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Objective: This study aimed to investigate, using a two-sample Mendelian randomization approach, the potential causal effects of 
major pregnancy complications on neonatal birth weight.
Methods: Summary statistics from genome-wide association studies (GWAS) for intrahepatic cholestasis of pregnancy (ICP), 
gestational diabetes mellitus (GDM), preeclampsia/eclampsia, placenta previa, and placental abruption were obtained from the 
FinnGen R9 consortium. Birth weight data were obtained from the Early Growth Genetics (EGG) consortium. We conducted a two- 
sample MR analysis to assess the causal effects of these pregnancy complications on neonatal birth weight. Univariate MR (UVMR) 
analyses were mainly conducted using inverse variance weighting (IVW), supported by complementary methods including MR-Egger 
and weighted median approaches. Sensitivity analyses employed several tests to evaluate robustness, including Cochran’s Q test for 
heterogeneity, the MR-Egger intercept test for directional pleiotropy, Mendelian randomization pleiotropy residual sum and outlier 
(MR-PRESSO) for outlier detection, and leave-one-out analysis to assess result stability. Multivariable MR (MVMR) was applied to 
determine the independent effects of these pregnancy complications on neonatal birth weight.
Results: UVMR showed that ICP was associated with lower neonatal birth weight (β_UVMR = −0.008, 95% CI: −0.013 to −0.002, 
P = 0.005), and genetically predicted preeclampsia or eclampsia was associated with lower neonatal birth weight (β_UVMR = −0.041, 
95% CI: −0.070 to −0.011, P = 0.007). In contrast, genetically predicted GDM was associated with higher neonatal birth weight 
(β_UVMR = 0.048, 95% CI: 0.024 to 0.073, P < 0.001). No evidence of causal association was observed for placenta previa 
(β_UVMR = −0.003, 95% CI: −0.010 to 0.004, P = 0.374) or placental abruption (β_UVMR = −0.001, 95% CI: −0.007 to 0.006, P = 
0.856) with neonatal birth weight. Sensitivity analysis showed no evidence of substantial heterogeneity or horizontal pleiotropy. 
Multivariable MR results were directionally consistent with the univariate findings.
Conclusion: This study provides genetic evidence supporting causal associations of ICP and preeclampsia/eclampsia with lower 
neonatal birth weight, and of GDM with higher neonatal birth weight. These findings enhance understanding of the genetic links 
between pregnancy complications and neonatal birth weight.
Keywords: pre-eclampsia, gestational diabetes mellitus, intrahepatic cholestasis of pregnancy, placenta praevia, placental abruption, 
birth weight

Introduction
Newborns with abnormal birth weights are at higher risk of adverse outcomes.1 The mortality rate of low-birth-weight 
infants is 20 times higher than that of normal-birth-weight infants. It is also a main cause of childhood morbidity and 
mortality, and is significantly associated with hypertension, diabetes, and other metabolic diseases in adulthood.2–5 Low- 
birth-weight infants have compromised immune function, making them more susceptible to multiple pathogens, and are 
prone to respiratory distress syndrome, anemia, cardiac complications, and growth retardation during the neonatal 
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period.6–9 In addition, low birth weight is associated with an increased risk of neurodevelopmental disorders.10 

Macrosomia is also associated with increased maternal and neonatal morbidity and mortality.11 These neonates may be 
more prone to complications, such as fetal distress, hypoglycemia, polycythemia, and brachial plexus injury.12–15

Common pregnancy complications include eclampsia, gestational diabetes mellitus (GDM), and intrahepatic choles
tasis of pregnancy (ICP), all of which may affect neonatal birth weight.16–18 Eclampsia is a severe pregnancy-induced 
hypertensive disorder that may affect fetal growth and increase the risk of low birth weight.19,20 GDM is a disorder of 
glucose metabolism that occurs during pregnancy. Elevated maternal blood glucose may pass through the placenta to the 
fetus, stimulating increased insulin secretion and promoting fetal fat accumulation, thereby increasing the risk of 
macrosomia and cesarean section.21,22 Intrahepatic cholestasis of pregnancy is a condition characterized by impaired 
bile acid excretion. This disruption can reduce fetal nutrient absorption and utilization, leading to fetal growth restriction 
and low birth weight.23,24 Placenta previa and placental abruption are also associated with adverse birth outcomes.25,26 

Therefore, pregnancy complications, such as eclampsia, GDM, placenta previa, placental abruption, and ICP, can have 
adverse effects on neonatal birth weight. However, the associations reported in observational studies may be confounded 
by maternal lifestyle, socioeconomic status, and genetic factors shared between mother and child, all of which limit 
causal inference. Mendelian randomization (MR) utilizes the random segregation of genetic alleles at conception to 
minimize confounding in studies of genetic associations, thus strengthening causal inference.

Mendelian randomization (MR) is an epidemiological method that uses genetic variants as instrumental variables to assess 
the potential causal effects of exposures on outcomes.27 Compared with conventional observational studies, MR can reduce 
bias due to confounding and reverse causation because genetic variants are randomly allocated at conception. Previous studies 
have shown that MR is effective in investigating specific maternal traits and adverse neonatal outcomes.28,29

Although many studies have shown a correlation between pregnancy complications and neonatal birth weight, whether 
these associations reflect causal relationships remains unclear. We therefore used MR to explore the potential causal 
relationship between common pregnancy complications and neonatal birth weight. For pregnancy complications that showed 
evidence of association with neonatal birth weight, we further performed multivariable Mendelian randomization analysis to 
explore whether the association was independent. In the present study, birth weight was analyzed as a continuous trait in the 
MR analysis to encompass the full spectrum of genetic influences on birth weight. We aimed to investigate whether maternal 
genetic predisposition to gestational disorders, using associated genetic variants as proxies, was related to variation in neonatal 
birth weight. This approach does not directly simulate the effect of the maternal disease state itself on the fetus. Instead, it 
provides a genetic epidemiological perspective to explore whether maternal genetic susceptibility to a complication is 
associated with variations in fetal growth, as reflected by birth weight—a trait with strong fetal genetic determinants.

Methods
Data Sources
The genome-wide association analysis of the Early Growth Genetics consortium was used as the outcome data (http:// 
egg-consortium.org). A Europe-only meta-analysis of offspring birth weight involved up to 210,267 individuals. In the 
present study, birth weight was defined on the basis of raw birth weight at delivery and was not adjusted for gestational 
age. Five common pregnancy complications, including intrahepatic cholestasis of pregnancy (ICP),eclampsia or pre
eclampsia, gestational diabetes mellitus (GDM), placenta praevia, and placental abruption were included in the study as 
the exposure data. The primary exposure genetic association estimates were extracted from the ninth publication analysis 
of FinnGen Consortium data. The “Intrahepatic cholestasis of pregnancy” phenotype was used, which included 2,003 
cases and 130,682 controls of Finnish ancestry. The “Pre-eclampsia or Eclampsia” phenotype was used, which included 
7,212 cases and 194,266 controls of Finnish ancestry. The “Gestational diabetes” phenotype was used, which included 
13,039 cases and 197,831 controls of Finnish ancestry. The “Placenta praevia” phenotype was used, which included 
1,232 cases and 168,929 controls of Finnish ancestry. The “Placental abruption” phenotype was used, which included 
613 cases and 168,929 controls of Finnish ancestry. Detailed data on cohorts, genotypes, endpoint definitions, and 
association tests in the FinnGen Alliance study are available on the FinnGen website. The FinnGen R9 Joint Cohort is 
a large-scale genomic study in Finland based on unique genetic and health records. Participants in the study were 

https://doi.org/10.2147/IJWH.S585565                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of Women’s Health 2026:18 2

Qu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

http://egg-consortium.org
http://egg-consortium.org


excluded from non-Finnish ancestry, sample duplication, identical twins, and those with specific health problems or 
histories of drug use. A total of 377,277 participants were included, and 20 million genetic variants and 2,200 health 
outcomes were analyzed. The EGG Consortium focuses on the genetic architecture of birth weight and gestational length 
in European populations, with the genome-wide association study used in this study being a Europe-only meta-analysis 
including 210,267 individuals. Birth weight was analyzed as a continuous outcome in this study. The previously 
described clinical categories of low birth weight and macrosomia are provided only for background context and were 
not used as outcome definitions in the MR analysis.The exposure and outcome genome-wide association analysis 
(GWAS) data were sourced from different consortia, minimizing the risk of bias due to sample overlap. Table 1 
shows the summary data sources and the details of the exposure analyzed in this MR study.

Instrumental Variable Selection
The flow chart of the study is shown in Figure 1. In order to ensure the validity and robustness of the causal relationship 
between pregnancy complications and neonatal birth weight, the following quality control steps were used to select the 

Table 1 Data Sources and Details of the Results

Exposure

Trait Consortium Samples Case Control Phenocode

ICP FinnGen(R9) 132,685 2003 130682 O15_ICP_EXMORE

Preeclampsia or eclampsia FinnGen(R9) 201,478 7212 194266 O15_PRE_OR_ECLAMPSIA
GDM FinnGen(R9) 210,870 13,039 197831 GEST_DIABETES

Placenta previa FinnGen(R9) 170,161 1232 168929 O15_PLAC_PRAEVIA

Placental abruption FinnGen(R9) 169,542 613 168929 O15_PLAC_PREMAT_SEPAR

Figure 1 Flowchart of the study design and Mendelian randomization analysis assessing the associations between pregnancy complications and neonatal birth weight. 
Pregnancy complications comprised intrahepatic cholestasis of pregnancy, preeclampsia/eclampsia, gestational diabetes, placenta previa, and placental abruption. 
Abbreviations: MR, Mendelian randomization; SNPs, single nucleotide polymorphisms; IVW, inverse variance weighted; LD, linkage disequilibrium.
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best instrumental variables. To eliminate the linkage disequilibrium (LD) among multiple IVs, in the aggregated GWAS 
data for GDM and ICP, the genetic distance was set to 500 kb, and single nucleotide polymorphisms (SNPs) with r2 > 
0.01 in LD with the most significant SNP were removed, while SNPs with P<5e×10−8 were retained. In the aggregated 
GWAS data for pre-eclampsia or eclampsia, the genetic distance was set to 500 kb. SNPs with r2>0.01 in LD with the 
most significant SNP were removed, and SNPs with P<1e×10−6 were retained. In the aggregated GWAS data for placenta 
praevia, the genetic distance was set to 500 kb. SNPs with r2>0.01 in LD with the most significant SNP were removed, 
and SNPs with P<5e×10−6 were retained. Similarly, in the aggregated GWAS data for placental abruption, the genetic 
distance was set to 10000 kb. SNPs with r2>0.01 in LD with the most significant SNP were removed, and SNPs with 
P<1e×10−6 were retained. Because placenta previa and placental abruption had relatively few cases in the available 
GWAS datasets, slightly relaxed significance thresholds were used to obtain a sufficient number of instrumental 
variables. Finally, SNPs associated with potential confounding maternal traits were excluded for each exposure as an 
additional step to reduce possible horizontal pleiotropy. Specifically, six SNPs were removed for GDM (rs7766070, 
rs780094, rs9275373, rs2248020, rs2523668, and rs74628648), two for ICP (rs1260326 and rs1983127), and one for pre- 
eclampsia or eclampsia (rs113070138). These exclusions were based on previous studies reporting significant associa
tions between these variants and maternal traits that may confound the relationship between pregnancy complications and 
birth weight, including maternal body mass index, gestational age, and maternal metabolic traits. An important step of 
MR was to ensure that the effect of SNPs on exposure corresponded to the same allele as the effect on outcome. During 
data harmonization, palindromic SNPs were assessed using allele frequency information in accordance with the standard 
harmonization protocol of the TwoSampleMR R package.30 Palindromic SNPs with ambiguous strand orientation were 
excluded, whereas those that could be reliably aligned based on allele frequency information were retained. The 
F-statistic was used to assess the validity of the IVs, serving as a measure of instrument strength.

Mendelian Randomization Analysis
As an instrumental variable, genetic variation needs to satisfy three assumptions: (1) the correlation hypothesis, where 
genetic variation is strongly correlated with exposure factors, (2) the independence hypothesis, where genetic variation is 
not associated with any possible confounding factors, and (3) the exclusivity hypothesis, where genetic variation is only 
associated with the outcome through exposure factors. Violation of any of these assumptions in the IVW model can lead 
to susceptibility to pleiotropic or invalid instrument biases.31

For univariate MR analysis (UVMR), we used inverse variance weighting (IVW) as the primary statistical method to 
investigate the causal relationship between exposure and outcome, which was expressed as a beta coefficient (β) and the 
corresponding 95% confidence interval (CI).30 Because birth weight was analyzed as a continuous outcome, causal 
estimates were reported as beta coefficients rather than odds ratios. To ensure the robustness of the results, we performed 
three additional MR methods for supplementary analysis.30 We conducted several sensitivity analyses, including 
weighted median, MR-Egger regression, MR-PRESSO, and leave-one-out analysis, to improve the stability of the 
results.32–34 Among these methods, the weighted median test assesses causality, the P-value of the MR-Egger intercept 
detects horizontal pleiotropy and evaluates potential violations of the MR hypothesis, while the MR-PRESSO method 
identifies outliers and examines potential bias due to horizontal pleiotropy. However, when the number of SNPs is less 
than 4, this method is not applicable. Cochran’s Q test was used to estimate the heterogeneity of the SNPs identified in 
each analysis.35 Weak IVs with an F-statistic < 10 were excluded.36

Preeclampsia/eclampsia, ICP, and GDM were jointly included in the MVMR model because these three complications 
share overlapping metabolic and vascular pathophysiological mechanisms37 and are the most common pregnancy 
complications with confirmed associations with neonatal birth weight in clinical studies.16,18,22 Placenta previa and 
placental abruption were excluded from the MVMR model due to null UVMR results and insufficient statistical power. 
To determine whether the effect of pregnancy complications on neonatal birth weight is direct or indirect, we performed 
multivariate MR analysis (MVMR), considering traditional risk factors for neonatal birth weight.38 Similarly, IVW and 
MR-Egger regression were used for analysis, with the intercept derived from MR-Egger regression used to detect 
potential horizontal pleiotropy. We did not conduct formal statistical power calculations, and this limitation should be 
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taken into account when interpreting the findings. All analyses were performed using the R program (version 4.3.1) with 
the “TwoSampleMR” package (version 0.5.7).

Result
Univariate Mendelian Randomization Results
UVMR showed that 17, 9, and 9 SNPs associated with neonatal birth weight were respectively obtained from the GWAS 
data for ICP, eclampsia or preeclampsia, and GDM. ICP was associated with lower neonatal birth weight (β_UVMR = 
−0.008, 95% CI: −0.013 to −0.002, P = 0.005), preeclampsia or eclampsia was associated with lower neonatal birth 
weight (β_UVMR = −0.041, 95% CI: −0.070 to −0.011, P = 0.007), and GDM was associated with higher neonatal birth 
weight (β_UVMR = 0.048, 95% CI: 0.024 to 0.073, P < 0.001). The UVMR results for all pregnancy complications and 
the corresponding sensitivity analysis metrics are shown in Table 2. The causal effects of three common pregnancy 
complications on neonatal birth weight are shown in Figure 2. IVW results showed that genetically predicted placenta 
previa (β_UVMR = −0.003, 95% CI: −0.010 to 0.004, P = 0.374) and placental abruption (β_UVMR = −0.001, 95% CI: 
−0.007 to 0.006, P = 0.856) were not significantly associated with neonatal birth weight. Although statistically significant 
associations were observed for some exposures, the corresponding effect sizes were small and should be interpreted 
cautiously.

Multivariate Mendelian Randomization Results
To determine whether the three pregnancy complications of ICP, preeclampsia or eclampsia, and GDM were indepen
dently associated with neonatal birth weight, we further performed an MVMR analysis. MVMR showed that 17, 2, and 9 
SNPs associated with neonatal birth weight were respectively obtained from the GWAS data for ICP, preeclampsia or 
eclampsia, and GDM (Table 3). The results showed that ICP was independently associated with neonatal birth weight 
(β_MVMR = −0.007, 95% CI: −0.013 to −0.001, P = 0.014), preeclampsia or eclampsia was independently associated 
with neonatal birth weight (β_MVMR = −0.041, 95% CI: −0.065 to −0.017, P = 0.001), and GDM was independently 
associated with neonatal birth weight (β_MVMR = 0.045, 95% CI: 0.019 to 0.070, P = 0.001). The results of the MVMR 
analysis are presented in Table 3.

Sensitivity Analysis
Sensitivity analyses were performed using the MR-Egger intercept test and the MR-PRESSO method. In the sensitivity 
analysis of pregnancy complications and birth weight, the MR-Egger test showed little evidence of horizontal pleiotropy, 
as the intercept terms were close to zero and all P values were > 0.05 (Table 2). MR-PRESSO did not identify any outlier 
SNPs or evidence of horizontal pleiotropic effects between pregnancy complications and birth weight (all P > 0.05) 

Table 2 SNPs Used as Instrumental Variables from ICP and ECLAMPSIA, Gestational Diabetes GWASs

Exposure/Outcome Methods nSNP β (95% CI) OR (95%) P-value Test of 
Heterogeneity

Intercept Term

Q P-value Intercept SE P-value

ICP/BW MR Egger 17 −0.011 (−0.024, 0.003) 0.989(0.977,1.003) 0.135 16.032 0.380 0.001 0.003 0.624

Weighted median −0.007 (−0.014, 0.001) 0.993(0.986,1.001) 0.086 NA NA NA NA NA

IVW −0.008 (−0.013, −0.002) 0.993(0.987,0.998) 0.005 16.300 0.432 NA NA NA

Weighted mode −0.008 (−0.017, 0.002) 0.992(0.983,1.002) 0.124 NA NA NA NA NA

ECLAMPSIA/BW MR Egger 9 −0.044 (−0.122, 0.034) 0.957(0.885,1.035) 0.307 13.785 0.055 0.0005 0.005 0.931

Weighted median −0.040 (−0.071, −0.008) 0.961(0.931,0.992) 0.015 NA NA NA NA NA

IVW −0.041 (−0.070, −0.011) 0.960(0.933,0.989) 0.007 13.801 0.087 NA NA NA

Weighted mode −0.035 (−0.076, 0.006) 0.966(0.927,1.006) 0.137 NA NA NA NA NA

DIABETES/BW MR Egger 9 0.016 (−0.051, 0.082) 1.016(0.951,1.086) 0.657 5.494 0.600 0.005 0.005 0.336

Weighted median 0.066 (0.032, 0.101) 1.068(1.032,1.106) <0.001 NA NA NA NA NA

IVW 0.048 (0.024, 0.073) 1.049(1.024,1.076) <0.001 6.56 0.585 NA NA NA

Weighted mode 0.074 (0.030, 0.117) 1.077(1.031,1.124) 0.011 NA NA NA NA NA
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Figure 2 Causal effects of pregnancy complications on neonatal birth weight: three methods. The causal relationship between intrahepatic cholestasis of pregnancy and birth 
weight is shown in (A) the causal relationship between eclampsia or preeclampsia and birth weight is shown in (B) the causal relationship between gestational diabetes and 
birth weight is shown in (C) and a univariate Mendelian randomized forest map is shown in (D).
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(Table 2). In addition, Cochran’s Q test showed no evidence of heterogeneity (all P > 0.05) (Table 2). We further 
performed leave-one-out analysis to identify potential SNPs that might have influenced the MR estimates. No substantial 
change in the overall MR estimates was observed after sequential removal of individual SNPs (Figure 3). The F-statistics 
of the instrumental variables were all above 10, indicating adequate instrument strength. The F-statistics of all instru
mental variables (SNPs) for each exposure are listed in Table 4.

Table 3 Multivariate Mendelian Randomization Analysis of ICP and ECLAMPSIA, Gestational Diabetes

Exposure Outcome nSNP b se pval lo_ci up_ci or or_lci95 or_uci95

DIABETES BW 9 0.045 0.013 0.001 0.019 0.070 1.046 1.019 1.073
ECLAMPSIA BW 2 −0.041 0.012 0.001 −0.065 −0.017 0.960 0.937 0.983

ICP BW 17 −0.007 0.003 0.014 −0.013 −0.001 0.993 0.987 0.999

Figure 3 Leave-one-out plots of sensitivity analysis results. Leave-one-out plots (A) show the causal effect of intrahepatic cholestasis during pregnancy on birth weight after 
eliminating SNPs. Similarly, the sensitivity analysis results of the leave-one-out plots (B) and (C) show the relationship between gestational diabetes and eclampsia or 
preeclampsia mellitus and birth weight, respectively.
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Discussion
In our study, we conducted both UVMR and MVMR to assess the causal effects of common pregnancy complications on 
neonatal birth weight. Our findings provided supportive evidence for potential causal associations between common 
pregnancy complications and neonatal birth weight. Specifically, genetically predicted preeclampsia/eclampsia and ICP 
were associated with lower neonatal birth weight, whereas genetically predicted GDM was associated with higher 
neonatal birth weight. The adverse intrauterine environment in early life not only impacts fetal growth and development 
but may also result in persistent structural and functional changes, predisposing to a spectrum of adult diseases in the 
future.39 Abnormal birth weights are linked to an elevated risk of developing metabolic syndrome.40 Therefore, the 
prevention and management of abnormal birth weight are important issues in perinatal medicine and maternal–child 
health. To improve the survival rate and quality of life of infants, it is important to prevent abnormal birth weight, as it is 
associated with various pregnancy complications.41 Common pregnancy-related factors include ICP, preeclampsia/ 
eclampsia, and GDM.

Currently, the pathogenesis of intrahepatic cholestasis of pregnancy remains unclear, and it is associated with adverse 
pregnancy outcomes. In cholestatic diseases, the retention of hydrophobic bile acids can induce hepatocyte apoptosis or 
necrosis, increase bile acid-induced oxidative stress, activate apoptosis pathways, and cause plasma membrane damage.42 

Some studies have shown that ICP affects fetal birth weight. For instance, in a 12-year population cohort study involving 
1,213,668 singleton neonates, a significant increase in the incidence of low birth weight was observed in infants born to 
women with intrahepatic cholestasis of pregnancy.43 Another retrospective case-control study showed that the birth 
weight percentile of infants born to mothers with intrahepatic cholestasis of pregnancy decreased with increasing 
gestational age.44 However, another meta-analysis showed that neonates born to mothers with ICP had lower birth 
weights compared to neonates born to mothers with normal pregnancies.45 These previous findings are consistent with 
our MR results and support an association between maternal susceptibility to ICP and lower neonatal birth weight.

Preeclampsia or eclampsia is the leading cause of small-for-gestational-age and low-birthweight infants. In pre- 
eclampsia, the maternal blood supply to the placenta is significantly reduced, thereby significantly affecting placental 
development. This results in a significant reduction in the number and surface area of placental villi, as well as a notable 
reduction in placental weight compared to that of a normal placenta.46,47 In an institution-based retrospective cross- 
sectional study that included 240 newborns, pre-eclampsia was associated with low birth weight, a finding that has been 

Table 4 F-Values of Instrumental Variables for ICP and ECLAMPSIA, Gestational Diabetes

ICP/BW ECLAMPSIA/BW DIABETES/BW

SNP R2 F-value SNP R2 F-value SNP R2 F-value

rs10107182 0.067 7212.709 rs10059884 0.004 356.963 rs1348872 0.003 271.272

rs11680869 0.017 1761.951 rs116420012 0.005 455.846 rs145005344 0.003 337.411
rs13078406 0.017 1755.312 rs146109618 0.003 295.335 rs146228963 0.003 312.479

rs17209837 0.090 9923.902 rs146316464 0.004 401.693 rs154452 0.004 369.278

rs1800961 0.034 3565.306 rs167479 0.005 504.435 rs189882634 0.003 294.503
rs212100 0.073 7932.573 rs16998073 0.006 605.282 rs3132934 0.003 284.153

rs2544645 0.022 2260.519 rs6060809 0.003 310.339 rs7123869 0.003 300.001

rs2788096 0.020 2087.203 rs7313360 0.004 380.870 rs7713317 0.009 952.640
rs28929474 0.041 4258.696 rs7963641 0.004 398.020 rs78020513 0.003 278.368

rs45500697 0.032 3322.160

rs4805129 0.031 3239.386
rs4952685 0.027 2753.183

rs60897043 0.064 6815.052

rs6459560 0.026 2689.478
rs6720518 0.125 14,266.730

rs73202341 0.044 4596.951

rs73208366 0.019 1921.573
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confirmed by other studies.48 Vatten et al conducted a questionnaire survey on the weight, blood pressure, and birth status 
of 4,096 young women aged 13–19 years old. They found lower birth weights among offspring of mothers with 
preeclampsia.49 Taken together, these studies are in line with our finding that genetically predicted preeclampsia/ 
eclampsia was associated with lower neonatal birth weight.

GDM is a significant risk factor for macrosomia. The placentas of most pregnant women with GDM are heavier than 
those of women with uncomplicated pregnancies.50 This increase in placental weight in GDM is a compensatory 
response to chronic hypoxia and a structural adaptation aiding placental self-regulation, thereby enhancing fetal blood 
perfusion and oxygenation.51,52 In a cohort study involving 649,043 newborns, in utero exposure to insulin-treated 
maternal diabetes and type 2 diabetes in non-insulin-treated mothers was associated with an increased risk of macrosomia 
in the offspring.53 Consistent with this clinical evidence, our findings suggested that genetically predicted GDM was 
associated with higher neonatal birth weight.

The pathological findings of placental specimens from patients with placenta previa suggested that villous coagulation 
necrosis and fibrin deposition result in impaired placental perfusion, thereby impacting fetal growth and contributing to 
adverse fetal outcomes.54 Recent studies have found that when gestational hypertension occurs, spasm of the spiral 
arteries in the decidua basalis causes ischemia and necrosis of distal capillaries, forming hematoma, leading to placental 
abruption.55 Placental abruption is a severe obstetric complication that may result in preterm delivery and lower birth 
weight. By contrast, no evidence of a causal association was observed for placenta previa or placental abruption with 
neonatal birth weight in the present analysis. When MVMR was used, the associations of ICP, preeclampsia/eclampsia, 
and GDM with neonatal birth weight maintained the same overall pattern as that observed in UVMR. The results were 
consistent with previous clinical studies. The effect sizes estimated in this study were found to be modest, suggesting 
genetic influences that are relatively small at the population level rather than large clinical effects at the individual level. 
Accordingly, the potential clinical relevance of these findings may lie more in risk stratification and prevention than in 
individual-level prediction. Overall, the pattern of associations observed in this study is broadly consistent with existing 
clinical and epidemiological evidence, suggesting that the present findings are more supportive than paradigm-changing 
and that the overall novelty of the study is moderate.

This study has several methodological strengths. First, our analyses were limited to European-ancestry datasets, 
which likely mitigated bias related to population stratification. Second, by utilizing genetic variants as instrumental 
variables, these analyses were less susceptible to environmental confounding compared to conventional observational 
studies. Specifically, the selected SNPs demonstrated strong associations with their respective exposures and achieved 
independence following LD clumping. Third, both UVMR and MVMR analyses were conducted, thereby strengthening 
the robustness of the causal inference.

Several important limitations warrant consideration. First, the genetic instruments for the exposures were derived 
from GWAS of maternal disease status, whereas the outcome GWAS for birth weight primarily reflects fetal genetic 
effects. Consequently, our analysis estimates the association between genetic variants influencing the mother’s risk of 
developing a complication and birth weight as a fetal trait. This does not establish a direct clinical or pathophysiological 
effect of clinically manifest maternal disease on the fetal environment; rather, it suggests that shared biological pathways 
influencing maternal susceptibility to these conditions may concurrently influence mechanisms regulating fetal growth. 
Thus, the results should be interpreted as supportive genetic epidemiological evidence at the population level rather than 
as a demonstration of a direct clinical causal mechanism.

Second, the exposure and outcome GWAS assessed different biological dimensions, which may confound the causal 
interpretation of maternal exposures and fetal outcomes. In addition, the exposure data were limited to individuals of 
Finnish ancestry, whereas the outcome data were derived from broader European populations predominantly comprising 
non-Finnish participants. Although both datasets comprised individuals of European ancestry, this mismatch may have 
introduced bias and limited the generalizability of our findings. Accordingly, the present findings are primarily applicable 
to European populations, and future validation in multi-ancestry cohorts, ideally using mother–offspring paired GWAS 
data, is warranted.

Further limitations relate to data availability and statistical power. Although many pregnancy complications exist, 
only a limited number of common major complications were included due to the unavailability of suitable GWAS data 
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for the remainder. The sample sizes for placenta previa (1,232 cases) and placental abruption (613 cases) were relatively 
small, and these acute obstetric events have low heritability and are strongly influenced by clinical and environmental 
factors. This may reduce the statistical power of MR analysis to detect weak causal associations, and thus the null 
findings for these two complications should be interpreted with caution. These characteristics may also render placenta 
previa and placental abruption less optimal as instrumental variables in MR analyses compared to traits with greater 
stability and heritability. In addition, our MVMR analysis could not account for all potentially relevant exposure factors, 
which may have influenced the estimated associations between individual exposures and birth weight. Finally, formal 
statistical power calculations were not performed, necessitating caution in the interpretation of the findings. Future 
studies with more comprehensive GWAS data may allow for the incorporation of additional relevant factors and elucidate 
the impact of pregnancy complications on neonatal birth weight.

Conclusion
In summary, genetically predicted ICP, as well as preeclampsia or eclampsia, were associated with lower neonatal birth 
weight, whereas genetically predicted GDM was associated with higher neonatal birth weight. No evidence supported 
a causal association between placenta previa or placental abruption and neonatal birth weight. These findings provide 
supportive genetic epidemiological evidence for the relationship between pregnancy complications and neonatal birth 
weight, with potential implications for etiological understanding, risk stratification, and prevention in clinical practice.

Abbreviations
CI, Confidence interval; GWAS, Genome-wide association study; GDM, Gestational diabetes mellitus; ICP, Intrahepatic 
cholestasis of pregnancy; IVW, Inverse variance weighting; MR, Mendelian randomization; MVMR, Multivariable 
Mendelian randomization; OR, Odds ratio; SNP, Single nucleotide polymorphism; UVMR, Univariate Mendelian 
randomization; MD, Mean difference.
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