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Abstract
BACKGROUND 
Few studies have investigated the association between gestational age, birth 
weight, and esophageal cancer risk; however, causality remains debated. We 
aimed to establish causal links between genetic gestational age and birth weight 
traits and gastroesophageal reflux disease (GERD), Barrett’s esophagus (BE), and 
esophageal adenocarcinoma (EA). Additionally, we explored if known risk factors 
mediate these links.

AIM 
To analyze of the relationship between gestational age, birth weight and GERD, 
BE, and EA.

METHODS 
Genetic data on gestational age and birth weight (n = 84689 and 143677) from the 
Early Growth Genetics Consortium and outcomes for GERD (n = 467253), BE (n = 
56429), and EA (n = 21271) from genome-wide association study served as instru-
mental variables. Mendelian randomization (MR) and mediation analyses were 
conducted using MR-Egger, weighted median, and inverse variance weighted 
methods. Robustness was ensured through heterogeneity, pleiotropy tests, and 
sensitivity analyses.

https://www.f6publishing.com
https://dx.doi.org/10.4251/wjgo.v16.i7.3055
mailto:weiyip2000@hotmail.com
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RESULTS 
Birth weight was negatively correlated with GERD and BE risk [odds ratio (OR) = 0.78; 95% confidence interval 
(CI): 0.69-0.8] and (OR = 0.75; 95%CI: 0.60-0.9), respectively, with no significant association with EA. No causal link 
was found between gestational age and outcomes. Birth weight was positively correlated with five risk factors: 
Educational attainment (OR = 1.15; 95%CI: 1.01-1.31), body mass index (OR = 1.06; 95%CI: 1.02-1.1), height (OR = 
1.12; 95%CI: 1.06-1.19), weight (OR = 1.13; 95%CI: 1.10-1.1), and alcoholic drinks per week (OR = 1.03; 95%CI: 1.00-
1.06). Mediation analysis showed educational attainment and height mediated the birth weight-BE link by 13.99% 
and 5.46%.

CONCLUSION 
Our study supports the protective role of genetically predicted birth weight against GERD, BE, and EA, inde-
pendent of gestational age and partially mediated by educational attainment and height.

Key Words: Birth weight; Barrett’s esophagus; Esophageal adenocarcinoma; Gestational age; Gastroesophageal reflux disease; 
Preterm birth

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study demonstrates that low birth weight, rather than prematurity, is associated with increased risk of 
gastroesophageal reflux disease (GERD) and Barrett’s esophagus (BE) in adulthood, with no association found for 
esophageal adenocarcinoma. Furthermore, this relationship is influenced by the mediating effects of educational attainment 
and height. Attention to educational attainment and height during the growth process of low-birth-weight individuals is 
necessary to reduce the incidence of GERD and BE.

Citation: Ruan LC, Zhang Y, Su L, Zhu LX, Wang SL, Guo Q, Wan BG, Qiu SY, Hu S, Wei YP, Zheng QL. Causal effects of genetic 
birth weight and gestational age on adult esophageal diseases: Mendelian randomization study. World J Gastrointest Oncol 2024; 
16(7): 3055-3068
URL: https://www.wjgnet.com/1948-5204/full/v16/i7/3055.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i7.3055

INTRODUCTION
Esophageal cancer, ranking as the eighth most prevalent cancer globally, exhibits a 5-year survival rate of less than 20%. 
In 2020, over 604000 new cases were diagnosed worldwide[1,2]. Esophageal adenocarcinoma (EA), as one subtype of 
esophageal cancer, has witnessed a rapid increase in incidence in Western countries in recent years[3,4]. Barrett’s 
esophagus (BE), characterized by the metaplasia of esophageal squamous epithelium, serves as a precancerous lesion and 
a high-risk factor for EA. Approximately 3%-5% of BE cases eventually progress to EA[5]. The risk of BE development is 
associated with recurrent episodes of gastroesophageal reflux disease (GERD), affecting approximately 20% of adults in 
developed countries[6]. Furthermore, previous research indicates that educational level, socioeconomic status, mental 
health, obesity, and smoking contribute to varying degrees of EA risk[7-11].

In contemporary research, there is considerable attention on the association between perinatal factors and adult-onset 
diseases[12]. GERD, a prevalent condition in newborns, exhibits notably elevated risks in preterm infants and those with 
small-for-gestational-age (SGA)[13]. The debate continues regarding the correlation of preterm birth and SGA with adult-
onset GERD, BE, or EA. In a large-scale follow-up study of preterm and SGA individuals, only 8 participants developed 
esophageal cancer during adulthood, while the standardized incidence of EA increased by more than 7-fold[14]. 
Conversely, an alternative perspective posits that preterm birth is the primary factor contributing to the elevated risk of 
EA in adulthood, with SGA having no impact on this risk[15]. In investigations into the risk of developing BE in 
adulthood, both preterm and SGA individuals demonstrate a significant association with adult BE risk[16]. Notably, in 
the Swedish BE population, it was observed that SGA individuals, rather than preterm ones, experienced a threefold 
increase in the risk of developing BE in adulthood[17].

Due to the significant time span from infancy to adulthood, participants’ lifestyle habits (smoking, alcohol con-
sumption, obesity, etc.) may impact the ultimate development of esophageal diseases through alternative causal 
pathways. As a result, traditional cohort studies and retrospective research face substantial limitations in this process, 
potentially leading to misleading interpretations. The principle of Mendelian randomization (MR), involving the random 
assortment of genes from parents to offspring during gamete formation and fertilization, can significantly mitigate 
measurement errors and confounding pathways. MR provides an effective means of evaluating the causal nature of 
modifiable behaviors or environmental exposures[18,19].

We employed genetic information from a comprehensive alliance of European populations to elucidate the causal 
associations between fetal prenatal characteristics, birth weight, and the risk of GERD, BE, and EA in adulthood[20-29]. 

https://www.wjgnet.com/1948-5204/full/v16/i7/3055.htm
https://dx.doi.org/10.4251/wjgo.v16.i7.3055
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Our methodology incorporated a two-step MR approach, encompassing univariable MR (UVMR) analysis and 
multivariable MR (MVMR) analysis, mediation analyses, and sensitivity assessments[30]. The primary objective of this 
study extends beyond elucidating direct causal relationships to actively seeking intermediary factors influencing the 
development of esophageal diseases. This research endeavors to contribute novel insights for future investigations and 
clinical practices related to GERD, BE, and EA.

MATERIALS AND METHODS
Study design
Multiple publicly available datasets from genome-wide association study (GWAS) were applied in this study[20-29]. All 
studies included in the analysis were ethically approved or patient consent, as described in Table 1. The univariate, 
multivariate, and two-step MR mediating analyses were performed to investigate whether genetically predicted 
gestational age characteristics, fetal birth weight, and adult susceptibility to GERD, BE, and EA were causally related. An 
attempt was made to find the mediating risk factors in the above associations and to calculate the corresponding 
mediating effect size. The route of this study is shown in Figure 1.

GWAS data for exposure
Genetic variation information pertaining to 84689 individuals of European descent, specifically related to the timing of 
delivery, was sourced from the collaborative efforts of the Early Growth Genetics (EGG) Consortium and the Integrative 
Psychiatric Research Consortium[25]. This dataset encompasses four fetal traits associated with the fetal genotype. The 
logistic regression analysis was applied to examine dichotomous outcomes, namely early preterm birth (< 34 wk), 
preterm birth (< 37 wk), postterm birth (≥ 42 wk). Additionally, gestational duration, subjected to regression on infant 
sex, had its resulting residuals quantile transformed to a standard normal distribution before undergoing linear 
regression to assess their association with fetal single nucleotide polymorphisms (SNPs) genotypes. Following gender-
specific transformation and adjustments for gestational week and study-specific ancestry covariates, the genetic 
information pertaining to birth weight was included in the study only for a European population of 143677 individuals 
from the EGG Consortium[27].

GWAS data for mediator
In previous observational studies, risk factors associated with GERD, BE, and EA have been considered as potential 
mediators. Utilizing the most recent and largest-scale European GWAS meta-analysis data, we incorporated eight 
variables, namely, educational attainment (years of education), body mass index (BMI), height, weight, major depressive 
disorder (MDD), cigarettes smoked per day, alcoholic drinks per week, and Helicobacter pylori (H. pylori) infection. Genetic 
information for educational attainment (years of education) was sourced from Loh et al[24], employing a mixed-model 
association approach with a cohort of 461457 European individuals. The genetic characteristics of BMI were derived from 
the Genetic Investigation of ANthropometric Traits Consortium, encompassing a large-scale meta-analysis of 681275 
individuals of European descent[20]. Height’s genetic data originated from an exome array association study based on 
458235 Europeans from the United Kingdom Biobank[29]. Weight’s genetic summary data involved 360116 individuals of 
European descent[23]. Genetic information for MDD was obtained from the Psychiatric Genomics Consortium through a 
comprehensive genome-wide association meta-analysis with 59851 cases and 113154 controls[21]. Daily smoking quantity 
and weekly alcohol consumption data were sourced from the GWAS and Sequencing Consortium of Alcohol and 
Nicotine use, comprising 337334 and 335394 European individuals, respectively[26]. The genetic characteristics of 
H. pylori infection were derived from GWAS involving 1329 cases and 461604 controls of European ancestry[31,32].

GWAS data for outcome
The summary data for GERD (32957 cases and 434296 controls) was extracted from a large-scale human genetic 
phenotypic study conducted by Sakaue et al[23]. The genetic characteristics of BE (13358 cases and 43071 controls) were 
amalgamated from a comprehensive data synthesis derived from a large prospective etiological study of complex 
diseases in middle and older-aged individuals by Sudlow et al[22]. As for EA (4112 cases and 17159 controls), the genetic 
features originated from a large-scale meta-analysis of the entire genome-wide association data. All participants involved 
in the GERD, BE, and EA studies were of European descent[28].

Statistical analysis
Selection of genetic instrumental variables: Initially, due to stringent criteria (P < 5E-8), the genomic significant SNPs 
acquired for four fetal gestational features (preterm birth, preterm birth, postterm birth, gestational duration) did not 
yield sufficient power for subsequent MR analyses. Consequently, a more lenient screening threshold (P < 5E-6) was 
incorporated, which has been demonstrated as feasible in previous studies[33]. Similarly, a P < 5E-5 threshold was 
employed in constructing instrumental variables (IVs) for H. pylori infection.

Subsequently, SNPs failing to meet the independence criterion were removed through linkage disequilibrium (LD) to 
obtain independently associated SNPs (r2 < 0.001, kb = 10000, MAF < 0.3). Proxy SNPs (r2 > 0.8) were utilized to address 
the inability to extract SNPs associated with exposure or mediating IVs in the outcomes of esophageal diseases, achieved 
through the LD link tool[34]. In this process, SNPs with ambiguous palindromic sequences were excluded.
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Table 1 Genome-wide association study data sources and information included in the current study

Phenotype Unit Sample size Ancestry GWAS ID/data source PMID

Educational attainment (years of education) SD increase in years of education 461457 European ebi-a-GCST90029013 29892013

Body mass index SD increase in body mass index 681275 European ieu-b-40 30124842

Height SD increase in cm of height 458235 European ebi-a-GCST90025949 34226706

Weight SD increase in kg of birth adult weight 360116 European ebi-a-GCST90018949 34594039

Major depressive disorder Binary categorical variable 173005 European ieu-a-1188 29700475

Cigarettes smoked per day SD increase in cigarettes smoked per day 337334 European ieu-b-25 30643251

Alcoholic drinks per week SD increase in alcoholic drinks per week 335394 European ieu-b-73 30643251

Birth weight SD increase in kg of birth weight 143677 European ieu-a-1083 27680694

Gestational duration SD increase in days of gestational duration 84689 European EGG Consortium 31477735

Early preterm birth Binary categorical variable 38995 European EGG Consortium 31477735

Preterm birth Binary categorical variable 57153 European EGG Consortium 31477735

Post term birth Binary categorical variable 60695 European EGG Consortium 31477735

Helicobacter pylori Binary categorical variable 462933 European ukb-b-531 /

Esophageal adenocarcinoma Binary categorical variable 21271 European ebi-a-GCST003739 27527254

Barrett’s esophagus Binary categorical variable 56429 European ebi-a-GCST90000515 25826379

Gastroesophageal reflux disease Binary categorical variable 467253 European ebi-a-GCST90018848 34594039

EGG: Early Growth Genetics; GWAS: Genome-wide association study.

Based on previous evidence from observational studies, educational attainment, BMI, smoking, alcohol consumption, 
depression, or anxiety are considered confounding variables that may violate the assumption of causality[8-10,35]. To 
mitigate potential horizontal pleiotropy and violations of the correlation assumption in the study of exposure on 
outcomes, the PhenoScanner network tool was employed to exclude confounding SNPs that might represent alternative 
pathways, aligning with the exclusivity assumption in the core principles of MR[36]. The MR-PRESSO test was utilized to 
detect and remove outliers[37], resulting in the final set of IVs for MR analysis. To ensure the adherence to the core 
assumptions of MR, specifically the exclusion restriction assumption, identified IVs underwent scrutiny with criteria 
including F-statistic values > 10 and statistical power > 0.8, significantly minimizing potential bias introduced by weak 
IVs[38-40].

UVMR analysis: We conducted multiple rounds of UVMR analyses. Initially, causal estimates were performed for 
gestational duration-related genetic characteristics, birth weight, and their associations with GERD, BE, and EA. 
Subsequently, significant fetal traits identified in the initial analysis were included in subsequent UVMR analyses 
involving eight risk factors. The causal effects between these eight risk factors and esophageal diseases were also 
estimated using UVMR. Each UVMR analysis underwent tests for heterogeneity and pleiotropy. If the MR-Egger 
intercept test indicated horizontal pleiotropy (P < 0.05)[41], the MR-Egger regression method was employed to mitigate 
bias introduced by pleiotropy[42]; alternatively, in the absence of such indication, the initial consideration was given to 
the inverse-variance weighted (IVW) method[43]. If Cochran’s Q statistic suggested the presence of heterogeneity (P < 
0.05)[30], the IVW fixed-effects model, rather than the IVW random-effects model, was utilized to minimize bias.

MVMR analysis: To accurately assess the effects of eight risk factors on three esophageal diseases, MVMR analysis 
method was employed[19]. Adjustments were made for significant neonatal characteristics identified in UVMR analysis. 
All relevant SNPs were included under a threshold of P < 5E-8, and a reevaluation of LD, alignment of effect alleles, 
removal of palindromic sequences, and multivariate tests for heterogeneity and pleiotropy were conducted.

Mediation analysis: As depicted in the intermediate analysis steps illustrated in Figure 1, UVMR initially computed the 
total effect of exposure on the outcome (βc), the direct effect of exposure on the mediator (βa), and the causal effect of the 
mediator on the outcome. The subsequent MVMR revealed the results of analyzing the direct effect of exposure on the 
mediator (βb) after adjusting for the exposure[19]. The mediation effect was considered established when both the total 
effect and the mediator effect (βa*βb) acted in the same direction and remained statistically significant[44]. Subsequently, 
we calculated the proportion of mediation by dividing the mediator effect by the total effect. The delta method was 
employed to estimate confidence intervals for independent samples[44,45]. Through the integration of mediation analysis 
with MVMR, concurrently adjusting for multiple intermediary risk factors, we derived an estimation of the compre-
hensive mediation effect.
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Figure 1 Flowchart of Mendelian randomization analyses in this study. Step 1: The causal effects of gestational duration, gestational age, and birth 
weight on gastroesophageal reflux disease (GERD), Barrett’s esophagus (BE), esophageal adenocarcinoma (EA); Step 2: The causal effects of birth weight on eight 
risk factors; Step 3: The causal effects of eight risk factors on GERD, BE, EA; Step 4: The causal effects of eight risk factors on GERD, BE, EA after adjusting birth 
weight. BE: Barrett’s esophagus; EA: Esophageal adenocarcinoma; EGG: Early Growth Genetics; GWAS: Genome-wide association study; IVs: Instrumental 
variables; IVW: Inverse variance weighted; MR-PRESSO: MR-Pleiotropy RESidual sum and outlier; UVMR: Univariable Mendelian randomization; SNPs: Single 
nucleotide polymorphisms; GERD: Gastroesophageal reflux disease; MVMR: Multivariable Mendelian randomization; LD: Linkage disequilibrium.

Sensitivity analysis: Sensitivity analysis was employed to assess the robustness of MR results. In addition to IVW 
method (both fixed-effects and random-effects models) and the MR-Egger method, the weighted median method was 
also utilized as a reference[41]. Ensuring consistency in the direction of effects among different MR methods, with 
statistical significance met, enhances the credibility of the results. Supplementary scatter plots, forest plots, and Leave-
One-Out (LOO) analysis were incorporated to ensure the validity of causal inferences in this study[46]. In the LOO 
analysis results, SNPs that were statistically significant and led to a reversal in the direction of effects were excluded. 
Statistical analyses were carried out using R version 4.2.1, and the R packages TwoSampleMR (version 0.5.7), Mendelian-
Randomization (version 0.3.0), and forestploter (version 1.1.1) were employed for these analyses.

RESULTS
Causal links between four gestational traits and birth weight on GERD, BE, and EA
After rigorously excluding outlier SNPs, the final IVs associated with four gestational phenotypes (gestational duration, 
early preterm birth, preterm birth, postterm birth) was 2.38%, with F-statistics ranging from 26.99 to 199.63. For the IVs 
related to birth weight, the explained variance was 2.23%, with F-statistics between 607.81 and 740.38 (Supplementary 
Tables 1 and 2). Figure 2A visually presents the results of UVMR analysis. An increase in birth weight demonstrated a 
significant effect in reducing the risk of GERD and BE, while showing no association with EA risk. GERD (OR = 0.78, 
95%CI: 0.69-0.8) and BE (OR = 0.75, 95%CI: 0.60-0.9). However, no significant associations were detected for gestational 
duration, early preterm birth, preterm birth, or postterm birth in the outcomes of the three esophageal disorders. 
Additional results from other MR methods are reported in Supplementary Table 3. No horizontal pleiotropy was 
observed in all analyses (PMR-Egger Intercept > 0.05), and random-effects models were applied to correct for heterogeneity. 

https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d41727fa-bd7d-44dd-970d-68cbf58d4ea8/94119-supplementary-material.pdf
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Figure 2 Univariable Mendelian randomization analysis. A: Univariable Mendelian randomization analysis of gestational age-related genetic 
characteristics, birth weight and causality of esophageal disease; B: Univariable Mendelian randomization analysis of causal effects of genetic birth weight on risk 
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factors. aP < 0.05. BE: Barrett’s esophagus; CI: Confidence interval; EA: Esophageal adenocarcinoma; GERD: Gastroesophageal reflux disease; nSNPs: Number of 
single nucleotide polymorphisms; OR: Odds ratio.

Sensitivity analysis indicated robust results, with no significant outliers identified in the LOO analysis (Supplementary 
Figures 1-15).

Causal links between birth weight on multiple risk factors
Due to statistical significance observed only between birth weight and the outcome in UVMR, subsequent analyses were 
focused solely on birth weight. The explanatory power of birth weight among various risk factors was 3.64%, with F-
statistics ranging from 160.61 to 833.99 (Supplementary Tables 4 and 5). Figure 2B illustrates a significant positive 
correlation between birth weight and five risk factors, while showing no association with others. Educational attainment 
(OR = 1.15, 95%CI: 1.01-1.31), BMI (OR = 1.06, 95%CI: 1.02-1.1), height (OR = 1.12, 95%CI: 1.06-1.19), weight (OR = 1.13, 
95%CI: 1.10-1.1), and alcoholic drinks per week (OR = 1.03, 95%CI: 1.00-1.06) all exhibited significant associations 
(Supplementary Table 6). No evidence of pleiotropy was detected, and all MR methods showed consistent effect 
directions. Sensitivity analysis also revealed no significant outliers, ensuring the reliability of the results (Supplementary 
Figures 16-23).

Causal links of risk factors on GERD, BE, and EA considering adjusted and unadjusted birth weight
Through UVMR, the causal effects of risk factors on GERD, BE, and EA were estimated without adjusting for birth weight 
(Supplementary Tables 7-9), with corresponding sensitivity analyses presented in Supplementary Figures 24-47. The 
application of MVMR yielded the direct effects of various risk factors on GERD, BE, and EA after adjusting for birth 
weight (Figure 3, Supplementary Table 10). Only weight and partially adjusted BMI showed evidence of horizontal 
pleiotropy, and MR-Egger was employed to report the results. Educational attainment significantly reduced the risk of 
GERD, BE, both before adjustment (OR = 0.89, 95%CI: 0.87-0.91; OR = 0.76, 95%CI: 0.73-0.81), and after adjustment (OR = 
0.89, 95%CI: 0.87-0.91; OR = 0.75, 95%CI: 0.71-0.78), and EA (OR = 0.90, 95%CI: 0.84-0.96). BMI increased the susceptibility 
to all three esophageal diseases, both before adjustment (OR = 1.29, 95%CI: 1.21-1.39; OR = 2.64, 95%CI: 2.32-3.00; OR = 
1.50; 95%CI: 1.22-1.86), and after adjustment (OR = 1.28, 95%CI: 1.20-1.36; OR = 2.78, 95%CI: 2.46-3.15; OR = 1.60, 95%CI: 
1.32-1.94). Height demonstrated a protective effect in BE (OR = 0.95, 95%CI: 0.92-0.99) and EA (OR = 0.86, 95%CI: 0.79-
0.93), with a significant protective effect observed only in BE after adjustment (OR = 0.87, 95%CI: 0.79-0.96). Conversely, 
weight significantly reduced the likelihood of GERD (OR = 0.73, 95%CI: 0.55-0.97) and BE before adjustment (OR = 0.27, 
95%CI: 0.14-0.54). However, after adjustment, weight exhibited an opposite effect, with significant differences observed 
for GERD (OR = 1.21, 95%CI: 1.11-1.31), BE (OR = 1.86, 95%CI: 1.55-2.24), and EA (OR = 1.63, 95%CI: 1.28-2.06). A similar 
contrast phenomenon was observed in MDD, where MDD, before adjustment, acted as a factor increasing the risk of 
GERD (OR = 1.37, 95%CI: 0.94-1.98) and BE (OR = 2.70, 95%CI: 1.91-3.83). However, after adjustment, MDD exhibited a 
protective effect (OR = 0.79, 95%CI: 0.72-0.88; OR = 0.76, 95%CI: 0.61-0.95). Daily smoking quantity, before adjustment, 
did not show significance in any outcome, but after adjustment, smoking increased the risk of BE (OR = 1.23, 95%CI: 1.04-
1.46). Before adjustment, a substantial increase in weekly alcohol consumption raised the risk of EA (OR = 3.88, 95%CI: 
1.53-9.89), but in the adjusted results, no significant effect was observed. H. pylori infection was not reported to be 
significant before adjustment, and in the analysis adjusting for birth weight, due to sample size limitations, independent 
SNPs were not obtained for MVMR analysis at the threshold of P < 5E-5.

Mediation effect analysis
For factors demonstrating consistent and statistically significant total and mediation effects, we conducted confidence 
interval calculations and estimated mediation proportions (Supplementary Table 11). Despite the consistent negative 
association of educational attainment with GERD observed in both UVMR and MVMR, the mediation effect did not reach 
statistical significance (β = -0.017, 95%CI: -0.052 to 0.019). Conversely, education level (proportion mediated = 13.99%, β = 
-0.041, 95%CI: -0.080, to -0.003) and height (proportion mediated = 5.46%, β = -0.016; 95%CI: -0.029 to -0.002) mediated the 
impact of birth weight on BE, both exhibiting negative correlations. Subsequently, Figure 4 and Supplementary Tables 12 
and 13 present the comprehensive mediation effects of education level and height on BE. For educational attainment 
(proportion mediated = 15.36%, β = -0.045; 95%CI: -0.086 to -0.003) and height (proportion mediated = 4.78%, β = -0.014, 
95%CI: -0.026 to -0.002), the results indicate significant and consistent mediation effects. No evidence of horizontal 
pleiotropy was found, with both multivariable IVW and MVMR-Egger results demonstrating significance and consistent 
direction, supporting the robustness of our findings.

DISCUSSION
In this study, we employed a large-scale genetic dataset and conducted UVMR, MVMR, and mediation analyses to 
comprehensively assess the causal relationships between fetal genetic characteristics during pregnancy, birth weight, and 
the onset risk of GERD, BE, and EA in adulthood. Additionally, we analyzed potential mediation effects of known risk 
factors. Our research confirms that gestational age does not impact the risk of GERD, BE, and EA in adulthood. This 
conclusion remains consistent whether analyzed as a continuous variable based on gestational weeks or as a binary 
variable distinguishing early preterm, preterm, and post-term births. Lower birth weight is causally associated with an 
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Figure 3 Multivariable Mendelian randomization analysis of causal effects of risk factors on esophageal disease after adjusting for birth 
weight. aP < 0.05. Helicobacter pylori phenotypes do not acquire sufficient single nucleotide polymorphisms in multivariable Mendelian randomization. GERD: 
Gastroesophageal reflux disease; BE: Barrett’s esophagus; EA: Esophageal adenocarcinoma; OR: Odds ratio; CI: Confidence interval; nSNPs: Number of single 
nucleotide polymorphisms.

Figure 4 Combined effects of multiple mediators on esophageal diseases. The combined proportions mediated by educational attainment and height 
for the effect of birth weight on Barrett’s esophagus. βa: The effect of birth weight on the risk of modifiable risk factors; βb: The effect of risk factors on the risk of 
Barrett’s esophagus after combination of mediating factors; Total effect: The effect of birth weight on the risk of Barrett’s esophagus; BE: Barrett’s esophagus.

increased risk of GERD and BE in adults. Conversely, higher birth weight shows causal relationships with higher 
education levels, obesity (high BMI), increased height and weight, and a higher weekly alcohol intake. Furthermore, 
within these factors, education level and height mediate 15.36% and 4.78%, respectively, of the total effect of birth weight 
on BE. All analysis results withstand sensitivity and multicollinearity tests, ensuring the reliability of our findings.

Considering the strong concealment of EA, it remains a challenging subtype in the early diagnosis and prevention of 
esophageal cancer worldwide, with an increasing incidence in many Western countries[4,47]. Most EA patients face a 
poor prognosis, with the overall 5-year survival rate for esophageal cancer still below 20%[2]. Meanwhile, BE, as the only 
precancerous lesion of EA, has an annual incidence rate of approximately 0.2%-0.5%[5]. In developed countries, adult 
GERD accounts for about 20%[6], showing an association with increased risks of BE and EA. Therefore, understanding 
the high-risk populations and risk factors for the onset of GERD, BE, and EA is crucial for early screening and prevention 
decisions regarding esophageal cancer.
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In recent years, limited research has focused on the potential connections between neonatal characteristics and the risk 
of GERD, BE, and EA in adulthood. However, these studies have yielded inconsistent viewpoints. Although GERD is 
common in preterm or SGA infants[13], there is no reported association between GERD risk in adults and a history of 
preterm birth in cohort studies. Shiota et al[16] proposed that preterm birth increases the risk of adult BE, with this risk 
decreasing in infants larger than the gestational age, and this phenomenon was not mediated by known high-risk factors. 
In contrast, Forssell et al[17] suggested a different perspective, indicating that the increased risk of BE in adulthood is due 
to the impact of SGA and is unrelated to preterm birth. This aligns with our study’s findings, where individuals with 
higher birth weight have a 25% lower risk of developing BE, with no evidence supporting the influence of preterm birth 
on BE. In a long-term follow-up involving 3364 preterm/SGA infants, eight individuals developed esophageal cancer in 
adulthood compared to only one in the control group. This resulted in an 11.5-fold increase in EA risk in SGA, but 
concerns were raised about potential false associations due to the small sample size[14]. Some argue that the increased 
risk of adult EA is unrelated to birth weight but associated with gestational weeks[15], while prospective studies, 
including ours, find no correlation between gestational weeks, birth weight, and EA risk[48]. These phenomena may be 
due to the adaptive response of SGA in the early stage of the disease, which leads to the lagging growth and development 
of tissue and organ function through metabolic or hormonal changes, resulting in an increased risk of disease. It is also 
possible that perinatal promoter methylation affects gene expression in pathways associated with a range of physiological 
processes and continues into adulthood[49].

These long-term cohort studies lack sufficient exploration of other risk factors’ potential effects on GERD, BE, and EA, 
and are burdened by significant limitations. It remains unclear if preterm/SGA individuals exhibit growth tendencies or 
engage in high-risk behaviors like smoking, drinking, or obesity[17,50]. Additionally, the increased risk of adult 
depression linked to low birth weight complicates inferences[51], as depression or anxiety further heightens 
gastrointestinal disease risk[15,52]. Scarce research on preterm/SGA individuals regarding esophageal diseases and a 
lack of reports on intermediate factors prompted our study. Leveraging large-scale genetic data from the European 
population (84689 for gestational age, 143677 for birth weight)[25,27] and utilizing MR analysis, we overcame 
confounding factors, facilitating precise causal inferences[18].

Past studies on risk factors for esophageal diseases did not consider the potential impact of neonatal characteristics. 
This research offers new insights into the role of adjusted risk factors after birth weight modification in esophageal 
diseases. Firstly, the increase in education level, as found by Jansson et al[9] and Zhang et al[11], is associated with a 
decreased risk of GERD, BE, and esophageal cancer. Our results align with this, showing that education level remains a 
protective factor after adjusting for birth weight. Obesity (high BMI/overweight) has been widely recognized for its 
detrimental effects on gastrointestinal diseases. In our study, adjusting for birth weight increased the risks of GERD, BE, 
and EA by 28%, more than double, and 60%, respectively. The association between these factors may be attributed to 
visceral obesity, resulting in increased abdominal fat thickness and heightened intra-abdominal pressure. Mechanical 
damage to the esophagus is more common in obese individuals, increasing the chances of acid exposure and thereby 
elevating the risk of GERD. Additionally, elevated levels of serum adipocyte-derived cytokines, intensified by inflam-
matory responses mediated through adiponectin or leptin, contribute to an increased risk of BE[53]. Thrift et al[54] found 
that increased height contributes to a lower probability of BE and EA in males, with no significant effect in females. In our 
study, adjusted height was only significantly associated with BE, possibly due to the genetic information related to height 
explaining the overall effects in both male and female populations, minimizing the impact of gender subgroups. 
Regarding the impact of MDD on esophageal diseases, some argue that MDD is unrelated to BE and EA but is associated 
with an increased risk of GERD[35]. In our study, after adjusting for birth weight, MDD had statistical significance for 
both GERD and BE, but caution is needed in interpreting this due to inconsistent directions in effects before and after 
adjustment and the limited number of SNPs obtained. Smoking is associated with a 23% increased risk of BE in this 
study, aligning with findings by Yuan and Larsson[55]. Smoking has been shown to induce damage to esophageal 
epithelial cells, exacerbating metaplasia. Infection with H. pylori (adjusted before) and alcohol consumption (adjusted 
after) is unrelated to the occurrence of GERD, BE, and EA, aligning with some research conclusions[56,57] but differing 
from others[1,6,58]. Perhaps this is due to the impact of low socioeconomic status and insufficient education levels in SGA 
individuals during adulthood, leading to increased risks of smoking, drinking, H. pylori infection, etc[59]. Neglecting birth 
weight in observational studies masks the true effects of relevant factors, potentially resulting in incorrect inferences.

This study provides support for education level being an intermediate factor in the increased risk of BE associated with 
high birth weight. In several large birth cohort studies, early improvements in birth weight have been shown to 
effectively increase education levels, cognitive abilities, and social status, subsequently reducing the risk of chronic 
diseases in adulthood[60,61]. Higher education levels can further reduce the harms brought by adverse habits[24,62]. The 
protective intermediate effect of height may be due to growth restriction in the womb for SGA individuals, resulting in a 
relatively small stature during growth, increasing the risk of gastrointestinal diseases such as GERD due to increased 
intra-abdominal pressure[54,63]. This process may eventually evolve into BE through repeated stimulation.

The findings of this study address previous research limitations by proposing the impact of birth weight-adjusted 
relevant risk factors on esophageal diseases and highlighting the intermediate roles of education level and height. New 
perspectives on the effects of pathogenic factors like smoking and drinking have been introduced. This study is expected 
to enhance our understanding of the complex mechanisms of genetic factors in esophageal diseases. Early intervention 
measures and personalized treatment should be developed for SGA individuals, and early screening and prevention of 
esophageal diseases should be conducted in adulthood for these high-risk populations. However, the mediating 
mechanism of height between SGA children and precancerous lesions of esophageal cancer remains unclear, requiring 
further research to explain this effect.
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Limitations
This study focused solely on the European population, and the generalization of findings to other ethnic groups remains 
inconclusive. In the MVMR analysis after adjusting for birth weight, H. pylori infection lacked a sufficient number of SNPs 
for subsequent analysis. Despite incorporating multiple known risk factors into our analysis, we cannot eliminate the 
potential effects of unknown factors.

CONCLUSION
Our research supports the association between low birth weight and an increased risk of GERD and BE, but not EA. 
Gestational weeks are unrelated to all three esophageal diseases. The causal effect of birth weight on BE is jointly 
mediated by education level and height, accounting for approximately 20%. Furthermore, our study provides a compre-
hensive effect of known risk factors on esophageal diseases after adjusting for birth weight.
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