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ABSTRACT

Objective: To investigate whether low maternal cholesterol levels during pregnancy are associated with an increased
risk of neonatal Patent Ductus Arteriosus (PDA) and Atrial or Ventricular Septal Defect (ASD/VSD).

Methodology: Medical records of 36,633 pregnant women who received care and delivered at Fujian Maternity and
Child Health Hospital, China, from 2016 to 2020 were retrospectively analyzed. Maternal serum lipid levels were
measured one week before delivery, and Congenital heart disease (CHD) was diagnosed by echocardiography within
three days of birth. Logistic regression models were adjusted for neonatal sex, maternal age, gestational diabetes and
hypertension, gravidity, parity, and preterm birth.

Results: Among 36,633 mother-child pairs, 906 (2.5%) cases of CHD were identified. Lower maternal TC, LDL-C, and
HDL-C levels were significantly associated with increased CHD risk. Each 1 mmol/L increase in TC was associated with
an 11% decrease in CHD risk (OR: 0.89, 95% CI 0.85, 0.95). LDL-C showed a similar protective effect (OR: 0.88, 95%
Cl 0.82, 0.95), while HDL-C demonstrated the strongest association (OR: 0.61, 95% Cl 0.51, 0.73). The relationship
between TG and CHD risk was not significant after adjustment (OR: 0.97, 95% CI 0.92, 1.02; p=0.224). For PDA
specifically, TC, LDL-C, and HDL-C remained significantly protective; for ASD/VSD, only TC demonstrated significance
(OR: 0.91, 95% CI 0.83, 0.99). TG showed no significant association with any CHD subtype.

Conclusion: This study indicates that lower maternal levels of TC, LDL-C, and HDL-C may be significantly associated
with an increased risk of PDA, while lower TC levels could be associated with ASD/VSD risk. The relationship between
maternal TG levels and CHD could not be demonstrated. Future prospective multicenter and intervention studies are
needed to validate the results.
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to pulmonary arterial hypertension and an increased
risk of arrhythmias.

Studies have shown that the nutritional status of
pregnant women and the levels of lipids, including
cholesterol and triglycerides, have an important role
in fetal cardiac development.®” However, most studies
have focused on the effect of high lipid levels on fetal
heart development, and not on low lipid levels. During
early pregnancy, fetal cholesterol synthesis is limited,
leading to a high dependence on maternal cholesterol for
development.® Maternal total cholesterol (TC) and low-
density lipoprotein (LDL) levels change modestly during
pregnancy, while high-density lipoprotein (HDL) levels
rise in the second trimester before reducing in the third.’

These fluctuations are important for the formation of
fetal cell membranes and for energy, which are critical
for proper heart development.” Nevertheless, there
is still no consensus on optimal maternal cholesterol
levels during pregnancy, with some research showing
that excessive TC levels may be linked with adverse
pregnancy outcomes." While recent research indicates
a potential association between maternal dyslipidemia
and elevated CHD risk in offspring, results remain
inconclusive.' Therefore, this study aimed to investigate
whether low maternal cholesterol levels are associated
with the risk of neonatal CHD in offspring.

METHODOLOGY

This retrospective cohort study was conducted at the
Fujian Maternity and Child Health Hospital, China.
Women who delivered singleton infants between
January 2016 and December 2020 were included. Of
44,703 clinical records screened, 8,070 were excluded for
missing records, maternal comorbidities (e.g., diabetes,
cardiopathy), gestational age <24 or >44 weeks, twin
pregnancy, premature PDA, or parental history of CHD.
Finally, 36,633 women: 35,727 in the normal group and
906 in the CHD group were eligible, further divided into
PDA (n=478), ASD/VSD (n=339), and other CHD (n=89).
Ethical approval: The study protocol was approved by
the hospital ethics committee in accordance with the
Declaration of Helsinki (No. 2024KY051, Date: March 27,
2024), with informed consent waived by the committee.
Collected indexes: Lipid profiles were examined as per
literature.”® Maternal serum TG, TC, HDL-C, and LDL-C
were measured from fasting blood samples collected one
week before delivery using an automatic biochemistry
analyzer (Abbott Architect C16000, USA). Duplicate
testing was performed on 5% of samples. Reference
ranges were: HDL-C 1.29-1.55 mmol/L; LDL-C 0-3.12
mmol/L; CHOL 0-5.2 mmol/L; TG 0-1.7 mmol /L.

CHD was diagnosed based on echocardiography
performed within three days after birth. Two or more
specialists independently examined the echocardiograms.
CHD cases were categorized into PDA, ASD/VSD, and
other CHDs based on International Classification of
Diseases codes. ASD and VSD were grouped together as
they shared embryological origin in septal morphogenesis,
and there were a limited number of cases for separate

Pak J Med Sci

August 2026 Vol.42 No. 8

subgroup analysis. PDA was defined as ductus remaining
open within three days after birth. Temporary neonatal
conditions and infants with trisomies, heterotaxy
syndrome, or abnormal cardiac looping were excluded
from the analysis™. All examinations were performed
strictly for clinical diagnostic purposes.

Statistical analysis: R version 4.1.0 was used for the
analysis. We summarized continuous variables as mean
* standard deviation or median (interquartile range), and
categorical variables as frequency (percentage). Group
differences were examined by one-way ANOVA with
Tukey’s post-hoc test for normally distributed variables
and the Kruskal-Wallis test with Dunn’s post-hoc test
for non-normally distributed variables (triglycerides).
Categorical variables were compared using the chi-
square test. Associations between lipid profiles and
CHD were examined using binary logistic regression
for overall CHD and multinomial logistic regression for
CHD subtypes, adjusted for neonatal sex, maternal age,
gestational diabetes, gestational hypertension, gravidity,
parity, and preterm birth.

RESULTS

In Table-I, the baseline data of the study is included.
Mothers of infants with PDA had significantly lower
TC levels (5.8 £ 1.2 mmol/L) compared to mothers
of normal infants (6.1 + 1.2 mmol/L). This trend was
consistent across all lipid profiles, including TG, LDL,
and HDL. Mothers of infants with CHDs were more
likely to be older (18.3% vs. 14.9% elderly parturients),
and gestational diabetes and hypertension were more
prevalent, especially with PDA. Infants with CHD
had a significantly higher incidence of prematurity
(38%) compared to normal neonates (9.4%), with PDA
showing the highest rate (43.1%) (Table-I).

The results of a binary logistic regression analysis
assessing the relationships between maternal lipid
profiles and CHD risk shows in Table-II. The study
included 36,633 mother-child pairs, with 906 (2.5%)
cases of CHD. Both unadjusted and adjusted analyses
showed a significant inverse relationship between TC
and CHD risk. The analysis showed that adjusted odds
of CHD decreased by 11% per 1 mmol/L increase in TC
(OR 0.89, 95% CI 0.85-0.95, p<0.001). Higher LDL was
also associated with lower CHD risk (OR 0.88, 95% CI
0.82-0.95, p=0.002). The strongest association was seen
with HDL (OR 0.61, 95% CI 0.51-0.73, p<0.001). The
marginally significant unadjusted relationship between
TG and CHD risk disappeared after adjustment.

Table-IIT shows a multinomial logistic regression
analysis of maternal lipid profiles and CHD subtypes.
PDA showed the strongestassociations: higher TC, LDL,
and HDL were all significantly associated with lower
risk, with each 1 mmol/L increase in HDL decreasing
the risk of PDA. For ASD/VSD, only TC showed a
significant association. However, for other CHDs, only
HDL was significant. Given the small number of cases
in the other CHD subgroup (n=89), this finding should
be interpreted cautiously. No significant associations
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Table-I: Characteristics of the cohort.

CHD P value

Variables Total Normal
(n=36,633) | (n=35727) | AICHD |PDA ASD/VSD | Other

(n=906) (n=478) (n=339) (n=289)
fggrml age,Mean | 3551455 305+45 [308+50 |311£50 |30.7£50 |294%49 [0.100
TC, Mean + SD 61+12 61+12 59+1.2 58+1.2%* |59+13* |59+12 <0.001
TG, Median (IQR) |3.1(2.4,4.0) |3.1(24,4.0) g:g)(ZA’ 29(24,3.8) [29(2.3,3.9) [3.0(2.5,4.2) | 0.006
LDL-C,Mean+SD |3.0+0.9 3.0+£0.9 29+08 28+0.8"** |29+0.9 2909 <0.001
HDL-C,Mean+SD |1.8+04 1.8+04 1.7+04 1.6+04** |1.7+04* |1.7+£04* <0.001
Elderly parturient, n (%) 0.005
No 31157 (85.1) | 30417 (85.1) | 740 (81.7) | 381 (79.7) 280 (82.6) 79 (88.8)
Yes 5476 (14.9) 5310 (14.9) | 166 (18.3) |97 (20.3) 59 (17.4) 10 (11.2)
Multipara, n (%) 0.167
No 20505 (56.0) | 19977 (55.9) | 528 (58.3) | 295 (61.8) 180 (53.1) 52 (58.4)
Yes 16128 (44.0) | 15750 (44.1) | 378 (41.7) |182(38.2) 159 (46.9) 37 (41.6)
Gravidity, n (%) 0.175
1 14705 (40.1) | 14356 (40.2) | 349 (38.5) | 204 (42.8) 112 (33) 32 (36)
2 10672 (29.1) | 10419 (29.2) | 253 (27.9) | 122 (25.6) 101 (29.8) 30 (33.7)
23 11256 (30.7) | 10952 (30.7) | 304 (33.6) | 151 (31.7) 126 (37.2) 27 (30.3)
Gestational diabetes mellitus, n (%) <0.001
No 29754 (81.2) | 29096 (81.4) | 658 (72.6) | 338 (70.7) 253 (74.6) 67 (75.3)
Yes 6879 (18.8) 6631 (18.6) | 248 (27.4) | 140 (29.3) 86 (25.4) 22 (24.7)
Gestational hypertension, (%) <0.001
No 34886 (95.2) | 34061 (95.3) | 825(91.1) |431(90.2) 309 (91.2) 85 (95.5)
Yes 1747 (4.8) 1666 (4.7) 81 (8.9) 47 (9.8) 30 (8.8) 4 (4.5)
Premature birth, n (%) <0.001
No 32921 (89.9) | 32359 (90.6) | 562 (62) 272 (56.9) 225 (66.4) 65 (73)
Yes 3712 (10.1) 3368 (9.4) 344 (38) 206 (43.1) 114 (33.6) 24 (27)
Sex of newborn infant, n (%) 0.373
1(Male) 19437 (53.1) | 18970 (53.1) | 467 (51.5) | 242 (50.6) 174 (51.3) 51 (57.3)
2(Female) 17196 (46.9) | 16757 (46.9) | 439 (48.5) | 236 (49.4) 165 (48.7) 38 (42.7)

*p <0.05,** p <0.01, *** p < 0.001 for comparisons between the normal group and CHD subgroups, determined by one-
way ANOVA with Tukey’s post-hoc test ASD/VSD: atrial or ventricular septal defect; CHD: congenital heart defect;
PDA: patent ductus arteriosus; TC: total cholesterol; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; HDL-C:
high density lipoprotein cholesterol.
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Table-II: Binary logistic regression analysis of the relationships between lipids profiles and congenital heart defect.

CHD Crude Adjusted
Variable Total

n (%) OR (95%ClI) P value OR (95%ClI) P value
TC, mmol/L 0.83 (0.78~0.88) <0.001 0.89 (0.85~0.95) <0.001
TG, mmol/L 0.95 (0.90~1.00) 0.043 0.97 (0.92~1.02) 0.224

36,633 906 (2.5)

LDL-C, mmol/L 0.83 (0.77~0.90) <0.001 0.88 (0.82~0.95) 0.002
HDL-C, mmol/L 0.43 (0.36~0.52) <0.001 0.61 (0.51~0.73) <0.001

TC: total cholesterol; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein
cholesterol. Adjusted for infant sex, maternal age, gestational diabetes mellitus, gestational hypertension, gravidity,

parity, and premature birth.

were noted between TG and any CHD subtype. The
protective effect of higher maternal cholesterol levels
was strongest for PDA.

DISCUSSION

This study showed that pregnant women delivering
healthy neonates had overall higher levels of TC, TG,
LDL-C, and HDL-C than women with infants diagnosed
with CHD. Lower levels of TC, LDL-C, and HDL-C were
associated with an increased risk of CHD, particularly
PDA, in offspring. The association between TG and CHD
became non-significant after adjustment for confounders.
Abnormal maternal lipid levels may therefore impair
infant heart development, increasing the risk of CHD,
especially PDA.

Throughout pregnancy, TC increases to meet the
demands of fetal growth, owing to its role in steroid
hormone synthesis.’” Our results detected significantly
lower TC, LDL-C, and HDL-C in women with PDA

(ORs 0.50-0.88, all P<0.005), while TG showed no such
association; lower TC levels were also linked to ASD/VSD
risk. Earlier studies have linked both high'® and low'*?!
maternal cholesterol levels to adverse outcomes such as
preterm birth, low birth weight, and intrauterine growth
restriction. Such conflicting results may reflect different
mechanisms: prior studies linking hyperlipidemia
to CHD largely focused on hyperglycemia-induced
dyslipidemia or severe hypercholesterolemia, where
excess lipids may promote oxidative stress or endothelial
dysfunction in the fetal heart.”

However, cholesterol is an essential substrate for fetal
cell membrane synthesis and steroid hormone production,
and cholesterol-dependent signaling pathways, such as
Hedgehog signaling, which may be related to septation
and ductal remodeling.”? It is therefore plausible that
lipid-CHD associations are “U-shaped”: both extreme
hypercholesterolemia and hypocholesterolemia may
increase risk, while moderate cholesterol levels support

Table-III: Multinomial logistic regression analysis of the associations
between lipids profiles and specific congenital heart defect subtypes.

Variable PDA ASD/VSD Other*

o OR (95%CI) o OR (95%CI) o OR (95%CI)

n (%) vs. Normal Poalue | n (%) vs. Normal Poalue | n (%) vs. Normal Poalue
TC, 0.88 (0.82~ 0.91 (0.83~ 0.89 (0.75~
mmol/L 0.95) 0.001 0.99) 0.040 1.06) 0.200
TG, 0.96 (0.90~ 0.94 (0.87~ 1.11 (0.98~
0.229 0.159 0.102

LDL, (13) | 0.84(0.76~ 0.000 09) | 0.94 (0.83~ 0331 086 (0.67~ | (40
mmol/L 0.94) ) 1.06) ’ 1.10) ’
HDL, 0.50 (0.39~ 0.82 (0.61~ 0.52 (0.29~
mmol/L 0.65) <0.001 1.09) 0.173 0.91) 0.023

ASD/VSD: atrial or ventricular septal defect; CHD: congenital heart defect; PDA: patent ductus arteriosus; TC: total
cholesterol; TG: triglyceride; LDL-C: low density lipoprotein cholesterol; HDL-C: high density lipoprotein cholesterol;
#: Congenital heart defect other than atrial or ventricular septal defect, and patent ductus arteriosus.

Pak J Med Sci

August 2026 Vol.42 No. 8

www.pjms.org.pk 2035



optimal fetal cardiac development. We may speculate
that low cholesterol levels increased the risk of preterm
birth, consequently leading to the observed higher rates
of PDA.

Although the observed intergroup differences in lipid
levels were minimal, even slight differences in maternal
cholesterol may have meaningful developmental
impacts, as fetal cholesterol requirements are high
during critical cardiac development windows such as
weeks 4-8 of gestation, when the ductus arteriosus and
ventricular septum form. In 2018, Lee et al.®showed that
lowering cholesterol levels by statins in early pregnancy
significantly increased the risk of CHD. Our study
demonstrated that for every one mmol/L increase in
HDL-C, PDA risk decreased by 50%, a large effect size
that, if validated in prospective study, could contribute
to future risk stratification strategies.

Existing research suggests that elevated cholesterol
levels during the third trimester increase the risk of
preterm birth (PB)*; however, 12.7% of women with low
total cholesterol also had preterm deliveries, and low
cholesterol often indicates poor nutrition and predicts
PB and low birth weight?” PDA is the most common
cardiovascular disease in infants who are small for
gestational age, with extremely premature infants facing
a PDA risk of approximately 80% at three days.**

We may hypothesize that low maternal cholesterol
levels increase the risk of PDA and ASD/VSD through
two potential mechanisms: impaired remodeling of
the ductus arteriosus that prevents postnatal closure,
or disruption of cholesterol-dependent cardiac gene
expression governing septation and morphogenesis.?’
PDA is likely influenced by a combination of genetic and
environmental factors. Importantly, consistent with recent
studies®, this paper shows that even lower maternal
cholesterol levels during the third trimester may affect the
maturation of smooth muscle and endothelial function
in the fetal ductus arteriosus; however, this proposed
mechanism remains speculative, as no molecular or
genetic data were collected in this study. The closure of
the ductus arteriosus depends on the contractile function
of smooth muscle cells.* As cholesterol is a key precursor
of membrane components and vasoactive substances,
abnormal cholesterol levels in the third trimester may
interfere with the signal pathway for ductus arteriosus
closure.

Strength of the study: Unlike previous reports that
primarily examined early-pregnancy lipid levels
or hyperlipidemia, this study focuses on the less-
explored impact of relatively low maternal cholesterol
measured in late pregnancy. While prior studies largely
assessed CHD as a composite outcome®, our analysis
systematically evaluates distinct CHD subtypes using a
large, single-center cohort (n=36,633) with standardized
lipid measurement and echocardiographic confirmation
of CHD, providing sufficient power to detect subgroup-
specific associations, particularly for PDA and ASD/
VSD.
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Limitations: The study excluded patients who received
prenatal care and delivered singleton infants between
January 2021 and February 2024, due to the launch of anew
medical information system in our two campuses. This
exclusion was due to incomplete digital records during
the system migration rather than any clinical selection
criterion, and we have no reason to believe it introduced
systematic bias relevant to the lipid-CHD associations
examined. The research focused only on TG, TC, HDL-C,
and LDL-C rather than broader lipid profiles or additional
risk factors such as apolipoproteins. Because lipid levels
were measured near term rather than during weeks 4-8 of
gestation, when ductal and septal morphogenesis occurs,
the present findings may not capture the lipid exposure
most relevant to cardiac development, limiting causal
interpretation. While statistically significant differences
were observed between the normal and CHD groups, the
actual values were quite close, suggesting possible reverse
causality or measurement error. Undiagnosed fetal CHD
could theoretically alter maternal lipid metabolism via
placental dysfunction, though exclusion of fetuses with
major structural anomalies minimizes this risk.

Measurement error was minimized using standardized
fasting lipid assays and duplicate testing (coefficient of
variation <56%). Excluding pregnancies under 24 weeks
may haveintroduced bias,and despiteknownassociations
between low cholesterol and poor nutrition,” no TC-BMI
correlation was assessed. The study did not adjust for
maternal BMI, nutritional status, socioeconomic factors,
or lifestyle. The CHD group also had a significantly
higher preterm birth rate (38% vs. 9.4%), and we did
not perform mediation analyses to explore the role of
preterm birth in the lipid-CHD relationship. Given the
close relationship between prematurity and PDA, the
observed lipid-PDA association may be partially driven
by gestational age at birth rather than an independent
effect of maternal lipid levels.

Clinical implications: This study suggests the need to
modify the scope of prenatal surveillance, as maternal
cholesterol may be a determinant of fetal cardiovascular
health rather than merely a metabolic parameter. The
possible association between low maternal cholesterol
and increased PDA/ASD-VSD risk suggests a need
for a more balanced approach to lipid management
during pregnancy, since insufficient cholesterol may
be as detrimental as excess. Hypocholesterolemia
may represent a potential obstetric risk factor.
Given the small absolute differences in lipid levels
between groups, these findings should be regarded
as hypothesis-generating rather than as a basis for
immediate changes to clinical practice.

CONCLUSION

This study indicates that lower maternal levels
of TC, LDL-C, and HDL-C may be significantly
associated with an increased risk of PDA, while lower
TC levels could be associated with ASD/VSD risk. The
relationship between maternal TG levels and CHD
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could not be demonstrated. Further research is needed
to identify women at high risk and to determine
whether interventions can improve outcomes.

Funding: Joint Funds for the innovation of science and
Technology-Fujian province (2024Y9574); National
Key Clinical Specialty Construction Program of China
(Obstetric).

Acknowledgement: Grammarly Al tool was used to
improve the language and grammar of the manuscript.

REFERENCES

1. Van der Linde D, Konings EEM, Slager MA, Witsenburg M, Helbing
WA, Takkenberg JJM, et al. Birth prevalence of congenital heart disease
worldwide: a systematic review and meta-analysis. ] Am Coll Cardiol.
2011;58(21):2241-2247. doi: 10.1016/jjacc.2011.08.025

2. Saglain N, Kazmi T, Ghous M, Sadiq M. Bleeding and Thrombotic Chal-
lenges in Children with uncorrected Cyanotic Congenital Heart Diseases
(CCHD)- Experience from a tertiary care pediatric hospital. Pak ] Med
Sci. 2025;41(11):3069-3075. doi: 10.12669/ pjms.41.11.12609.

3. Heo M]J, Lee OS, Lim SC. Comparative evaluation for the use of oral
ibuprofen and intravenous indomethacin in Korean infants with
patent ductus. Arch Pharm Res. 2012;35(9):1673-1683. doi: 10.1007/
512272-012-0919-8

4. Ghosh S, Sridhar A, Solomon N, Sivaprakasham M. Transcatheter clo-
sure of ventricular septal defect in aortic valve prolapse and aortic regur-
gitation. Indian Heart J. 2018;70(4):528-532. doi: 10.1016/j.ihj.2017.11.023

5. Yang], KangY, Cheng Y, Zeng L, Yan H, Dang S. Maternal Dietary Pat-
terns during Pregnancy and Congenital Heart Defects: A Case-Control
Study. Int J Environ Res Public Health. 2019;16(16):2957. doi: 10.3390/
ijerph16162957

6. RenZ,LuoS, Cui], Tang Y, Huang H, Ding G. Research Progress of Ma-
ternal Metabolism on Cardiac Development and Function in Offspring.
Nutrients. 2023;15(15):3388. doi: 10.3390/nu15153388

7. Zhou Y, Chen Q, Luan R, Zhao Y. Shunt rate of ductus arteriosus and
ductus venosus in middle and late fetuses and their application value in
the evaluation of fetal growth restriction. Pak ] Med Sci. 2023;39(6):1589-
1594. doi: 10.12669/ pjms.39.6.7649.

8. Mankuta D, Elami-Suzin M, Elhayani A, Vinker S. Lipid profile
in consecutive pregnancies. Lipids Health Dis. 2010;9:58. doi:
10.1186/1476-511X-9-58

9.  Collins RT, Yang W, Carmichael SL, Bolin EH, Nembhard WN, Shaw
GM, et al. Maternal dietary fat intake and the risk of congenital heart
defects in offspring. Pediatr Res. 2020;88(5):804-809. doi: 10.1038 /s41390-
020-0813-x

10. Wang C, Kong L, Yang Y, Wei Y, Zhu W, Su R, et al. Recommended
reference values for serum lipids during early and middle pregnancy: a
retrospective study from China. Lipids Health Dis. 2018;17(1):246. doi:
10.1186/512944-018-0885-3

11.  Antonucci R, Bassareo P, Zaffanello M, Pusceddu M, Fanos V. Patent
ductus arteriosus in the preterm infant: new insights into pathogenesis
and clinical management. ] Matern Fetal Neonatal Med. 2010;23(Suppl
3):34-37. doi: 10.3109/14767058.2010.509920

12.  Pancholia AK, Kabra NK, Gupta R. Laboratory evaluation of lipid pa-
rameters in clinical practice. Indian Heart J. 2024;76(Suppl 1):529-532.
doi: 10.1016/j.ihj.2024.02.002

13. Tran DC, Dang AL, Nguyen TBV, Tran VA, Nguyen TH, Le TMP, et al.
Typical Morphological Features on Prenatal Ultrasound of Fetuses With
Trisomy 13 (Patau’s Syndrome). ] Clin Gynecol Obstet. 2023;12(1):8-14.
doi: 1014740 /jego.v12i1.848

14. Wild R, Weedin EA, Wilson D. Dyslipidemia in Pregnancy. Endocrinol
Metab Clin North Am. 2016;45(1):55-63. doi: 10.1016/j.ec1.2015.09.004

15.  Christensen JJ, Retterstol K, Godang K, Roland MCP, Qvigstad E, Boller-
slev J, et al. LDL cholesterol in early pregnancy and offspring cardio-
vascular disease risk factors. J Clin Lipidol. 2016;10(6):1369-1378.e7. doi:
10.1016/jjacl.2016.08.016

16. ZhaoM, Zhang D, Wang X, Li H, Sun B, Wu Z, et al. Association between
lipid profile in early pregnancy and the risk of congenital heart disease
in offspring: a prospective cohort study. Sci Rep. 2024;14(1):3655. doi:
10.1038/541598-024-53876-6

17. Napoli C, D’Armiento FP, Mancini FP, Postiglione A, Witztum JL,
Palumbo G, et al. Fatty streak formation occurs in human fetal aortas
and is greatly enhanced by maternal hypercholesterolemia. Intimal
accumulation of low density lipoprotein and its oxidation precede
monocyte recruitment into early atherosclerotic lesions. J Clin Invest.
1997;100(11):2680-2690. doi: 10.1172/JCI119813

Pak J Med Sci

August 2026 Vol.42 No. 8

18. Catov JM, Bodnar LM, Kip KE, Hubel C, Ness RB, Harger G, et al. Early
pregnancy lipid concentrations and spontaneous preterm birth. Am J
Obstet Gynecol. 2007;197(6):610.e1-7. doi: 10.1016/j.ajog.2007.04.024

19. Sattar N, Greer IA, Galloway PJ, Packard CJ, Shepherd J, Kelly T, et al.
Lipid and lipoprotein concentrations in pregnancies complicated by
intrauterine growth restriction. J Clin Endocrinol Metab. 1999;84(1):128-
130. doi: 10.1210/jcem.84.1.5419

20. Edison RJ, Berg K, Remaley A, Kelley R, Rotimi C, Stevenson RE, et al.
Adverse birth outcome among mothers with low serum cholesterol.
Pediatrics. 2007;120(4):723-733. doi: 10.1542/ peds.2006-1939

21. Napoli C, Palinski W. Maternal hypercholesterolemia during preg-
nancy influences the later devolopment of atherosclerosis: clinical
and pathogenic implications. Eur Heart J. 2001;22(1):4-9. doi: 10.1053/
euhj.2000.2147

22.  Woollett LA. Review: Transport of maternal cholesterol to the fetal cir-
culation. Placenta. 2011;32 Suppl 2(0 2):5218-5221. doi: 10.1016/j.placen-
ta.2011.01.011

23. Tang C, PanY, Luo H, Xiong W, Zhu H, Ruan H, et al. Hedgehog sign-
aling stimulates the conversion of cholesterol to steroids. Cell Signal.
2015;27(3):487-497. doi: 10.1016/j.cellsig.2015.01.004

24. Baardman ME, Kerstjens-Frederikse WS, Berger RMF, Bakker MK, Hof-
stra RMW, Plosch T. The Role of Maternal-Fetal Cholesterol Transport in
Early Fetal Life: Current Insights1. Biol Reprod. 2013;88(1):24, 1-9. doi:
10.1095/biolreprod.112.102442

25. Lee MS, Hekimian A, Doctorian T, Duan L. Statin exposure during first
trimester of pregnancy is associated with fetal ventricular septal defect.
Int J Cardiol. 2018;269:111-113. doi: 10.1016/j.ijcard.2018.07.002

26. Chen J, Hua L, Luo F, Chen ]J. Maternal Hypercholesterolemia May
Involve in Preterm Birth. Front Cardiovasc Med. 2022;9:818202. doi:
10.3389/fcvm.2022.818202

27.  Clyman RI. Patent ductus arteriosus, its treatments, and the risks of pul-
monary morbidity. Semin Perinatol. 2018;42(4):235-242. doi: 10.1053/j.
semperi.2018.05.006

28. Hajj H, Dagle JM. Genetics of patent ductus arteriosus susceptibility
and treatment. Semin Perinatol. 2012;36(2):98-104. doi: 10.1053 /j.sempe-
1i.2011.09.019

29. Kim HS, Aikawa M, Kimura K, Kuro-o M, Nakahara K, Suzuki T, et al.
Ductus arteriosus. Advanced differentiation of smooth muscle cells dem-
onstrated by myosin heavy chain isoform expression in rabbits. Circula-
tion. 1993;88(4 Pt 1):1804-1810. doi: 10.1161/01.cir.88.4.1804

Authors’ contributions:

ZL and SL: Literature search, study design and
manuscript writing.

GX, CJ, YZ and JY: Data collection, data analysis and
interpretation. Critical review.

ZL and SL: Manuscript revision and validation and is
responsible for the integrity of the study.

All authors have read and approved the final
manuscript.

Authors:

1. Zhaodong Liu
Department of Obstetrics,
2. Shuhua Lai
Department of Neonatology,
3. Guangcheng Xing
Department of Obstetrics,
4.  Caihong Jiang
Department of Medical Ultrasonic,
5. Yulong Zhang
Department of Obstetrics and Gynecology,
6. Jianying Yan
Department of Obstetrics,
1-6: College of Clinical Medicine for
Obstetrics & Gynecology and Pediatrics,
Fujian Medical University,
Fujian Maternity and Child Health Hospital,
Fuzhou, Fujian Province 350001,
P.R. China.

www.pjms.org.pk 2037



	_Hlk231394460
	_GoBack
	_Hlk229656153
	_Hlk198564945
	_Hlk231027705
	OLE_LINK1
	_Hlk505760300
	_Hlk160540214
	_Hlk233032713
	_Hlk232950164
	_Hlk232992435
	_Hlk233036806
	_Ref177293713

