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Abstract
Background  Current data indicate that supplements such as folic acid play a significant role in treating chronic 
atrophic gastritis (CAG). However, no meta-analysis article evaluates its efficacy comprehensively. Therefore, we 
conducted a meta-analysis to compare the effectiveness and safety of folic acid in the treatment of CAG with 
Helicobacter pylori (H. pylori) infection.

Methods  Using a systematic review method, consider randomized controlled trials (RCT), including clinical 
trial reports, unpublished clinical trial data, and conference papers. A comprehensive search of the literature was 
conducted from all years up to June 2024. We searched PubMed, Embase, Web of Science, China National Knowledge 
Infrastructure (CNKI), Vip, and Wanfang databases. Data were extracted using a pre-designed extraction tool and 
analysis was undertaken using RevMan5.4 and STAT15.1. Efficacy and safety outcomes were evaluated using risk ratio 
(RR) and 95% confidence intervals (CI).

Results  16 randomized controlled trials with 1364 patients were included. Compared with conventional therapy, folic 
acid therapy had a higher total effective rate (95.09% vs.79.06%, pooled RR = 1.19, 95% CI: 1.12–1.26, p < 0.00001) and 
lower incidence of adverse events (11.64% vs. 14.04%, RR = 0.86, 95% CI: 0.46–1.60, p = 0.64). Moreover, folic acid can 
better improve gastric function and repair gastric mucosa (MD = 27.20, 95%CI:23.84–30.56, p < 0.00001).

Conclusions  For HP-related CAG, anti-HP treatment and folic acid supplementation should be started as early as 
possible. Gastric mucosal protective agents can improve the curative effect and can be selected according to the 
condition of patients with obvious adverse reactions. Our study provided evidence for their potential clinical use in 
the management of CAG. However, CAG-related studies in other countries and regions need to be further studied.

Registration  The logn number of our Meta-analysis on PROSPERO is 42,024,571,785.
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Background
Chronic atrophic gastritis (CAG) is a global digestive 
system disease and one of the important causes of gas-
tric cancer, the incidence of CAG has been increasing 
yearly worldwide [1]. Chronic atrophic gastritis refers 
to a chronic digestive system disease with atrophy of 
gastric mucosal epithelium and glands and thinning of 
gastric mucosa, accompanied by pyloric and intestinal 
metaplasia, which can be diagnosed by gastroscopy and 
gastric mucosal biopsy [2–3]. Its main symptoms include 
nonspecific dyspepsia, such as epigastric pain, bloating, 
satiety, and versatility, which can be aggravated or alle-
viated when eating [4]. The disease will affect the diges-
tive function of patients, thus affecting the work and life 
of patients, and may develop into gastric cancer in severe 
cases [5–10]. Therefore, treatment and evaluation of the 
efficacy of drugs in chronic atrophic gastritis are crucial 
in the prevention and treatment of stomach cancer.

Helicobacter pylori infection is a vital factor in the 
carcinogenesis of stomach mucosa in chronic atrophic 
gastritis [11], which makes it an environmental risk fac-
tor for gastric cancer [12]. H. pylori eradication has the 
potential to alleviate gastric inflammation, facilitate the 
mending of the mucosa, cure peptic ulcers, and substan-
tially decrease the risk of gastric cancer [13–14]. There-
fore, H. pylori-positive chronic gastritis patients should 
receive H. pylori eradication therapy regardless of symp-
toms and complications [13].

Folic acid is a water-soluble vitamin composed of 
pteridine, aminobenzoic acid, and L-glutamic acid. The 
one-carbon group provided by folic acid is essential for 
DNA synthesis, which can maintain DNA methylation 
and protein synthesis, to accelerate the repair of epithe-
lial cells and improve gastric mucosal injury [15–18]. 
When patients with gastric precancerous conditions 
were treated with folic acid, the apoptotic rate of gastric 
mucosal epithelial cells and the expression of tumor sup-
pressor gene P53 were significantly increased, while the 
expression of certain oncogenic proteins was reduced 
to prevent further abnormal DNA methylation [19–20]. 
A meta-analysis reveals that folic acid has a beneficial 
impact on the treatment of pathological changes in gas-
tric precancerous conditions (GPC) [21]. In conventional 
therapy for H. pylori eradication, folic acid supplementa-
tion may benefit the prevention and treatment of CAG. 
However, the current guidelines have not clarified the 
standard treatment of folic acid in Helicobacter pylori 
infection complicated with CAG.

Studies have confirmed that folic acid has a certain 
therapeutic effect on chronic atrophic gastritis with 
Helicobacter pylori Infection, but there is still a lack of 
systematic reviews. Consequently, we carried out a pro-
spective meta-analysis to analyze folic acid’s efficacy 
and safety in treating chronic atrophic gastritis with 

Helicobacter pylori Infection. In the present study, we 
collected clinical studies on the use of folic acid in the 
treatment of CAG in various cities from all years up to 
June 2024 analyzed its curative effect, and provided guid-
ance for chronic atrophic gastritis even gastric cancer 
prevention and treatment.

Methods
This review was pre-registered on the PROSPERO plat-
form (registration number: 42024571785 ), following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) reporting guidelines [22].

Data sources and literature search strategy
Without language restrictions from the beginning to June 
2024, a comprehensive electronic search of the literature 
was conducted from PubMed, Embase, Web of Science 
(WOS), Cochrane.

Library, ClinicalTrials.gov, China National Knowledge 
Infrastructure (CNKI), VIP, and Wanfang.

Databases. We conducted a search using MeSH head-
ings and text word terms for: “chronic atrophic gastri-
tis”, “folic acid”, “helicobacter pylori”, and their types. In 
addition, other data sources were considered, such as the 
possible references cited in included studies and relevant 
review articles.

Study selection
The inclusion criteria for this meta-analysis were by 
the PICOS principles. We formulated the inclusion and 
exclusion criteria before searching the database. The 
inclusion criteria were as follows:

Participants (P): Adults with H. pylori infection who 
were diagnosed using the following tests: 13 C-/14 C-urea 
breath test, rapid urease test, histological examination, H. 
pylori culture, stool antigen test, or anti-H. pylori anti-
body test(blood).

Intervention (I): the use of folic acid.
Comparator (C): lack of the use of folic acid.
Outcomes (O): (i)Primary outcome: efficacy of the use 

of folic acid. (ii)Secondary outcome: gastric function, and 
incidence of adverse events.

Study design (S): Randomized controlled trials.
The exclusion criteria were as follows: The exclusion 

criteria included non-RCTs, conference abstracts, edito-
rials, letters, comments, trial protocols, reviews, meta-
analyses, ongoing trials, studies without sufficient data, 
and duplicate publications were all excluded.

Two researchers (HL and JCL) independently screened 
titles and abstracts and reviewed the full text based on 
the inclusion and exclusion criteria from the databases. 
Subsequently, the two reviewers evaluate the full-text 
article based on the established criteria for inclusion. 
When a disagreement occurred, another investigator 
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(MYL) participated with others in the discussion of the 
disputed study until a consensus was reached.

Data extraction
Using a prepared form, the following key items were 
extracted by two authors (HL and JCL) independently: 
study ID (first author and publication year), trial number, 
country, study design, medication of experimental group 
and control group, duration of treatment, and outcomes 
assessed. When necessary, missing data was added by 
emailing the corresponding author.

Quality assessment
Two reviewers (HL and JCL) independently assessed the 
risk of bias and quality of evidence of each study, and dis-
crepancies were discussed and reconciled. The Cochrane 
Collaboration tool was used to determine the potential 
risk of bias in the studies included in this review [23–24]. 
The domains of evaluation included random sequence 
generation, allocation concealment, blinding of partici-
pants and personnel, blinding of outcome assessment, 
incomplete outcome data, selective reporting, and other 
biases. Each domain was evaluated as either low risk, 
high risk, or uncertain risk. Most studies were of low risk.

Statistical analysis
We extracted and analyzed the data of folic acid treatment 
for the clinical treatment of CAG, including efficiency, 
adverse events rate, and gastric function changes for meta-
analysis. Data were summarized across studies by using 
mean difference (MD) with 95% confidence intervals (CIs) 
for the individual Pepsinogen I (PGI) and Pepsinogen I/
II Ratio (PGR). Standard mean difference (SMD) was used 
when microbial effects were measured by inconsistent 
scales. A risk ratio (RR) with 95% CI was also calculated 
to estimate effective and adverse effects rates. Intention-
to-treat (ITT) analyses were undertaken to evaluate the H. 
pylori eradication rate. Q tests and I2 statistics were utilized 
to evaluate statistical heterogeneity, with a p-value of < 0.05 
indicating statistical significance. I2 scores of 0–25% indicate 
insignificant heterogeneity, while 26–50% signify low het-
erogeneity, 51–75% show moderate heterogeneity, and val-
ues higher than 75% demonstrate high heterogeneity [25]. 
A random-effect model was applied when I2 ≥ 50%, signify-
ing the presence of study heterogeneity. When the results 
are similar, the random effect model is preferred, because 
some researchers believe that the random-effect model is 
a more natural choice than the fixed effect model in medi-
cal decision-making [23–26]. Subgroup analyses and meta-
regression were used to investigate any factors that could 
affect the overall results, as well as any sources of heteroge-
neity. In order to guarantee the dependability of the results, 
sensitivity analyses were executed by omitting one study at 
a time. Results were considered statistically significant with 

two-sided p values < 0.05. All analyses were performed using 
Revman 5.4 and Stata 15.1.

Results
Literature search and study selection process
After conducting an electronic search, 1634 records 
were identified, 916 of which were kept after remov-
ing duplicates. After assessing the titles and abstracts, a 
further 891 records were excluded, leaving 25 articles to 
be retrieved for full-text evaluation. In the end, 16 RCTs 
[27–42] fulfilled the inclusion criteria. Figure 1 displays a 
flowchart of the study selection process.

Characteristics of included studies
In total, 1364 patients were involved in 16 RCTs pub-
lished were included. All studies were conducted in 
China. Among these studies, the sample size spanned 
from 50 to 140, the follow-up time spanned from 1 
week to 12 weeks. Of the included RCTs, 13 RCTs were 
patients of mean age < 65, and 3 RCTs > 65. Besides, a 
total of 7 RCTs use triple therapy, 7 RCTs use quadruple 
therapy, and 2 RCTs use other therapy for anti-helico-
bacter pylori. Out of the 16 included studies, the regime 
of folic acid, 9 RCTs only use folic acid, 4 RCTs com-
bined with VB12, and 3 RCTs combined with Other gas-
tric mucosal protectants. The main characteristics of the 
included studies are outlined in Table 1(Table 1: Charac-
teristics of the studies enrolled in the meta-analysis).

Risk of bias
Figure 2 displays the details regarding the risk of bias. 2 
authors independently estimated the risk of bias of all 
contained studies with the Cochrane tool and any dif-
ferences will be resolved through negotiation. (Figure.2: 
Risk of bias summary)

Selection bias
In 13 studies because they describe the use of sturdy 
random methods to generate random sequences (such 
as the use of a computer random number generator), 
the selection bias is low. 2 studies did not describe the 
method of randomization, so the selection bias is unclear. 
The remaining 1 study had a high risk of selection bias 
because the random sequence generation method was 
grouped according to the order in which they came for 
diagnosis.

Allocation concealment
15 studies mentioned the method of hiding the allocation 
to the study group, the selection bias is low. The remain-
ing 1 study did not describe the method of randomiza-
tion, the selection bias was unclear.
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Detection bias: blinding of outcome assessment
All studies mentioned the method of hiding the alloca-
tion to the study group, so all studies had a low risk of 
bias in this field.

Performance bias: blinding participants and personnel
In 13 studies, the participants and researchers in all stud-
ies were double-blind, thus 13 studies had a low risk of 
bias of performance bias. 2 studies did not describe the 
method of blinding of methods, and the detection bias 

Fig. 1  PRISMA flow diagram for study selection
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was unclear. The remaining 1 study was single-blind, and 
the selection bias was high.

Attrition bias: incomplete outcome data
All studies mentioned the complete outcome data, so all 
studies had a low risk of bias in this field.

Reporting bias: selective reporting
All studies reported all the research results mentioned in 
the article, so they all have a low risk of bias.

Other bias
Since no other latent sources of bias were found, the 16 
studies all had a low risk of bias in this field.

Table 1  Characteristics of the studies enrolled in the meta-analysis. (PBQT: PPI-based bismuth-containing quadruple therapy; PAC: PPI
amoxicillinclarithromycin triple therapy; PAL: PPIamoxicillinlevofloxacin; PALM: PPIamoxicillinlevofloxacin – metronidazole)
Author, 
year

Study 
design

Country Patient 
number

Mean 
age(years)

Follow-up(weeks) Diagnostics/Eradica-
tion detection tool

H. pylori 
eradica-
tion 
regimen

Regimens Dose 
of 
folic 
acid

Hu X 
2024

RCT China 50 48.12±3.28 2 Gastric biopsy, tissue 
culture, 14 C- UBT and/
or the 13 C-UBT

PBQT PBQT+ Folic acid 10 mg 
qd48.27±3.46

Zhang X 
X 2023

RCT China 82 43.26±4.27 12 Gastric biopsy, tissue 
culture, 14 C- UBT and/
or the 13 C-UBT

PAC PAC+ Folic acid 10 mg 
tid44.15±3.96

Zhang J 
J 2022

RCT China 102 49.67±5.68 2 Gastric biopsy, 14 C- UBT 
and/or the 13 C-UBT

PBQT PBQT+ Folic 
acid+VB12

0.4 mg 
tid50.3±5.77

Wang S 
Q 2022

RCT China 120 50.12±4.11 2 Gastric biopsy, 13 C-UBT PBQT PBQT+ Folic 
acid+VB12

0.4 mg 
tid50.23±4.20

Liu X X 
2022

RCT China 62 71.93±4.55 2 Gastric biopsy, tissue 
culture, 14 C- UBT and/
or the 13 C-UBT

PBQT PBQT+ Folic 
acid+VB12

5 mg 
tid74.29±2.93

Jia Y L 
2022

RCT China 92 45.30±4.72 12 Gastric biopsy, tissue 
culture, 14 C- UBT and/
or the 13 C-UBT

PAC PAC+ Folic acid 10 mg 
tid45.22±4.10

Huang X 
X 2022

RCT China 64 66.38±2.13 12 Gastric biopsy,14 C- UBT Sequential 
therapy

Sequential 
therapy+Folic 
acid+Teprenone

10 mg 
tid66.41±2.38

Zhang J 
C 2021

RCT China 96 48.21±1.35 2 Gastric biopsy, tissue 
culture

PBQT PBQT+ Folic acid 10 mg 
tid48.36±1.27

Liu X J 
2020

RCT China 140 67.95 ± 
4. 35

12 The rapid urease test, 
culture, the 13 C-UBT 
and/or the stool H.pylori 
antigen test.

Sequential 
therapy

Sequential 
therapy+Folic 
acid+Teprenone

10 mg 
tid

65.68 ± 
5. 90

An Q 
2020

RCT China 60 39.68±6.13 2 Gastric biopsy, tissue 
culture, 14 C- UBT and/
or the 13 C-UBT

PALM PALM+Folic 
acid+Bismuth

10 mg 
tid39.49±6.22

Yang Z L 
2020

RCT China 78 41.67±4.79 12 Gastric biopsy, tissue 
culture, 14 C- UBT and/
or the 13 C-UBT

PBQT PBQT+ Folic acid 10 mg 
tid39.27±5.17

Sun H L 
2019

RCT China 78 42.63±4.82 1 Gastric biopsy PAL PAL+Folic acid 10 mg 
tid43.75±7.21

Meng Y 
2019

RCT China 80 46.24±0.16 1 Gastric biopsy, tissue 
culture, 14 C- UBT and/
or the 13 C-UBT

PAL PAL+Folic acid 10 mg 
tid47.12±0.21

Yang C J 
2019

RCT China 62 45.19±3.66 1 Gastric biopsy, tissuecul-
ture, 14 C- UBT and/or 
the 13 C-UBT

PAL PAL+Folic acid 10 mg 
tid45.02±3.75

Wang L 
L 2019

RCT China 102 48.3±5.3 12 Gastroscopy and patho-
logical examination

PAL PAL+Folic 
acid+VB12

10 mg 
tid48.4±5.3

Qin Y 
2018

RCT China 96 50.18±3.37 12 Gastric biopsy PAL PAL+Folic acid 10 mg 
tid50.30±3.22
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Primary outcome: efficacy of the use of folic acid
Total effective rate
13 studies reported the total effective rate, which reached 
the clinical efficacy evaluation criteria [9, 10, 43, 44]. 
Low-moderate heterogeneity was observed (I2 = 36%, 
p = 0.10) and the random effects model was used. Figure 3 
showed that a significant difference was observed in the 
total effective rate between the folic acid therapy group 
and the lack folic acid group (95.09% vs.79.06%, pooled 
RR = 1.19, 95% CI: 1.12–1.26, p < 0.00001). The treat-
ment of folic acid therapy had a higher total effective rate, 
which is better than conventional therapies. (Figure.3: 
Forest plot of the effect of folic acid therapy versus con-
ventional therapy on the total effective rate of CAG)

Heterogeneity analyses
For the primary outcome (Total effective rate), We further 
discuss the sources of heterogeneity. Sensitivity analyses 

were executed by omitting one study at a time to evaluate 
whether the exclusion of any single study drastically altered 
the results of the remaining studies. All the sensitivity analy-
ses conducted with ITT data yielded similar results to ensure 
the results of our meta-analysis were robust (Fig. 4). Then, 
by utilizing data from ITT analysis, we conducted subgroup 
analyses to examine any factors that could affect the over-
all results and any sources of heterogeneity. In a subgroup 
analysis based on age, significant difference in total effec-
tive rate was observed between the folic acid therapy group 
and the conventional therapy group when age < 65 years old 
(n = 11 RCTs, 95.0% vs. 79.7%, pooled RR = 1.18, 95% CI: 
1.11–1.26, p < 0.0001) or > 65 years old (n = 2 RCTs, 95.2% vs. 
74.6%, pooled RR = 1.28, 95% CI: 1.10–1.49, p = 0.002) was 
administered. However, there was no significant heteroge-
neity between the two subgroups (I2 = 0, P = 0.36). When the 
subgroup analyses were stratified according to the regime of 
Anti-H. In Pylori, the regime of folic acid, and the duration 

Fig. 2  Risk of bias summary
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of treatment, similar results were seen. Figure 5 presents the 
results of subgroup analyses. (Figure.5 The subgroups result 
of folic acid therapy versus conventional therapy on total 
effective rate). Then, we conducted meta-regression. The 
results indicated that heterogeneity was not associated with 
the above 4 factors (P > 0.05). Figure 6 presents the results 
of Meta-regression. (Fig. 6 The results of Meta-regression). 
Therefore, for the emergence of heterogeneity, we consid-
ered sources from the literature itself. Combined with the 
sensitivity analysis results, we excluded one study (Wang S 
Q et al.). The results suggested a decrease in heterogeneity 
(I2 = 0). (Fig. 7 Forest plot of the effect of folic acid therapy 

versus conventional therapy on the total effective rate of 
CAG after excluding one study).

Gastric function: PGI、PGR
The change in PGI、PGR
5 studies reported the change in PGI. High heterogene-
ity was observed (I2 = 94%, p < 0.00001) and the random 
effects model was used. Figure 8 showed that a significant 
difference was observed in the change of PGI between 
the folic acid therapy group and the lack folic acid group 
(MD = 27.20, 95%CI:23.84–30.56, p < 0.00001). (Figure.8 For-
est plot of the effect of folic acid therapy versus conventional 
therapy on PGI of CAG). Moreover, 2 studies reported the 

Fig. 4  The result of the sensitivity analyses in total effective rate

 

Fig. 3  Forest plot of the effect of folic acid therapy versus conventional therapy on the total effective rate of CAG
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change in PGR, which was defined by the PGI/PGII. Mod-
erate heterogeneity was observed (I2 = 64%, p = 0.10), and 
the random effects model was used. Figure 9 showed that 
a significant difference was observed between the folic acid 
therapy group and the lack folic acid therapy group (pooled 

MD = 2.22, 95% CI: 1.54–2.91, p < 0.00001). (Figure.9: Forest 
plot of the effect of folic acid therapy versus conventional 
therapy on PGR of CAG). A comprehensive analysis can be 
drawn from the presence of folic acid for the treatment of 

Fig. 6  The results of Meta-regression

 

Fig. 5  The subgroups result of folic acid therapy versus conventional therapy on total effective rate
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CAG can effectively improve serum pepsin and promote the 
recovery of gastric function.

Heterogeneity analyses
We further discuss the sources of heterogeneity. Sen-
sitivity analyses were executed by omitting one study at 
a time to evaluate whether the exclusion of any single 
study drastically altered the results of the remaining stud-
ies. We excluded 2 studies (Liu X J et al、Zhang J C et 
al.). Figure  10 showed the result after excluding studies 
(I2 = 0). (Fig. 10 Forest plot of the effect of folic acid ther-
apy versus conventional therapy on the change in PGI of 
CAG after excluding studies).

Adverse events
Incidence of adverse reactions
8 RCTs involving 584 patients were conducted to evalu-
ate the incidence of total adverse events. Low-moderate 
heterogeneity was observed (I2 = 39%, p = 0.12), and the 
random effects model was used. Our results showed 
that the folic acid therapy group had a lower-moderate 
incidence of total adverse events than the lack folic acid 
therapy group, and the results are not statistically sig-
nificant (11.64% vs. 14.04%, RR = 0.86, 95% CI: 0.46–1.60, 
p = 0.64). The results showed that the incidence of adverse 
reactions was low in both treatments, and folic acid sup-
plementation was safe. (Figure.11 Forest plot of the effect 
of folic acid therapy versus conventional therapy on the 
incidence of total adverse events of CAG). Concerning 
specific adverse events, our statistical analysis showed 

Fig. 9  Forest plot of the effect of folic acid therapy versus conventional therapy on PGR of CAG

 

Fig. 8  Forest plot of the effect of folic acid therapy versus conventional therapy on PGI of CAG

 

Fig. 7  Forest plot of the effect of folic acid therapy versus conventional therapy on the total effective rate of CAG after excluding one study

 



Page 10 of 14Li et al. BMC Gastroenterology           (2025) 25:69 

that rash, diarrhea, constipation, and nausea occurred 
frequently with both treatments. Notably, anemia was 
more common with conventional therapy and dizziness 
was more common with folic acid therapy. The details 
can be seen in Table 2.

Heterogeneity analyses
Sensitivity analyses were executed by omitting one study 
at a time to evaluate whether the exclusion of any single 
study drastically altered the results of the remaining stud-
ies. We excluded one study (An Q et al、Zhang J C et al.). 
The results suggested a decrease in heterogeneity (I2 = 0). 
(Fig. 12 Forest plot of the effect of folic acid therapy ver-
sus conventional therapy on the incidence of adverse 
reactions of CAG after excluding studies).

Publication bias test
For the primary outcome (Total effective rate), we uti-
lized Egger’s test for quantitative detection of publication 
bias. Egger’s test suggested substantial publication bias. 
(p Egger = 0.000). (Fig.  13 shows the results of Egger’s 
test). Further investigation using the trim-and-fill test 
indicated that the publication bias did not affect the esti-
mations. (Fig. 14 show the results of trim-and-fill test)

Discussion
To our knowledge, this is the first meta-analysis to inves-
tigate the effects of folic acid in chronic atrophic gastritis 
with Helicobacter pylori Infection in comparison to the 
anti-HP therapy without folic acid. In this meta-analysis 
of 16 RCTs involving 1364 patients, we found that folic 
acid therapy had a higher total effective rate and lower 
incidence of adverse events compared to conventional 
therapy. Besides, compared with conventional therapy, 

Table 2  Specific details of adverse events
Adverse events experimental group control group
diarrhea 6 6
rash 4 6
nausea 5 5
constipation 6 5
melena - 2
flushed face - 1
vomit 3 2
abdominal distension 1 -
headache 1 1
pruritus 1 -
swirl 4 2
sitophobia 1 -
insomnia - 1
drug fever - 1
anemia 1 4
gastrorrhagia 1 3
gastric ulcer - 2
total 34 41

Fig. 11  Forest plot of the effect of folic acid therapy versus conventional therapy on the incidence of total adverse events of CAG

 

Fig. 10  Forest plot of the effect of folic acid therapy versus conventional therapy on the change in PGI of CAG after excluding studies
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Fig. 14  The results of the trim-and-fill test in total effective rate

 

Fig. 13  The results of Egger’s test in total effective rate

 

Fig. 12  Forest plot of the effect of folic acid therapy versus conventional therapy on the incidence of adverse reactions of CAG after excluding studies
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adding folic acid can better promote the recovery of gas-
tric mucosa and gastric function.

CAG is a chronic inflammation mainly caused by inher-
ent fiber atrophy. However, the pathogenesis of this disease 
is still not well understood. Helicobacter pylori infection, 
lifestyle, and duodenal reflux are the main causes of this 
disease, but they are also closely related to genetic and 
environmental factors. Our meta-analysis indicated that 
compared with conventional triple or quadruple therapy, 
supplemented folic acid can increase the total effective rate, 
and enhance the repair of the gastric mucosa. The current 
research results show that the etiology of CAG is unclear, 
and the treatment outcome is also affected by many factors. 
Our subgroup result showed that the age, follow-up time, 
and different anti-Helicobacter pylori regimens exerted no 
influence on the results. Notably, there was low-moderate 
heterogeneity among different folic acid regimens. Through 
sensitivity analysis, we found the sources of heterogene-
ity (Wang S Q et al.). We found that the folic acid group 
in the study had a particularly high response rate (100%). 
Further analysis revealed that the therapy they chose was 
a combination of quadruple therapy and folic acid + VB12. 
Compared with other studies with the same conditions, the 
majority of patients had mild disease. We speculate that this 
is the reason for its better therapeutic effect. Therefore, folic 
acid combined with VB12 may have a better effect on the 
treatment of mild patients with H. pylori infection on the 
basis of effective anti-H. Pylori infection.

H. pylori eradication has the potential to alleviate gastric 
inflammation, facilitate the mending of the mucosa, cure 
peptic ulcers, and substantially decrease the risk of gastric 
cancer. Hence, several international guidelines and con-
sensuses [14, 45, 46] recommend bismuth-containing qua-
druple therapy (BQT) as a first-line therapy in regions with 
high clarithromycin resistance. With the emergence of the 
new acid inhibitor, a potassium-competitive acid blocker 
(P-CAB), is widely used for acid-related diseases as it has a 
quicker onset and greater and more enduring acid inhibi-
tion than proton pump inhibitors (PPI) [47–48]. More and 
more studies have shown that based on vonoprazan ther-
apy is superior to PPI. However, more large randomized 
controlled trials in different countries and regions are still 
needed to explore its treatment further. Our research group 
also focuses on the efficacy of vonoprazan on CAG. Studies 
have shown that vonoprazan can improve the gastrointes-
tinal mucosal function of patients with CAG, enhance the 
level of gastric motility, and help cure HP infection [49–50]. 
It has an anti-inflammatory effect and has good clinical effi-
cacy and safety. However, more large-sample, multi-center 
RCTS are needed. Notably, there is a lack of studies on the 
efficacy of vonoprazan combined with folic acid for CAG.

PG I, PG II, and gastrin are reliable indicators for evalu-
ating gastrointestinal function. When gastric body atrophy 
occurs, PG I decreases and PG II increases. The ratio of PG 

I and PGII, namely PGR, can effectively reflect the degree 
of gastric atrophy. Gastrin is an important gastrointestinal 
hormone, that can stimulate the proliferation and differen-
tiation of gastric mucosal cells, and the decrease of gastrin 
level suggests that gastric body atrophy may occur [51]. In 
our meta-analysis, we analyzed PG I and PGR. The results 
show that, compared with conventional therapy, folic acid 
can better improve gastric function and repair gastric 
mucosa. However, the heterogeneity of results was high. By 
item-by-item exclusion, we found two articles (Liu X J et 
al、Zhang J C et al.) with sources of heterogeneity. In Liu 
X J et al’s research, in addition to folic acid, a gastric muco-
sal protective agent was added. It undoubtedly promotes the 
repair of the gastric mucosa. In Zhang J C et al’s research, 
we found that the majority of patients had mild disease. 
However, due to the small sample size and some bias in the 
articles, it can also have an impact on the heterogeneity of 
the results.

Adverse events are a frequent occurrence during the 
process of treatment, and their presence can greatly 
reduce patient compliance. This lack of compliance 
can have a major impact on the success of the eradica-
tion. According to our meta-analysis, the incidence of 
adverse reactions was lower in the folic acid group than 
in the conventional group, although the difference was 
not statistically significant. There was low-moderate 
heterogeneity in our results. The sources of heterogene-
ity were further analyzed. In An Q’s research, we note 
that in addition to folic acid in the experimental group, 
their study also used compound aluminum-bismuth. 
Compound bismuth aluminate belongs to gastric muco-
sal protective agent, which can promote the regenera-
tion and repair of gastric mucous membranes, improve 
patients’ symptoms, and reduce adverse reactions. Simi-
larly, the incidence of adverse effects was lower in other 
studies using bismuth.

Folic acid is a water-soluble vitamin. HP eradication can 
increase folic acid absorption, reduce methylenetetrahydro-
folate reductase genotypic variation, provide a guarantee for 
normal methylation, inhibit the production of the 5-methyl-
tetrahydrofolate acid pathway, promote DNA synthesis and 
repair, reduce damage, inhibit the process of proliferation, 
improve symptoms of atrophy and hyperplasia, control the 
development of disease, and obtain an ideal therapeutic 
effect. A meta-analysis indicates that folic acid has a benefi-
cial effect in the treatment of pathological changes of GPC 
when the dose is maintained at 20–30 mg/d and the dura-
tion of treatment is maintained at 3–6 months [21]. For 
CAG, such a long treatment duration may not be necessary. 
In our meta-analysis, out of the 16 studies we included, 13 
RCTs supplemented folic acid 30  mg/d, and the duration 
of treatment was maintained from 1 week to 12 weeks; 4 
RCTs combined with Vitamin B12 and supplemented folic 
acid with a low dose and the duration of treatment was 2 
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weeks to 12 weeks. It is worth noting that the results of our 
subgroup showed that the regimen of folic acid and treat-
ment duration exerted no influence on the results. Although 
short-term follow-up results suggest a significant treatment 
effect, there is still a lack of long-term follow-up studies to 
determine the duration of follow-up.

As mentioned previously, this is the first meta-analysis to 
analyze the efficacy of folic acid in chronic atrophic gastri-
tis with Helicobacter pylori Infection comprehensively. This 
study boasts several noteworthy strengths that contributed 
to its overall robustness. First, we conducted an extensive 
and exhaustive search across multiple databases, includ-
ing registered clinical trials, ensuring the inclusion of the 
most current and relevant research. Moreover, our review 
is strengthened by its rigorous methodology, which adheres 
to the PRISMA standards. Furthermore, this study diligently 
considered key treatment variables, such as the age and the 
regime of folic acid administered, which are essential as 
variables that can significantly impact treatment efficacy 
and safety. We performed subgroup analyses of the primary 
outcome measures to account for this effect and filled the 
gap of previous research.

Nevertheless, there were several limitations that need 
to be taken into account. Firstly, For some indicators with 
a small number of included articles (< 3), such as inflam-
mation indicators, we did not further analyze them due to 
too much heterogeneity. Secondly, due to the restricted 
data included in the study, we did not delve further into 
antibiotic resistance and its impact on eradicating H. 
pylori. Thirdly, due to the lack of clear diagnostic crite-
ria, we did not include literature that used traditional 
Chinese medicine treatment. Finally, since the trials were 
mainly conducted in China and the sample size was lim-
ited, further research is required to determine whether 
this conclusion can be applied to other countries.

Conclusion
In conclusion, HP-related CAG, as early as possible anti-
HP treatment and folic acid supplementation should be 
taken. Gastric mucosal protective agents can improve 
the curative effect and can be selected according to the 
condition of patients with obvious adverse reactions. For 
patients with obvious adverse reactions, gastric muco-
sal protective agents can be selected according to their 
condition. If bismuth is not included in the anti-HP regi-
men, bismuth is recommended. Our results may provide 
potential evidence for the clinical application of folate in 
CAG treatment. Future studies should focus on the effi-
cacy of folic acid therapy for CAG in different regions and 
optimize the regimens of folic acid therapy continuously.
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