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ABSTRACT
	Aim: This study aims to determine the prevalence of Helicobacter pylori (H. pylori) in patients with non-ulcer dyspepsia (NUD) and evaluate the comparative efficacy and tolerability of triple-based therapy versus non-bismuth-based quadruple therapy for eradication.
Methods: A prospective, randomized, controlled study was conducted over three years at a tertiary care hospital in Meerut, India. A total of 200 adult patients diagnosed with H. pylori-positive NUD were randomized into two treatment groups. Group A received standard triple therapy consisting of Pantoprazole (40 mg), Clarithromycin (500 mg), and Amoxicillin (1 g) twice daily for 14 days. Group B received non-bismuth-based quadruple therapy, which included Metronidazole (500 mg) in addition to the triple regimen. Eradication rates were assessed via follow-up testing, and adverse events were recorded.
Results: The eradication rate was significantly higher in the quadruple therapy group (89%) compared to the triple therapy group (73%) (p = 0.004). Common endoscopic findings included gastritis in both groups, with no significant intergroup differences in additional findings such as esophagitis (p = 0.72). Adverse events, including diarrhea (32% in Group B vs. 13% in Group A), metallic taste (24% vs. 9%), and nausea (16% vs. 7%), were more frequent in the quadruple therapy group but did not substantially affect compliance.
Conclusion: Non-bismuth-based quadruple therapy demonstrated superior eradication rates compared to standard triple therapy in H. pylori-positive NUD patients. However, the increased incidence of adverse effects necessitates careful patient selection, counseling, and adherence monitoring. These findings highlight the need for tailored treatment strategies, particularly in regions with high clarithromycin resistance.
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1. INTRODUCTION 
Helicobacter pylori (H. pylori) is a spiral-shaped, gram-negative, microaerophilic bacterium that colonizes the human gastric mucosa and can persist for decades. It is considered one of the most common bacterial infections worldwide, affecting approximately 50-75% of the global population [1]. First identified by Warren and Marshall in 1983 from patients with chronic gastritis [2], H. pylori has since been strongly associated with upper gastrointestinal diseases, including peptic ulcer disease (PUD), chronic gastritis, gastric cancer, and mucosa-associated lymphoid tissue (MALT) lymphoma [3]. The infection is influenced by several risk factors, including age, sex, smoking, alcohol consumption, contaminated food and water, poor hygiene, low socioeconomic status, and a family history of gastric disease [4]. While H. pylori is present in 80-90% of duodenal ulcer patients and 60-75% of gastric ulcer patients [5], its role in non-ulcer dyspepsia (NUD) remains unclear. NUD is a common condition characterized by chronic upper abdominal pain or discomfort without structural abnormalities and affects nearly one-third of the population in industrialized nations [6]. Some studies suggest H. pylori may contribute to NUD through chronic inflammation and alterations in gastric acid secretion, while others have found no significant association [7]. A systematic review of 31 observational studies reported that strong associations found in small studies were not confirmed by larger, well-designed research [8]. In India, limited clinical trials have led to an unclear understanding of the prevalence of H. pylori in NUD, with estimates of dyspepsia prevalence ranging from 7-34.2% [9]. Despite the uncertainty of H. pylori's role in NUD, its eradication is often considered, either due to a potential unidentified pathogenic mechanism or as a preventive measure against PUD and gastric cancer [10]. Traditionally, H. pylori was treated using triple therapy, consisting of a proton pump inhibitor (PPI), amoxicillin, and clarithromycin (PAC) for 7-10 days [11]. However, increasing clarithromycin resistance has led to declining cure rates, prompting a shift toward non-Bismuth-based quadruple therapy, which includes clarithromycin, amoxicillin, metronidazole, and a PPI for 10-14 days [12]. While quadruple therapy has shown superior efficacy, it is associated with more adverse effects, potentially affecting patient adherence and treatment success [13]. Given the ongoing debate regarding H. pylori's role in NUD and the optimal treatment approach, this study aims to evaluate the prevalence of H. pylori in NUD patients, assess the impact of eradication therapy on symptom resolution, and compare the efficacy of triple-based therapy versus non-Bismuth-based quadruple therapy.
2. material and methods 
Study Design and Setting
This prospective, observational study was conducted in the Department of Medicine at Chhatrapati Shivaji Subharti Hospital, Meerut, between January 2022 and December 2023. The study included both inpatients and outpatients presenting with symptoms of dyspepsia. Ethical clearance was obtained from the Institutional Ethics Committee, and all participants provided written informed consent before enrollment. The study was registered with the Clinical Trials Registry of India (CTRI) following the guidelines set by the International Committee of Medical Journal Editors (ICMJE).
Study Population
The study included adult patients aged 18-70 years diagnosed with dyspepsia and confirmed to have Helicobacter pylori (H. pylori) infection via the rapid urease test (RUT). A detailed clinical history was recorded for all participants, including past medical history, medication use, and potential risk factors. A thorough physical examination was conducted to identify clinical signs of H. pylori infection.
Inclusion and Exclusion Criteria
Patients were eligible for inclusion if they were aged 18 years or older with a clinical diagnosis of dyspepsia and confirmed H. pylori infection. Symptoms were consistent with ROME IV criteria for functional dyspepsia, including persistent or recurrent epigastric pain, meal-related symptoms such as postprandial fullness, early satiety, nausea, or bloating, with no relief following defecation or changes in bowel habits. Patients with no prior treatment for H. pylori infection were included.
Exclusion criteria included patients younger than 18 or older than 70 years, pregnant or lactating women, those with a documented history of peptic ulcer disease, gastroesophageal reflux disease (GERD), or prior endoscopic evidence of esophagitis, gastric, or duodenal erosions. Patients with alarming symptoms such as hematemesis, melena, or unexplained weight loss, those with a history of prolonged proton pump inhibitor (PPI) use, anticoagulant therapy, corticosteroid use, or nonsteroidal anti-inflammatory drug (NSAID) use, and those with diagnosed malignancies of the esophagus or stomach, chronic liver disease (CLD), severe renal dysfunction, significant cardiovascular, pulmonary, hepatic, renal, or endocrine diseases were excluded. Patients unwilling to participate, mentally incapacitated, or critically ill were also excluded.
Diagnostic and Laboratory Investigations
All participants underwent upper gastrointestinal (GI) endoscopy using an Olympus CV 150 flexible video endoscope. Topical anesthesia with 10% lignocaine spray was administered 5-10 minutes before the procedure. Patients were required to fast for at least 12 hours prior to endoscopy. For H. pylori detection, a single biopsy sample was collected from the antrum and subjected to RUT using the HelicoRapt Rapid Urease Test Kit (Allied Marketing Co.). A color change of the urea-containing medium to red (phenol red indicator) within 24 hours was considered a positive result.
Additional investigations included complete blood count (CBC), liver function tests (LFTs) including coagulation profile, renal function tests (RFTs) with blood urea, serum creatinine, and electrolytes, electrocardiogram (ECG), viral markers for hepatitis B and C and HIV, urine routine and microscopy, and abdominal ultrasonography (USG) for structural abnormalities.
Randomization and Treatment Groups
A total of 200 patients with confirmed H. pylori infection were randomized into two equal groups (n=100 each) using a simple random sampling method to minimize selection bias. Group A received triple therapy consisting of pantoprazole (40 mg twice daily), clarithromycin (500 mg twice daily), and amoxicillin (1 g twice daily) for 14 days. Group B received quadruple therapy, which included amoxicillin (1 g twice daily), clarithromycin (500 mg twice daily), metronidazole (500 mg twice daily), and a PPI (20-40 mg twice daily) for 14 days.
Statistical Analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS) version 22.0 (IBM, Armonk, NY, USA). Continuous variables were expressed as mean ± standard deviation (SD) and compared using the Student’s t-test. Categorical data were presented as frequency distributions and analyzed using the chi-square test. A p-value of <0.05 was considered statistically significant.
3. results and discussion
Prevalence of Helicobacter pylori Infection
During the study period, 493 cases were reviewed, and Helicobacter pylori infection was confirmed in 221 subjects (44.8%). Out of these, 208 (42.2%) provided consent to participate. Eight subjects (1.6%) were excluded due to lack of follow-up, resulting in a final sample size of 200 subjects (40.6%) (Table 1).
Table 1.
Prevalence of H. pylori Infection in Non-Ulcer Dyspepsia
	Parameter
	Value (Percentage)

	Total Cases Reviewed
	493 (100%)

	Presence of H. pylori
	221 (44.8%)

	Consent for Study
	208 (42.2%)

	Lack of Follow-up
	8 (1.6%)

	Final Subjects
	200 (40.6%)


Demographic, Lifestyle, and Clinical Characteristics
Among 200 subjects, males predominated in both groups. The mean age was 43.92 ± 11.29 years in Group A and 45.07 ± 10.78 years in Group B, with no statistically significant difference (P = .54). Smoking was reported in 19% and 24% of subjects, respectively (P = .76). Alcohol consumption did not differ significantly between groups (P = .84). Endoscopic findings showed gastritis in 91% and 90% of subjects in Group A and Group B, respectively. The eradication rate of H. pylori was significantly higher in Group B (89%) than in Group A (73%), with P = .004 (Table 2).
Table 2.         Demographic, Lifestyle, and Clinical Characteristics of Study Subjects
	Parameter
	Group A (n = 100)
	Group B (n = 100)
	Test Statistic
	P value

	Male
	58 (58%)
	62 (62%)
	χ² = 0.16
	P = .69

	Female
	42 (42%)
	38 (38%)
	—
	—

	Mean Age (years)
	43.92 ± 11.29
	45.07 ± 10.78
	t = 0.61
	P = .54

	Smoking
	19 (19%)
	24 (24%)
	χ² = 0.09
	P = .76

	Alcohol Consumption
	32 (32%)
	35 (35%)
	χ² = 0.04
	P = .84

	Normal Endoscopy
	4 (4%)
	7 (7%)
	χ² = 0.13
	P = .72

	Gastritis
	91 (91%)
	90 (90%)
	—
	—

	Esophagitis
	5 (5%)
	3 (3%)
	—
	—

	H. pylori Eradication
	73 (73%)
	89 (89%)
	χ² = 8.29
	P = .004*


*P value statistically significant
Adverse Events
Adverse events such as diarrhea (P = .002), abdominal pain (P = .007), metallic taste (P = .005), and nausea/vomiting (P = .038) were significantly higher in Group B, whereas headache (P = .62) and skin eruptions (P = .84) demonstrated no significant difference between groups. Compliance was comparable (P = .61) (Table 3).
Table 3. 
Adverse Events Among Study Subjects
	Adverse Event
	Group A (n = 100)
	Group B (n = 100)
	Test Statistic
	P value

	Diarrhea
	13 (13%)
	32 (32%)
	χ² = 9.79
	P = .002*

	Abdominal Pain
	12 (12%)
	21 (21%)
	χ² = 7.21
	P = .007*

	Metallic Taste
	9 (9%)
	24 (24%)
	χ² = 10.14
	P = .005*

	Nausea/Vomiting
	7 (7%)
	16 (16%)
	χ² = 4.32
	P = .038*

	Headache
	7 (7%)
	10 (10%)
	χ² = 0.24
	P = .62

	Skin Eruption
	2 (2%)
	4 (4%)
	χ² = 0.04
	P = .84

	Compliance
	92 (92%)
	97 (97%)
	χ² = 0.26
	P = .61


*P value statistically significant
Discussion
Helicobacter pylori (H. pylori) infection is a well-established risk factor for gastric adenocarcinoma and mucosa-associated lymphoid tissue (MALT) lymphoma, both of which show high remission rates when treated early. The eradication of H. pylori has also been suggested as a preventive measure against gastric metaplasia progression. Various treatment regimens exist, with combination therapies demonstrating higher eradication rates than monotherapy. Earlier regimens involved prolonged durations (up to 21 days) and multiple drugs (up to four), which often led to adverse effects such as nausea, vomiting, and diarrhea, ultimately reducing compliance and treatment efficacy [14].
One of the primary challenges in H. pylori eradication is the increasing antimicrobial resistance, particularly against clarithromycin, likely due to its indiscriminate use for respiratory tract infections. The Maastricht V/Florence Consensus recommends a non-bismuth quadruple regimen (proton pump inhibitor [PPI], amoxicillin, nitroimidazole, and clarithromycin) as the first-line empirical therapy for 10-14 days, aiming for an eradication rate exceeding 90%. However, in India, sequential therapy, as previously endorsed by Maastricht IV, remains in practice due to its superior eradication rates compared to standard triple therapy while maintaining good tolerability [12].
Demographics and Risk Factors
In our study, conducted at Chhatrapati Shivaji Subharti Hospital, Meerut, 493 cases of dyspepsia were reviewed, with H. pylori detected in 221 subjects. After obtaining consent, 208 patients were enrolled, of whom 200 completed the study following randomization into Group A (triple therapy) and Group B (non-bismuth quadruple therapy). Males outnumbered females in both groups, with mean ages of 43.92 ± 11.29 years and 45.07 ± 10.78 years for Groups A and B, respectively, with no statistically significant difference (p > 0.05). Similar age and gender distributions were observed in studies by Tai et al. [1] and Zeriouh et al. [15].
Smoking was reported in 19% and 24% of subjects in Groups A and B, respectively, while alcohol consumption was noted in 32% and 35% of the participants. These findings align with prior research, where smoking prevalence ranged from 14% to 20%, and alcohol consumption was found in approximately 18% of cases [1,15].
Endoscopic Findings
Endoscopic examination revealed gastritis in 91% and 90% of subjects in Groups A and B, respectively, while esophagitis was observed in 5% and 3% of cases. These results were statistically insignificant (p > 0.05). Similar trends were documented by Zeriouh et al. [15] and Tai et al. [1], reinforcing that gastritis remains the predominant finding in H. pylori-positive individuals.
Eradication Efficacy
H. pylori eradication was achieved in 73% of patients receiving triple therapy and 89% of those on non-bismuth quadruple therapy, a statistically significant difference (p < 0.05). These findings corroborate previous research, where non-bismuth quadruple therapy demonstrated superior eradication rates compared to triple therapy [16,17]. Chung et al. [18], in a multicenter study involving 517 patients, reported similar eradication rates between sequential and concomitant therapy (ITT: 70.6% vs. 77.8%; PP: 89.5% vs. 94.4%). Furthermore, Zeriouh et al. [15] found that non-bismuth quadruple therapy cured >90% of treatment-naïve patients, surpassing sequential and high-dose dual therapy in both ITT and PP analyses (p = 0.0001).
However, these findings contradict a meta-analysis by Wang et al. [19], which reported that the efficacy of non-bismuth quadruple therapy was duration-dependent. The 10-day sequential therapy showed higher eradication rates than 5-day concomitant therapy (82.09% vs. 77.79%; p = 0.035) but was comparable to 7-day concomitant therapy (82.40% vs. 86.99%; p = 0.382). Notably, 10-day concomitant therapy was found to be superior to 10-day sequential therapy (83.32% vs. 78.39%; p = 0.006) [19].
Adverse Effects and Compliance
Adverse events, including diarrhea, abdominal pain, metallic taste, and nausea/vomiting, were significantly more frequent in Group B than in Group A (p < 0.05). Conversely, headache and skin eruptions showed no significant differences between groups. These findings align with previous studies, where non-bismuth quadruple therapy exhibited a higher incidence of side effects compared to triple therapy [1]. Wang et al. [19] reported significantly higher diarrhea rates in the non-bismuth quadruple therapy group (23.7%) compared to sequential (12.9%) and bismuth-based therapies (6.0%; p = 0.001). Despite the increased side effects, treatment adherence remained high in both groups, consistent with prior research [1].
Limitations and Future Perspectives
Our study has certain limitations. The sample size was insufficient to detect clinically significant differences between the two regimens conclusively. Moreover, the small subgroup of patients with antibiotic resistance data limited our ability to assess its impact on eradication rates. Large-scale, prospective randomized studies are necessary to accurately evaluate the effect of antibiotic resistance on H. pylori treatment in India.
Despite these limitations, our findings suggest that while triple therapy remains the first-line regimen, its effectiveness has declined below 80%, as demonstrated in our study. Given the inevitable rise in clarithromycin resistance, non-bismuth quadruple therapy may serve as a more effective alternative in India. As eradication rates continue to decline, optimizing therapy selection based on antibiotic resistance patterns will be crucial for improved patient outcomes.
4. Conclusion
This study evaluated the effectiveness of non-bismuth-based quadruple therapy compared to standard triple therapy for Helicobacter pylori eradication. The quadruple therapy demonstrated a higher eradication rate, making it a more effective alternative; however, it was associated with a greater incidence of adverse effects such as diarrhea, abdominal pain, metallic taste, and nausea. While these side effects were manageable, they could impact patient compliance and treatment adherence.
The findings highlight the need for an individualized approach when selecting treatment regimens, considering patient-specific factors such as antibiotic resistance patterns, tolerance to side effects, and previous treatment history. The increasing resistance to clarithromycin further underscores the importance of tailoring therapy based on regional resistance data.
Future research should focus on optimizing therapy duration, exploring alternative drug combinations, and identifying strategies to mitigate adverse effects while maintaining high eradication rates. Large-scale, multi-center studies are necessary to validate these findings and refine clinical guidelines for H. pylori management.
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