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BACKGROUND: Women conceiving via assisted reproductive technology (ART) may have a higher risk of developing gestational
diabetes mellitus (GDM) compared to those who conceive spontaneously. However, the underlying factors associated with this
relationship are not fully understood. This study aimed to investigate the association between ART conception and GDM prevalence
and to explore related maternal serum biomarkers.

METHODS: In an observational cohort of 11,563 singleton pregnancies, GDM was diagnosed at 24-28 weeks. We compared
maternal characteristics, GDM prevalence, and late-pregnancy serum levels of folate, vitamin B12, and lipids between ART and
spontaneously conceived women. Multivariable logistic regression assessed the independent association between ART and GDM.
RESULTS: Among the participants, 2.3% conceived through ART. The overall GDM prevalence was 8.4%, but significantly higher in
the ART group (15.0%). Within the ART group, GDM was more common among women with advanced age (23.2%), obesity (21.8%),
or multiparity (25.0%). After adjustment for confounders, ART conception remained independently associated with an increased
prevalence of GDM (adjusted OR: 1.49, 95% Cl: 1.03-2.15). Furthermore, women in the ART group had significantly higher adjusted
serum levels of folate (adjusted 3 = 3.58, 95% Cl: 1.96-5.21) and triglycerides (adjusted 8 = 0.25, 95% Cl: 0.13-0.37) compared to the
spontaneous conception group. In the entire cohort, higher levels of both folate (adjusted OR = 2.21, 95% Cl: 1.71-2.85) and
triglycerides (adjusted OR = 1.70, 95% Cl: 1.31-2.22) were independently associated with an increased GDM prevalence.
CONCLUSIONS: Our study confirms that ART pregnancies are associated with a higher risk of GDM and with elevated circulating
folate and triglyceride concentrations at delivery. These findings highlight the importance of monitoring GDM risk and metabolic
profiles in pregnancies achieved through ART. Future studies with biomarker assessments earlier in gestation are needed to clarify

whether maternal folate and lipid metabolism contribute causally to the excess risk of GDM in ART pregnancies.
Nutrition and Diabetes (2026)16:7 ; https://doi.org/10.1038/541387-026-00414-0

INTRODUCTION

Hyperglycemia first identified during pregnancy is defined as
gestational diabetes mellitus (GDM), an increasingly prevalent
challenge in public health and clinical practice that complicates
approximately 14% of global pregnancies [1]. GDM can not only
lead to adverse pregnancy outcomes, such as caesarean section,
preterm birth (PTB), macrosomia, and large-for-gestational-age
(LGA) infants, but also increase the incidence of developing type 2
diabetes mellitus, metabolic disorders, and cardiovascular disease
(CVD) post-pregnancy. Additionally, it can boost the likelihood of
diseases in the offspring’s childhood and adulthood, such as
metabolic dysfunction and obesity [2, 3]. Therefore, investigating
the etiology and risk factors of GDM, and seeking effective
preventive strategies, holds practical and enduring importance for
improving maternal and fetal outcomes. Well-established risk
factors for GDM include advanced maternal age, maternal obesity,
high parity, diabetes family history, and a history of prior GDM.
Growing epidemiological studies have observed that pregnant

women conceived through assisted reproductive technologies
(ART) have a higher prevalence of gestational diabetes mellitus
(GDM) compared with those who conceived spontaneously [4].
Over the past two decades, the link between ART and GDM has
attracted escalating attention in research. However, whether ART
is an independent influencing factor for GDM in individuals with
singleton pregnancies remains controversial. A number of studies
with sufficient sample sizes have examined the association
between ART and GDM risk in singleton pregnancies, yielding
inconsistent results. Some studies have demonstrated a signifi-
cantly increased risk of GDM among women with pregnancies
achieved through ART compared to those with spontaneous
conceptions [5-20], while others have failed to find any significant
association [21-28]. One plausible explanation for these conflict-
ing findings could be the influence of various maternal factors,
including age, BMI, and parity, which may contribute to the
occurrence of GDM [28]. Despite adjustments for these maternal
factors in most studies, other potential determinants, such as
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maternal folate status and lipid profiles, have generally not been
accounted for in the analyses. Given that cumulative evidence
indicates elevated maternal levels of folate and triglycerides are
associated with an increased occurrence of GDM [29-32], no
previous studies to date have investigated the differences in these
potential determinants between ART and natural conception
groups.

Consequently, we utilized the perinatal real-world database of a
tertiary (3 A) hospital, which enabled us to elucidate the relation-
ship between ART and GDM prevalence in singleton pregnancies
after controlling for these known maternal factors, and to
systematically assess the potential role of maternal folate and
triglyceride levels within this relationship.

METHODS

Study design and data source

We conducted an observational cohort study using data from a real-world
database provided by the Changzhou Maternal and Child Health Care

Hospital. This database included 13,275 consecutive women who delivered
at the hospital between April 2016 and March 2017 and incorporated their
demographic and reproductive characteristics, laboratory measurements
upon admission for delivery, and pregnancy outcomes. Participants were
eligible for inclusion if they had a single pregnancy leading to a live birth
between 28 and 41 weeks of gestation. Participants were disqualified from
the final analysis if they fulfilled any of the following criteria: multiple
pregnancies; a previous medical history including diabetes (either type 1 or
2), hypertension, cardiovascular, hepatic, and renal disorders, rheumatic
autoimmune diseases, or syphilis; use of illegal drugs, alcohol, or tobacco
during pregnancy; congenital defects or fetal death in utero; medically
induced termination of pregnancy; or missing serum levels of folate, total
homocysteine (tHcy), vitamin B12, blood lipids, and liver and kidney
function tests. Following the exclusion of 1712 participants for various
reasons including 335 cases of plural pregnancies, 488 with pre-existing
medical disorders, 96 involving congenital anomalies or non-live births,
and 793 lacking related laboratory measurements, a total of 11,563
individuals remained eligible for the final analysis (Fig. 1). Throughout their
pregnancies, none of the study participants reported using illegal drugs,
smoking, or consuming alcohol. We retrieved data from the clinical
medical records, including maternal demographics, reproductive history,

13 275 pregnant women enrolled
in a birth cohort

96 women excluded:
68 fetal dysplasia
24 abortion
4 intrauterine fetal death

13 179 pregnant women
with live childbirth

335 plural gestations excluded

12 844 women with
singleton births

793 women without related
laboratory findings

488 women excluded:
179 wit thyroid disease
114 with heart, liver and

kidney diseases

>l 76 with diabetes and
hypertension

66 with rheumatism and
autoimmune diseases

53 with Syphilis

11 563 women for final data

analysis

Fig. 1 Flow diagram. Participants flow chart.
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disease history, medication use history, admission and discharge
diagnoses, mode of delivery, fetal gestational age, sex, birth length, and
birth weight.

Ethical approval for this study was granted by the hospital’s institutional
review board (IRB; reference number ZD201803). Given that the data were
retrospectively collected in an anonymous manner from the hospital’s
database, the requirement for informed consent was waived. Due to the
retrospective, observational nature of this study using an existing
database, the investigators were not involved in patient care or group
allocation. However, the primary exposure (ART conception) and outcome
(GDM) were defined by objective data extracted from medical records. The
laboratory measurements were performed automatically, and the GDM
diagnosis was based on standardized, objective OGTT criteria, which
minimized the potential for assessment bias.

Biochemical analyses

In this study, all individuals were hospitalized for childbirth either upon
reaching their estimated date of confinement or presenting with signs of
impending labor. Blood samples were collected from participants upon
admission and subsequently sent to the hospital’s laboratory for routine
measurements on the respective automated platforms: for hepatorenal
function and lipid profiles, the AU5800 (Beckman Coulter, Japan); for tHcy,
the BN Il System (Siemens Diagnostics, Germany); and for vitamin B12 and
folate, the UniCel DxI 800 (Beckman Coulter, USA). The intra-assay and
inter-assay coefficients of variation (CVs) for these laboratory measure-
ments were <5% and < 10%, respectively. We retrieved these laboratory
results from the hospital’s information system.

Diagnosis of GDM

GDM was diagnosed following the guidelines suggested by the Interna-
tional Association of Diabetes and Pregnancy Study Groups. All
participants were requested to undergo an oral glucose tolerance test
(OGTT) administering 75 grams of glucose during the 24™ to 28™ weeks of
gestation. During the OGTT, plasma glucose levels were assessed at 0
(fasting), 1, and 2 h post-glucose intake. Normal glucose values were set as
follows: a fasting glucose level below 5.1 mmol/L, a 1 h glucose level below
10.0 mmol/L, and a 2h glucose level below 8.5 mmol/L. If any of these
glucose readings met or exceeded their respective thresholds, the
participant would be diagnosed with GDM [33].

Definitions

Maternal age was classified as either advanced (35 years or older) or non-
advanced (under 35 years), and prenatal body mass index (BMI) was
categorized as obesity (30.0 kg/m’ or higher), overweight (25.0 to 29.9 kg/
m?), or normal weight (below 25.0kg/m? [34]. Diagnosis of maternal
comorbidities, including preeclampsia (PE), pregnancy induced hyperten-
sion (PIH), and intrahepatic cholestasis of pregnancy (ICP), followed the
criteria established in a prior study [35]. Preterm birth (PTB) was defined as
birth occurring between the 28" week and the end of the 36™ week plus
6 days of gestation [36]. Newborns were classified as small for gestational
age (SGA) if their birth weights were below the 10™ percentile for their
respective gestational age, as appropriate for gestational age (AGA) if their
birth weights fell within the 10" to 90™ percentiles, and as large for
gestational age (LGA) if their birth weights exceeded the 90™ percentile
[371.

Statistical analysis

Statistical analyses were conducted using EmpowerStats version 4.1 (X&Y
Solutions, Boston, MA) and R version 4.2.0 (R Foundation, Vienna, Austria).
Data were summarized as frequency (percentage) for categorical variables
and as mean = standard deviation (SD) for continuous variables, stratified
by conception method (natural versus ART). The distribution of continuous
variables was assessed for normality using the Shapiro-Wilk test. Based on
this assessment, variables following normal distributions were compared
using one-way ANOVA, with the homogeneity of variances verified by
Levene's Test, while variables exhibiting skewed distributions were
compared using the Mann-Whitney U test with visual assessment of
distributional similarity. Categorical variables were compared using the chi-
square test. Logistic regression models were employed to estimate the
odds ratios (ORs) and corresponding 95% confidence intervals (Cls) for
GDM in ART compared to natural conception. Model | adjusted for
maternal age, prenatal BMI, blood pressure (BP), parity, and fetal sex, while
Model Il further incorporated additional laboratory findings alongside
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Table 1. Participants’ demographics and laboratory results grouped
by spontaneous conception and ART (n = 11,563).

Variable Spontaneous ART (266) P-value
conception
(n=11,297)
Maternal age 285+4.4 31.7+£4.3 <0.001
(years)
<35 10043 (89.9%) 197 (74.1%) <0.001
>35 1254 (11.1%) 69 (25.9%)
Height (cm) 161.6 £ 4.6 161.0£4.5 0.029
Weight (kg) 714+9.6 73.0+9.7 0.005
BMI (kg/m?)? 273+34 28.1+33 <0.001
<25 2817 (25.2%) 41 (15.6%) <0.001
25-29 6137 (54.9%) 144 (54.8%)
=30 2230 (19.9%) 78 (29.7%)
Systolic BP 121+12 1214 +£11.0 0.576
(mmHg)
Diastolic BP 745+83 747 +8.2 0.667
(mmHg)
Primipara (%) 6715 (59.4%) 230 (86.5%) <0.001
Cesarean 4699 (41.6%) 214 (80.5%) <0.001
section
GDM 929 (8.2%) 40 (15.0%) <0.001
ICP 702 (6.2%) 15 (5.6%) 0.702
PE 385 (3.4%) 10 (3.8%) 0.760
PIH 242 (2.1%) 4 (1.5%) 0.476
PTB 773 (6.8%) 19 (7.1%) 0.855
Gestational age 38717 382+1.6 <0.001
(week)
Neonatal sex 5973 (52.9%) 141 (53.0%) 0.967
(male)
Neonatal height 498+ 1.4 498+ 1.5 0.834

Neonatal 3341.2+496.4 3377.1+507.4 0.259
weight

SGA 1010 (8.9%) 13 (4.9%) <0.001
AGA 8558 (75.7%) 193 (72.6%)

LGA 1729 (15.3%) 60 (22.6%)

Laboratory results

Vitamin B12 160.2 £70.9 182.4 £74.0 <0.001
(pmol/L)

Folate (nmol/L) 26.6+14.5 33.6+153 <0.001
tHcy (pmol/L) 85+27 78+1.7 <0.001
ALT (U/L) 11.5+£13.2 13.9+244 0.012
AST (U/L) 20.1+15.7 21.9+19.1 0.104
Urea nitrogen 35+09 3610 0.920
(mmol/L)

Creatinine 60.1£9.0 60.6 + 8.1 0.188
(umol/L)

Total 64+1.2 64+1.2 0.944
cholesterol

(mmol/L)

triglycerides 39+1.8 45+20 <0.001
(mmol/L)

LDL-C (mmol/L) 34+09 33+09 0.383
HDL-C 1.7+0.3 1.7+04 0.070
(mmol/L)

2116 participants were unable to have their BMI parameters calculated due
to the lack of height data.

ART Assisted reproductive technology, BMI Body mass index, BP Blood
pressure, GDM Gestational diabetes mellitus, ICP Intrahepatic cholestasis of
pregnancy, PE Pre-eclampsia, PIH Pregnancy induced hypertension, PTB
Preterm birth. SGA/AGA/LGA Small/appropriate/large for gestational age,
tHcy Total homocysteine, ALT Alanine aminotransferase, AST Aspartate
aminotransferas, LDL-C Low density lipoprotein cholesterol, HDL-C High
density lipoprotein cholesterol.

SPRINGER NATURE
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Table 2. Relationship between ART and GDM in different models (n = 11,563).
Variable GDM (%) Crude Model Model | Model Il
OR (95% Cl) P-value OR (95% ClI) P-value OR (95% Cl) P-value
Spontaneous conception 929 (8.2%) 1.00 1.00 1.00
ART 40 (15.0%) 1.98 (1.40, 2.78) <0.001 1.72 (1.21, 2.45) 0.003 1.49 (1.03, 2.15) 0.033

Model | adjusted for maternal age, prenatal BMI, BP, parity, and fetal sex. Model Il adjusted for the variables in Model | and the laboratory findings (vitamin B12,

tHcy, ALT, AST, urea nitrogen, creatinine, total cholesterol, LDL-C, and HDL-C).

ART Assisted reproductive technology, GDM Gestational diabetes mellitus, OR Odds ratio, C/ Confidence interval, BMI Body mass index,; BP Blood pressure, tHcy
Total homocysteine, ALT Alanine aminotransferase, AST Aspartate aminotransferas, LDL-C Low density lipoprotein cholesterol, HDL-C High density lipoprotein

cholesterol.

these variables. For subgroup analysis, stratified logistic regression models
were applied to assess the interactions between ART and GDM within
different subgroups defined by maternal age (< 35 years vs. > 35 years),
prenatal BMI (<30kg/m? vs. >30kg/m?, and parity (nulliparous vs.
multiparous). Linear regression models were used to calculate the
regression coefficients (Bs) for folate and triglycerides levels between
ART and naturally conceived groups. Logistic regression models were also
applied to estimate the ORs and 95% Cls for GDM prevalence, comparing
higher quintiles to the lowest quintile of folate and triglycerides levels, as
well as assessing the impact of a one-SD increase in these levels in late
pregnancy. P-values less than 0.05 were considered to indicate statistical
significance, and all statistical tests conducted in this study were two-
sided. The sample size was determined by the available data in the real-
world database. A post-hoc power analysis confirmed that the study had
>99% power to detect the observed effect size for the primary association
(ART and GDM) at a two-sided alpha of 0.05.

RESULTS

Participants’ characteristics

Among the 11,563 eligible participants with singleton pregnan-
cies, 266 (2.3%) received ART to assist conception, whereas 11,297
(97.7%) conceived naturally. The prenatal characteristics and
laboratory measurements of all women are described in Table 1.
In the ART group, compared with the spontaneous conception
group, maternal age, BMI, nulliparity proportion, rates of cesarean
section and LGA delivery, GDM prevalence, and levels of vitamin
B12, folate, ALT, and triglycerides were significantly higher (all
P < 0.05). In contrast, gestational age at delivery, the proportion of
SGA births, and tHcy levels were significantly lower in the ART
group (all P<0.01). No significant differences were observed
between the two groups in terms of BP, the prevalence of ICP, PE,
PIH, and PTB, fetal sex, height, and weight, as well as levels of AST,
urea nitrogen, creatinine, total cholesterol, LDL-C, and HDL-C.

Relationship between ART and GDM

GDM prevalence in associations with ART among the participants
are shown in Table 2. In the crude model, an increased prevalence
of GDM was observed in women who conceived through ART
compared with those who conceived spontaneously (15.0% vs.
8.2%), with an OR of 1.98 (95% Cl: 1.40-2.78). After sequentially
controlling for potential confounders in Model 1 and Model 2, the
ART-GDM relationship remained significant, with ORs of 1.72 (95%
Cl: 1.40-2.78) and 1.49 (95% Cl: 1.03-2.15), respectively. Stratified
analyses across subgroups of maternal age (< 35 and =35 years),
prenatal BMI ( < 30 and =30 kg/m?), and parity (no children and > 1
child) revealed no significant interactions (all P-values for
interaction > 0.05, Table 3). A higher prevalence of GDM was
observed in people who underwent ART and those of advanced
maternal age (35 years or older) (23.2%), people with obesity
(21.8%), and people with multiparity (25.0%). In contrast, a lower
prevalence of GDM was found in people who conceived naturally
and were of non-advanced maternal age (under 35 years), without
obesity, and nulliparous (each with 7.2%).

SPRINGER NATURE

Relationships of ART with folate and triglycerides

Compared with women who conceived spontaneously, those who
conceived through ART had significantly higher serum folate
(33.6 + 15.3 nmol/L vs. 26.6 + 14.5 nmol/L) and triglycerides levels
(4.5+2.0mmol/L vs. 3.9+ 1.8 mmol/L), with all P-values <0.001
(Fig. 2). In general regression analyses, the B coefficients for serum
folate and triglycerides levels were 6.99 and 0.53 in the crude
models, 5.55 and 0.44 in Model 1, and 3.58 and 0.25 in Model 2,
respectively (Table 4).

Relationships of GDM with folate and triglycerides

As shown in Table 5 and Table 6, an elevation in folate and
triglycerides levels by one SD was significantly related to an
increased risk of GDM, with ORs of 1.38 for folate and 1.29 for
triglycerides in the crude model, 1.37 for folate and 1.26 for
triglycerides in Model 1, and 1.26 for folate and 1.15 for
triglycerides in Model 2. For folate, the multivariable-adjusted
ORs of GDM for higher quintiles versus the lowest quintile were
1.30 (95% CI: 1.00-1.69), 1.68 (95% Cl: 1.31-2.17), 1.69 (95% Cl:
1.31-2.18), and 2.21 (95% Cl: 1.71-2.85). For triglycerides, the
corresponding ORs were 1.14 (95% Cl: 0.88-1.46), 1.39 (95% Cl:
1.08-1.77), 1.57 (95% Cl: 1.23-2.00), and 1.70 (95% Cl: 1.31-2.22).
Additionally, increased levels of folate and triglycerides displayed
a non-linear relationship with an elevated likelihood of GDM, as
depicted in Fig. 3.

DISCUSSION

This observational cohort study analyzed differences in pregnancy
complications between women who conceived via ART and those
who conceived naturally at a Grade A tertiary hospital in eastern
China. We found that GDM was more prevalent among ART
pregnant women, particularly those of advanced age, people with
obesity, or those with multiparity. Our results confirmed a
significant association between ART conception and GDM
prevalence, even after adjusting for potential confounders,
whereas no such association was observed for other complications
such as ICP, PE, or PIH. Furthermore, ART conception was
associated with elevated serum levels of folate and triglycerides,
both of which were independently correlated with GDM
prevalence. These findings identify folate and triglycerides as
important biological correlates in the pathway linking ART to
GDM, highlighting the need for further investigation into their
potential role.

There has been a steady increase in the number of pregnancies
conceived through ART over the past few decades, enabling
countless couples with infertility to become parents and account-
ing for 1-6% of all live births globally [7]. Although the vast
majority of children born through ART are healthy, there is
growing concern about the incidence of adverse pregnancy
outcomes. Epidemiological studies and meta-analyses have
accumulated evidence suggesting that singleton pregnancies
achieved through ART are associated with a higher risk of adverse

Nutrition and Diabetes (2026)16:7
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<0.001

2.78 (1.57, 4.91)

17 (21.8%) 3.28 (1.91, 5.61) <0.001

2230 278 (12.5%) 78

> 30
Parity

0.572

0.148
0.104

0.001 0313 1.35 (0.90, 2.04)
1.94 (0.87, 4.32)

1.90 (1.30, 2.79)
4.13 (1.94, 8.80)

31 (13.5%)
9 (25.0%)

230
36

483 (7.2%)
446 (9.7%)

6,715

No child

<0.001

4,582

> 1 child
Model | adjusted for maternal age (< 35/ 2 35 years), prenatal BMI (< 25/25-29/ > 30 kg/mz), parity (no child/z 1 child), BP, and fetal sex (female/male). Model Il adjusted for the variables in Model | and the

laboratory findings (vitamin B12, tHcy, ALT, AST, urea nitrogen, creatinine, total cholesterol, LDL-C, and HDL-C), except for the covariate that was categorized.

ART Assisted reproductive technology, GDM Gestational diabetes mellitus, OR Odds ratio; C/ Confidence interval, BMI Body mass index, BP Blood pressure, tHcy Total homocysteine, ALT Alanine aminotransferase,

AST Aspartate aminotransferas, LDL-C Low density lipoprotein cholesterol, HDL-C High density lipoprotein cholesterol.
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pregnancy outcomes compared to those conceived naturally,
which mainly included pregnancy complications (GDM/PE/PIH/
ICP) and adverse birth outcomes (caesarean section/PTB/low birth
weight/SGA/LGA) [38-44]. In the present real-world study, we
observed a higher prevalence of GDM, cesarean sections, and LGA
deliveries among ART singleton pregnancies compared to
spontaneous singleton pregnancies. However, there was no
significant difference in the prevalence of other pregnancy
complications, including PE, PIH, ICP, and PTB, or in the fetal
birth weight. Some of these research findings are consistent with
previous epidemiological studies, while others are contradictory.
For instance, an Israeli prospective study comparing 561 ART
singleton pregnancies to 600 spontaneous ones found no
significant differences in complications like GDM, PIH, and
cesarean sections [22]. Conversely, a Chinese retrospective cohort
study of 1453 ART and 6667 spontaneous singleton pregnancies
showed that ART was linked to higher rates of GDM, ICP, PIH, and
mild PE compared to spontaneous conception [15]. Another
Chinese retrospective study, involving 5,960 ART and 8,005 spon-
taneous singleton pregnancies, indicated that ART was associated
with higher rates of GDM and cesarean sections but not with PIH
[18]. This discrepancy could be attributed to differences in study
design (cohort vs. cross-sectional vs. case-control studies), study
location (reflecting variations in GDM prevalence and race/
ethnicity among populations), causes of infertility, and ART
subtypes. Significant differences in GDM prevalence have been
reported among different ART subtypes and causes of infertility
[42]. This discrepancy might also be due to some studies failing to
control for maternal characteristics, whereas the present study
adjusted for factors such as age, BMI, and parity.

The mechanisms underlying the increased prevalence of GDM in
individuals who achieve singleton pregnancies through ART
compared to those who conceive spontaneously remain unclear.
One potential explanation for this negative effect of ART-induced
pregnancy may be the hormonal therapy employed in ovulation
stimulation and luteal phase supplementation [19]. Previous study
has suggested that luteal phase support with progesterone until
12 weeks, preterm labor prevention, and the specific mode of
progesterone administration may contribute to an increased risk of
GDM in women conceiving via ART [45]. Progesterone has been
shown to increase insulin resistance by reducing glucose transpor-
ter 4 expression, which may contribute to the occurrence of GDM
[46]. Due to the lack of relevant data, we were unable to investigate
this association. A Chinese cohort study involving 4353 participants
demonstrated that high-dose folate supplementation (=800 ug/
day) from pre-pregnancy to mid-pregnancy is associated with an
elevated risk of GDM [47]. Another cohort study of 3252 Chinese
women with singletons further observed a higher prevalence of
GDM among those who conceived via ART and received high-dose
folate supplementation (> 800 pg/day) compared to those who
conceived naturally and received low-dose folate supplementation
(<400 pg/day) [20]. Our real-world study provided the first
evidence that serum folate levels in the third trimester are
significantly higher in women who conceived via ART compared
to those who conceived naturally. Additionally, our study revealed
that maternal serum folate levels in late pregnancy are positively
correlated with the prevalence of GDM. This finding aligns with two
previous cohort studies conducted in Singapore and China [29, 30],
which also noted this correlation. Collectively, these findings
suggest that the elevated folate levels commonly observed in ART
pregnancies may be one of the factors associated with the
increased GDM risk in this population. The mechanisms by which
a high folate status can influence the occurrence of GDM include
triggering inflammation, interfering with insulin signaling pathways,
and indirectly affecting insulin sensitivity and B-cell function
through its impact on vitamin B12 metabolism [48]. A similar
pattern is observed for serum triglycerides. In spontaneous
pregnancies, elevated triglyceride levels have been consistently
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Fig.2 Serum folate and triglycerides in ART and spontaneous pregnancies. Comparison of maternal serum folate and triglyceride levels in
ART versus spontaneous conception groups (A folate: 33.6 + 15.3 nmol/L vs. 26.6 + 14.5 nmol/L, B triglycerides: 4.5 + 2.0 mmol/L vs. 3.9 + 1.8

mmol/L, all P < 0.001).

triglycerides (mmol/L)

Table 4. Effect size of ART on folate and triglycerides in different models (n = 11,563).

Variables Folate (nmol/L)
B (95% ClI)

Crude Model

Spontaneous conception 0

ART 6.99 (5.23, 8.75)

Model |

Spontaneous conception 0

ART 5.55 (3.78, 7.32)

Model Il

Spontaneous conception 0

ART 3.58 (1.96, 5.21)

P-value B (95% ClI) P-value
0

<0.001 0.53 (0.31, 0.75) < 0.001
0

<0.001 0.44 (0.22, 0.66) <0.001
0

<0.001 0.25 (0.13, 0.37) <0.001

Model | adjusted for maternal age, prenatal BMI, parity, BP, and fetal sex. Model Il adjusted for the variables in Model | and the laboratory findings (vitamin B12,

tHcy, ALT, AST, urea nitrogen, creatinine, total cholesterol, LDL-C, and HDL-C).

ART Assisted reproductive technology, C/ Confidence interval, BMI Body mass index, BP blood pressure, tHcy Total homocysteine, ALT Alanine aminotransferase,
AST Aspartate aminotransferas, LDL-C Low density lipoprotein cholesterol, HDL-C High density lipoprotein cholesterol.

correlated with an increased risk of GDM [32]. Among ART-
conceived pregnancies, individuals who developed GDM have
been shown to exhibit significantly higher pre-conception triglycer-
ide levels than those who did not, with an elevated level
(= 1.7 mmol/L) associated with a 1.9-fold increased likelihood of
developing GDM [49, 50]. Our study reinforces these observations,
confirming a significant association between elevated triglyceride
levels in late pregnancy and GDM prevalence. Therefore, both
elevated folate and triglycerides represent important biological
correlates that may partly explain the link between ART conception
and GDM, warranting further investigation into their precise roles.

This study features several notable advantages that are well
worth highlighting. Firstly, this study comprehensively analyzed
the serum profiles of folate, vitamin B12, tHcy, hepatic and renal
function, and lipids in ART women during late pregnancy and, for
the first time, examined the differences in these analytes
compared to those conceived naturally. Secondly, this study
provided initial evidence of significant associations between ART
and elevated folate and triglyceride levels during late pregnancy.
Thirdly, the data for this study were obtained from a large
hospital’s real-world database, ensuring that the findings accu-
rately reflect actual conditions and that the study population is
highly diverse and representative.

Inevitably, this study still has some disadvantages. Firstly, as a
result of the lack of information on causes of infertility and ART

SPRINGER NATURE

procedures in the database, this study did not account for these
factors that have been demonstrated to affect the prevalence of
GDM. Secondly, due to the observational nature of this study, it
was not possible for us to determine a definitive causal relation-
ship. The fact that serum biomarkers were measured only once in
late pregnancy, after GDM had been diagnosed, further compli-
cates temporal interpretation and prevents establishing causality.
In addition, uncollected or unmeasured confounding factors, such
as the socioeconomic status of participants, history of GDM, and
dietary habits including folate supplementation, may still influ-
ence the results. Thirdly, there is a potential for selection bias since
the study included only participants with recorded measures of
hepatic and renal function, blood lipids, and serum levels of folate,
vitamin B12, and tHcy from a single institution. The general-
izability of these results to broader contexts and populations
requires additional validation.

CONCLUSION

This study confirms that Chinese women who conceive by ART have
a significantly higher prevalence of GDM, a risk that is further
elevated among those of advanced age, people with obesity, or
those with multiparity. Our findings also show that ART pregnancies
are associated with altered metabolic profiles, specifically higher
serum levels of folate and triglycerides, which are themselves
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Fig. 3 Curve fitting of GDM prevalence with folate and triglycerides. Smooth curve fitting analysis of GDM prevalence with folate and
triglycerides levels (A folate-associated GDM, B triglycerides-associated GDM).

independent correlates of GDM. Future studies measuring these
biomarkers earlier in gestation are required to investigate their
potential causal contribution to the underlying mechanism linking
ART and GDM. If confirmed, these findings highlight the importance
of monitoring folate and triglyceride levels during pregnancy,
particularly in ART-conceived pregnancies, with attention to folate
supplementation dosage and lipid control.

DATA AVAILABILITY
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