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Purpose: This study aimed to examine how preconception serum lipid profiles
are associated with pregnancy complications in women who achieved singleton
live births following assisted reproductive technology (ART).

Methods: This study included 1,036 women who had singleton births after ART.
Preconception serum lipid measurements included low-density lipoprotein cho-
lesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol
(TC), and triglycerides (TG). The pregnancy complication outcomes included
cesarean section, gestational diabetes mellitus (GDM), preeclampsia, preterm
delivery (PTD), small for gestational age (SGA), large for gestational age (LGA),
low birthweight (LBW), macrosomia, and neonatal intensive care unit (NICU)
admission.

Results: The incidence of cesarean section, GDM, preeclampsia, PTD, SGA, LGA,
LBW, macrosomia, and NICU admission was 51.6%, 3.8%, 0.7%, 7.6%, 6.8%, 15.6%,
6.4%, 5.7%, and 1.8%, respectively. Women with dyslipidemia had higher rates of
GDM (11.7% vs. 2.1%, p < 0.001), PTD (13.9% vs. 6.3%, p < 0.001), and LWB (10.6%
vs. 5.5%, p = 0.012). After adjusting for possible confounders, TG (OR 1.49[1.11—-
1.99]) was positively associated with PTD. TC (OR 1.48[1.08-2.02]), LDL-C (OR
148[1.03-2.14]), and HDL-C (OR 3.03[1.19-7.73]) were positively associated with
SGA. TC (OR 2.22[1.63-3.04]) and TG (OR 1.20[1.00-1.44]) were positively associ-
ated with GDM.

Conclusion: Preconception serum lipid levels were associated with pregnancy
complications in women receiving ART.

KEYWORDS

assisted reproduction, gestational diabetes mellitus, preconception lipid, pregnancy
complication, preterm delivery
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Introduction

The number of children conceived through assisted reproductive
technology (ART) has increased in recent years, and evidence suggests
that there are adverse pregnancy and obstetric outcomes associated
with singleton, twin, and multiple pregnancies resulting from ART
(1-3). Although various studies have attempted to explain the under-
lying reasons for this higher risk, no clear agreement has been reached.
It appears that this higher risk may be linked to factors intrinsic to the
infertile couple, such as dysfunction in steroidogenesis, oocyte quality,
endometrial function, and placental function. Another explanation is
that the ART procedure may not fully simulate the conditions of a
natural pregnancy.

Therefore, it is urgent to identify factors associated with preg-
nancy complication outcomes following ART. Some studies have
reported predictors of adverse pregnancy outcomes in women
undergoing ART. For example, unpromising endometrial receptiv-
ity might be one reason. After fresh cycles for singleton pregnan-
cies after ART, small for gestational age (SGA) infants were more
frequent in women with thinner endometrial thickness (4). Thin
endometrial thickness was also related to preterm delivery (PTD)
and low birthweight (LBW) in frozen cycles for singleton preg-
nancies after ART (5). Furthermore, endocrine factors might be
another cause. Elevated estradiol levels during the trigger phase
are considered independent predictors of LBW and SGA (6). In
addition, PTD and LBW risks were increased when hormone
replacement therapy was employed for endometrial preparation
during frozen blastocyst transfers (7).

With the rising prevalence of obesity worldwide (8), lipid
abnormalities have become very common (9, 10). For lipid health
evaluation, low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), total cholesterol (TC),
and triglycerides (TG) are the most commonly measured indica-
tors. Significant associations have been established between serum
lipid levels and female reproductive health, including endometrial
receptivity, oocyte development, and placental function. Studies
have shown that substantial quantities of lipids, both within cells
and in the extracellular space, accumulate in the decidua basalis
and frequently extend into the superficial myometrium (11). In
pregnancies affected by preeclampsia, the placental spiral arteries
exhibit pathological changes, notably the presence of foam cells
filled with lipids (12). The majority of studies reported the relation-
ships between pregnancy lipid levels and pregnancy outcomes. For
example, elevated first-trimester TG levels may be the key risk
factor for adverse pregnancy outcomes in the general obstetric
population (13). Recent evidence indicates that elevated precon-
ception serum lipid levels correlate with reduced live birth rates
and increased miscarriage risk after ART (14, 15). A study also
reported that both low and high prepregnancy cholesterol levels
were related to higher PTD risk in natural pregnancies (16).
However, no studies reported the association between preconcep-
tion serum lipid levels and pregnancy complication outcomes fol-
lowing ART.

We examined how preconception serum lipid profiles relate to
pregnancy complications in women who achieved singleton live births
through ART, including cesarean section, gestational diabetes mellitus
(GDM), preeclampsia, PTD, SGA, large for gestational age (LGA),
LBW, macrosomia, and neonatal intensive care unit (NICU)
admission.
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Materials and methods
Study design

The current study protocol was approved by the ethics committee
of a university-based hospital. The study was conducted in accordance
with the Declaration of Helsinki. All women received ART treatment
and delivered a singleton live birth in the hospital from January 2019
to January 2021. This was a retrospective study and did not include
any patient information; therefore, the ethics committee waived the
requirement for informed consent.

Study population

This study included women aged 20-45 years who achieved a
singleton live birth after ART from January 2019 to January 2021. All
women were required to have a fresh embryo transfer through either
in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI)
cycle. All women were required to have a confirmed single gestational
sac on ultrasound at 5-7 weeks after the embryo transfer, while cases
involving vanishing twin syndrome were not included. Live birth was
defined as the delivery of a viable infant at gestational age greater than
or equal to 28 weeks. All causes of infertility were included. The inclu-
sion criteria were as follows: (1) singleton live birth, (2) embryo trans-
fer, (3) IVF or ICSI cycle, and (4) available preconception serum lipid
data. Women were excluded if they had (1) multiple pregnancies; (2)
unavailable serum lipid data; (3) unavailable pregnancy complication
outcome data; and (4) missing important relevant data. A total of
1,036 women were included.

Before ART treatment, demographic data including age, height,
weight, and current smoking status were recorded. Body mass index
(BMI) was calculated based on height and weight. Infertility-related
data included the infertility factor, whether it was primary or second-
ary infertility, and the duration of infertility. Sex hormones included
anti-Mullerian hormone (AMH), basal follicle-stimulating hormone
(FSH), and basal estradiol (E2). Metabolic hormones included LDL-C,
HDL-C, TC, TG, and glucose. Dyslipidemia was diagnosed based on
any one of the following criteria: HDL-C < 1.0 mmol/L;
LDL-C > 4.1 mmol/L; TC > 6.2 mmol/L; or TG > 2.3 mmol/L. These
criteria have been validated in the Chinese population (17).

Preconception serum lipid panel

All blood samples were acquired while fasting during days 2-4 of
the menstrual cycle. Metabolic hormone concentrations were quanti-
fied using a Beckman AU5800 chemistry analyzer (Beckman Coulter,
USA). Glucose levels were measured using the hexokinase glucose-
6-phosphate dehydrogenase method. TC was measured using the
cholesterol oxidase enzymatic method, LDL-C and HDL-C were ana-
lyzed using the direct enzymatic method, and TG was analyzed using
the GPO-PAP method. Sex hormones were measured by a ROCHE
E801 analyzer using an electrochemiluminescence immunoassay
method. Intra-assay coefficients of variation were <1.53%, and inter-
assay coefficients of variation were <3.55% for all hormones.

Outcome measures

The pregnancy complication outcomes included cesarean section,
GDM, preeclampsia, PTD, SGA, LGA, LBW, macrosomia, and NICU
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admission. PTD was defined as a delivery that occurred at a gesta-
tional age of <37 weeks. GDM and preeclampsia were screened for
among all women receiving obstetric care at the same hospital. GDM
was screened between 24 and 28 weeks of gestation and was diagnosed
if any plasma glucose value met or exceeded the following thresholds:
5.1 mmol/L when fasting, 10.0 mmol/L at 1 h, or 8.5 mmol/L at 2 h.
Preeclampsia was screened every month before 28 gestational weeks,
every 2 weeks before 36 gestational weeks, and every week after 36
gestational weeks. Preeclampsia was diagnosed based on the occur-
rence of combined gestational hypertension (defined as diastolic
blood pressure >90 mmHg and/or systolic pressure >140 mmHg) and
proteinuria after 20 weeks of gestation. The diagnosis of LGA (defined
as >90th percentile) or SGA (defined as <10th percentile) was based
on the standards set by the Chinese government (18). Neonates were
classified by birth weight as LBW (<2,500 g), normal (2,500-4,000 g),
or macrosomia (>4,000 g). NICU admission was recorded in the hos-
pital registry.

Statistical analysis

SPSS Statistics 24.0 (IBM) was used to perform data analyses. All
baseline characteristics of women were compared between women
with dyslipidemia and those without dyslipidemia. Continuous vari-
ables were compared using independent samples -tests, and categori-
cal variables were compared using chi-squared tests. Pregnancy
complication outcomes were compared using chi-square tests in
women with and without dyslipidemia.

As this is a retrospective study, the associations between
serum lipid levels and pregnancy complications were exploratory.
A univariate logistic regression analysis was performed to exam-
ine the associations between each serum lipid level and pregnancy
complication outcomes separately, and the results were reported
as odds ratios (ORs) with 95% confidence intervals (95% ClIs).
Second, adjusted ORs and 95% CIs were calculated by multivariate

10.3389/fnut.2026.1915181

logistic regression analyses, after adjusting for possible confound-
ers. Age, BMI, and glucose levels were important clinical indica-
tors associated with pregnancy outcomes; therefore, they were
identified as confounders and adjusted for in subsequent analyses.
For variables with possible skewness, Spearman’s correlation anal-
ysis was performed, and the correlation coefficient p was reported.
All p-values were two-tailed, with a p-value of < 0.05 considered
statistically significant.

Results
Characteristics of study population

A total of 1,530 live births were recorded between January
2019 and January 2021. The reasons for exclusion were as follows:
multiple pregnancies (n =311), unknown serum lipid levels
(n=101), and missing infant information (n = 82; Figure 1).
Table 1 presents the baseline data of all included women. The
average age of the women was 30.8 + 3.6 years, and they had an
average BMI of 21.7 + 2.8 kg/m? Reproductive characteristics, sex
hormones, metabolic hormones, and ovarian stimulation out-
comes are reported in Table 1.

Table 2 compared baseline data between women with and without
dyslipidemia. BMI was higher in women with dyslipidemia (23.2 + 3.0
vs. 21.4 £ 2.6). The frequency of infertility diagnosis was statistically
different. Basal FSH levels were lower in women with dyslipidemia
(5.8 2.4 vs. 6.8 + 2.8). Women with dyslipidemia had higher levels
of glucose (5.2 £ 0.5vs. 5.1 £0.5), TC (4.9 £ 1.3 vs. 4.3 £0.7), LDL-C
(3.0£1.0vs.2.5%0.6),and TG (2.1 + 2.0 vs. 1.0 + 0.4), while they had
lower levels of HDL-C (1.1 + 0.3 vs. 1.4 + 0.3) levels. The endometrial
thickness on the day of triggering was higher in women with dyslip-
idemia (11.1 £2.3 vs. 10.6 £ 2.3).

All live birth from IVF/ICSI cycles with fresh embryo transfer between
2019 January and 2021 January (n=1530)

v

Excluded:

Multiple pregnancy (n=311)
Serum lipid unknown (n=101)
Infant information unknow (n=382)

1036 singleton live birth were included

FIGURE 1
Flowchart for selecting women included in this study.
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TABLE 1 Characteristics of included women.

10.3389/fnut.2026.1915181

Variables N Mean + SD or frequency
Age (year) 1,036 30.8+3.6
BMI (kg/m?) 1,036 21.7+£28
Infertility diagnosis
Tubal factor 405 39.1
Diminished ovarian reserve 89 8.6
Male 156 15.1
Ovulation disorder 44 4.2
Endometriosis 56 5.4
Unexplained 92 8.9
Mixed 153 14.8
Other 41 4.0
Current smoking 8 0.8%
Duration of infertility (years) 1,036 32+26
Primary infertility 511 493
AMH (ng/ml) 973 33+23
Basal FSH (IU/1) 1,036 6.7+28
Basal E2 (pmol/l) 1,036 146.5 + 382.7
Glucose (mmol/l) 952 5.1+0.5
Total cholesterol (mmol/1) 1,036 44108
HDL-cholesterol (mmol/l) 1,036 1.3+03
Triglycerides (mmol/l) 1,036 1.1+£1.0
LDL-cholesterol (mmol/l) 1,036 26+0.7
Total gonadotropin (IU) 1,036 2,222.3+772.7
Days of stimulation 1,036 102+23
Peak E2 (pmol/l) 1,003 9,045.4 + 4,435.2
Oocytes retrieved 1,036 9.5+42
ART method
IVE 734 70.8
ICSI 302 29.2
Number of embryos transferred 1,036 1.8+04
Endometrial thickness 1,020 10.7£2.3

Continuous data are presented as mean + standard deviation.

BMI: body mass index, AMH: anti-Mullerian hormone, FSH: follicle-stimulating hormone, HDL: high-density lipoprotein, LDL: low-density lipoprotein, ART: assisted reproductive

technology, IVF: in vitro fertilization, ICSI: intracytoplasmic sperm injection.

Pregnancy complication outcomes

In our study, the incidence of C-section, GDM, preeclampsia,
PTD, SGA, LGA, LBW, macrosomia, and NICU admission was 51.6%,
3.8%, 0.7%, 7.6%, 6.8%, 15.6%, 6.4%, 5.7%, and 1.8%, respectively.
Table 3 presents the pregnancy complication outcomes and compared
them between the dyslipidemia group and the normal serum lipid
group. Dyslipidemia was associated with higher rates of GDM (11.7%
vs. 2.1%), PTD (13.9% vs. 6.3%), and LWB (10.6% vs. 5.5%).

Table 4 reported the association between preconception serum
lipid levels and pregnancy complication outcomes before adjusting
for confounders. Higher TG (OR per one unit = 1.47 [1.12-1.93])
levels were positively associated with PTD. Higher levels of TC (OR
per one unit = 1.51 [1.12-2.04]), LDL-C (OR per one unit = 1.45
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[1.01-2.07]), and HDL-C (OR per one unit = 2.98 [1.229-7.29]) were
positively associated with SGA. Lower levels of HDL-C (OR per one
unit = 0.51 [0.28-0.94]) was associated with LGA. Higher levels of
TC (OR per one unit =2.40 [1.78-3.23]) and TG (OR per one
unit = 1.23 [1.01-1.51]) were positively associated with GDM. Lower
levels of HDL-C (OR per one unit = 0.64 [0.42-0.98]) was associated
with cesarean section. Due to the low incidence of preeclampsia, we
compared lipid levels between women with and without the condi-
tion; TC (4.8 £ 1.3 vs. 4.4 £ 0.8, p=0.290), TG (1.4 + 0.7 vs. 1.2 £ 1.0,
p =0.548), LDL-C (2.6 £ 0.9 vs. 2.6 £ 0.7, p = 0.963), and HDL-C
(1.3+0.2 vs. 1.3 £ 0.3, p = 0.431) were all comparable. To address
possible skewness in TG values, Spearman’s correlation analysis was
performed, and TG levels were associated with PTD (p =0.219,
p <0.01), LBW (p =0.123, p < 0.01), GDM (p =0.198, p < 0.01),
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TABLE 2 Characteristics of included women with and without dyslipidemia.

Variables Not dyslipidemia (n = 856) Dyslipidemia (n = 180)
Age (year) 30.7+3.6 31.3+3.6 0.053
BMI (kg/m?) 214+26 232+3.0 <0.001
Infertility diagnosis 0.008

Tubal factor 337 (39.4) 68 (37.8)

Diminished ovarian reserve 73 (8.5) 16 (8.9)

Male 126 (14.7) 30 (16.7)

Ovulation disorder 27(3.2) 17 (9.4)

Endometriosis 45 (5.3) 11 (6.1)

Unexplained 83(9.7) 9 (5.0)

Mixed 131 (15.3) 22 (12.2)

Other 34 (4.0) 7(3.9)
Current smoking 6(0.7) 2(1.1) 0.568
Duration of infertility (year) 31+25 34+28 0.225
Primary infertility 421 (49.2) 90 (50.0) 0.648
AMH (ng/ml) 33+22 35+£27 0.265
Basal FSH (IU/1) 6.8+28 58+24 <0.001
Basal E2 (pmol/l) 152.5 + 418.7 118.0 £93.3 0.272
Glucose (mmol/l) 51+0.5 52+0.5 <0.001
Total cholesterol (mmol/1) 43+0.7 49+1.3 <0.001
HDL-cholesterol (mmol/l) 14+03 1.1+0.3 <0.001
Triglycerides (mmol/l) 1.0 0.4 21+20 <0.001
LDL-cholesterol (mmol/1) 25106 30+1.0 <0.001
Total gonadotropin (IU) 2,207.2 + 753.7 2,293.9 + 856.0 0.171
Days of stimulation 10.1 2.1 10.5+2.8 0.086
Peak E2 (pmol/l) 9,206.0 + 4,484.4 8,290.6 + 4,125.6 0.013
Oocytes retrieved 9.5+4.1 9.5+ 4.4 0.852
ART method 0.524

IVF 610 (71.3) 124 (68.9)

ICIS 246 (28.7) 56 (31.1)
Number of embryos transferred 1.8+04 1.8+ 0.4 0.144
Endometrial thickness 10.6 £2.3 11.1+£23 0.017

BMI: body mass index, AMH: anti-Mullerian hormone, FSH: follicle-stimulating hormone, HDL: high-density lipoprotein, LDL: low-density lipoprotein, ART: assisted reproductive
technology, IVF: in vitro fertilization, ICSI: intracytoplasmic sperm injection.

TABLE 3 Pregnancy complication outcomes in women with and without dyslipidemia.

Variables Total (n = 1,036) Not dyslipidemia Dyslipidemia (n = 180) p value
(n = 856)
PTD 79 (7.6) 54 (6.3) 25 (13.9) <0.001
Cesarean section 535 (51.6) 435 (50.8) 100 (55.6) 0.248
GDM 39 (3.8) 18 (2.1) 21(11.7) <0.001
Preeclampsia 7(0.7) 4(0.5) 3(1.7) 0.074
SGA 71 (6.8) 63 (7.4) 8 (4.4) 0.156
LGA 162 (15.6) 134 (15.7) 28 (15.6) 0.959
LBW 66 (6.4) 47 (5.5) 19 (10.6) 0.012
Macrosomia 59 (5.7) 47 (5.5) 12 (6.7) 0.543
NICU 19 (1.8) 13 (1.5) 6(3.3) 0.099

GDM: gestational diabetes mellitus, PTD: preterm delivery, SGA: small for gestational age, LGA: large for gestational age, LBW: low birthweight, NICU: neonatal intensive care unit. Bold
values indicates statistical significances.
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TABLE 4 Unadjusted association between serum lipids and pregnancy complication outcomes.

Outcomes TC TG

10.3389/fnut.2026.1915181

LDL HDL

OR (95% Cl)

OR (95% CI)

OR (95% Cl)

p value

OR (95% CI)

Cesarean section | 0.96 (0.83-1.11) 0.563 1.15 (0.96-1.36) 0.123 0.98 (0.83-1.16) 0.815 0.64 (0.42-0.98) 0.041
GDM 2.40 (1.78-3.23) <0.001 1.23 (1.01-1.51) 0.041 1.45 (0.99-2.14) 0.058 1.09 (0.36-3.29) 0.875
Preeclampsia 1.49 (0.71-3.11) 0.288 1.10 (0.79-1.53) 0.577 0.98 (0.35-2.76) 0.963 0.31 (0.02-5.65) 0.426
PTD 1.13 (0.87-1.47) 0.344 1.47 (1.12-1.93) 0.006 1.19 (0.88-1.61) 0.260 0.89 (0.39-1.99) 0.768
SGA 1.51 (1.12-2.04) 0.007 0.99 (0.73-1.35) 0.950 1.45 (1.01-2.07) 0.042 2.98 (1.22-7.29) 0.017
LGA 0.97 (0.80-1.17) 0.721 1.16 (0.97-1.38) 0.098 0.91 (0.72-1.14) 0.390 0.51 (0.28-0.94) 0.030
LBW 1.24 (0.94-1.63) 0.125 1.19 (1.00-1.42) 0.055 1.18 (0.85-1.64) 0.324 1.56 (0.68-3.56) 0.290
Macrosomia 0.94 (0.69-1.29) 0.716 1.21 (1.00-1.46) 0.051 0.95 (0.66-1.38) 0.800 0.42 (0.15-1.13) 0.086
NICU 1.25 (0.76-2.04) 0.380 1.13 (0.94-1.36) 0211 1.49 (0.88-2.53) 0.141 0.54 (0.10-2.95) 0.480

GDM: gestational diabetes mellitus, PTD: preterm delivery, SGA: small for gestational age, LGA: large for gestational age, LBW: low birthweight, NICU: neonatal intensive care unit. Bold

values indicates statistical significances.

NICU admission (p =0.075, p =0.015), and cesarean section
(p =0.086, p = 0.006). However, TG was not associated with SGA
(p =—0.035, p =0.261), LGA (p =0.058, p =0.06), macrosomia
(p = 0.024, p = 0.450), and preeclampsia (p = 0.031, p = 0.321).
Table 5 presents the association between preconception serum
lipid levels and pregnancy complication outcomes, after adjusting
for confounders. A total of 952 women with complete data were
included in the analyses. In multivariable analyses, the incidence
of C-section, GDM, preeclampsia, PTD, SGA, LGA, LBW, macro-
somia, and NICU admission was 486 (51.6%), 38 (4.0%), 7 (0.7%),
75 (7.9%), 68 (7.1%), 147 (15.4%), 64 (6.7%), 54 (5.7%), and 18
(1.9%), respectively. Higher levels of TG (OR per one unit = 1.49
[1.11-1.99]) were positively associated with PTD. Higher levels of
TC (OR per one unit = 1.48 [1.08-2.02]), LDL-C (OR per one
unit = 1.48 [1.02-2.14]), and HDL-C (OR per one unit = 3.03
[1.19-7.73]) were positively associated with SGA. Higher levels of
TC (OR per one unit = 2.36 [1.74-3.21]) and TG (OR per one
unit = 1.21 [1.00-1.46]) were positively associated with GDM.

Discussion

Our study results showed that elevated preconception serum lipid
levels were associated with an increased risk of pregnancy complica-
tions, including PTD, SGA, and GDM, in singleton live births follow-
ing ART. Furthermore, these associations still existed after adjusting
for potential confounders such as preconception BMI and glucose
levels. These results suggested the importance of lipid screening and
management before assisted reproduction treatment.

Our results suggested that increasing TC and TG levels were
positively associated with GDM; increased TG levels were positively
associated with PTD; and increased TC, LDL-C, and HDL-C levels
were positively associated with SGA. Published research has focused
on the associations between neonatal outcomes and maternal lipid
levels during different trimesters of pregnancy. In rural Gambia,
rising lipid concentrations during pregnancy correlated with greater
infant birth weight and reduced risks of LBW and SGA (19). Among
Chinese women, elevated TG levels in the third trimester
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independently increased the risk of macrosomia while lowering the
likelihood of SGA (20). Elevated maternal TG and TC levels in both
early and late pregnancy independently predicted GDM in otherwise
healthy pregnant women (20, 21). A retrospective study involving
12,715 women in a maternity center who had singleton births and
underwent routine serum lipid screening in both early (9-13 weeks)
and late (28-42 weeks) pregnancy found that persistently high TG
levels throughout pregnancy further increased the risk of GDM (13).
Another retrospective study of 49,612 women with singleton preg-
nancies in a maternity center found that high TG levels during early
pregnancy increased the risk of PTD not only in obese or overweight
women but also in women with normal BMI (22).

Limited articles reported the effect of preconception lipid levels
on pregnancy complications. In a multicenter, longitudinal, observa-
tional study designed to describe the development of risk factors for
coronary heart disease in young Black and white men and women,
both high and low prepregnancy cholesterol levels were associated
with the risk of PTD in women with at least one singleton birth
during 20 years of follow-up (16). Our results first reported that
increasing preconception serum lipid levels are associated with
higher risks of SGA and LBW in singleton live births after
ART. Adverse pregnancy outcomes, such as GDM and PTD, are the
most common pregnancy complications and cause a great burden in
obstetric settings, especially in ART pregnancies; therefore, clinical
interventions aimed at managing preconception serum lipid levels
may be beneficial in reducing pregnancy complications after assisted
reproduction treatment.

Preconception lipid levels are closely related to lipid levels
during pregnancy; therefore, their mechanisms on pregnancy out-
comes partly overlap. Normally, lipid levels gradually increase
with the progress of pregnancy, and this increase sustains the
demand of physiological changes and fetal growth. Increasing pre-
conception lipid levels represent a proatherogenic phenotype
among women with ART and might influence glucose homeosta-
endothelial pregnancy.
Hypertriglyceridemia at the start of pregnancy is closely related

sis  and function  during
to impaired insulin action and fB-cell function (23). Abnormal
lipid metabolism also reflects unpromising endothelial function,

which may compromise placental function (24). Placental
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TABLE 5 Adjusted association between serum lipids and pregnancy complication outcomes.

10.3389/fnut.2026.1915181

Outcomes TC TG LDL HDL
OR (95% p value OR (95% p value OR (95% p value OR (95% p value
Cl) Cl) Cl) Cl)
PTD 1.18 (0.90-1.53) 0.225 1.49 (1.11- 0.009 1.20 (0.88- 0.250 1.17 (0.50- 0.717
1.99) 1.64) 2.72)
Cesarean section 0.92 (0.79-1.07) 0.259 1.09 (0.92- 0342 0.92 (0.77- 0372 0.72 (0.45- 0.172
1.29) 1.10) 1.15)
GDM 2.36 (1.74-3.21) <0.001 1.21 (1.00- 0.048 1.41 (0.94- 0.099 1.28 (0.40- 0.678
1.46) 2.11) 4.09)
Preeclampsia 1.42 (0.67-3.01) 0.365 1.07 (0.75- 0.711 0.84 (0.29- 0.753 043 (0.02- 0.588
1.54) 2.46) 8.88)
SGA 1.48 (1.08-2.02) 0.014 0.98 (0.70- 0.895 1.48 (1.02- 0.039 3.03 (1.19- 0.020
1.34) 2.14) 7.73)
LGA 0.91 (0.75-1.10) 0327 1.06 (0.92- 0.448 0.82 (0.64- 0.102 0.76 (0.41- 0.424
1.22) 1.04) 1.45)
LBW 1.26 (0.95-1.67) 0.106 1.22 (1.00- 0.053 1.21 (0.86- 0.271 1.56 (0.65- 0318
1.50) 1.69) 3.74)
Macrosomia 0.88 (0.63-1.23) 0.451 1.16 (0.97- 0.103 0.81 (0.54— 0318 0.67 (0.23— 0.460
1.38) 1.22) 1.95)
NICU 1.11 (0.67-1.86) 0.684 1.08 (0.88- 0.454 1.30 (0.73- 0.365 0.81 (0.12- 0.817
1.32) 2.32) 4.74)

Adjusted for age, BMI, and glucose.

GDM: gestational diabetes mellitus, PTD: preterm delivery, SGA: small for gestational age, LGA: large for gestational age, LBW: low birthweight, NICU: neonatal intensive care unit. Bold

values indicates statistical significances.

dysfunction, which is usually considered in pregnancies conceived
after ART, is a possible explanation of some pregnancy complica-
tions including early miscarriage, pregnancy-related hyperten-
sion, stillbirth, and preterm delivery (25-29). Fetal growth
restriction is also associated with endothelial dysfunction.
Impaired vascular remodeling and decreased vascular volume
affect placental vascularity, resulting in decreased oxygen supply
to the fetus and reduced growth of the fetus, which are associated
with PTD and SGA.

Furthermore, preconception serum lipid levels may directly affect
female reproductive health before pregnancy, since serum lipids
influence steroidogenesis, folliculogenesis, and embryo quality. In the
female reproductive system, crucial hormones including progester-
one, estrogens, androgens, and glucocorticoids are all synthesized
from lipids through steroidogenesis (30). De novo lipogenesis is rare
in the ovaries; therefore, steroidogenesis in the ovaries depends on
lipids absorbed from the body’s circulation. In the ovarian microen-
vironment, cholesterol mainly originates from HDL-C (31). Peak E2
levels on the day of the trigger injection predict ART pregnancy out-
comes (6). In vitrified-warmed cycles involving single embryo trans-
fer, poor embryo quality would result in a significantly higher risk of
LBW (32). Dysregulated preconception serum lipids may impair
ovarian steroidogenesis and oocyte quality, ultimately influencing
female fecundity.

In addition, endometrial receptivity is another reason.
Commonly used measures to evaluate endometrial receptivity
include endometrial thickness and certain protein markers. After a
fresh IVF/ICSI cycle, the risk of SGA was increased twofold in
women with thin endometrial thickness (4). A thinner endometrial

Frontiers in Nutrition

thickness was also an independent predictor for a higher likelihood
of PTD for singletons born after fresh embryo transfer (33). A previ-
ous study found that high progesterone levels during controlled ovar-
ian hyperstimulation are associated with dysregulated lipid
metabolism in the endometrium during the peri-implantation
period, which may impair endometrial receptivity and early embryo
implantation (34).

Interestingly, HDL-C was positively, rather than negatively, associ-
ated with the risk of SGA. The transport of cholesterol from the mater-
nal to the fetal circulation by the placenta mainly depends on LDL
uptake through the LDL receptor, while HDL transports excess choles-
terol to the liver for metabolism (35). Therefore, higher HDL levels may
reduce cholesterol uptake in the placenta, resulting in an insufficient
supply to the fetus.

The rising global prevalence of dyslipidemia has heightened con-
cerns about its impact on female reproductive health. Our findings
provide a possible biological basis for a shared mechanistic pathway
linking reduced female reproduction and cardiovascular conditions.
The results of the current study suggest that preconception serum
lipid levels are associated with the risk of pregnancy complications in
women undergoing assisted reproduction treatment. Unfavorable
preconception lipid profiles can be improved through lifestyle
changes, dietary adjustments, or statin therapy (36-38). Our results
further emphasize the importance of lipid factors in female reproduc-
tive health.

It is reasonable to hypothesize that treatment to improve preconcep-
tion serum lipid levels may decrease the risk of pregnancy complications
in assisted reproduction. Prospective clinical trials focus on the associa-
tions between interventions such as lifestyle modification and
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pregnancy complications, since they have no obvious negative effect on
female reproductive function.

The major strength of the current study is that it is a robust statisti-
cal analysis with a large sample size, which investigated the associations
between preconception serum lipid levels and pregnancy complications,
after adjusting for main potential confounders. However, several limita-
tions should also be noted. First, only women who achieved singleton
live births after fresh embryo transfers in a single-center cohort of
homogeneous ethnicity were included, which was a selection bias and
would reduce the generalizability of the study results. Second, the
included cohort had a relatively low incidence of GDM and preeclamp-
sia, younger age and lower BMI are plausible reasons for this finding.
Additionally, unrecorded diagnoses in other medical settings was
another possible reason. Both aspects may introduce selection bias.
Third, the retrospective design did not include a suitable sample size
calculation, and multiple comparisons increased the rate of false posi-
tives. For rare outcomes such as preeclampsia and NICU admission, it
was difficult to acquire robust associations between lipid levels and these
outcomes. Future research with a larger sample size is necessary. In
addition, confounding bias could not be excluded completely due to the
retrospective design of the study. Finally, because women with different
infertility factors were included, future research should investigate the
effect of preconception serum lipid levels on pregnancy complications
in specific cohorts, such as patients with polyendocrine metabolic ovar-
ian syndrome patients.

Conclusion

This study demonstrates that pre-pregnancy serum lipid levels are
associated with pregnancy complications following assisted reproduc-
tion technology. For women preparing for assisted reproduction treat-
ment, lipid screening may be beneficial to evaluate the risk of
pregnancy complications. Future research could investigate whether
improving lipid levels before assisted reproduction treatment is associ-
ated with pregnancy complications.
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