicated good model fit. To assess the robustness of the study model, given the 
imbalance in assisted reproductive technology (ART) conception rates across study groups, a sensitivity analysis was 
conducted by excluding pregnancies resulting from ART. Multivariate logistic regression analysis was repeated using the 
same adjustment strategy. A two-sided P-value < 0.05 was considered statistically significant.
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Results
General Characteristics of the Study Population
Figure 1 illustrates the participant screening process for the entire trial. 3,526 women participated in the study, including 
2,684 with hyperlipidemia and no gestational diabetes comorbidities (non-GDM group) and 842 with hyperlipidemia and 
gestational diabetes comorbidities (GDM group).

The baseline maternal characteristics of the two groups are summarized in Table 1. The GDM group had considerably 
higher triglyceride (TG) levels than the non-GDM group (median: 6.00 mmol/L vs 5.82 mmol/L, p<0.001), while total 
cholesterol (TC) levels were not significantly different (p=0.067) (Figure 2a). The GDM group had a higher median age (32 
versus 30 years, P<0.001) and a higher proportion of women ≥35 years (34.9% versus 19.5%) (Figure 2b). Furthermore, the 
GDM group had higher proportions of multigravid and multiparous women (69.4% vs 60.4%, 49.9% vs 42%, p<0.001).

Compared to the non-GDM group, the GDM group had a substantially higher pre-pregnancy body mass index (BMI) 
(median: 21.94 vs 20.96 kg/m2, p<0.001), and a more significant proportion of overweight people (20.2% vs 13.1%) and 
obese people (5.9% vs 2.1%) (p<0.001) (Figure 2b). Analysis of weight gain during pregnancy showed a higher 
percentage of weight gain below the recommended amount (8.3% vs 3.9%) and a lower percentage of weight gain 
above the recommended amount (46.1% vs 50.8%, p<0.001) in the GDM group. The distribution of maternal height in 
the two groups did not differ significantly (p=0.818).

Regarding education level, the proportion of women with college and higher education in the GDM group was lower 
than that in the non-GDM group (80.3% vs 88.4%, P<0.001). In addition, a higher percentage of the GDM group used 
ART (9.0% vs 6.0%, p=0.002). Regarding delivery mode, the cesarean section rate was higher in the GDM group (48.4% 
vs 38.0%, P=0.002), and the spontaneous delivery rate was lower (44.2% vs 51.4%).

The rate of PTB was substantially greater (p<0.001), and the mean gestational week was marginally lower in the 
GDM group compared to the non-GDM group (p<0.001). The newborns’ sex distribution did not differ significantly 

Figure 1 Flowchart of participants included in this study.
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between the two groups (p=0.680). Despite a modest increase in neonatal weight between the GDM and non-GDM 
groups, the difference was not statistically significant (p=0.054) (Figure 2b).

Figure 2c displays the percentage of women in both groups for each unfavorable pregnancy outcome.

Table 1 Baseline Characteristics of Study Cohort

non-GDM Group 
(n = 2684)

GDM Group 
(n = 842)

Z/χ2 value P-value

Maternal age (years) 93.502 <0.001

<25 130 (4.8) 16 (1.9)

25–34 2032 (75.7) 532 (63.2)
≥35 522 (19.5) 294 (34.9)

Gravidity (n, %) 21.805 <0.001

≤1 1062 (39.6) 258 (30.6)
>1 1622 (60.4) 584 (69.4)

Parity (n, %) 16.055 <0.001
Nullipara 1556 (58.0) 422 (50.1)

Multipara 1128 (42.0) 420 (49.9)

Maternal weight (kg) 68 (63–73) 70 (63–76) −3.889 <0.001
Height (cm) 160 (157–163) 160 (157–163) −0.23 0.818

Pre-pregnancy BMI (kg/m2) 64.526 <0.001

<18.5 (Underweight) 384 (14.3) 90 (10.7)
18.5–23.9 (Normal weight) 1892 (70.5) 532 (63.2)

24.0–27.9 (Overweight) 352 (13.1) 170 (20.2)

≥28.0 (Obesity) 56 (2.1) 50 (5.9)
Gestational weight gain (n, %) 27.373 <0.001

Below recommendations 106 (3.9) 70 (8.3)

Comply with recommendations 1214 (45.2) 384 (45.6)
Above recommendations 1364 (50.8) 388 (46.1)

Highest level of education (n, %) 38.266 <0.001

Illiteracy 2 (0.1) 0 (0.0)
Primary school 10 (0.4) 4 (0.5)

Middle school 298 (11.1) 162 (19.2)

University and above 2374 (88.4) 676 (80.3)
Mode of conception (n, %) 9.640 0.002

Spontaneous 2524 (94.0) 766 (91.0)

ART 160 (6.0) 76 (9.0)
Mode of delivery (n, %) 15.328 0.002

Spontaneous delivery 1382 (51.4) 372 (44.2)

Forceps delivery 134 (5.0) 40 (4.8)
Urgent cesarean section 348 (13.0) 134 (15.9)

Scheduled cesarean section 820 (30.6) 296 (35.2)

Gestational age (weeks) 19.716 <0.001
<34 18 (0.7) 10 (1.2)

34–36+6 86 (3.2) 54 (6.4)

≥37 2580 (96.1) 778 (92.4)
Sex of the child (n, %) 0.17 0.680

Males 1418 (52.8) 438 (52.0)

Females 1266 (47.2) 404 (48.0)
Birth weight (g) 3428 (3160–3700) 3460 (3150–3775) −1.93 0.054

Triglycerides (mmol/L) 5.82 (5.27–6.64) 6.00 (5.42–7.28) −6.274 <0.001

Total cholesterol (mmol/L) 7.08 (6.11–8.32) 6.95 (6.09–8.09) −1.832 0.067

Abbreviations: GDM, gestational diabetes mellitus; BMI, body mass index; ART, assisted reproductive technology.
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Adverse Maternal Outcomes
Logistic regression analysis of the influence of blood glucose and lipids on maternal pregnancy complications is shown in 
Figure 3. There were statistically significant differences in the incidence of gestational hypertension, preeclampsia, PTB 
(34–36+6 weeks), cesarean section, intrahepatic cholestasis of pregnancy (ICP), and oligohydramnios between the two 
groups (p<0.05). The incidence of PTB (<34 weeks), PPH, placental abruption, placenta previa, chorioamnionitis, and 
polyhydramnios were not statistically significantly different (p>0.05). Maternal hyperlipidemia combined with GDM was 
associated with higher odds of gestational hypertension, preeclampsia, PTB (34–36+6 weeks), cesarean section, and ICP 
(OR 1.508, 95% CI 1.029–2.211, p=0.035; OR 1.883, 95% CI 1.279 −2.774, p=0.001; OR 2.082, 95% CI 1.468–2.954, 
p<0.001; OR 1.376, 95% CI 1.179–1.608, p<0.001; OR 1.779, 95% CI 1.249–2.533, p=0.001) and was associated with 
lower odds of oligohydramnios (OR 0.449, 95% CI 0.230–0.875, p=0.019).

Figure 2 Two-group comparison of triglycerides (a), total cholesterol (a), maternal age (b), pre-delivery weight (b), BMI (b), and neonatal birth weight (b) in hyperlipidemic 
patients. Black lines represent median, lower quartile, and upper quartile. The percentage of adverse maternal and fetal outcomes in both groups (c). **, p<0.01. 
Abbreviations: HDP, hypertensive disorders of pregnancy; PTB, preterm birth; PPH, postpartum hemorrhage; ICP, intrahepatic cholestasis of pregnancy; SGA, small for 
gestational age infant; LGA, large for gestational age infant; FGR, fetal growth restriction.
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Post-correction analyses were performed for age, BMI subgroups, gravidity, parity, gestational weight gain, educa
tion, mode of delivery, and mode of conception. In the adjusted model (Figure 3), hyperlipidemia combined with GDM 
remained independently associated with higher odds of PTB (34–36+6 weeks), ICP (aOR 1.986, 95% CI 1.384–2.849, 
p<0.001; aOR 1.716, 95% CI 1.184 −2.489, p=0.004) and was independently associated with lower odds of oligohy
dramnios and placenta previa (aOR 0.410, 95% CI 0.206–0.816, p=0.011; aOR 0.441, 95% CI 0.216–0.898, p=0.024). 
Hyperlipidemia combined with GDM was not significantly associated with HDP, PTB (<34 weeks), PPH, placental 
abruption, chorioamnionitis, cesarean section, and polyhydramnios (adjusted p>0.05).

Adverse Neonatal Outcomes
Figure 4 shows the comparison of fetal outcomes between two groups in the study cohort. The difference in the incidence of 
LGA, macrosomia, congenital anomalies, neonatal asphyxia, 1-minute Apgar score ≤7, and admission to the neonatology general 
ward between the two groups was statistically significant (p<0.05). There was no significant difference in the incidence of SGA, 
FGR, 5-minute Apgar score ≤7, and admission to NICU between the two groups (p>0.05). Hyperlipidemia combined with GDM 
was associated with higher odds of LGA, macrosomia, neonatal asphyxia, 1-minute Apgar score ≤7, and admission to the 
neonatology general ward (OR 1.351, 95% CI 1.154–1.581, p<0.001; OR 1.448, 95% CI 1.134–1.850, p=0.003; OR 1.946, 95% 
CI 1.229–3.081, p=0.004; OR 2.029, 95% CI 1.277–3.223, p=0.003; OR 1.310, 95% CI 1.090–1.574, p=0.004) and was 
associated with lower odds of congenital anomalies (OR 0.300, 95% CI 0.107–0.840, p=0.022).

Figure 3 Obstetrical outcomes of study cohort. #Adjusted for maternal age, gravidity, parity, pre-pregnancy BMI, gestational weight gain, highest level of education, mode of 
conception and delivery. 
Abbreviations: HDP, hypertensive disorders of pregnancy; ICP, intrahepatic cholestasis of pregnancy; PTB, preterm birth; PPH, postpartum hemorrhage.

Figure 4 Fetal outcomes of study cohort. #Adjusted for maternal age, gravidity, parity, pre-pregnancy BMI, gestational weight gain, highest level of education, mode of 
conception and delivery. 
Abbreviations: SGA, small for gestational age infant; FGR, fetal growth restriction; LGA, large for gestational age infant.

International Journal of Women’s Health 2026:18                                                                               https://doi.org/10.2147/IJWH.S615707                                                                                                                                                                                                                                                                                                                                                                                                       7

Wang et al

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



After adjusting for confounders such as age, parity, gravidity, gestational weight gain, BMI subgroups, education, 
mode of conception, and mode of delivery, hyperlipidemia combined with GDM remained independently associated with 
higher odds of LGA, macrosomia, and admission to the neonatology general ward (aOR 1.213, 95% CI 1.028–1.433, p= 
0.023; aOR 1.445, 95% CI 1.116–1.872, p=0.005; aOR 1.229, 95% CI 1.017–1.487, p=0.033) and was independently 
associated with lower odds of congenital anomalies (aOR 0.326, 95% CI 0.114–0.929, P=0.036) (Figure 4). 
Hyperlipidemia combined with GDM was not significantly associated with SGA, FGR, neonatal asphyxia, Apgar 
score ≤7 and admission to the NICU (adjusted p>0.05).

Model Diagnostics and Sensitivity Analyses
The results of the multicollinearity test showed that no evidence of significant multicollinearity was observed among the 
covariates included in the multivariate logistic regression model, and the VIF for all variables was less than 5.0. 
According to the Hosmer–Lemeshow goodness-of-fit test, the multivariable logistic regression models demonstrated 
acceptable calibration (P > 0.05), indicating that the models adequately reflected the consistency between the observed 
data and the predicted results.

To further validate the robustness of the study findings, a sensitivity analysis was conducted after excluding pregnancies 
conceived through ART. The results showed that the association between maternal hyperlipidemia combined with 
gestational diabetes mellitus and preterm birth at 34–36+6 weeks, ICP, LGA infants, and macrosomia remained statistically 
significant, and the effect estimates were largely consistent with those from the main analysis. In contrast, the associations 
between hyperlipidemia combined with GDM and oligohydramnios, congenital anomalies, and admission to the neonatal 
general ward were no longer statistically significant after excluding ART pregnancies (Supplementary Table S1).

Discussion
Abnormal glucose and lipid metabolism during pregnancy is associated with adverse pregnancy outcomes. Against the 
backdrop of accelerated urbanization and changes in dietary structure worldwide, the prevalence of this condition is 
showing a significant upward trend.14 Compensatory hyperinsulinemia plays an important role in the regulation of both 
glucose and lipid metabolism during pregnancy. It leads to abnormal lipid metabolism by inhibiting lipolysis (inhibiting 
lipase activity) and promoting lipid synthesis (promoting fatty acid and TG uptake). Reactive oxygen radicals produced 
in adipose tissue can trigger oxidative stress and inflammation. This reaction leads to premature aging of the placenta, 
leading to pancreatic β-cell dysfunction and increased insulin resistance. Patients with GDM and hyperlipidemia may 
experience greater metabolic and vascular dysfunction, which could contribute to adverse pregnancy outcomes.7 In this 
retrospective cohort study of 3,526 singleton pregnancies with hyperlipidemia, coexisting GDM was independently 
associated with increased odds of PTB at 34–36+6 weeks of gestation, ICP, LGA, and macrosomia after adjustment for 
multiple maternal characteristics. Importantly, these associations remained consistent in sensitivity analyses excluding 
pregnancies conceived through assisted reproductive technology, underscoring the robustness of the observed findings. 
However, the association with neonatal ward admission was no longer statistically significant in the sensitivity analysis 
and therefore warrants cautious interpretation.

In the present study, pregnant women with hyperlipidemia and coexisting GDM exhibited significantly higher odds of 
PTB at 34–36+6 weeks of gestation after adjustment for potential confounding factors. Importantly, this association 
remained statistically significant in sensitivity analyses after excluding pregnancies conceived through assisted repro
ductive technology. Our findings are consistent with previous evidence demonstrating that both lipid and glucose 
metabolic abnormalities are associated with PTB. Cai et al15 reported that pregnant women with lipid metabolism 
disorders had a 1.42-fold higher risk of preterm birth, while several other studies similarly identified dyslipidemia as an 
independent factor associated with PTB.16,17 More recently, Smith et al18 reported that maternal dyslipidemia was 
associated with increased odds of PTB (aOR 1.49, 95% CI 1.39–1.59), and a cohort study involving 6,963 pregnant 
women further confirmed a significant association between abnormal maternal lipid profiles and PTB. Consistent with 
these findings, Sharami et al19 also reported a strong association between late-pregnancy hyperlipidemia and PTB. In 
addition, a systematic review and meta-analysis by Ye et al20 demonstrated that GDM was independently associated with 
PTB (aOR 1.51, 95% CI 1.26–1.80). PTB may be closely associated with pregnancy comorbidities such as GDM.21 
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Notably, our study extends previous evidence by simultaneously evaluating the associations of both glucose and lipid 
metabolic abnormalities with PTB. We observed that women with late-pregnancy hyperlipidemia complicated by GDM 
had nearly two-fold higher odds of late PTB (aOR 1.986), suggesting that concurrent disturbances in glucose and lipid 
metabolism may impose a greater metabolic burden than either condition alone.

Our study demonstrated that, among women with hyperlipidemia, coexisting GDM was independently associated 
with higher odds of ICP. This finding was further supported by the sensitivity analysis, in which the association remained 
statistically significant after exclusion of pregnancies conceived through assisted reproductive technology. Growing 
evidence suggests a close interplay among lipid metabolism, glucose homeostasis, and bile acid regulation during 
pregnancy.22,23 Previous studies have demonstrated that maternal lipid abnormalities are associated with ICP. Dann 
et al24 observed that women with ICP exhibited an abnormal lipid profile characterized by elevated concentrations of 
total cholesterol, low-density lipoprotein cholesterol (LDL-C), and apolipoprotein B-100. Similarly, Jin et al reported that 
each 1 mmol/L increase in third-trimester triglyceride concentration was associated with a higher likelihood of ICP. 
Furthermore, Zhang et al17 demonstrated in a prospective population-based study that elevated total cholesterol and LDL- 
C levels during late pregnancy were associated with a 1.39- to 1.56-fold increase in the odds of ICP.25 Although direct 
evidence demonstrating that GDM increases the likelihood of ICP remains limited, several studies have reported a close 
metabolic relationship between ICP and GDM. This association may be explained by shared pathophysiological path
ways, including insulin resistance, bile acid signaling dysregulation, hepatic lipid metabolism, and impaired glucose– 
lipid homeostasis.23 Therefore, our findings extend previous evidence by suggesting that, among women already 
complicated by hyperlipidemia, those with coexisting GDM may represent a subgroup with a greater likelihood of 
developing ICP. Nevertheless, given the retrospective observational design of the present study, these findings should be 
interpreted cautiously and warrant further confirmation in prospective studies.

Our study further demonstrated that, after adjustment for multiple potential confounders, the coexistence of GDM 
among women with hyperlipidemia was significantly associated with an increased risk of macrosomia and LGA infants. 
These associations remained robust in sensitivity analyses, supporting the stability of our findings. Our results are 
consistent with previous evidence indicating that disturbances in both glucose and lipid metabolism contribute to 
excessive fetal growth. The landmark Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study, which included 
more than 23,000 pregnant women, demonstrated a continuous positive association between maternal glycemia and fetal 
overgrowth, showing that each one-standard-deviation increase in maternal glucose concentration was associated with 
a 38–46% increase in the likelihood of birth weight above the 90th percentile.26 Catalano et al27 reported that maternal 
metabolic abnormalities, including hyperglycemia, obesity, and dyslipidemia, collectively contribute to excessive fetal 
growth and increased neonatal adiposity. Schaefer-Graf et al28 found that maternal triglyceride concentrations were an 
important determinant of fetal growth among women with GDM, independent of maternal body mass index, insulin 
resistance, and glycemic status, highlighting the critical role of maternal lipid metabolism in fetal development. 
Compared with previous studies, our investigation specifically evaluated the coexistence of hyperlipidemia and GDM 
and demonstrated that women with both conditions had 1.45-fold higher odds of macrosomia and 1.21-fold higher odds 
of LGA compared with women with hyperlipidemia alone. Several biological mechanisms may account for these 
observations. Maternal hyperglycemia increases placental glucose transfer, leading to fetal hyperinsulinemia, which in 
turn promotes adipose tissue deposition and somatic growth.29 Simultaneously, elevated maternal triglyceride and free 
fatty acid concentrations may enhance placental lipid transport, thereby increasing fetal fat accretion.30 The coexistence 
of hyperglycemia and dyslipidemia may therefore exert synergistic effects on nutrient transfer and fetal metabolic 
programming, ultimately contributing to excessive fetal growth.31 Further prospective studies are warranted to elucidate 
the underlying mechanisms linking concurrent glucose–lipid metabolic disturbances to fetal overgrowth and to determine 
whether targeted metabolic interventions during pregnancy can reduce the risk of LGA infants and macrosomia.

We also observed inverse associations between coexisting GDM and several pregnancy outcomes, including oligo
hydramnios and congenital anomalies. However, these findings should be interpreted with caution. In sensitivity analyses 
excluding pregnancies conceived through ART, the associations with oligohydramnios, congenital anomalies, and 
neonatal hospitalization were attenuated and no longer reached statistical significance. Although the direction of these 
associations remained unchanged, the loss of statistical significance suggests that these findings may not be robust. 
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Several factors may account for these observations. Given the retrospective observational nature of this study, residual 
confounding cannot be completely excluded despite adjustment for multiple maternal characteristics. Differences in 
clinical surveillance, obstetric management, and other unmeasured maternal factors may have influenced the observed 
associations. Prospective studies incorporating more comprehensive assessments of maternal metabolic status, clinical 
management strategies, and potential confounding factors are warranted to clarify these associations.

This study has several strengths. Few previous studies have specifically evaluated adverse pregnancy outcomes 
among women with hyperlipidemia complicated by GDM.32–34 By focusing on this high-risk population, our study 
provides a more integrated assessment of concurrent glucose–lipid metabolic abnormalities during pregnancy. In 
addition, the relatively large sample size, homogeneous study population, standardized clinical management, and 
comprehensive medical records enabled adjustment for multiple measured confounding factors and enhanced the 
reliability of the findings. Nevertheless, several limitations should be acknowledged. Owing to the retrospective 
observational design, causal relationships cannot be established, and residual confounding cannot be completely 
excluded. Although multiple maternal characteristics were adjusted for in the multivariable analyses, information on 
dietary patterns, physical activity, glycemic control, lipid control, and intensity of clinical surveillance was unavailable 
and may have influenced the observed associations. Furthermore, a more comprehensive lipid profile, including 
apolipoprotein A-1, apolipoprotein B, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol, 
was not available in the database. Therefore, the potential contribution of specific lipid fractions to adverse pregnancy 
outcomes could not be evaluated. Finally, because pregnancies complicated by stillbirth and pregnancy termination were 
excluded, the potential association between hyperlipidemia combined with GDM and pregnancy loss could not be 
assessed. Future prospective studies incorporating detailed metabolic biomarkers, comprehensive lifestyle information, 
and longitudinal follow-up are warranted to validate our findings and further elucidate the mechanisms linking concurrent 
glucose–lipid metabolic abnormalities with adverse maternal and neonatal outcomes.

Conclusion
Among pregnant women with hyperlipidemia, coexisting gestational diabetes mellitus was significantly associated with 
higher odds of PTB at 34–36+6 weeks (aOR 1.986, 95% CI 1.384–2.849), ICP (aOR 1.716, 95% CI 1.184–2.489), LGA 
(aOR 1.213, 95% CI 1.028–1.433), and macrosomia (aOR 1.445, 95% CI 1.116–1.872). These findings may support the 
potential value of metabolic monitoring and risk stratification during pregnancy. However, given the retrospective 
observational design of this study, the observed associations should not be interpreted as causal relationships. Future 
prospective multicenter studies with detailed assessment of metabolic control and clinical management are warranted to 
validate these findings and further elucidate the underlying mechanisms.
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