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Abstract

Previous research has suggested a potential link between folic acid supplementary
therapy and gastric ulcers. To investigate this relationship further, we conducted a Mendelian
randomization (MR) analysis using data from the UK Biobank. Our analysis primarily
employed inverse variance-weighted (IVW) methods, including both fixed-effect and
random-effect models. To ensure the robustness of our findings, additional methods such as
the simple median, the weighted median, and the penalized weighted median were also
applied. The MR analysis aimed to explore the causal effect of FA supplementary therapy on
gastric ulcers. Seven single nucleotide polymorphisms (SNPs) at genetic loci associated with
FA supplementary therapy were identified. Both the random-effect and fixed-effect IVW
models indicated that genetically predicted FA supplementary therapy significantly reduced
the risk of gastric ulcers (OR, 0.870; 95% CI, 0.826-0.917, p<0.001). This result was
consistent across other methods, with similar outcomes observed using the simple median
(OR, 0.835; 95% CI, 0.773-0.901, p<0.001), the weighted median (OR, 0.854; 95% ClI,
0.794-0.919, p<0.001), and the penalized weighted median (OR, 0.849; 95% CI, 0.789-0.914,
p<0.001). Leave-one-out sensitivity analysis confirmed that no individual SNP significantly
drove the association between FA supplementary therapy and gastric ulcers. This MR study
provides genetic evidence that FA supplementary therapy may decrease the risk of gastric

ulcers.

Keywords: mendelian randomization, folic acid, gastric ulcers, genetics, folate.
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CLINICAL PERSPECTIVE

What Is New?

Previous evidence from basic research supports FA supplementary therapy as a protective
factor for gastric ulcers. Nevertheless, observational studies have not recognized a causal
effect of FA supplementary therapy on gastric ulcers. This MR Study provides genetic

evidence of a causal relationship between FA supplementary therapy and gastric ulcers.

What Are the Clinical Implications?

These findings confirm the causally decreased risk of gastric ulcer induced by FA
supplementary therapy. According to the evidence, clinicians and researchers should
attach great importance to the protective role of FA in the prevention and treatment of
gastric ulcers. Exploration of the underlying mechanism will provide useful guidance for

the protection of gastric ulcer.

Introduction

Peptic ulcers are a common type of chronic digestive disease, with an estimated 4
million cases occurring worldwide annually. The prevalence of peptic ulcers in the general
population is estimated to be between 5-10% & 2. and gastric ulcer is one of the most
common types. GU are characterized by natural relief and recurrence, with a high five-year
recurrence rate of up to 24.3% ©. The high incidence of GU is attributed to a series of
induced factors, such as Helicobacter pylori (Hp) infections, abuse of non-steroidal anti-
inflammatory drugs (NSAID), alcoholism, and smoking . Despite developing various
medicines for the prevention and treatment of GU including Proton-Pump Inhibitors (PPIs),
Histamine-2 Receptor Antagonists (H2RAs) as well as Prostaglandin Analogues © ©, the
incidence of GU remains high.

Folic acid, also known as folate, is a common B-family vitamin, which exists in all kinds
of vegetables, fruits, beans, and other grains (). As an essential nutrient that cannot be made
by humans, folate plays a crucial role in DNA and RNA synthesis and is involved in protein
metabolism © . Consequently, it is frequently added to foods as a dietary supplement in the
form of folic acid and sold as a supplement . In fact, this form is better than when absorbed
from foods. Folate deficiency has been reported to be closely associated with the occurrence
of numerous diseases, such as anemia ®?, neural tube defects and congenital heart disease 2,

atherosclerosis ™, adverse pregnancy outcomes ®¥ and cancer ®>*®. However, the potential
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impact of folic acid on gastric mucosa has received little attention. Several studies have
demonstrated that pretreatment with folic acid can effectively prevent the formation of gastric
ulcers 2D, Folic acid is used in the treatment of gastric ulcer in the following two aspects:
On the one hand, it reduces TNF-a and IL-1B by reducing the infiltration of neutrophils and
inflammatory cells, but increases IL-4 and IL-10 to play an anti-secretion, anti-oxidation and
anti-inflammatory role, reducing the damage to gastric mucosa®?; On the other hand, it
promotes the healing of gastric mucosa by regulating EGF, EGFR and Ki-67 to promote
epithelial proliferation and increasing VEGF, CD31 and factor VIII expression to promote
angiogenesis®®. Nevertheless, most of these studies have been limited to the animal and
cellular level and lack of clinical and genetic evidence, which limits their reliability.

MR is a genetic epidemiology method that evaluates the causal association between
genetically determined exposure and disease, based on the theory that the random allocation
of genes is similar to randomized controlled trials.?**®. MR can avoid the interference of
confounding factors, as genetic variation is randomly distributed among individuals and is not
influenced by potential social or environmental factors. Compared to observational studies,
MR provides more reliable causal inference because observational studies are more
susceptible to confounding and selection bias, while MR reduces these biases by utilizing
genetic variation. Therefore, Early access to the results of MR studies before initiating
randomized controlled trials (RCTs) can save time, effort, and research funding, and allow for
more informed study design ¢,

Therefore, this study aims to investigate the potential causal effect of FA supplementary

therapy on GU from a genetic perspective using MR analysis.
Methods

Study Design

We conducted an MR analysis to investigate the potential causal effects of genetically predict
FA supplementary therapy on GU. The MR design is a method for testing whether exposure
has a causal relationship with the development of diseases in which genetic variations are
considered instrumental variables. This method can overcome unmeasurable confounding
factors and make stronger causality inferences ®. The design of MR is based on three
underlying hypotheses: (1) the genetic variants are closely associated with the exposure; (2)
the genetic variants are independent of other confounding factors; (3) the genetic variants are
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only related to the results of investigated exposure . The brief process of this work is

displayed in Figure 2.

Data Source and Methods

Summary-level data on the correlations of FA supplementary therapy were obtained from a
large-scale genome-wide association study database (GWAS)
(https://gwas.mrcieu.ac.uk/datasets/ukb-b-3563/; ICD: “ukb-b-3563”). Prior to MR analysis,
single nucleotide polymorphisms (SNPs) were rigorously screened to ensure the quality.
Firstly, we gathered all SNPs using linkage disequilibrium clumping (r2 < 0.01 within
windows 1000 kb for variants in the gene locus). Moreover, we retained SNPs linked to the
opportune exposure at the genome-wide significance threshold (p <5 x 10—8). Finally, a total
of 7 independent SNPs were genome-wide significant with FA supplementary therapy and
were applied to the analysis (Table 1). We conducted a comprehensive search of risk
factors for GU from previously published literature. After searching the 7 SNPs mentioned
above on the PhenoScanner V2 web (http://www.phenoscanner.medschl.cam.ac.uk/), the
results showed that none of these SNPs were related to GU risk factors. Consequently, the
ultimate MR analysis included all 7 SNPs. Summary statistics for the relation between the 7
FA supplements-related SNPs and GU derived from the GWAS database
(https://gwas.mrcieu.ac.uk/datasets/ukb-d-k25/; ICD: “ukb-d-k25”). Studies providing data
for these GWAS meta-analyses were ethically approved by the relevant institutional review
committees. In the present research, we only used the aggregated data of these studies; hence,

there is no need for additional ethical approval.

Statistical analysis

Seven MR analysis methods were used in this study. Among them, IVW is the primary
method of analysis because it provides efficient and accurate causal effect estimates when
there are many instrumental variables and the assumptions are met. All instrumental variables
were required to meet the MR assumptions in the IVW methods, and the other methods were
used for additional sensitivity analyses. A consistent causal assessment could be offered by
the weighted median estimator while more than half of the tool variables were effective. In
addition, IVW approaches with MR Egger intercept and Cochran's Q statistics were used to
evaluate the pleiotropy and heterogeneity of individual SNPs. As long as there is no
significant difference between the intercept and 0 (p > 0.05), it is considered that the

pleiotropic effects do not exist. Cochrane’s Q value was applied to assess the heterogeneity.
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IVW method with the random-effects model was adopted as the main outcome when the p
value of Cochrane's Q was less than 0.05; otherwise, the fixed-effects model was adopted as
the main outcome. MR-Egger regression was also carried out in this study since the
pleiotropy could be detected and adjusted by it and then obtaining a causal effect assessment
to determine if directional horizontal pleiotropy is accountable to the results. Moreover, leave-
one-out analysis was performed to evaluate the robustness of MR analysis results through any
outlier SNP. All statistical analyses were carried out using the “TwoSampleMR” package in R
version 3.4.2 (R Foundation for Statistical Computing, Vienna, Austria) and a two-tailed p

value <0.05 was regarded as statistical significance.

Results

Results of Mendelian randomization study

The overall design and summary of the results of this MR study are illustrated in Figure 1.
After matching the GU data, a total of 7 SNPs as the instruments (FA supplementary therapy)
were included in the MR analysis. The final results were analyzed using seven MR analysis
approaches, including simple mode, weighted mode, inverse-variance weighted multiplicative
random effects, inverse-variance weighted fixed-effect, simple median, weighted median and
penalized weighted median (Figure 3). The IVW models of both fixed and random effects
showed that FA complementary therapy was related to a decreased risk of GU (OR, 0.870;
95% ClI, 0.825-0.918, p<0.001; OR, 0.870; 95% CI, 0.826-0.917, p<0.001), as indicated in
Figure 4 (Table 2). This causality was also detected in simple median method (OR, 0.835;
95% CI, 0.773-0.901, p<0.001), weighted median (OR, 0.854; 95% CI, 0.794-0.919,
p<0.001), penalized weighted median (OR, 0.849; 95% CI, 0.789-0.914, p<0.001), simple
mode (OR, 0.826; 95% CI, 0.724-0.943, p=0.030) and weighted mode (OR, 0.828; 95% ClI,
0.728-0.941, p=0.028) as shown in Table 2. Heterogeneity may exist in the IVW analysis
(Q=5.645, p=0.464) and MR-Egger analysis (Q=5.172, p=0.395). MR-Egger regression
showed that there was a directed pleiotropy among the genetic variants (intercept, 0.0003;
p=0.529). The leave-one-out sensitivity investigation indicated that the relationship between

FA supplementary therapy and GU was not essentially driven by any single SNP (Figure 5).

Discussion
The occurrence Despite significant advances in the treatment of gastric ulcers in recent
years, numerous challenges persist in clinical practice. Current therapeutic strategies primarily

focus on eradicating Hp, inhibiting gastric acid secretion through proton pump inhibitors
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(PPIs) or H2 receptor antagonists, and utilizing mucosal protective agents®Y. However, issues
such as low Hp eradication rates, increased antibiotic resistance, poor patient adherence, the
inability to discontinue NSAIDs, and high recurrence rates frequently lead to treatment
failure. Furthermore, the long-term use of PPIs and H2RAs is associated with a range of side
effects, including nutrient malabsorption®?, increased fracture risk®®, heightened infection
susceptibility®¥, development of drug tolerance®, and potential renal, hepatic, and central
nervous system damage®®. Therefore, exploring more effective and personalized therapeutic
strategies is of paramount importance.

This study investigates the role of folic acid as a potential adjunctive therapy in the
prevention and treatment of gastric ulcers. Previous clinical studies have indicated that
patients with gastric ulcers generally exhibit lower levels of folate®”, and another case report
has suggested that folic acid supplementation may accelerate ulcer healing and alleviate
related symptoms®®. Building on this, our study employs MR to assess the impact of folic
acid supplementation on the risk of gastric ulcer development from a genetic perspective. The
results demonstrate that folic acid supplementation significantly reduces the risk of
developing gastric ulcers, offering a novel perspective on the potential use of folic acid in the
prevention and treatment of gastric ulcers.

Current research, primarily conducted in animal models and in vitro studies, supports the
potential of folic acid in gastric ulcer prevention and treatment. Firstly, folic acid may
improve gastric ulcers through antioxidant mechanisms and inhibition of gastric acid
secretion. For example, in a study of indomethacin-induced gastric ulcers, folic acid
pretreatment significantly increased the levels of superoxide dismutase and mucus, effectively
preventing the formation of gastric ulcers by scavenging free radicals and protecting the
mucosa™”. Secondly, folic acid may promote mucosal cell proliferation and angiogenesis,
thereby accelerating ulcer healing. One study showed that folic acid supplementation
enhanced the expression of angiogenic factors (e.g., EGF and VEGF) and the cell
proliferation marker Ki-67, thereby reducing the severity of gastric ulcers. Additionally, folic
acid has shown potential in protecting the gastric mucosa from ethanol-induced acute damage
through anti-inflammatory and anti-apoptotic mechanisms®?. As an essential substrate for
DNA methylation, folic acid may contribute to mucosal repair by promoting the coordinated
methylation of ulcer-healing genes such as TFF2, PPARG, and RUNX3“?. However, the
potential of folic acid supplementation to reduce the risk of gastric ulcers still necessitates

further basic research for validation.
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The greatest strength of this paper lies in the use of Mendelian randomization (MR), a
genetic epidemiological design that is similar to RCT®"*4) MR studies are advantageous in
that they avoid reverse causality and minimize confounding factors, thereby leading to more
reliable causal inferences“® *Y. Furthermore, unlike RCT that typically assess the effect of
short-term treatment, MR Studies can reflect the situation of lifetime exposure as the genetic
variation is already fixed at the time of conception®”. Another important advantage of MR
studies is their large sample size. In this study, we used seven MR methods to estimate fully
the association between FA supplementary therapy and GU in a large sample of more than
360,000 GU cases. The results of MR all seven methods showed that FA was a protective
factor for GU, and these findings were statistically significant. Therefore, our work provides
more substantial evidence for the current research, indicating that FA supplementary therapy
can prevent the occurrence of GU.

Despite the encouraging findings from this study and other related research, it is
important to acknowledge the limitations. This study is primarily based on European
populations, and its findings may not be generalizable to other racial or ethnic groups,
necessitating further validation. Given that our data are derived from European populations, it
is important to consider the relationship between diet and folic acid deficiency within this
demographic. Additionally, it is important to note that in MR studies, unmeasured
confounders can still impact the stability of the findings. We also cannot entirely rule out the
possibility that another condition influenced by folic acid could act as a confounder.
Moreover, the long-term effects and safety of folic acid at different doses remain uncertain.
Some studies have suggested that high doses of folic acid might cause gastric mucosal
damage, leading to gastrointestinal discomfort and other adverse effects“®. Therefore, future
research should focus on optimizing folic acid dosing, evaluating its long-term effects and
safety, and assessing its efficacy in diverse populations. Additionally, the potential synergistic
effects of folic acid in combination with existing therapies should be explored to develop
more personalized treatment regimens.

In conclusion, folic acid has shown significant potential in the prevention and treatment
of gastric ulcers, but its precise mechanisms and clinical effects require further validation
through high-quality clinical trials and basic research. Future studies should aim to optimize
folic acid treatment protocols to enhance the quality of life and clinical outcomes for patients

with gastric ulcers.
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Conclusions

In summary, this study has identified a causal association between FA supplementary therapy
and a decreased risk of GU. This significant causal association sheds light on the potential
benefits of FA supplementary therapy in managing GU. While there is a dearth of
observational evidence, our research contributes to a deeper understanding of the impact of
FA supplementary therapy on GU and may serve as a valuable guide for the dietary

management of individuals with GU.
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Figure 1. Mendelian randomization model of association between FA supplementary
therapy and the risk of gastric ulcer. The overall design and summary of the results of this

study.
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Figure 2. Mendelian randomization model of FA supplementary therapy and GU. The
design is under the assumption that the genetic variants are associated with FA supplementary
therapy, independent of other confounders, and the genetic variations affect gastric ulcer only

by FA supplement therapy. Folic acid, FA; SNP, single nucleotide polymorph.

ssaud Ans1anun abpriquie) Ag auljuo paystiand 89200725 L LL000S/LL0L 0L/BIo 10p//:sd1y


https://doi.org/10.1017/S0007114524002368

Accepted manuscript

MR Test

Inverse variance weighted (fixed effects)

Simple mode

Inverse variance weighted (multiplicative random effects) / Weighted median

Penalised weighted median

/" Simple median

0e+00-

-5e-04 -

-1e-03 -

SNP effect on Diagnoses - main ICD10: K25 Gastric ulcer || id:ukb-d-K25

0.002 0.003

Weighted mode

M,_\q‘_ .
e R\HR
-M"‘-u\._,__
- \"“-*__
- e
Sy “‘ﬂ-,_____‘--
L] 2= -%"“-—b__
L ]
0.004 0.005

SNP effect on || id:ukb-b-3563

Figure 3. Scatter plot to visualize the causal effect of FA supplementary therapy on GU

genetically. The black dots and bars represented the causal estimation and 95% CI by means

of each SNP and slope of the straight line represents the degree of the causality.

ssa.d Ansseniun abpriquied Aq auljuo paysiiqnd 8920025t L LL000S/LL0L 0L/BIo 10p//:sdny


https://doi.org/10.1017/S0007114524002368

Accepted manuscript

rs13207809 - -

rs117108573 - ®

CTCARN0NT

All - MR Egger 2

All - Inverse variance weighted -
| | 1 | | 1
-0.4 -0.3 -0.2 -0.1 0.0 01

MR effect size for
' id:ukb-b-3563' on "Diagnoses - main ICD10; K25 Gastric ulcer § id:ukb-d-K25'

Figure 4. IVW analysis of fixed effect of causality between FA supplementary therapy
with GU. The black dots and bars represented the causal estimation and 95% CI by means of
each SNP. Through MR-Egger and fixed-effect inverse variance weighted method, the red dot

and bar represented the overall estimated value and 95% CI meta-analyzed.
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Figure 5. Sensitivity analysis of MR leave-one-out for GU therapy with FA
supplementary therapy. Circles indicate that if each SNP was omitted in turn, MR

estimation of FA-assisted GU is performed by inverse-variance weighted fixed-effect method.
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Table 1. The characteristics of 7 SNPs and their genetic connections with FA supplementary therapy and GU.

SNP EAF EA OA FAsupplementary therapy gastric ulcer

Beta SE P Beta SE P
rs1136778 0.080863 G A  0.004273 0.000592 5.50E-13 -0.000928 0.000338 0.005953
rs117108573 0.079232 T C  0.004334 0.000601 5.50E-13 -0.000824 0.000341 0.015567
rs13207809 0.128791 C G 0.004154 0.000489 2.10E-17 -0.000751 0.000279 0.007150
rs145244672 0.120871 G T 0.004120 0.00052 2.00E-15 -0.000534 0.000295 0.070562
rs575662827 0.101384 C T 0.004083 0.000549 1.00E-13 -0.00079 0.000312 0.011172
rs7760841 0.173206 T C  0.004249 0.000413 8.80E-25 -0.000192 0.000236 0.414570
rs80163833  0.273883 T C  0.002180 0.000369 3.40E-09 -0.000159 0.000211 0.451577

SNP, single nucleotide polymorphism; FA, Folic acid or folate; Chr, chromosome; EA, effect allele; OA, other allele; EAF, frequency of effect

allele; SE, standard error.
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Table 2: The Association of FA supplementary therapy with GU using various methods.

Method Beta SE OR 95% ClI P value
IVW (random effects) -0.139 0.026 0.870 0.826-0.917 <0.001
IVW (fixed effects) -0.139 0.027 0.870 0.825-0.918  <0.001
Simple mode -0.191 0.068 0.826 0.724-0.943 0.030

Weighted mode -0.189 0.065 0.828 0.728-0.941 0.028

Simple median -0.181 0.039 0.835 0.773-0.901 <0.001
Weighted median -0.158 0.037 0.854 0.794-0.919 <0.001
Penalised weighted median -0.164 0.038 0.849 0.789-0.914 <0.001

FA, Folic acid or folate; OR, odds ratio; Cl, confidence interval; IVW, inverse variance-

weighted; MR, Mendelian Randomization.
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