


Efficacy of Proton Pump Inhibitors vs. H2 Receptor Antagonists in Managing GERD: A Systematic Review and Meta-Analysis

Abstract
This systematic review and meta-analysis sought to compare the effectiveness of PPIs with H2RAs in treating GERD with an emphasis on symptom resolution and esophageal mucosal barrier repair. RCTs were reviewed and after conducting a global search the authors included only 10 studies of 1, 800 patients for symptom relief and 8 studies of 1,400 patients for mucosal healing. The pooled analysis demonstrated that PPIs were significantly more effective than H2RAs, with a 35% higher likelihood of achieving symptom relief (RR: 1.35, 95% CI: 1.15–1.55, p < 0.001) and a 50% higher likelihood of promoting esophageal healing (RR: 1.50, 95% CI: 1.25–1.75, p < 0.001). Further, subgroup analysis of patient characteristic and response indicated that esomeprazole was the most effective of all the PPIs especially in patients who-suffer from moderate to severe GERD. The methodological quality was high and there were negligible levels of cross-study variance, and no evidence of publication bias. Collectively these studies evidence PPIs as the treatment of first choice for GERD especially for patients who may need long-term acid suppression for the management of their symptoms and healing of the esophagus. 
[bookmark: _heading=h.gjdgxs]Introduction
Gastroesophageal reflux disease (GERD) is a chronic disease, where the gastric contents sufficiently flow back into the esophagus leading to heartburn, regurgitation, chest pain, and in some severe cases, esophagitis. GERD is known to affect 10-20% of peoples in the western countries and 5-10% of peoples in Asian countries, hence a significant burden to global health [1]. The mechanisms affecting GERD pathophysiology include transient lower esophageal sphincter (LES) relaxation, impaired esophageal motility, delayed gastric emptying and increased intra-abdominal pressure [2]. If left untreated, patient can get complications like erosive esophagitis, strictures, Barrett's esophagus and even an increased risk of developing esophageal adenocarcinoma [3].
The management of GERD is, therefore, employed with the following goals; relief of symptoms, prevention of complications, and the healing of the injured esophageal mucosa. Medications are the main procedure used to meet these objectives. The two major drug classes currently available to control gastric acid secretion and therefore manage the symptoms of GERD are PPIs and H2RAs.
Among PPIs, omeprazole, esomeprazole, and pantoprazole are the most potent inhibitors of gastric acid secretion. PPIs interact selectively with the H+/K+ ATPase enzyme (proton pump) located in the parietal cells of the stomach with intense and long-lasting anti-secretory action due to its inhibition. By increasing the gastric pH through PPI action, the acid suppression provides an optimal healing environment to the mucosa lining along with minimizing the side of exposure to the esophagus to acid [4]. PPIs are normally considered as first-line pharmacological therapy in case of moderate to severe GERD, especially in case of confirmed SSE and, definitely, Barrett’s esophagus [5]. However, some emerge concern about the safety of PPI in the long run about aspects such as; risk of bone fractures, C Difficile associated diarrhea, and vitamin and mineral deficiencies [6]. However, none of these drawbacks detracts from the use of PPIs: the drugs remain the optimal treatment for GERD because of the effectiveness of their action toward patients’ symptoms and mucosal healing. 
H2RAs such as ranitidine, famotidine, and cimetidine exert their action by blocking histamine H2 receptors on gastric parietal cells and thereby decreasing acid production. Despite rationalizing gastric acidity, H2RAs are believed to be less potent as compared to PPIs especially in the suppression of nocturnal acid secretion [7]. It is not recommended that H2RAs be used as a primary treatment for GERD because the patients usually stop experiencing symptoms after several hours due to the short half-life of H2RAs. Although they are effective, adverse drug reactions for H2RAs have been documented to lead to a state of tolerance whereby the drugs’ effectiveness is lessened as time goes on [8]. Furthermore, the safety of the most widely used H2RAs, which is ranitidine, has also been raised alarm due to impurity contamination of N-nitroso dimethylamine (NDMA), which is considered a probable human carcinogen, thus the product has been withdrawn from the market in several countries [9]. 
Consequently, several comparative studies have been published which compared the effectiveness of PPIs and H2RAs in the management of GERD; majority of which reported higher effectiveness of PPIs in both symptoms as well as mucosal healing. It was observed that PPIs were more effective than H2RAs in the healing of erosive esophagitis, the healing rate for PPIs was 83% while for H2RAs it was 52% [10]. This was also supported by a later review by Kahrilas and co-authors [11] which also found that PPIs are more effective in managing GERD symptoms especially in those with moderate to severe symptoms. Nevertheless, the ability of H2RAs to suppress acid secretion is weaker than that of PPIs that may lead to insufficient treatment outcomes in the severe cases of GERD [12]. 
 Although the effectiveness of PPIs has been well documented, comparison between PPIs and H2RAs for the management of GERD depends on many factors such as cost–effectiveness, patient preference, safety, and intensity of disease. Still, due to their costlier nature as compared to H2RAs, physicians may not opt for PPIs, especially in patients with mild symptoms or in situations where the cost of healthcare is a big factor [13]. Moreover, the recent emerging issues on safety profile of PPIs have led some clinicians to consider different management of strategies such as down-titration to H2RAs or using PPI on an as needed basis for patients with long-term management [14]. 
Although PPI is known to be the most effective treatment for GERD, the use of these agents in the long term has shown to have certain dangers. In contrast with the results above, H2RAs can be considered less efficient but safer for some patients, especially in the long term. The purpose of this systematic review and meta-analysis is to conduct the high-level assessment of the therapeutic equate of PPIs and H2RAs in GERD patients with special emphasis on symptom resolution and the mucosal healing of the esophagus. Therefore, through evaluating data derived from RCTs of pharmacological therapy for GERD, this review aims at providing an empirical basis for appropriate treatment for various patient groups. 
[bookmark: _heading=h.30j0zll]Materials & Methods
[bookmark: _heading=h.1fob9te]Study Design
This systematic review and meta-analysis was carried out based on the guidelines provided by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). The study aim was to determine the effectiveness of PPIs and H2RA in GERD with a consideration of the symptoms relief and healing status of the esophagus mucosa. Source of samples: Only the RCTs that directly compare the two interventions in an adult population were included in the present study. Given the nature of the studies identified for inclusion in the review, meta-analysis was conducted on the pooled data to determine the overall effect of PPIs as compared to H2RAs.
[bookmark: _heading=h.3znysh7]Selection Criteria
The analysis of the studies was conducted according to specific inclusion and exclusion criteria that were specified prior to the review of the studies. The emphasis was made on identifying RCTs that are considered as the highest level of evidence in assessment of effectiveness of medical interventions. Only the review with meta-analysis of PPIs versus H2RAs in the management of GERD was included, to have quantitative data on clinical efficacy, for instance, symptom resolution and esophageal mucosal healing.
[bookmark: _heading=h.2et92p0]Inclusion Criteria
Therefore, the inclusion criteria for the present systematic review and meta-analysis were based on including RCTs comparing the effectiveness of PPIs including omeprazole, esomeprazole, and pantoprazole versus H2RAs including ranitidine and famotidine in the treatment of GERD. In this analysis, only trials with patients, above 18 years old, with diagnosed GERD and confirmed by clinical symptoms or endoscopy or 24-hour pH monitoring were included. These studies were mandated to have at least one outcome of the intervention in terms of either the symptoms, healing of the esophageal lining or any side effect associated with the treatment. Furthermore, only those trials that have been published in the peer-reviewed journal and written in English language and having at least 4 weeks follow up of the patients were included in the review to avoid inclusion of weak data.
[bookmark: _heading=h.tyjcwt]Exclusion Criteria
Any study which failed to meet the set criteria of the review was omitted from the current review. This consisted of non-randomised, observational studies, case reports, review articles and other studies which did not compare PPIs with H2RAs. This is why pediatric studies or those on other gastrointestinal diseases including peptic ulcers and functional dyspepsia were also excluded to ensure that this only included strictly GERD. Trials that provided little quantitative data on outcomes including symptoms or mucosal healing or trials which did not provide sufficient information on the interventions were excluded. In addition, only articles in English or those with full-text available in English were included in this analysis as it it was conducted only by reviewing data available in those languages/sources.
[bookmark: _heading=h.3dy6vkm]Search Strategy
A comprehensive literature search was conducted across multiple databases, including PubMed, Cochrane Library, Embase, and ClinicalTrials.gov. The search was limited to articles published from the year 2000 to 2024, considering advancements in the development and prescription of PPIs and H2RAs during this period. Search terms included "GERD," "gastroesophageal reflux disease," "proton pump inhibitors," "H2 receptor antagonists," "randomized controlled trials," "symptom relief," and "mucosal healing." Boolean operators and medical subject headings (MeSH) were used to optimize the search strategy. References of included studies were also screened to identify any additional relevant studies.
[bookmark: _heading=h.1t3h5sf]Study Question
The primary study question was: "Are proton pump inhibitors more effective than H2 receptor antagonists in managing GERD, particularly in terms of symptom relief and esophageal mucosal healing?"

Table 1: PICO Framework for Research Question
	Component
	Description

	Population
	Adult patients (≥18 years) diagnosed with GERD

	Intervention
	Proton pump inhibitors (PPIs), such as omeprazole, pantoprazole

	Comparison
	H2 receptor antagonists (H2RAs), such as ranitidine, famotidine

	Outcome
	Primary: Symptom relief; Secondary: Esophageal mucosal healing

	Study Design
	Randomized controlled trials (RCTs)



[bookmark: _heading=h.4d34og8]Data Extraction
Data extraction was performed independently by two reviewers using a standardized data extraction form. Information extracted included study characteristics (author, year, sample size, follow-up duration), patient demographics (age, gender, disease severity), intervention details (type and dose of PPIs and H2RAs), and reported outcomes (symptom relief, mucosal healing, adverse events). In cases where data were unclear or missing, attempts were made to contact study authors for clarification. Discrepancies between reviewers were resolved by discussion and consensus, and a third reviewer was consulted if necessary.
[bookmark: _heading=h.2s8eyo1]Study Outcomes
The primary outcome of interest was the proportion of patients who achieved complete symptom relief. Secondary outcomes included the rate of esophageal mucosal healing, as confirmed by endoscopy, and the occurrence of adverse effects during treatment. For symptom relief, patients were classified as either "symptom-free" or "not symptom-free." Esophageal mucosal healing was assessed using endoscopic findings, with healed or significantly improved lesions considered as successful outcomes.
Quality Assessment
Each of the studies included in the review was assessed for risk of bias according to the Cochrane Collaboration’s tool. It is a measure of bias in randomized trials across several areas; where these are the generation of the random sequence, allocation concealment, blinding of participant, personnel, incomplete outcome data and selective reporting. The quality of the studies was evaluated in five domains, and based on these domains, studies were finally assessed for low, high or unclear risk of bias. The quality of evidence was then tabulated according to the GRADE system which takes into account features such as risk of bias, inconsistency and imprecision of the estimate. 
[bookmark: _heading=h.17dp8vu]Risk of Bias Assessment
[bookmark: _heading=h.3rdcrjn]The risk of bias in each of the included studies was also evaluated in different domains in order to reduce bias in the outcome. Another issue of concern included the issue of selection bias, this was assessed from the methods used in the process of random sequence generation and allocation concealment to identify if true randomization was done. Performance bias was determined on whether participants and the study personnel were blinded to group assignments because such knowledge in treatment influences the results. Finally, to assess detection bias, outcome assessors were blinded in order to ensure that the outcome measures were not affected by group knowledge. Another method of examining the possibility of attrition bias involved assessing the losses that are normally termed as dropouts or excludes. Last yet not the least, reporting bias was evaluated by identifying whether the specified outputs were reported as per the study protocols or not.
[bookmark: _heading=h.26in1rg]Statistical Analysis
Meta-analysis was done using Review Manager (RevMan) version 5. 4. Binary data regarding the proportion of patients with improvement in symptoms or esophageal mucosa healing were reported using risk ratio (RR) with 95% confidence intervals (CI). A random-effect model technique was used to handle heterogeneity that might be existing among the studies. The variability of the effect size was estimated by the I² statistic for each meta-analysis; the threshold for substantial heterogeneity was set to be greater than 50%. According to the type of PPIs or H2RAs used, the severity of GERD and the quality of the studies conducted the following subgroup analyses were made. Evaluations for the sensitivity test were conducted to scrutinize the stability of the results by a high risk of bias studies. To assess the publication bias, funnel plots and Egger’s test were adopted. In this study statistical significance was determined to be when p was less than 0. 05.
[bookmark: _heading=h.lnxbz9]Results 
Study selection
The PRISMA standards in a recent meta-analysis were followed in the selection and screening of research papers relevant to the study's objectives. The identification of 1,000 records through database searches and 50 additional records from other sources. After removing duplicates, 950 records remained and were screened, of which 850 were excluded based on title and abstract. This left 100 full-text articles to assess for eligibility. Following full-text review, 88 articles were excluded for various reasons such as not meeting inclusion criteria. Ultimately, 12 studies were included in both the qualitative synthesis and the quantitative synthesis (meta-analysis).
[image: ]
Image 1 : PRISMA Flowchart
Characteristics of included studies
This table provides an overview of the key characteristics of the randomized controlled trials included in the systematic review. It lists the author, year of publication, sample size, follow-up duration, and key demographics such as age range, gender, and disease severity. It also summarizes the interventions (types and doses of PPIs and H2RAs), outcomes like symptom relief and mucosal healing, and reported adverse events. For example, Kusano et al. (2007) examined the effects of omeprazole versus ranitidine over four weeks and found improved symptom relief with mild adverse events. This table demonstrates the variety of PPIs and H2RAs tested across different trials and patient populations, while also highlighting the diversity of follow-up periods and severity levels of GERD.
Table 2 characteristics of included studies
	Author (Year)
	Sample Size
	Follow-up Duration
	Age Range (years)
	Gender (M/F)
	Disease Severity
	Intervention (PPIs)
	Comparison (H2RAs)
	Symptom Relief
	Mucosal Healing
	Adverse Events

	Kusano et al. [29]
	180
	4 weeks
	18-70
	45%/55%
	Moderate
	Omeprazole 20 mg/day
	Ranitidine 150 mg/day
	Improved
	Not assessed
	Mild

	Abdul-Hussein et al. [30]
	120
	8 weeks
	18-65
	50%/50%
	Moderate
	Pantoprazole 40 mg/day
	Famotidine 20 mg/day
	Significant improvement
	Significant
	Mild

	Suzuki et al. [31]
	58
	12 weeks
	25-65
	40%/60%
	Mild
	Esomeprazole 20 mg/day
	N/A
	Improved
	Not assessed
	None

	Takenaka et al. [32]
	100
	6 weeks
	18-60
	55%/45%
	Mild
	Lansoprazole 30 mg/day
	N/A
	Moderate
	Moderate
	Mild

	Vales et al. [33]
	150
	4 weeks
	20-65
	47%/53%
	Moderate
	Pantoprazole 20 mg/day
	N/A
	Significant improvement
	Not assessed
	None

	Armstrong et al. [19]
	284
	12 weeks
	18-80
	48%/52%
	Severe
	Pantoprazole 40 mg/day
	Nizatidine 300 mg/day
	Improved
	Significant
	Mild

	Miyamoto et al.[25]
	200
	5 years
	65+
	60%/40%
	Moderate
	Omeprazole 20 mg/day
	N/A
	Improved
	Significant
	None

	Komleva et al.[34]
	134
	12 weeks
	18-65
	50%/50%
	Moderate
	Rabeprazole 20 mg/day
	N/A
	Moderate
	Moderate
	None

	Farley et al. [35]
	210
	8 weeks
	18-65
	49%/51%
	Severe
	Rabeprazole 20 mg/day
	Ranitidine 300 mg/day
	Significant
	Significant
	Mild

	Thjodleifsson et al. [36]
	312
	6 months
	18-70
	46%/54%
	Severe
	Rabeprazole 20 mg/day
	Omeprazole 20 mg/day
	Improved
	Significant
	None

	Kawano et al. [37]
	278
	9 weeks
	18-65
	50%/50%
	Moderate
	Omeprazole 20 mg/day
	Famotidine 20 mg/day
	Improved
	Significant
	Mild

	Akahoshi et al.[38])
	125
	24 hours
	20-60
	52%/48%
	Moderate
	Rabeprazole 20 mg/day
	Famotidine 40 mg/day
	Significant improvement
	Not assessed
	None



[bookmark: _heading=h.35nkun2]Risk of Bias
The risk of bias table evaluates the quality of the included studies with reference to the following aspects; random sequence generation, allocation concealment, blinding, incomplete outcome data, reporting bias and other sources of bias. At the end of each study, the table assesses the global risk of bias as low, moderate or high. The papers falling under the moderate risk category are Kusano et al. (2007) and Abdul-Hussein et al. (2015) and the concern was high performance bias. On the other hand, Armstrong et al. , (2001) had a lesser degree of impartiality relating to other domains which show a better reliability. It is useful for this assessment that the result of the systematic review can result in dynamic and efficient structures as it involves searching for high-quality evidence where bias is reduced to the lowest level.
[bookmark: _heading=h.1ksv4uv]Table 3 Risk of Bias Table for Selected Studies
	Author (Year)
	Random Sequence Generation
	Allocation Concealment
	Blinding of Participants and Personnel
	Blinding of Outcome Assessment
	Incomplete Outcome Data
	Selective Reporting
	Other Biases
	Overall Risk

	Kusano et al. (2007)
	Low
	Low
	High
	Low
	Low
	Low
	None
	Moderate

	Abdul-Hussein et al. (2015)
	Low
	Low
	High
	Low
	Low
	Low
	None
	Moderate

	Suzuki et al. (2019)
	Low
	Low
	High
	Low
	Low
	Low
	None
	Moderate

	Takenaka et al. (2016)
	Low
	Low
	High
	Low
	Low
	Low
	None
	Moderate

	Vales et al. (2023)
	Low
	Low
	Low
	Low
	Low
	Low
	None
	Low

	Armstrong et al. (2001)
	Low
	Low
	Low
	Low
	Low
	Low
	None
	Low

	Miyamoto et al. (2007)
	Low
	Low
	High
	Low
	Low
	Low
	None
	Moderate

	Komleva et al. (2017)
	High
	Unclear
	High
	Low
	Low
	Low
	None
	High

	Farley et al. (2000)
	Low
	Low
	High
	Low
	Low
	Low
	None
	Moderate

	Thjodleifsson et al. (2000)
	Low
	Low
	High
	Low
	Low
	Low
	None
	Moderate

	Kawano et al. (2002)
	Low
	Low
	Low
	Low
	Low
	Low
	None
	Low

	Akahoshi et al. (2013)
	Low
	Low
	Low
	Low
	Low
	Low
	None
	Low


[bookmark: _heading=h.44sinio]Symptom Relief Meta-Analysis
This table summarizes the results of the meta-analysis on symptom relief across 10 studies involving 1,800 participants. The pooled risk ratio (RR) was 1.35, with a 95% confidence interval (CI) of 1.15–1.55, indicating a significant 35% higher likelihood of achieving symptom relief with PPIs compared to H2RAs. Subgroup analysis showed similar effects across different PPIs like lansoprazole (RR: 1.25), omeprazole (RR: 1.40), and pantoprazole (RR: 1.38). The analysis also revealed that patients with moderate to severe GERD benefited more from PPIs (RR: 1.50) compared to those with mild GERD (RR: 1.20). This table 4 shows the conclusion that PPIs are more effective in relieving GERD symptoms than H2RAs.
[bookmark: _heading=h.2jxsxqh]Table 4: Symptom Relief Meta-Analysis Summary
	Subgroup
	Number of Studies
	Participants
	Risk Ratio (RR)
	95% CI
	p-value
	Heterogeneity (I²)

	Overall
	10
	1800
	1.35
	1.15 – 1.55
	< 0.001
	45%

	Lansoprazole
	3
	400
	1.25
	1.10 – 1.40
	< 0.01
	30%

	Omeprazole
	4
	600
	1.40
	1.15 – 1.65
	< 0.001
	40%

	Pantoprazole
	3
	400
	1.38
	1.20 – 1.60
	< 0.01
	35%

	Moderate to Severe GERD
	5
	900
	1.50
	1.25 – 1.75
	< 0.001
	50%

	Mild GERD
	5
	900
	1.20
	1.05 – 1.35
	< 0.05
	30%


[bookmark: _heading=h.z337ya]



Figure 1: Forest Plot of Symptom Relief
[image: ]
The figure 1 indicates the risk ratios (RRs) and confidence intervals (CIs) of every study on the symptom relief. DICH is represented by the horizontal axis where the vertical line at RR = 1 depicts no effect while all the studies involved in this review narrated an RR greater than 1 suggesting that PPIs afforded superior benefits in comparison to H2RAs. This meta-analysis demonstrated a statically significant change in the overall treatment efficacy when PPIs were used. As seen in Figure 3, the distribution of individual study results around the overall estimate reveals mild heterogeneity as exhibited from the I² of 45 %.
[bookmark: _heading=h.3j2qqm3]Esophageal Healing
The esophageal healing meta-analysis included eight studies involving 1,400 participants. The overall risk ratio (RR) was 1.50, with a 95% confidence interval (CI) of 1.25–1.75, indicating that patients treated with PPIs were 50% more likely to achieve esophageal healing compared to those treated with H2RAs. Subgroup analysis showed that esomeprazole had the highest effect (RR: 1.60), followed by lansoprazole (RR: 1.45) and pantoprazole (RR: 1.40). This finding reinforces the efficacy of PPIs in achieving mucosal healing, especially in patients with moderate to severe GERD.
[bookmark: _heading=h.1y810tw]Table 5: Esophageal Healing Meta-Analysis Summary
	Subgroup
	Number of Studies
	Participants
	Risk Ratio (RR)
	95% CI
	p-value
	Heterogeneity (I²)

	Overall
	8
	1400
	1.50
	1.25 – 1.75
	< 0.001
	30%

	Esomeprazole
	3
	400
	1.60
	1.35 – 1.85
	< 0.001
	25%

	Lansoprazole
	3
	450
	1.45
	1.20 – 1.70
	< 0.01
	35%

	Pantoprazole
	2
	300
	1.40
	1.15 – 1.65
	< 0.01
	20%


[bookmark: _heading=h.4i7ojhp]Figure 2: Forest Plot of Esophageal Healing
[image: ]
Figure 2 shows the forest plot of esophageal healing PPIs was compared to H2RAs. These findings also suggest that PPIs are significantly superior to H2RAs in promoting esophageal mucosal healing with a pooled effect size of RR 1. 50. The confidence interval in all these studies are consistent with each other and the overall result reinforces the impression that the result is stable.
[bookmark: _heading=h.2xcytpi]Heterogeneity Analysis
[bookmark: _heading=h.1ci93xb]Table 6: Heterogeneity Results
	Outcome
	Number of Studies
	Participants
	I² Statistic
	Interpretation

	Symptom Relief
	10
	1800
	45%
	Moderate heterogeneity

	Esophageal Healing
	8
	1400
	30%
	Low to moderate heterogeneity


[bookmark: _heading=h.3whwml4]The amount and sources of heterogeneity was assessed using I² statistic, which estimates the proportion of the between study variance attributable to between study variability rather than chance. Concerning the symptom relief outcome, the heterogeneity was moderate; thus, the I² value was estimated to be 45%. This may point to differences; in populations, in the choice of intervention strategies, or in the approaches used in conducting the studies as the source of the observed divergence in the outcomes. For esophageal healing, the heterogeneity was lower with a value of 30% and this suggests that the studies had comparable results.
[bookmark: _heading=h.2bn6wsx]Sensitivity Analysis
Sensitivity analyses were conducted to test the robustness of the results by excluding studies with a high risk of bias. The goal was to determine whether the overall conclusions were affected by the inclusion of these studies.
[bookmark: _heading=h.qsh70q]Table 7: Sensitivity Analysis Results
	Outcome
	Original RR (95% CI)
	Adjusted RR (95% CI)
	p-value
	Change in Effect Size

	Symptom Relief
	1.35 (1.15–1.55)
	1.32 (1.10–1.54)
	< 0.01
	Minimal change

	Esophageal Healing
	1.50 (1.25–1.75)
	1.48 (1.25–1.71)
	< 0.001
	Minimal change


To ensure the robustness of the findings, a sensitivity analysis was performed by excluding studies that had a high risk of bias. The results remained consistent, with minimal changes in the effect sizes. For symptom relief, after excluding high-risk studies, the pooled risk ratio (RR) was 1.32 (95% CI: 1.10–1.54, p < 0.01), which was similar to the original pooled estimate of 1.35. For esophageal healing, the pooled RR after excluding high-risk studies was 1.48 (95% CI: 1.25–1.71, p < 0.001), which also closely mirrored the original estimate of 1.50. This stability in the effect sizes demonstrates that the results are robust and not significantly influenced by lower-quality studies.
[bookmark: _heading=h.3as4poj]Figure 3 Funnel Plots and Publication Bias
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[bookmark: _heading=h.1pxezwc]

Figure 4: Funnel Plot for Symptom Relief
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The funnel plots for both symptom relief and esophageal healing present the form of symmetric distribution of studies around the pooled effect size and hence there is no evidence of publication bias. This indicates that smaller scale studies without statistically significant findings were not selectively omitted for the review hence enhancing the credibility of the meta-analysis.






[bookmark: _heading=h.49x2ik5]Figure 5: Funnel Plot for Esophageal Healing

[image: ]
Similarly, the funnel plot for esophageal healing displays a symmetric distribution, further confirming the absence of significant publication bias.
[bookmark: _heading=h.2p2csry]Subgroup Analysis for Symptom Relief
The results of the subgroup analysis for symptom relief are provided in the table below, based on different types of PPIs and the severity of GERD. A corresponding forest plot visualizes the risk ratios (RR) and 95% confidence intervals (CI) for each subgroup.
[bookmark: _heading=h.147n2zr]Table 8: Subgroup Analysis Results for Symptom Relief
	Subgroup
	Risk Ratio (RR)
	95% CI Lower
	95% CI Upper

	Lansoprazole
	1.25
	1.10
	1.40

	Omeprazole
	1.40
	1.15
	1.65

	Pantoprazole
	1.38
	1.20
	1.60

	Esomeprazole
	1.60
	1.35
	1.85

	Moderate to Severe GERD
	1.50
	1.25
	1.75

	Mild GERD
	1.20
	1.05
	1.35


By PPI Type: The highest risk ratio (RR) for symptom relief was observed with Esomeprazole (RR: 1.60, 95% CI: 1.35–1.85), followed by Omeprazole (RR: 1.40, 95% CI: 1.15–1.65) and Pantoprazole (RR: 1.38, 95% CI: 1.20–1.60). Lansoprazole also showed a positive effect, with an RR of 1.25.
By GERD Severity: Patients with moderate to severe GERD showed a stronger benefit from PPIs, with an RR of 1.50 (95% CI: 1.25–1.75), compared to patients with mild GERD who had an RR of 1.20 (95% CI: 1.05–1.35).
[bookmark: _heading=h.3o7alnk]Figure 6: Subgroup Analysis of Symptom Relief
[image: ]
Forest plot above shows the Risk Ratios (RR) and 95% confidence interval for each subgroup. All subgroups were provided with an RR above 1, which means that PPIs were found to be considerably more effective than H2RAs for all the types of PPIs used and all the degrees of GERD. The largest impact was revealed regarding Esomeprazole and the patients with moderate to severe GERD. ​​ 
These data revealed that PPIs are evidently superior over H2RAs in terms of the overall efficacy of both the antalgic and curative effect in GERD patients as well as the rate of esophageal healing in this population. These findings are similar for various PPIs and various patients’ categories with cardiovascular diseases. The studies were performed with low bias, as evidenced by the fact that when the analysis was restricted to the studies with a high risk of bias, the results did not substantially differ from the overall results The publication bias was also assessed and no evidence of such bias was identified. Cohort examination further suggested that overall esomeprazole and severe to moderate GERD patients benefited the most from PPIs. Such conclusions are also evident from the forest plots and the funnel plots.
[bookmark: _heading=h.23ckvvd]Discussion
The present systematic review and meta-analysis were carried out with a view to evaluating the efficacy of PPIs over H2RAs for the management of GERD in regard to symptom resolution and mucosal healing of the esophagus. A comparison of results does exhibit significant advantage of PPIs over H2RAs across twice confirming the preferred role of PPIs in the GERD treatment.
This meta-analysis also shows that PPIs yield more marked relief of symptoms compared to H2RAs, another important observation on the part of the study. Overall pooled risk ratio (RR) is equal to 1. 35 (95% CI: 1. 15–1. 55) shows a 35% higher chance of cure of all the symptoms using PPIs. This finding is in line with findings of several earlier studies and systematic reviews conducted on this topic. For instance, [15] also observed that with respect to efficacy of symptom control, PPIs were better than H2RAs especially for moderate to severe GERD patients wherein acid suppression ought to be longer for therapeutic end results to be achieved.
Likewise, [16] established the effectiveness of PPIs as opposed to H2RAs in eradicating symptoms, including the frequency and severity of heartburn, as well as attaining complete symptom recovery in the long run. Examples of H2RAs include ranitidine and famotidine which alleviate GERD cases accompanied by minimal acid secretion though they lose effectiveness with time due to tachyphylaxis. On the other hand, PPIs interfere with the last step of gastric acid production and therefore cause a longer duration of acid suppression and therefore relief for the symptoms. The mechanism of action below explains why omeprazole, pantoprazole, and esomeprazole, have remained favorites in clinical practice despite the arrival of new entrants in the proton pump inhibitors market [17].
In this meta-analysis, subgroup analyses showed consistent efficacy across different types of PPIs, with esomeprazole (RR: 1.60) showing the highest rate of symptom relief, followed by pantoprazole (RR: 1.38) and omeprazole (RR: 1.40). This variation may be due to differences in the pharmacokinetics of the different individual PPIs and with esomeprazole having a longer duration of acid suppression the therapeutic effect is magnified [18].
The second outcome of interest of this review was regarding the achievement of esophageal mucosal healing which is important in the management of GERD and to prevent complications such as Barrett's esophagus and esophageal adenocarcinoma. This meta-analysis also proved that PPIs were more efficacious than H2RAs in facilitating mucosal healing with pooled RR of 1. 50 (95% CI: 1. 25-1. 75). This supports the results of prior research studies, including the radio-randomized trial by Armstrong et al [19] which found that patients receiving pantoprazole experienced a greater rate of healing in moderate to severe erosive oesophagitis than patients receiving ranitidine. 
 These findings are corroborated by the study by [20] in which it was established that esomeprazole especially offered better mucosal healing compared to that of ranitidine and omeprazole. The subgroup analysis in this meta-analysis reinforces this, showing that esomeprazole had the greatest effect size (RR: 1. 60) for esophageal healing, most probably due to its good absorption that provides more constant intragastric pH > 4 which is essential for healing [21]. 
 Additional evidence comes from the long-term treatment of GERD, where PPIs demonstrated better mucosal healing. [22] conducted a 12 months follow up study and reported that patients with PPI had lesser number of recurrences of esophagitis than those treated with H2RAs which suggests that PPIs not only provide mucosal healing but also sustain it in a year. 
The result of this meta-analysis is the overall evidence for the efficacy of PPIs as first-line treatment for GERD corroborates with that of the existing literature. PPIs are also recommended by the American College of Gastroenterology [23] as the best agents for the treatment of esophagitis with relief from the symptoms. This recommendation is based on several papers amongst which the work presented by [24] proved that PPIs were more effective in the healing of esophageal mucosal lesions than H2RAs. 
 In addition, meta-analyses by Moayyedi et al. ’s [25] in the recent past support the information presented in this review. The two showed that PPIs were significantly more effective than H2RAs in controlling symptoms and healing of erosive esophagitis. Furthermore, [26] in his study said and concluded that the duration of therapy was another attribute that impacted on the heals rates, as well as those patients receiving longer courses of PPI treatment had higher mucosal heals. This is in concordance with the follow up seen in a number of the studies included in this review like the Farley et al, 2000 who showed better healing with 8 weeks of rabeprazole than ranitidine. 
 However, H2RAs, though are still useful in some instances, have been proved to be less effective in the long-run due to the development of tolerance. This was pointed out in works by [27] who reported that such scenarios created a down_regulation of the H2RAs’ ability to suppress the acid since their constant use was associated with poorer symptom relief and impaired mucosal healing. This may explain the observed trend of reduced efficacy of H2RAs compared with PPIs in this meta-analysis. 
The heterogeneity of this meta-analysis was relatively moderate for symptom relief (I² = 45%) and low for esophageal healing (I² = 30%), which indicated a certain extent of differences between the compared studies. Possible reasons for such variability include variations in study populations, etiology of GERD, follow-up periods, and specific PPIs or H2RAs employed. Notably, patients with moderate to severe GERD showed greater improvement with PPIs (RR: 1. 50) and higher than those with mild GERD (RR: 1. 20). This is in concordance with what [28] found whereby the author observed that the benefit of PPIs increases with severity of the grades of esophagitis, this is because there is probably more tissue damage that requires to be healed.
The sensitivity analysis carried out in this review also supports the conclusion that was made in this review. If we selectively exclude those studies that have high risk of bias, the risk ratios for symptom relief and for esophageal healing do not appear to be different greatly from overall risk ratios. This stability also reveals that the validity of the results isn’t affected by low quality studies, which means that conclusions derived from this meta-analysis aren’t skewed. Also, the lack of publication bias in any of the included studies, as testified by the symmetrical funnel plots, adds to the credibility of the work done. 
 Clinical Implications 
 These findings of this systematic review have implications for clinical practice and future training of physicians. The use of PPIs for the management of GERD is ideal because they serve as first line therapy especially when moderate to severe disease is present and when patients need to have sustained acid suppression in order to achieve both symptomatic relief and mucosal healing. The increased effectiveness of esomeprazole which speaks out from this review paper leads to the conclusion that it could be the indicated PPI for severe cases while others such as omeprazole and pantoprazole are also highly effective. 
 Limitations 
 However, there are several limitations that must be considered in this review, while their impact on the overall conclusions is rather limited. First, there was inconsistency in the follow-up period of the studies included in the review; the variations in the duration of the follow-up period may have affected the comparability of the findings. As such, use of follow-up periods in order to ascertain mucosal healing may provide an underestimate of the incidence of the condition, which seems especially relevant to patients with severe GERD. Second, the noncomparability of methods of documenting AE reduces the possibility of making a complete work-up of the safety profiles of PPIs and H2RAs. The investigations in the future should focus on objective adverse effects’ description to get a better understanding of the long-term safety with these medications. 
 Conclusion 
 In conclusion, this meta-analysis offers substantial evidence that supports the conclusion that PPIs are more effective than H2RAs providing better symptom resolution and esophageal mucosal healing for GERD patients. The finding was also in conformity with the efficacy of other PPIs with the esomeprazole having the highest efficacy especially for the moderate to severe GERD patients. Such results support the present clinical reference that indicate the PPIs as the initial treatment option for the GERD. In view of these observations further studies with longer follow-up and detailed safety data are needed to determine the safety and efficacy of PPI therapy. 
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Subgroup Analysis: Symptom Relief by PPl Type and GERD Severity
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