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Abstract 

Background  Lipid metabolism disorder during pregnancy has been reported in women with gestational diabetes 
mellitus (GDM). However, controversy remains regarding the relationship between maternal changes in lipid profiles 
and perinatal outcomes. This study investigated the association between maternal lipid levels and adverse perinatal 
outcomes in women with GDM and non-GDM.

Methods  In total, 1632 pregnant women with GDM and 9067 women with non-GDM who delivered between 
2011–2021 were enrolled in this study. Serum samples were assayed for fasting total cholesterol (TC), triglyceride 
(TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) levels during the second and third trimesters 
of pregnancy. Adjusted odds ratios (AOR) and 95% confidence intervals (95% CI) were calculated via multivariable 
logistic regression analysis to determine the association of lipid levels with perinatal outcomes.

Results  The serum TC, TG, LDL, and HDL levels in the third trimester were significantly higher than those in the 
second trimester (p < 0.001). Women with GDM had significantly higher levels of TC and TG in the second and third 
trimesters than those with non-GDM in the same trimesters, while HDL levels decreased in women with GDM (all 
p < 0.001). After adjusting for confounding factors by multivariate logistic regression, every mmol/L elevation in TG 
levels of women with GDM in second and third trimesters was associated with a higher risk of caesarean section 
(AOR = 1.241, 95% CI: 1.103–1.396, p < 0.001; AOR = 1.716, 95% CI: 1.556–1.921, p < 0.001), large for gestational age 
infants (LGA) (AOR = 1.419, 95% CI: 1.173–2.453, p = 0.001; AOR = 2.011, 95% CI: 1.673–2.735, p < 0.001), macrosomia 
(AOR = 1.220, 95% CI: 1.133–1.643, p = 0.005; AOR = 1.891, 95% CI: 1.322–2.519, p < 0.001), and neonatal unit admis-
sion (NUD; AOR = 1.781, 95% CI: 1.267–2.143, p < 0.001; AOR = 2.052, 95% CI: 1.811–2.432, p < 0.001) cesarean delivery 
(AOR = 1.423, 95% CI: 1.215–1.679, p < 0.001; AOR = 1.834, 95% CI: 1.453–2.019, p < 0.001), LGA (AOR = 1.593, 95% CI: 
1.235–2.518, p = 0.004; AOR = 2.326, 95% CI: 1.728–2.914, p < 0.001), macrosomia (AOR = 1.346, 95% CI: 1.209–1.735, 
p = 0.006; AOR = 2.032, 95% CI: 1.503–2.627, p < 0.001), and neonatal unit admission (NUD) (AOR = 1.936, 95% CI: 
1.453–2.546, p < 0.001; AOR = 1.993, 95% CI: 1.724–2.517, p < 0.001), which were higher than the relative risk of these 
perinatal outcomes in women with non-GDM. Additionally, every mmol/L increase in second and third-trimester HDL 
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levels of women with GDM was associated with decreased risk of LGA(AOR = 0.421, 95% CI: 0.353–0.712, p = 0.007; 
AOR = 0.525, 95% CI: 0.319–0.832, p = 0.017) and NUD (AOR = 0.532, 95% CI: 0.327–0.773, p = 0.011; AOR = 0.319, 95% 
CI: 0.193–0.508, p < 0.001), and the risk reduction was not strong than that of women with GDM.

Conclusions  Among women with GDM, high maternal TG in the second and third trimesters was independently 
associated with an increased risk of cesarean section, LGA, macrosomia, and NUD. High maternal HDL during the 
second and third trimesters was significantly associated with decreased risk of LGA and NUD. These associations were 
stronger than those in women with non-GDM, suggesting the importance of monitoring second and third-trimester 
lipid profiles in improving clinical outcomes, especially in GDM pregnancies.

Keywords  Lipid profiles, Gestational diabetes mellitus, Caesarean section, Large for gestational age, Macrosomia, 
Neonatal unit admission

Background
Gestational diabetes mellitus (GDM), a known metabolic 
disorder, is defined as hyperglycemia which is first diag-
nosed during pregnancy [1]. The global prevalence rate 
of GDM is increasing due to lifestyle changes and diag-
nostic criteria updates [2–6]. In China, GDM incidence 
is approximately 14.8% [7]. Additionally, GDM is signifi-
cantly related to adverse perinatal outcomes [8]. Women 
with GDM have an increased risk of hypertension, hyper-
bilirubinemia, coronary heart disease, preeclampsia, and 
cesarean section and have a higher risk of long-term obe-
sity and diabetes post-pregnancy [9, 10]. Moreover, GDM 
is strongly associated with certain neonatal outcomes, 
including large for gestational age (LGA) infants, fetal 
macrosomia, preterm birth, and postpartum hemorrhage 
[11, 12]. Risk factors for GDM have been reported to be 
connected to obesity, family history of diabetes melli-
tus, advanced maternal age, and gestational weight gain 
(GWG) [13, 14]. Dyslipidemia during pregnancy has also 
been reported to increase the risk of GDM [15–17].

Maternal lipid metabolism changes during pregnancy 
are common, physiologically necessary to ensure fetal 
growth [18, 19] and include moderate increases in lipids 
in the first trimester and significant increases in lipids in 
the second and third trimesters, especially in triglyceride 
(TG) and cholesterol levels [20, 21]. However, dyslipi-
demia may lead to pregnancy complications and adverse 
perinatal outcomes [16]. Dyslipidemia during pregnancy 
is significantly correlated with pregnancy-induced hyper-
tension, GDM, preeclampsia, preterm birth, adverse 
birthweight outcomes, LGA neonates, cesarean delivery, 
and postpartum hemorrhage [19, 22–24]. However, some 
controversy exists regarding the correlation between dys-
lipidemia and pregnancy complications and perinatal 
outcomes. For example, several studies have shown that 
GDM is connected with lower maternal low-density lipo-
protein (LDL) and high-density lipoprotein (HDL) levels 
during the second and third trimesters. Other reports 
found no significant differences in LDL and HDL lev-
els between GDM and non-GDM pregnancies [25, 26]. 

Moreover, Wang et al. reported that TG levels increased 
the risk of macrosomia in non-GDM pregnancies, 
whereas other studies found no such association [27, 28]. 
Whether neonatal birth weight is positively connected 
with TG levels in GDM or non-GDM cases is unclear 
[29–31], and studies on the relationship between dys-
lipidemia and adverse perinatal outcomes in women with 
GDM and non-GDM in various trimesters are limited.

Thus, we conducted a retrospective cohort study of 
women with GDM and non-GDM in China to analyze 
the alteration of blood lipid profiles. We also compre-
hensively investigated the correlation between maternal 
changes in lipid profiles in the second and third trimes-
ters and adverse perinatal outcomes.

Methods
Study participants
This retrospective cohort study was conducted from 
January 1, 2011, to December 31, 2021, at a hospital in 
Changzhou, Jiangsu, China. The study was approved by 
the ethics committee of our hospital, all procedures were 
performed in compliance with the Declaration of Hel-
sinki. The inclusion criteria were as follows: pregnant 
women a) aged ≥ 18 years without pre-pregnancy diabe-
tes mellitus, hypertension, heart disease, renal disease, or 
hepatic disease; b) singleton pregnancy and live birth; c) 
with complete information records. The exclusion crite-
ria were as follows: a) multiple pregnancies; b) gestational 
hypertension, intrahepatic cholestasis of pregnancy, 
thyroid dysfunction, or preeclampsia; and c) infectious 
diseases such as hepatitis B virus, hepatitis C virus, and 
human immunodeficiency virus. In total, 14,678 preg-
nant women delivered at our hospital from January 1, 
2011, to December 31, 2021, of which 2496 had GDM 
and 12,182 were non-GDM patients. However, 864 
patients with GDM and 3115 patients with non-GDM 
were excluded after applying the exclusion criteria. Ulti-
mately, 9067 pregnant women with non-GDM and 1632 
pregnant women with GDM were included for final anal-
ysis (Fig.  1). General characteristics, including maternal 



Page 3 of 10Shi et al. BMC Pregnancy and Childbirth          (2023) 23:318 	

age, pre-pregnancy body mass index (ppBMI), GWG, 
maternal education level, parity, cesarean history, in vitro 
fertilization, mode of delivery, and gestational age; blood 
fasting plasma glucose and 2-h oral glucose tolerance test 
(OGTT) results were extracted from the medical record 
system.

Biochemical analyses
For lipid assessments, venous blood samples were col-
lected from all pregnant women in the second (24–28 
gestational weeks) and third (32–36 gestational weeks) 
trimesters of pregnancy following an overnight fast. Total 
cholesterol (TC), TG, HDL, and LDL concentrations 
were determined for each sample according to the manu-
facturer’s instructions using homogeneous enzymatic 
colorimetric assays. All lipid measurements were per-
formed using an automatic biochemical analyzer (Beck-
man AU5800, USA).

Diagnostic criteria of GDM
All pregnant women at our hospital underwent GDM 
screening, with diagnostic criteria based on the crite-
ria revised in China in August 2014. A GDM diagnosis 
was established if the results of a 75-g OGTT performed 
between 24 and 28  weeks of gestation showed any one 
or a combination of the following: 1) fasting blood glu-
cose ≥ 5.1  mmol/L, 2) 1  h blood glucose ≥ 10.0  mmol/L, 
or 3) 2 h blood glucose ≥ 8.5 mmol/L.

Definitions of ppBMI and GWG​
The World Health Organization classification of ppBMI 
was used for underweight, normal weight, overweight, 
and obesity classifications. GWG was stratified into the 
following three categories according to the Institute of 

Medicine guidelines: appropriate, inadequate, and exces-
sive (Supplementary Table 1).

Adverse perinatal outcomes
Data on adverse perinatal outcomes were extracted from 
the medical records system. The investigated adverse 
perinatal outcomes included maternal outcomes, such 
as cesarean delivery, premature rupture of membrane, 
preterm birth (delivery before 37  weeks of gestation), 
abruptio placentae (the placenta is completely or partially 
detached from the uterine wall before delivery of the 
fetus), and postpartum hemorrhage (blood loss ≥ 500 mL 
for vaginal delivery and ≥ 1000 mL for cesarean delivery 
within 24 h after delivery of the fetus), as well as neonatal 
outcomes, such as LGA (birth weight exceeded the 90th 
percentile for gestational age, SGA (small for gestational 
age, birth weight fell below the 10th percentile for gesta-
tional age), low birth weight (LBW, birth weight < 2500 g), 
macrosomia (birth weight ≥ 4000  g), and neonatal unit 
admission (NUD). SGA and LGA were defined based on 
Neonatal Birth Weight for Gestational Age and Percen-
tile in 15 Cities in China [32].

Statistical analysis
Continuous data with normal and non-normal distribu-
tions are described as mean ± standard deviation (SD) 
and median with interquartile ranges (IQR). Categori-
cal variables are presented as n (%). The Mann–Whitney 
U test compared maternal lipid levels between the two 
groups. After adjusting for potential confounding vari-
ables (age, pre-pregnancy BMI, gestational weight gain, 
parity, IVF, cesarean history, and abortion history) using 
multivariable logistic regression, adjusted odds ratios 
(AOR) and 95% confidence intervals (95% CI) were cal-
culated to express the odds ratios of the lipid profiles 

Fig. 1  Flow diagram of study cohort
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for adverse perinatal outcomes. Bonferroni correction 
(multiple comparison method) was used to compare 
the categorical variables among the different groups. A 
p-value < 0.05 (two-sided) indicated statistical signifi-
cance, and data were analyzed using the statistical pack-
age for the social sciences (SPSS) 23.0 (Armonk, NY, IBM 
Corp.).

Results
Demographic and clinical characteristics of the study 
population
The process of screening the study population based on 
the inclusion and exclusion criteria is shown in Fig.  1. 
Overall, 1632 women with GDM and 9067 women with 
non-GDM were enrolled according to the inclusion cri-
teria, with their general clinical characteristics shown 
in Table  1. The mean maternal age and pre-pregnancy 
BMI of women with GDM were higher than those with 

non-GDM, and there was a higher proportion of older 
(age ≥ 35  years) and women with overweight and obe-
sity (≥ 25.0 kg/m2) in the GDM group. Additionally, the 
GDM group was more likely to have a high percentage of 
excessive GWG, a history of cesarean section, and IVF 
(All p < 0.01).

Maternal lipid profiles by trimester among participants 
with GDM and non‑GDM
Table 2 shows notable changes in the maternal lipid pro-
files of second and third trimester women with GDM 
and non-GDM. In particular, serum TC, TG, LDL, and 
HDL levels increased as pregnancy trimesters advanced. 
Serum TC, TG, LDL, and HDL levels in the third tri-
mester were significantly higher than in the second tri-
mester (p < 0.001). Additionally, women with GDM had 
significantly higher levels of TC and TG in the second 
and third-trimesters than women with non-GDM. In 

Table 1  Clinical characteristics of women with GDM and non-GDM

GDM Gestational Diabetes Mellitus, IVF In-vitro fertilization, FPG Fasting plasma glucose, OGTT​ Oral glucose tolerance test

SD Standard deviation, pp BMI Pre-pregnancy body mass index, IVF In-vitro fertilization, FBG Fasting Plasma Glucose, OGTT​ Oral glucose tolerance test

Characteristics Mean ± SD or N (%) P

GDM group (n = 1632) non-GDM group (n = 9067)

Maternal Age (years) 33.02 ± 4.36 30.80 ± 4.53  < 0.001

  20–29 425(26.04) 3835(42.30)  < 0.001

  30–34 650(39.83) 3409(37.60)

   ≥ 35 557(34.13) 1823(20.10)

Pre-pregnancy BMI (kg/m2) 21.64 ± 2.94 20.66 ± 2.64  < 0.001

  Underweight (< 18.5) 228(13.97) 1804(19.90)  < 0.001

  Normal weight (18.5–24.9) 1215(74.45) 6683(73.71)

  Overweight and obese (≥ 25.0) 189(11.58) 580(6.40)

Gestational weight gain

  Appropriate 696(42.65) 3752(41.38)  < 0.001

  Inadequate 612(37.50) 3991(44.02)

  Excessive 324(19.85) 1324(14.60)

Maternal education [n (%)]

   ≤ Junior school 165(10.11) 917(10.11) 0.896

   High school 199(12.19) 1162(12.82)

   ≥ University 1268(77.69) 6988(77.07)

  Caesarean history [n (%)] 402(24.63) 2531(27.91)  < 0.001

Parity

  Nulliparous 861(52.76) 5495(60.60)  < 0.001

  Multiparous 771(47.24) 3572(39.40)

  IVF [n (%)] 176(10.78) 621(6.85)  < 0.001

Mode of delivery [n (%)]

  Vaginal 890(54.53) 5423(59.81)  < 0.001

  Cesarean 742(45.47) 3644(40.19)

  Gestational age (weeks, mean ± SD) 38.35 ± 1.75 37.58 ± 2.67  < 0.001

  FPG on OGTT (mmol/L) 5.59 ± 0.83 4.12 ± 0.47  < 0.001

  2-h blood glucose on OGTT (mmol/L) 8.75 ± 1.69 7.21 ± 1.92  < 0.001
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contrast, HDL levels decreased in women with GDM 
(p < 0.001).

Association between maternal lipid profiles in the second 
trimester and adverse perinatal outcomes among women 
with GDM and non‑GDM
To further evaluate the effects of the maternal lipid pro-
files of women with GDM and non-GDM in their second 
trimester on perinatal outcomes, we analyzed the asso-
ciation of TC, TG, LDL, and HDL levels and perinatal 
outcomes using multivariate logistic regression (Table 3). 
After adjusting for confounders, we observed that every 
mmol/L increase in second-trimester TG concentrations 
of women with GDM was associated with an increased 
risk of cesarean delivery (AOR=1.423, 95 % CI: 1.215–
1.679, p<0.001), LGA (AOR=1.593, 95% CI: 1.235–2.518, 
p=0.004), macrosomia (AOR=1.346, 95% CI: 1.209-
1.735, p=0.006), and NUD (AOR=1.936, 95% CI: 1.453-
2.546, p<0.001), which were higher than the relative risks 
of these perinatal outcomes in women with non-GDM. 
In addition, every mmol/L increase of HDL concen-
trations in the second trimester was associated with a 
reduced risk of LGA (AOR=0.421, 95% CI: 0.353–0.712, 
p=0.007) and NUD (AOR=0.532, 95% CI: 0.327–0.773, 
p=0.011) in women with GDM, but only associated with 
a reduced risk of LGA (AOR=0.612, 95% CI: 0.438–0.901, 
p=0.018) in women with non-GDM. In contrast, no sig-
nificant associations between TC or LDL concentrations 
and perinatal outcomes were noted among women with 
GDM and non-GDM.

Association between maternal lipid profiles in the third 
trimester and adverse perinatal outcomes among women 
with GDM and non‑GDM
We also evaluated the effects of the third-trimester lipid 
profiles of women with GDM and non-GDM on adverse 
perinatal outcomes (Table 4). Significant positive associa-
tions were observed between increased third-trimester 
TG of women with GDM and the risk of cesarean deliv-
ery (AOR = 1.834, 95% CI: 1.453–2.019, p < 0.001), LGA 

(AOR = 2.326, 95% CI: 1.728–2.914, p < 0.001), macroso-
mia (AOR = 2.032, 95% CI: 1.503–2.627, p < 0.001), and 
NUD (AOR = 1.993, 95% CI: 1.724–2.517, p < 0.001), 
which were higher than the relative risks of these perina-
tal outcomes in women with non-GDM. Moreover, every 
unit increase of HDL concentrations in the third trimes-
ter was associated with a decreased risk of cesarean deliv-
ery (AOR = 0.527, 95% CI: 0.413–0.783, p = 0,014), LGA 
(AOR = 0.525, 95% CI: 0.319–0.832, p = 0.017), and NUD 
(AOR = 0.319, 95% CI: 0.193–0.508, p < 0.001) in women 
with GDM, but only associated with a reduced risk of 
NUD (AOR = 0.519, 95% CI: 0.264–0.728, p = 0.015) in 
women with non-GDM. Consistent with the second-
trimester analysis results, the third-trimester TC and 
LDL levels of women with GDM and non-GDM were 
not significantly associated with the included perinatal 
outcomes.

Discussion
GDM, a common pregnancy complication, has been 
reported to be related to maternal dyslipidemia [33, 34]. 
Although previous studies have compared maternal lipid 
profiles in GDM and normal pregnancies, the results 
have been contradictory [25]. In this retrospective cohort 
study, we analyzed alterations in blood lipid profiles in 
the second and third trimesters of pregnancy with GDM 
and non-GDM. Our results showed maternal serum TC, 
LDL, TG, and HDL levels increased as the pregnancy 
advanced. Furthermore, in this study, the women with 
GDM had significantly higher TC and TG levels in the 
second and third trimesters than non-GDM. In contrast, 
HDL levels decreased in women with GDM, consistent 
with previous reports [21, 23]. However, previous stud-
ies have indicated no significant difference in serum TC, 
HDL, and LDL levels between women with GDM and 
non-GDM [25, 26, 35]. Lipid metabolism during preg-
nancy may be influenced by many factors, including pre-
pregnancy BMI, age, diet, region, and race, which may 
cause differences [36].

Table 2  Comparison of maternal lipid profiles between GDM and non-GDM women

GDM Gestational Diabetes Mellitus, TC Total cholesterol, TG Triglyceride, LDL Low density lipoprotein, HDL High density lipoprotein. P Comparison of serum lipids 
between the second and third trimester, Pa Comparison of serum lipids in the second trimester between GDM group and non-GDM group, Pb Comparison of serum 
lipids in the third trimester between GDM group and non-GDM group

GDM(n = 1632) Non-GDM(n = 9067) Pa Pb

Second Third P Second Third P

TC( mmol/L) 6.13(5.63–7.04) 6.51(6.02–7.66)  < 0.001 5.59(5.09–6.39) 6.03(5.24–6.75)  < 0.001  < 0.001  < 0.001

TG( mmol/L) 2.52(1.79–2.92) 3.83(2.32–4.58)  < 0.001 2.02(1.48–2.58) 3.34(2.42–4.23)  < 0.001  < 0.001  < 0.001

LDL( mmol/L) 3.22(2.47–4.19) 3.79(2.89–4.61)  < 0.001 3.13(2.44–3.96) 3.71(2.69–4.55)  < 0.001 0.819 0.589

HDL( mmol/L) 1.79(1.51–2.25) 1.62(1.41–2.01)  < 0.001 2.11(1.75–2.43) 2.45(1.85–2.57)  < 0.001  < 0.001  < 0.001
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We then comprehensively investigated the associa-
tion between maternal changes in the lipid profiles and 
adverse perinatal outcomes in the second and third 
trimesters of participants with GDM and non-GDM. 
Recent studies have reported the correlation between 
maternal changes in lipid profiles in the second and third 
trimesters of pregnancy with adverse perinatal outcomes, 
including reports that second and third-trimester mater-
nal lipid profiles in normal pregnancies were significantly 
correlated with LGA and macrosomia [37–39]. Moreo-
ver, it has been reported that maternal lipid profiles were 
related to the risk of macrosomia in non-GDM pregnan-
cies [27]. Previous studies also showed that TG levels 
in GDM pregnancies positively relate to neonatal birth 
weight, especially as an independent predictor for LGA 
[40]. However, there is limited research on dyslipidemia’s 
influence on adverse perinatal outcomes in the second 
and third trimesters of GDM and non-GDM pregnancies. 
We found that TG levels in both the second and third tri-
mesters of pregnancy with GDM increased the risk of 
cesarean section, LGA, macrosomia, and NUD, the risks 
of which were also higher than the relative risks of these 
perinatal outcomes in women with non-GDM.

Furthermore, our results showed that increased HDL 
levels in the second and third trimesters had an inverse 
relationship with LGA and NUD in women with GDM, 
while they only had an inverse relationship with LGA in 
women with non-GDM. Moreover, third-trimester HDL 
was connected with a decreased risk of cesarean deliv-
ery in GDM pregnancies. A negative correlation between 
HDL concentration and neonatal birth weight among 
women with normal weight or those with overweight 
and obesity has been reported. The third trimester HDL 
in normal pregnancy was reported to be a stable predic-
tor of LGA, although limited studies exist on pregnan-
cies with GDM [37, 41]. Slagjana et  al. reported that 
decreased HDL levels in pregnancies with GDM were 
related to LGA, consistent with our results. Neverthe-
less, the mechanism underlying the influence of HDL lev-
els on neonatal birth weight is unclear. Additionally, TC 
was associated with larger neonatal sizes, and increased 
levels of TC and LDL at 15–27 weeks of pregnancy were 
related to a higher risk of preterm delivery [42]. However, 
in GDM and non-GDM pregnancies, we did not find an 
association between TC or LDL concentrations in the 
second and third trimesters and the adverse perinatal 
outcomes studied. Our findings, particularly regarding 
HDL and TG levels, may suggest that clinicians should 
closely monitor blood lipid levels of both second and 
third trimesters in pregnancies, especially in GDM cases.

This study had several limitations. First, the study was 
retrospective in design, and unmeasured confounders, 
including pre-gestational lipid levels, physical activity, 

diet, smoking, and other factors during pregnancy, were 
not studied. Second, our study collected serum time 
points that were limited to a certain gestational age in 
the second (24–28 gestational weeks) and third trimes-
ters (32–36 gestational weeks), which may not reflect the 
serum lipid profiles throughout pregnancy or the correla-
tion between blood lipid profiles and perinatal outcomes. 
Third, certain maternal clinical features (such as GWG 
and pre-pregnancy weight) were self-reported and may 
have been subject to recall bias. Multicenter prospective 
studies are warranted to elucidate further the correlation 
between maternal changes in the lipid profiles, maternal 
lifestyle habits, and perinatal outcomes.

Conclusions
Our study demonstrated the correlation between mater-
nal changes in the lipid profiles in the second and third 
trimesters of pregnancies with GDM and non-GDM and 
adverse perinatal outcomes for mothers and newborns. 
It further emphasized the importance of closely moni-
toring the blood lipids level of these pregnancies, espe-
cially in GDM, to reduce adverse perinatal outcomes and 
improve clinical outcomes. Moreover, prospective and 
multicenter clinical investigations are necessary to deeply 
elucidate the underlying association between maternal 
changes in the lipid profiles in women with GDM and 
adverse perinatal outcomes.
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