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Abstract

Objective To delineate the clinical characteristics of preterm birth (PTB) in the context of gestational diabetes
mellitus (GDM).

Methods A retrospective cohort study was conducted, including 14,314 pregnant women with GDM who delivered
at Fujian Provincial Maternity and Children’s Hospital from January 1, 2018, to December 31, 2021. PTB was strati ed
into late PTB (34—36 weeks of gestation) and early PTB (< 34 weeks) and pregnancy complications were analyzed.

Results Compared to the term birth (TB) cohort, a higher prevalence of premature rupture of membranes,
hypertensive diseases of pregnancy (HDP), intrahepatic cholestasis of pregnancy (ICP), anemia and cervical

insu ciency was observed in the PTB cohort. Notably, early PTB increased the incidence of HDP, ICP, anemia and
cervical insu ciency compared to late PTB. In the early stages of pregnancy, early PTB was characterized by elevated
triglyceride (TG) levels and decreased high-density lipoprotein cholesterol (HDL-C) levels compared to late PTB. In
the late pregnancy stages, early PTB was associated with increased white blood cell (WBC) and neutrophil counts. No
disparities were observed in 75 g oral glucose tolerance test (OGTT) between early and late PTB.

Conclusion Enhanced surveillance and management of GDM, particularly in the presence of HDP, ICP and anemia,
are imperative to mitigate the risk of PTB. The lipid pro le may serve as a predictive tool for early PTB in the early
stages of pregnancy, warranting further studies.
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Introduction

Gestational diabetes mellitus (GDM), accounts for
approximately 80.3% of cases of gestational hyperglyce-
mia with pregestational diabetes mellitus (PGDM) and
impaired glucose tolerance during pregnancy accounting
for the remainder [1]. Based on the International Diabe-
tes Alliance report, the global prevalence of GDM was

;porr_espgndence: nearly 14% between 2019 and 2021 [2]. A meta-analysis
)/I:r:});;goz%]lzecom indicated that the prevalence of GDM is approximately
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Preterm birth (PTB) is defined as live birth before 37
weeks of gestation. The diagnostic threshold for PTB var-
ies internationally, being 20 weeks in developed nations
and 28 weeks in developing countries, including China
[5]. The global PTB rate in 2020 was estimated to be 12%,
amounting to 15 million infants born prematurely annu-
ally. Among them, 1 million succumb to related compli-
cations [6].

Although the risk factors of PTB, such as advanced
maternal age, multiple gestations, and male sex of the
fetus, are well-documented [7], GDM presents a poten-
tially modifiable and preventable risk factor. Many pre-
vious studies have linked GDM with PTB [8-13] and a
variety of factors have been proposed to explain the link,
including maternal hypertension [14], glycemic control
[13], oxidative stress [15] and inflammatory factors that
are associated with insulin resistance in general and the
development of GDM [16]. However, the relationship
between GDM and PTB and the mechanisms underly-
ing this association remain to be fully elucidated before
a suitable panel of predictive biomarkers may be charac-
terized. The current study aimed to delineate the clini-
cal characteristics of GDM in relation to PTB imposing
a gestational time-dependent perspective by focusing
on early and late PTB. A retrospective cohort study was
conducted and metrics of glycemic control (oral glu-
cose tolerance test), lipidemia (serum lipid profile) and
inflammatory status (white blood cell count and compo-
sition) recorded with the aim of identifying clinical and
biochemical predictors of PTB in women with GDM,
thereby establishing strategies for the prevention and
management of PTB and its morbidities.

Methods
Study design
This retrospective cohort study was conducted at Fujian
Provincial Maternity and Children’s Hospital, enroll-
ing 14,314 pregnant women with singleton pregnancies
who were diagnosed with GDM and delivered between
January 1, 2018, and December 31, 2021. The participants
were stratified into two groups based on the outcome of
interest: (1) preterm birth (PTB), which was further cat-
egorized into early PTB (less than 34 weeks of gestation)
and late PTB (34-36 weeks of gestation), and (2) term
birth (TB, 37-42 weeks of gestation). Our primary objec-
tive was to analyze and compare the clinical characteris-
tics and pregnancy complications between these groups
to achieve a time-dependent profile of factors linking
GDM and PTB. In the PTB group, there were 670 preg-
nant women who underwent regular obstetric checkups
at Fujian Provincial Maternity and Children’s Hospital
and had complete laboratory information.

Women with GDM who had live singleton births were
included. Exclusion criteria were as follows: (1) women
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with multiple pregnancies; (2) fetal chromosomal abnor-
malities or structural defects; (3) stillbirth or miscarriage;
(4) pregestational diabetes mellitus (PGDM) and unclear
diagnosis of GDM and (5) incomplete delivery informa-
tion. The recruitment process is depicted in Fig. 1.

Data collection

Data were collated through the hospital’s comprehensive
electronic medical record system: (1) General informa-
tion, including maternal age, education level, pre-preg-
nancy body mass index (BMI), history of miscarriage,
parity, mode of conception and the method of delivery;
(2) Pregnancy complications, such as premature rup-
ture of membranes (PROM), hypertensive disorders of
pregnancy (HDP), intrahepatic cholestasis of pregnancy
(ICP), anemia, thyroid disorders, uterine scar, uterine
fibroids, uterine malformations, cervical insufficiency,
breech presentation, fetal distress, polyhydramnios,
oligohydramnios, placenta previa or placenta accreta,
placental abruption and postpartum hemorrhage; (3)
Laboratory parameters, including fasting plasma glu-
cose (FPG), white blood cell (WBC) count, hemoglobin
(HGB) level, neutrophil (NEUT) count, platelet (PLT)
count, triglyceride (TG) level, total cholesterol (TC) level,
high-density lipoprotein cholesterol (HDL-C) level, low-
density lipoprotein cholesterol (LDL-C) level and results
of the 75 g oral glucose tolerance test (OGTT) at 0, 1, and
2 h.

Diagnostic criteria

The diagnosis of the disease was based on the 10th edi-
tion of the International Classification of Diseases (ICD-
10). According to China’s “Guidelines for the Diagnosis
and Treatment of Hyperglycemia in Pregnancy (2022)
[17], a 75 g oral glucose tolerance test (OGTT) was per-
formed between the 24th and 28th weeks of pregnancy
with the diagnostic cutoff values for OGTT at 0 h, 1 h
and 2 h being 5.1 mmol/L, 10.0 mmol/L and 8.5 mmol/L,
respectively. The lower limit for preterm birth was cho-
sen based on China’s “Clinical Diagnosis and Treatment
Guidelines for Preterm Birth“ [5], delivery before 37
weeks and after 28 weeks of pregnancy. Classification
standards were selected based on the 25th edition of
“Williams Obstetrics“ [18], preterm birth before 34 weeks
of gestation was considered early PTB and preterm birth
between 34 and 36 weeks of gestation was considered late
PTB.

The whole course of pregnancy was divided into three
periods. Before the end of the 13th week of pregnancy
was considered early pregnancy; between the end of
the 14th and 27th week was considered mid-pregnancy
and the 28th week and thereafter was considered late
pregnancy.
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Fig. 1 Flowchart of the study population. Footnotes HIP: Hyperglycemia in pregnancy; GDM: Gestational diabetes mellitus; PGDM: Pregestational diabe-

tes mellitus; TB: Term birth; PTB: Preterm birth

Statistical analysis

Statistical analyses were performed using SPSS 26.0 soft-
ware. Categorical data are presented as frequencies, per-
centages or rates. Comparisons were conducted using the
chi-square test or Fisher’s exact test, where appropriate.
We employed the Kolmogorov-Smirnov test to confirm
data normal distribution. Continuous data conforming
to normal distribution are expressed as meanztstan-
dard deviation (SD). Such data were compared using the
independent samples t-test. Non-normally distributed
continuous data are presented as median (25th to 75th
percentile) [M(P25 ~P75)]. For non-normal data, differ-
ences were assessed using the Mann-Whitney U test. A
two-sided P-value of less than 0.05 was considered statis-
tically significant. A total of 670 cases of pregnant women
who regularly attended prenatal check-ups and had early
laboratory data at our hospital were identified, although
some information was still incomplete. We addressed
the missing data by employing median imputation for
the cultural level of the pregnant women and regression
imputation for their pre-pregnancy BMI; the remaining
indicators were complete.

Results

This study comprised 14,314 pregnant women with GDM
who delivered at Fujian Provincial Maternity and Chil-
dren’s Hospital from January 1, 2018, to December 31,
2021. The incidence of PTB among these women was

8.55% (1,224 cases). Early PTB and late PTB occurred for
2.33% (334 cases) and 6.22% (890 cases) of the partici-
pants, respectively.

Demographic and clinical characteristics were com-
pared between women with PTB and those with TB.
Women with PTB were more likely to have advanced
maternal age, a history of several pregnancies or a his-
tory of miscarriage (P<0.05). There was no significant
difference in the use of assisted reproductive technology
(ART) between the PTB and TB groups (P>0.05). Preg-
nancy complications were more prevalent in the PTB
group compared to the TB group, including PROM, HDP,
ICP, anemia, uterine fibroids, uterine malformations, cer-
vical insufficiency, breech presentation, placenta previa
or placenta accreta and placental abruption (P<0.05).
The rates of cesarean section and postpartum hemor-
rhage were also significantly higher in the PTB group
(P<0.05). These findings are summarized in Table 1.

Compared with late PTB, women with early PTB had
a higher average pre-pregnancy BMI, were more likely
to have a history of miscarriage and more often needed
insulin during pregnancy (P<0.05). The incidence of
PROM was lower in early PTB compared to late PTB,
whereas HDP, ICP, anemia, cervical insufficiency, breech
presentation, placental abruption and chorioamnionitis
were more common in early PTB (P<0.05). There were
no significant differences in the rates of cesarean section



Huang et al. BMC Pregnancy and Childbirth (2024) 24:631

Table 1 Demographic and clinical characteristics of women
with and without PTB in GDM
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Table 2 Demographic and clinical characteristics of women
with di erent severity of PTB in GDM

PTB B P-value Early PTB Late PTB P-
n=1224(%) n=13,090(%) n=334(%) n=890(%)  value
Advanced Maternal Age 382(31.2) 3506(26.8) 0.001 Advanced Maternal Age 100(29.9) 282(31.7) 0.557
Multipara 689(56.3) 6485(49.5) <0.001 Education in college level 183(54.8) 612(68.8) <0.001
History of miscarriage 579(47.3) 5695(43.5) 0.010 or above
ART 78(6.4) 809(6.2) 0.790 Pre-pregnancy BMI 2255(2045-  21.83(19.96-  0.002
2

PROM 614(50.2) 3193(24.4) <0001 (ko/m?) 2517) 24.36)
HDP 157(128) 796(6.1) <0001 History of miscarriage 174(52.1) 405(45.5) 0.040
Anemia 346(28.3) 2984(22.8) <ooor  ART 19(5.7) 59(6.6) 0.548
Thyroid diseases 138(113) 1469(11.2) 0.956 Insulin use in pregnancy  10(3.0) 8(09) 0.013#
Uterine broids 225(18.4) 1937(14.8) 0,001 PROM 148(44.3) 466(52.4) 0.012
Uterine anomalies 24(2.0) 100(0.8) <ooo1  HDP 57(17.1) 100(11.2) 0.007
Cervical incompetence 58(4.7) 76(0.6) <0.001 Icp . 18(5.4) 25(28) 0.029
Breech presentation 125(102) 473(36) <oy  Anemia 110(329) 236(26.5) 0.026
Polyhydramnios 21(17) 150(1.1) 0,079 Thyroid diseases 39(11.7) 99(11.1) 0.785
Placenta previa or accreta  87(7.1) 114(0.9) <0001 Uterllne a}nomal|es 8(24) 16(1.8) 0.502
Placental abruption 92(75) 75(0.6) <0001 Cervical incompetence 35(10.5) 23(2.6) <0.001
Cesarean section 644(52.6) 5471(41.8) <0.001 Breech presentation 54(162) 71(8.0) <0001
Postpartum hemorrhage  31(2.5) 211(1.6) 0.017 quyhydramnlgs 5(15) 16(1.8) 0.718
Footnotes ART: Assisted reproductive technology, PROM: Premature rupture Oligohydramnios 10(3.0) 30(34) 0741
of membranes, HDP: Hypertensive disorders in pregnancy, ICP: Intrahepatic Placenta previa or accreta 20(6.0) 67(7.5) 0.350
cholestasis of pregnancy Placental abruption 45(135) 47(5.3) <0001

Chorioamnionitis 98(29.3) 111(12.5) <0.001
and postpartum hemorrhage between the early and late Cesarean section 185(554) 459(516) 0234

Postpartum hemorrhage 6(1.8) 25(2.8) 0.315

PTB groups (P>0.05) (Table 2).

We compared laboratory parameters between 129
cases with early PTB and 541 cases with late PTB who
regularly attended prenatal check-ups at our hospital and
had complete laboratory information during the whole
pregnancy period. Women with early PTB had signifi-
cantly lower levels of HDL-C and higher levels of TG in
the early pregnancy period compared to those with late
PTB (P<0.05). In the late pregnancy period, early PTB
was associated with higher WBC and NEUT counts
(P<0.05). There were no significant differences in FPG
and 75 g OGTT results between the two subgroups of
PTB (P>0.05) (Tables 3, 4 and 5).

Discussion

The current retrospective cohort study gives an over-
view of the clinical characteristics of PTB in women with
GDM. We found that the proportion of women with
GDM in the early PTB group who had a college degree
or above (more than 12 years of education) was lower
than that in the late PTB group. Women with GDM and
lower education levels are mostly engaged in physical
labor, have insufficient income and medical insurance
coverage, lack knowledge about reproductive health and
perinatal care, and have poor compliance and poorly
controlled blood sugar, factors which are considered
to lead to preterm birth among the general population

Footnotes ART: Assisted reproductive technology, PROM: Premature rupture
of membranes, HDP: Hypertensive disorders in pregnancy, ICP: Intrahepatic
cholestasis of pregnancy,#:the P-value is calculated by the Fisher precision test

Table 3 Comparison of laboratory tests in early pregnancy in
GDM

Early PTB Late PTB P-value

n=129(%) n=541(%)
FPG(mmol/L) 4.88+0.38 4.85+0.39 0.494
WBC(x10%/L) 9.15(761-10.75)  9.26(7.85-10.36)  0.903
HGB(g/L) 128(122-133) 129(122-135) 0.200
NEUT(x10%/L) 6.64(5.34-7.88) 6.51(5.42-7.62) 0.916
PLT(x10%L) 249(209-284) 246(214-283) 0.969
TC(mmol/L) 4.75(4.19-5.20) 4.78(4.31-5.27) 0.396
TG(mmol/L) 1.60(1.25-2.07) 1.49(1.18-1.94) 0.031
HDL-C(mmol/L)  151(1.38-172) 1.67(1.46-1.91) <0.001
LDL-C(mmol/L) 2.44(2.12-2.85) 2.41(1.99-2.81) 0230

Footnotes FPG: fasting plasma glucose, WBC: white blood cell, HGB: hemoglobin,
NEUT: neutrophil count, PLT: platelet count, TC: total cholesterol, TG: triglyceride,
HDL-C: high-density lipoprotein cholesterol, LDL-C: low-density lipoprotein
cholesterol

[19, 20]. High pre-pregnancy BMI has been considered
a risk factor for spontaneous PTB [21], and medically
indicated PTB is associated with a BMI>40 kg/m* [22].
The current cohort of GDM patients with early PTB had
a higher pre-pregnancy BMI than those with late PTB,
illustrating that the association of PTB with GDM and
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Table 4 Comparison of laboratory tests in mid-pregnancy in
GDM

Early PTB Late PTB P-value
n=129(%) n=541(%)
OGTT 0 h=5.1mmol/L 41(31.8) 144(26.6) 0.238
OGTT 1 h=10.0mmol/L 78(60.5) 323(59.7) 0874
OGTT 2 h=85mmol/L 72(55.8) 328(60.6) 0316

Footnotes OGTT: oral glucose tolerance test

Table 5 Comparison of laboratory tests in late pregnancy in
GDM

Early PTB Late PTB P-value

n=129(%) n=541(%)
WBC(x10%L) 10.23(8.52-12.28) 9.34(7.87-11.00) <0.001
HGB(g/L) 119.75+1171 121.77+12.10 0.088
NEUT(x10%L) 7.37(6.05-9.51) 6.95(5.59-8.32) 0.001
PLT(x10%L) 205(172-244.5) 205(172-235) 0557
TC(mmol/L) 6.03(5.31-6.86) 6.18(5.39-7.02) 0.150
TG(mmol/L) 2.99(2.29-3.91) 3.02(24-4.02) 0291
HDL-C(mmol/L) 1.68(1.50-1.86) 1.73(1.46-1.97) 0.198
LDL-C(mmol/L) 3.19(243-3.76) 3.11(256-3.79) 0.738

Footnotes WBC: white blood cell, HGB: hemoglobin, NEUT: neutrophil count,
PLT: platelet count, TC: total cholesterol, TG: triglyceride, HDL-C: high-density
lipoprotein cholesterol, LDL-C: low-density lipoprotein cholesterol

its risk factors extends to a time-dependent relationship
with gestational progress. The contribution of higher
pre-pregnancy leptin levels in women with higher BMIs
warrants further investigation and the influence of leptin
levels on fetal size has been indicated previously [23],
although the situation concerning any role of leptin in
pregnancy and labor is complicated by the contribution
to serum levels by placental production. Many studies
have demonstrated that advanced maternal age increases
the risk of preterm birth [24] and this finding was sup-
ported by the current cohort, although no link was found
between higher maternal age and early PTB. It has been
observed that recurrent GDM amplifies the incidence
of preterm birth among multiparous women with a his-
tory of pre-pregnancy obesity, contrasting with those
affected by GDM in the current gestation alone [25]. This
pronounced effect is posited to stem from the interplay
between obesity and a spectrum of metabolic and immu-
nological dysregulations, including hyperinsulinemia,
insulin resistance, and chronic inflammation of the pla-
centa, as delineated in previous studies [26].

Consistent with previous studies [27-29], our findings
indicated that HDP, ICP, and anemia are associated with
preterm birth. Previous studies have reported the asso-
ciation between GDM and pregnancy complications,
including HDP and ICP [30]. These conditions can con-
tribute to PTB, potentially through shared pathophysio-
logical mechanisms involving inflammation and oxidative
stress. In this study, we observed a higher incidence of
pregnancy complications, such as placenta previa and
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placenta accrete, in the PTB group. The rates of cesarean
section and postpartum hemorrhage were also higher
in the PTB group, possibly because placenta previa and
placenta accreta were risk factors for medically indicated
PTB. Our results highlight the need for vigilant monitor-
ing and proactive management of GDM to mitigate the
risk of PTB and its morbidities.

Interestingly, our study revealed that in early preg-
nancy, there were lower HDL-C levels and higher TG
levels in the early PTB group compared to the late PTB
group and this change in serum lipid profile has been
linked to the development of a proinflammatory state
and increased levels of C-reactive peptide [31]. Abnor-
mal lipid metabolism may be a factor in inducing PTB.
Cholesterol is essential for placental angiogenesis while
hyperlipidemia induces inflammation and oxidative
stress. Increased levels of total cholesterol, triglycerides
and HDL-C were associated with PTB and hyperlipid-
emia may be a risk factor, independent of mothers’ pre-
pregnancy BMI or weight [32]. Mudd et al. [33]. found
reduced concentrations of TC, LDL-C and HDL-C to
be correlated with moderately elevated risk of medically
indicated preterm births and elevated levels of TC, LDL-
C, and triglycerides are observed to be associated with
an increased likelihood of spontaneous preterm births.
Wang et al. [34] found that insulin resistance is the pri-
mary cause of increased TG levels and decreased HDL
levels in pregnant women with GDM. In addition, there
was a significant correlation between the TG/HDL ratio
and the prevalence of GDM. Dysregulated serum lipid
profiles and elevated levels of pro-inflammatory cyto-
kines have been associated with a state of oxidative stress
in many pathological conditions, including gestational
insulin resistance and GDM [35, 36]. A state of maternal
oxidative stress may be linked to free radical damage to
fetal tissues given the limited anti-oxidant defenses of
the fetus and thus contribute to some of the observed
adverse outcomes associated with GDM. The early PTB
group had higher WBC and NEUT levels compared to
the late PTB group in late pregnancy and this is further
confirmation of a greater pro-inflammatory state among
the early PTB patients. A retrospective cohort study from
a tertiary hospital in China [37] assessed the relationship
between WBC and adverse outcomes during pregnancy.
Among patients with GDM, increased WBC count ele-
vated the risk of adverse pregnancy outcomes in the first
trimester (adjusted ORs (aOR) 1.06 (95% CI, 1.00-1.13))
and second trimester (aOR 1.10 (95% CI, 1.04-1.16)).
Among patients with PTB, increased WBC count ele-
vated the risk of adverse pregnancy outcomes in the first
trimester (aOR 1.12 (95% CI, 1.06—1.18)), second trimes-
ter (aOR 1.10 (95% CI, 1.06—1.13)), and third trimester
(aOR 1.12 (95% CI, 1.09-1.15)). The current work indi-
cates that elevated lipid levels in the early stages of GDM
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pregnancy may be associated with an increased inflam-
matory burden and also may be related to PTB but the
specific mechanisms underlying this relationship require
further investigation.

Ding et al. [38] found elevated FPG level in pregnant
women with GDM to be significantly associated with
PTB and a study from northwest China [39] indicated
that each 1 mmol/L increase in FPG increased the risk
of PTB. The potential biological link between glucose
levels and PTB may involve inflammatory pathways that
can affect the placenta and vascularization [40, 41], and
high maternal blood glucose is also likely to increase the
risk of early delivery due to fetal macrosomia causing the
fetus to grow large for gestational age [42]. However, the
current study did not find differences in FPG or in 1-2 h
values following the OGTT among different categories of
preterm birth. Blood glucose levels are known to fluctu-
ate during pregnancy and further studies are needed to
clarify the relationship between blood glucose values in
women with GDM and preterm birth. It has also been
suggested that GDM causes unusual methylation pat-
terns in fetal DNA and fetal contributions to early onset
of labor and preterm birth cannot be ignored although
this area falls outside the scope of the current work [43,
44].

It is important to acknowledge the limitations inher-
ent to the retrospective design of our study which may
introduce information and selection bias. The current
study population may also produce findings that are not
generalizable to groupings of different ethnicity. There
are many other factors with an influence on GDM and
pregnancy, such as pursuit of physical activity, dietary
practices, pre-pregnancy BMI changes and smoking or
alcohol consumption which are potential co-variates.
These factors were outside the scope of the present study
but warrant further investigation.

Conclusions

In conclusion, our study revealed that in patients with
GDM, the incidence of other complications of pregnancy
was higher in the PTB group than in the TB group. Fur-
thermore, the incidence of other complications of preg-
nancy in the early PTB group was higher than that in the
late PTB group. To prevent PTB and, especially, early
PTB, it is necessary to enhance the management of GDM
complicated by HDP, ICP, anemia, and other pregnancy
complications. In the early stages of pregnancy, there is
a difference in the lipid profile between early PTB and
late PTB. Tight control of blood lipids in GDM may effec-
tively prevent early preterm birth.
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TG Triglyceride

WBC White blood cell

Acknowledgements
We would like to express our gratitude to EditSprings (https.//www.
editsprings.cn) for the expert linguistic services provided.

Author contributions

All authors contributed to manuscript editing and read and approved the nal
manuscript. Shuyao Huang and Xia Xu contributed to the study design. The
analysis was made by Shuyao Huang in discussion and with the assistance of
Xia Xu and Yanni Guo. Shuyao Huang drafted the manuscript. Xia Xu, Lingling
Jiang and Jianying Yan revised of the manuscript.

Funding

This study was supported by Joint Funds for the innovation of Science and
Technology, Fujian province, [2020Y9134] and Innovation Platform Project of
Science and Technology, Fujian province [2021Y2012]. The funding source
had no role in the design and conduct of the study; collection, management,
analysis, and interpretation of the data; preparation, review, or approval of the
manuscript; and decision to submit the manuscript for publication.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was conducted according to the guidelines of the Declaration of
Helsinki, and approved by the Ethics Committee of Fujian Provincial Maternity
and Children's Hospital (No. 2020-2049). The requirement for informed
consent was waived by the Ethics Committee of Fujian Provincial Maternity
and Children's Hospital because of the retrospective nature of the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 6 July 2024 / Accepted: 9 September 2024
Published online: 01 October 2024

References

1. Magliano DJ, Boyko EJ. committee |. D. F. D. A. t. e. s. IDF Diabetes Atlas [M].
|df diabetes atlas. Brussels; International Diabetes Federation © International
Diabetes Federation, 2021. 2021.

2. Wang H, LiN, Chivese T, et al. IDF Diabetes Atlas: estimation of Global and
Regional Gestational Diabetes Mellitus Prevalence for 2021 by International
Association of Diabetes in Pregnancy Study Group’s criteria [J]. Diabetes Res
Clin Pract. 2022;183:109050.

3. GaoC,SunXLulL, etal Prevalence of gestational diabetes mellitus in
mainland China: a systematic review and meta-analysis [J]. J Diabetes Invest.
2019;10(1):154-62.


https://www.editsprings.cn
https://www.editsprings.cn

Huang et al. BMC Pregnancy and Childbirth

10.

11

12,

13

14,

15,

16.

17.

18.

19,

20.

21.

22.

23.

24,

25,

26.

(2024) 24:631

Meloncelli N, Barnett A, D’Emden M, et al. E ects of changing Diagnostic
Criteria for Gestational Diabetes Mellitus in Queensland. Australia [J] Obstet
Gynecol. 2020;135(5):1215-21.

Subgroup of Obstetrics S. 0. 0. a. G., Chinese Medical Association. Clinical
guidelines for the prevention and treatment of preterm birth (version 2024)
[3]. Chin J Obstet Gynecol, 2024;(04):257-69.

Zierden H, Shapiro R, DeLong K, et al. Next generation strategies for prevent-
ing preterm birth [J]. Adv Drug Deliv Rev. 2021;174:190-209.

Waldenstrdm U, Cnattingius S, Vixner L, et al. Advanced maternal age
increases the risk of very preterm birth, irrespective of parity: a population-
based register study [J]. BJOG. 2017;124(8):1235-44.

Li G, Xing Y, Wang G, et al. Does recurrent gestational diabetes mellitus
increase the risk of preterm birth? A population-based cohort study [J].
Diabetes Res Clin Pract. 2023:199:110628.

Sewell MF, Presley LH, Holland SH, et al. Genetic causes of maturity onset
diabetes of the young may be less prevalent in American pregnant women
recently diagnosed with diabetes mellitus than in previously studied Euro-
pean populations [J]. ] Matern Fetal Neonatal Med. 2015;28(10):1113-5.
Kdck K, Kock F, Klein K, et al. Diabetes mellitus and the risk of preterm birth
with regard to the risk of spontaneous preterm birth [J]. J Matern Fetal Neo-
natal Med. 2010;23(9):1004-8.

Yogev Y, Langer O. Spontaneous preterm delivery and gestational diabetes:
the impact of glycemic control [J]. Arch Gynecol Obstet. 2007;276(4):361-5.
Lepercq J, Coste J, Theau A, et al. Factors associated with preterm deliv-

ery in women with type 1 diabetes: a cohort study [J]. Diabetes Care.
2004;27(12):2824-8.

Hedderson MM, Ferrara A, Sacks DA. Gestational diabetes mellitus and lesser
degrees of pregnancy hyperglycemia: association with increased risk of spon-
taneous preterm birth [J]. Obstet Gynecol. 2003;102(4).850-6.

Mistry SK, Das Gupta R, Alam S, et al. Gestational diabetes mellitus (GDM) and
adverse pregnancy outcome in South Asia: a systematic review [J]. Endocri-
nol Diabetes Metab. 2021;4(4).e00285.

Lappas M, Hiden U, Desoye G, et al. The role of oxidative stress in the
pathophysiology of gestational diabetes mellitus [J]. Antioxid Redox Signal.
2011;15(12):3061-100.

Khambule L, George JA. The role of in ammation in the development of
GDM and the use of markers of in ammation in GDM screening [J]. Adv Exp
Med Biol. 2019;1134:217-42.

Obstetrics Subgroup C. S. 0. O. a. G, Chinese Medical Association;, Chinese
Society of Perinatal Medicine C. M. A. C. 0. P w. D. M., China Maternal

and Child Health Association. Guideline of diagnosis and treatment of
hyperglycemia in pregnancy(2022) [Part one] [J]. Chin J Obstet Gynecol.
2022,57(1):3-12.

FGary Cunningham. Williams Obstetrics [M]. Mcgraw-Hill Education; 2018.
Granés L, Tora-Rocamora |, Palacio M, et al. Maternal educational level and
preterm birth: exploring inequalities in a hospital-based cohort study [J].
PLoS ONE. 2023,18(4).0283901.

Jansen PW, Tiemeier H, Jaddoe VW, et al. Explaining educational inequalities
in preterm birth: the generation r study [J]. Arch Dis Child Fetal Neonatal Ed.
2009;94(1):F28-34.

Barbour L. Metabolic culprits in obese pregnancies and gestational diabetes
Mellitus: big babies, big twists, big picture: the 2018 Norbert Freinkel Award
lecture [J]. Diabetes Care. 2019;42(5):718-26.

Aughey H, Jardine J, Knight H, et al. latrogenic and spontaneous pre-

term birth in England: a population-based cohort study [J]. BJOG.
2023;130(1):33-41.

Shro MR, Holzman C, Tian Y, et al. Mid-pregnancy maternal leptin levels,
birthweight for gestational age and preterm delivery [J]. Clin Endocrinol
(Oxf). 2013;78(4).607-13.

Pinheiro RL, Areia AL, Mota Pinto A, et al. Advanced maternal age:

adverse outcomes of pregnancy, a Meta-analysis [J]. Acta Med Port.
2019;32(3):219-26.

Li GJ, Xing YH, Wang GL et al. Does recurrent gestational diabetes mellitus
increase the risk of preterm birth? A population-based cohort study [J].
Diabetes Res Clin Pract, 2023;199.

Sewell MF, Presley LH, Holland SH, et al. Genetic causes of maturity onset
diabetes of the young may be less prevalent in American pregnant women

21.

28.

29.

30.

3L

32

33

34,

35.

36.

37.

38.

39.

40.

41.

42.

43,

44,

Page 7 of 7

recently diagnosed with diabetes mellitus than in previously studied Euro-
pean populations [J]. ) Maternal-Fetal Neonatal Med. 2015;28(10):1113-5.
Tsujimoto Y, Kataoka Y, Banno M, et al. Association of low birthweight and
premature birth with hypertensive disorders in pregnancy: a systematic
review and meta-analysis [J]. J Hypertens. 2022;40(2):205-12.

Rahmati S, Azami M, Badfar G, et al. The relationship between maternal
anemia during pregnancy with preterm birth: a systematic review and meta-
analysis [J]. ) Maternal-Fetal Neonatal Med. 2020;33(15):2679-89.

Ovadia C, Seed PT, Sklavounos A, et al. Association of adverse perinatal out-
comes of intrahepatic cholestasis of pregnancy with biochemical markers:
results of aggregate and individual patient data meta-analyses [J]. Lancet.
2019;393(10174):899-909.

Li X, Cai QY, Luo X, et al. Gestational diabetes mellitus aggravates adverse
perinatal outcomes in women with intrahepatic cholestasis of pregnancy [J].
Volume 16. Diabetology & Metabolic Syndrome; 2024. 1.

Bucurica S, Nanco AS, Dutu M et al. Exploring the relationship between lipid
Pro le, In ammatory State and 25-OH vitamin D serum levels in hospitalized
patients [J]. Biomedicines, 2024;12(8).

Jiang S, Jiang J, Xu H, et al. Maternal dyslipidemia during pregnancy may
increase the risk of preterm birth: a meta-analysis [J]. Taiwan J Obstet Gyne-
col. 2017;56(1).9-15.

Mudd LM, Holzman CB, Catov JM, et al. Maternal lipids at mid-preg-

nancy and the risk of preterm delivery [J]. Acta Obstet Gynecol Scand.
2012,91(6):726-35.

Wang D, Xu S, Chen H, et al. The associations between triglyceride to high-
density lipoprotein cholesterol ratios and the risks of gestational diabetes
mellitus and large-for-gestational-age infant [J]. Clin Endocrinol (Oxf).
2015;83(4):490-7.

Asemi Z, Jazayeri S, Naja M, et al. Association between markers of systemic
in ammation, oxidative stress, lipid pro les, and insulin resistance in preg-
nant women [J]. ARYA Atheroscler. 2013;9(3):172-8.

Yang RL, Shi YH, Hao G, et al. Increasing oxidative stress with Progressive
Hyperlipidemia in Human: relation between Malondialdehyde and Athero-
genic Index [J]. J Clin Biochem Nutr. 2008;43(3):154-8.

Zhang Y, Qian YL, Liu CW et al. Association between white blood cell count
and adverse pregnancy outcomes: a retrospective cohort study from a
tertiary hospital in China [J]. Bmj Open, 2023;13(11).

Ding T, Xiang J, Luo B, et al. Relationship between the IADPSG-criteria-

de ned abnormal glucose values and adverse pregnancy outcomes among
women having gestational diabetes mellitus: a retrospective cohort study [J].
Medicine. 2018,97(43):¢12920.

Zhao D, Liu D, Shi W et al. Association between maternal blood glucose levels
during pregnancy and birth outcomes: a birth cohort study [J]. Int J Environ
Res Public Health, 2023;20(3).

Tang J, Zhu X, Li M et al. The impact of maternal prepregnancy impaired
fasting glucose on preterm birth and large for gestational age: a large
population-based cohort study [J]. Am J Obstet Gynecol, 2020, 222(3): 265.
€261-265.£219.

Green ES, Arck PC. Pathogenesis of preterm birth: bidirectional in ammation
in mother and fetus [J]. Semin Immunopathol. 2020;42(4):413-29.

LiH,Yin Q, Li N et al. Plasma Markers of Oxidative Stress in Patients with
Gestational Diabetes Mellitus in the Second and Third Trimester [J]. Obstet
Gynecol Int, 2016, 2016: 3865454,

Wang G, Xu R, Zhang B, et al. Impact of intrauterine exposure to maternal
diabetes on preterm birth: fetal DNA methylation alteration is an important
mediator [J]. Clin Epigenetics. 2023;15(1):59.

Geurtsen ML, Jaddoe VWV, Gaillard R, et al. Associations of maternal early-
pregnancy blood glucose and insulin concentrations with DNA methylation
in newborns [J]. Clin Epigenetics. 2020;12(1):134.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional a liations.



