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Abstract 

Objectives: Helicobacter pylori (H. pylori) infection is highly prevalent worldwide 
and affects more than half of the world's population. Various treatment regimens to 
eliminate H. pylori have been evaluated; however, selecting the most cost-effective 
regimen remains a challenge for clinicians. Therefore, the present study aimed at 
analyzing the cost-effectiveness of using different methods to treat H. pylori in 
southern Iran.Methods: A cost-effectiveness analysis was conducted alongside a 
clinical trial that compared antibiotics versus herbal treatment in 132 patients with H. 
pylori referred to Shahid Motahari Clinic in Shiraz in 2020. A decision-tree model was 
developed to synthesize clinical and cost data. The patients were randomly divided 
into two groups, 64 of whom received an antibiotic regimen and 68 patients received 
a herbal treatment. The success rate of clinical trials in each treatment method was 
determined as the clinical outcome. This study was conducted from a societal 
perspective; therefore, direct and indirect costs were included. A data collection form 
was also used to collect the cost and effectiveness data. In addition, a one-way 
sensitivity analysis was performed to measure the robustness of the results. The data 
were analyzed using Tree Age Pro 2011 and Excel 2016 software. 
Results: The results showed that antibiotic treatment was cheaper and more effective 
than herbal treatment and was the dominant strategy. The mean costs in the 
antibiotics and herbal treatment groups were $446.14 and $477.81, respectively, and 
the effectiveness was 62.5% and 38.2%. In addition, the one-way sensitivity analysis 
confirmed the robustness of the study results. 
Conclusion: The results showed that the use of antibiotics was a cost-effective and 
dominant strategy compared to herbal treatment and could be suggested as a better 
alternative to a wide range of patients with H. pylori infection. This conclusion is 
tempered by the short-term perspective, single-center design, and modest sample size 
of the study, highlighting the need for confirmatory long-term, multicenter research.
Keywords: Cost-Effectiveness, Economic Evaluation, Helicobacter pylori, Antibiotic, 
herbal treatment 
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Introduction
Helicobacter pylori (H. pylori) is the most common bacterial infection worldwide, the 
prevalence of which among adults in developed countries is 30-70% [1]. However, the 
infection rate reaches 90% in the first 5 years of life in developing countries [2]. There 
are various methods for diagnosing H. pylori infection, which can be arranged in the 
following order based on the accuracy of the studied methods: qPCR > UBT > SAT > 
RUT > CagA IgG > Culture [3]. As the most common infectious agent, H. pylori is 
involved in a variety of common gastrointestinal disorders including gastritis, 
duodenal ulcer, peptic ulcer, adenocarcinoma, and gastric lymphoma[4], and in about 
89% of non-cardiac gastric cancers in the world [5]. In addition, it can lead to many 
diseases of non-digestive origin, such as cardiovascular disease, autoimmunity, 
Parkinson's, obesity, and allergic disorders [6, 7]. Therefore, preventing or eradicating 
bacterial infections can help prevent these diseases. 
Currently, the major challenge in eradicating H. pylori includes poor patient tolerance 
to medications, antibiotic resistance, side effects, and the high cost of antibiotic 
regimens [8]. The rate of antibiotic resistance in different countries shows somewhat 
similar results, such that in European and American countries, the rate of resistance 
to metronidazole, levofloxacin, and clarithromycin is more than 30% each and this rate 
was similar [9, 10]; it also shows that the rate of antibiotic resistance in the second 5 
years is higher than in the first 5 years [11]. A similar pattern of resistance is observed 
in Asian countries[12], where various studies report metronidazole resistance 
exceeding 70% [13-15]. Studies conducted in Iran show that the highest antibiotic 
resistance was related to metronidazole (very high resistance between 64.1% and 
82.4% in different studies), clarithromycin (variable resistance between 22.5% and 
70.7%), and rifampicin/rifampin (significant resistance between 27.78% and 50%). The 
lowest was related to tetracycline (lowest resistance in most studies between 4.4% 
and 16%), amoxicillin (relatively low resistance between 18.37% and 30.9%), 
ciprofloxacin and levofloxacin (moderate resistance between 22.51% and 36.1%) [15-
18].
Various treatment regimens containing several antimicrobial compounds have already 
been examined to eliminate H. pylori infection [19]. The failure of single drug methods 
has led to the development of drug regimens with a combination of three or four drugs, 
the most common of which is triple therapy. This treatment regimen includes a proton 
pump inhibitor and two antibiotics, i.e., amoxicillin and clarithromycin [19, 20]. Early 
studies suggested that eradication with triple therapy was cost-effective, and 
resistance to some strains was seen in more than 50% of the patients [8, 21, 22]. 
However, triple therapy has shown a gradual decrease in efficacy (eradication rate of 
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<80%) in recent years [8]. It also has side effects such as a metallic taste in the mouth, 
increased sensitivity to light, constipation, and diarrhea [23]. The use of a four-drug 
regimen containing proton pump inhibitor, bismuth, and two antibiotics 
(Metronidazole and Tetracycline) was associated with 80% eradication; it was 
recommended as a first-line treatment in areas with high resistance (over 15%) to 
Metronidazole and Clarithromycin in patients who did not respond to the three-drug 
regimen containing Metronidazole or Clarithromycin [24]. The four-drug regimen is 
not only very expensive but, in many cases, leads to treatment discontinuation before 
the end of the treatment course due to the complications such as seizures and 
polyneuropathy in patients who use metronidazole for a long time [25].Despite various 
treatment methods, the recurrence of the disease has been reported in a number of 
cases after treatment completion. Therefore, the use of herbal medicines may be 
beneficial due to their numerous medicinal effects[26]. Today, the antimicrobial effects 
of many plant species (e.g., garlic) on H. pylori infection have been investigated and 
proposed as a way of increasing the efficacy of H. pylori treatment [27].The 
antimicrobial properties of garlic are primarily attributed to its sulfur compound, 
allicin, which exerts direct antibacterial activity against a broad spectrum of bacteria, 
including H. pylori; this action is complemented by its ability to inhibit key host 
inflammatory pathways, such as by deactivating NF-κB to reduce pro-inflammatory 
cytokines and by scavenging free radicals to mitigate the oxidative stress and 
carcinogenic byproducts of infection. Mint, containing essential oils like menthol and 
menthone, demonstrates direct inhibitory effects against pathogens and provides 
significant gastrointestinal symptom relief through its antispasmodic and antiflatulent 
properties, which aid the host despite a less-defined biochemical mechanism 
compared to garlic. The main antimicrobial agent in Green tea, Epigallocatechin-3-
gallate, functions crucially by inhibiting the bacterial enzyme urease, which is 
essential for H. pylori to survive the acidic environment of the stomach, thereby 
compromising its viability directly at the site of infection [28-30]. This specific 
combination was selected for our trial based on the complementary mechanisms and 
evidence of each component: Garlic's allicin exhibits direct bactericidal effects and has 
been shown in meta-analyses to increase eradication rates as an adjunct [31]. Mint's 
essential oils offer documented antibacterial and antispasmodic properties to alleviate 
symptoms [29]. Green tea's catechins, especially EGCG, potently inhibit H. pylori 
urease activity [32]. The results of a study showed that adding garlic extract to the 
standard anti- H. pylori infection regimen increased its eradication rate from 52.6% to 
75.8% [31]; long-term consumption of garlic reduced the risk of gastric and colon 
cancers [33]. Thus, considering the high prevalence of gastrointestinal diseases in the 
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world, especially gastric adenocarcinoma and its relationship with H. pylori, choosing 
the best treatment method that causes the highest eradication rate at the lowest cost 
is one of the challenges facing physicians [32]. To the best of our knowledge, this 
study is the first investigation comparing herbal treatment with standard four-drug 
treatment for H. pylori eradication. Given the high antibiotic resistance in Iran and the 
promising bioactivity of herbal components, we hypothesized that the herbal 
treatment regimen would be a cost-effective alternative to the standard antibiotic 
regimen for the first-line treatment of H. pylori infection in our setting. Therefore, the 
present study aimed to analyze the cost-effectiveness of these different H. pylori 
treatment methods. 

Materials and Methods
Model Structure
A decision tree model was used to estimate the cost and effectiveness results. A 
decision tree model visually maps out a series of decisions, potential outcomes, and 
their associated costs and probabilities to compare alternative courses of action, often 
used to assess the cost-effectiveness of treatments or interventions. These models 
feature decision nodes (squares) for choices, chance nodes (circles) for uncertain 
events, and terminal nodes where costs and health outcomes are quantified to 
calculate the expected value of each option [34]. Figure 1 shows a schematic diagram 
of the decision tree model for antibiotic versus herbal treatment strategies. The 
success and failure of the drugs and their side effects were plotted for each strategy 
to select the best one. In addition, the costs and effectiveness of each strategy were 
entered into the model separately. The model pathways were defined by treatment 
success or failure. Mild side effects that did not alter the treatment course were not 
represented as separate branches but were accounted for within the measured direct 
medical costs.
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Figure  1: Schematic diagram of the decision tree structure  to compare two herbal 
and antibiotic treatments in patients with H. pylori infection

Study population
We performed a cost-effectiveness analysis based on a prospective clinical trial of 132 
H. pylori patients that compared antibiotic and herbal treatments at Shahid Motahari 
Clinic in Shiraz (referral clinic) in 2020. The patients were randomly divided into two 
groups that received antibiotic (n = 64) and herbal treatment (n = 68) regimens. The 
antibiotic group was given a drug regimen including pantoprazole 40 mg twice a day, 
bismuth subcitrate 120 mg and tetracycline 500 mg 4 times a day, and metronidazole 
500 mg three times daily for 14 days [23]. The herbal treatment group was given 
Supermint Barij soft capsules 20 mg[35], [36], Alium S garlic tablets 400 mg[31],[37], 
and Green Teadin (green tea) tablets 500 mg three times a day for 14 days [38]. [30]. 
These doses were selected based on their established safety profiles and their use in 
prior clinical research [30, 36-38].

Randomization and Blinding
In this study, randomization was performed using a computer-generated random 
number sequence (generated with SPSS v.26 software) that assigned the participants 
to the two study groups in a 1:1 ratio. To ensure allocation concealment, we 
maintained the randomization list by an independent research assistant who was not 
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involved in patient recruitment or outcome assessment. The enrolled participants 
received their group allocation via sealed opaque envelopes to avoid selection bias. 
Blinding of participants after group assignment was not possible due to the study 
design. However, we took the following steps to minimize bias: Outcome assessors 
(e.g., laboratory technicians performing the urea breath test) were blinded to group 
allocation. Data collectors for economic outcomes used standardized questionnaires 
that avoided direct references to treatment type. Statistical and economic analysts 
were blinded until the final comparison stage.
Inclusion and Exclusion Criteria
The inclusion criteria were as follows: the patients with dyspepsia who had a positive 
antigen stool test result; lack of consumption of antibiotics for at least 4 weeks before 
the start of the study; no history of allergies to mint, green tea, and garlic pills; and no 
use of other adjunctive therapy or medicinal plants for at least two weeks before the 
start of the study. The exclusion criteria were liver disease, gallstones or biliary 
obstruction, any gastrointestinal risk symptoms that required endoscopic examination 
(e.g., weight loss, anemia, severe gastrointestinal symptoms, recurrent vomiting, 
dysphagia, and gastrointestinal bleeding), lack of consumption of the drugs for at least 
one day, and lack of taking daily doses. Also, the variables with missing values over 
20% were excluded.
Diagnosis and Outcome Assessment
A positive Stool Antigen Test (SAT) was required for study enrollment to confirm active 
H. pylori infection. Eradication was assessed using the same SAT method. The post-
treatment SAT was performed once, at least 4 weeks after completion of the 14-day 
treatment course; this ensured us that the patients had not taken proton pump 
inhibitors or antibiotics during this interval, in line with standard testing guidelines.
Adherence Measurement
Medication adherence was assessed using the pill count method. Patients were 
provided with exactly 14 pills at baseline and asked to return the medication bottle 
after 14 days. The remaining pills were counted by the research team, and adherence 
was calculated as: (Number of pills taken / Number of pills prescribed) × 100.  It is 
important to note that pill count does not capture the timing of dose intake or possible 
self-report bias.
Measurement of Costs and Effectiveness
Economic evaluation can be conducted from the perspective of the patient (first 
person), service providers (second person), payers (purchaser or third party), 
employers (fourth person), government, and society. Economic evaluation can include 
a narrow or broad dimension. The narrow dimension can only include costs and 
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consequences from the patient's perspective, but in the broad dimension, the 
evaluation is conducted from a societal perspective, which, in addition to the costs and 
benefits of the patient, also includes other providers and members of society in the 
calculations. In this study, the costs were collected from a societal perspective. 
Therefore, they included direct medical costs (DMCs), direct non-medical costs 
(DNMCs), and indirect costs (ICs).
The DMCs encompassed medication, diagnostic tests, physician consultations, and 
hospitalizations. These also incorporated the costs related to management of the side 
effects and any subsequent treatments required due to initial treatment failure. The 
DMC data were collected from the patients' medical records as well as the opinions of 
clinical experts in this field. 
The DNMCs included transportation costs (intra-city and intercity) as well as food and 
accommodation costs for the patient and companions to receive medical services. 
The ICs also included the mean days of absence from work of the patients and 
companions and reduced productivity lost due to illness, disability, and death. DNMC 
and IC data were gathered via patient self-reports through face-to-face interviews or 
telephone calls. While subject to recall bias, this approach was selected because 
precise records of absenteeism or productivity loss are typically unavailable.  To 
reduce the possibility of recall bias, we used structured questionnaires with objective 
questions developed by Zare et al. [39]; all cost information was collected quarterly 
and then multiplied by 4 to obtain annual costs, and data were collected immediately 
after the end of treatment to minimize recall error [40].The human capital approach 
was used to calculate the IC. In addition, all costs were calculated based on the tariffs 
of 2020 and converted into international dollars (purchasing power parity (PPP)) at 
the exchange rate of 1 dollar = 22057 Rials [41]. 
The effectiveness outcome was the success rate, determined by a positive/negative 
result from an SAT. In accordance with standard post-treatment assessment 
guidelines, the SAT was performed once, at least 4 weeks after the completion of the 
14-day treatment course, ensuring us that the patients had not taken any antibiotics 
or proton pump inhibitors during this interval to avoid false-negative results [42]. A 
data collection form was also used to collect the cost and effectiveness data. The 
results were presented in terms of the incremental cost-effectiveness ratio (ICER). To 
calculate the ICER, the cost of the new treatment is subtracted from the cost of the 
previous treatment, and the result is then divided by the difference in effectiveness 
between the new and the previous treatment. Furthermore, the one-way sensitivity 
analysis was performed to measure the effects of parameter uncertainty in the model. 
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Cost-effectiveness analysis
The model was designed in TreeAge Pro 2011 software, and the extracted data were 
entered into it. The costs, effectiveness, and cost-effectiveness of the two drugs were 
then calculated and their ICERs were estimated using the following equation. TreeAge 
Pro 2011 was selected for this purpose as it is specialized, standard software for 
decision-tree modeling and cost-effectiveness analysis. Microsoft Excel 2016 was used 
for data management and preparatory calculations. Given the short-term (less than 
one year) horizon of the analysis, no discounting was applied to costs or outcomes.

ICER = cost plant - cost Antibiotics
Effectiveness plant - Effectiveness Antibiotics

Sensitivity Analysis
The one-way sensitivity analysis was performed to investigate the effects of parameter 
uncertainty on the results. To this end, some key parameters such as 1- the direct and 
indirect costs prices, 2- and Effectiveness were changed by 20% for each drug 
strategy; the results were presented as a Tornado Diagram. In addition, we conducted 
a probabilistic sensitivity analysis (PSA) using Monte Carlo simulation with 5,000 
iterations. Cost parameters were assumed to follow a Gamma distribution (since costs 
cannot be negative), and effectiveness probabilities were modeled using Beta 
distributions (bounded between 0 and 1). The distribution parameters were derived 
from the observed means and standard deviations for each treatment arm. The results 
are presented as a cost-effectiveness acceptability curve (CEAC) and a scatterplot of 
the incremental cost-effectiveness plane.
As regards, due to the lack of a cost-effectiveness threshold in Iran and as proposed 
by the World Health Organization (WHO), the threshold of one to three times the Gross 
Domestic Product (GDP) per capita was considered for developing countries [43]. The 
GDP in Iran was $ 12,547 in 2019 (1* GDP) [44], using which the threshold of 
willingness to pay (WTP) was $ 12,547 (1* GDP) in the country [43, 45]. It is worth 
noting that a preprint of this manuscript has previously been published [46].

Results
A total of 132 patients with H. pylori were included in the study. All participants 
demonstrated perfect adherence, with a mean adherence rate of 100% as measured 
by the pill count. Table 1 provides descriptive results including the data on gender, 
age, employment status, and education. The demographic profile indicated that most 
participants were female (58%), under 50 years of age (76%), employed (25%), and 
had a high school diploma or lower level of education (79%).. Demographic 
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characteristics were similar between the groups, with no statistically significant 
differences (Table 1). All 132 patients completed the 14-day treatment course. 
Adverse effects were reported in 15 patients (23.4%) in the antibiotic group, 
including nausea (n=8), metallic taste (n=5), and abdominal discomfort (n=2). All 
were mild and did not lead to discontinuation. No treatment-related adverse events 
were reported in the herbal group.

Table 1: Demographic variables among patients between the two groups of herbal 
and antibiotic treatment

Variable Herbal treatment 
(n=68)

Antibiotic 
(n=64)

Total 
(n=132)

p-value

Sex, n (%) 0.638
Female 41 (60.3%) 36 (56.3%) 77 (58.3%)
Male 27 (39.7%) 28 (43.8%) 55 (41.7%)
Age, years 0.105
≤50 50 (73.5%) 50 (78.1%) 100 (75.8%)
>50 18 (26.5%) 14 (21.9%) 32 (24.2%)
Employment, n 
(%)

0.355

Employed/Self-
employed

15 (22.1%) 18 (28.1%) 33 (25.0%)

Unemployed/Other* 53 (77.9%) 46 (71.9%) 99 (75.0%)
Education, n (%) 0.217
High school or less 57 (83.8%) 48 (75.0%) 105 (79.5%)
Some college or 
higher

11 (16.2%) 16 (25.0%) 27 (20.5%)

* Retired and daily worker

As shown in Table 2, DMCs accounted for the highest costs in both groups ($ 204.18 
PPP in antibiotic and $ 210.47 PPP in herbal treatments). On the other hand, the lowest 
costs were associated with indirect costs with an average value of $ 111.81 PPP in the 
antibiotic and $ 119.83 PPP in the herbal treatment methods. Overall, the mean total 
cost of antibiotic treatment ($ 446.14 PPP) was lower than herbal treatment ($ 477.81 
PPP). 

Table 2: Estimated mean Direct medical and non-medical costs, Indirect costs, and 
Total costs per patient by Dollar in the herbal treatment and antibiotic groups
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Herbal 
treatment   

Antibiotic
Type of Service

Mean± SD Mean± SD 
p-value

Direct medical cost
visit 49.96±9.34 45.33±9.33 0.0106
Drugs 64.86±23.57 72.03±26.73 0.1341
Tests 95.18±17.8 86.35±17.79 0.0106
Other services 0.47±1.9 0.47±1.31 1.0000
Total 210.47±52.61 204.18±55.16 0.5404
Direct non-medical cost
Transport 100.39±92.95 85.67±70 0.3634
Foods 30.4±40.88 29.37±39.46 0.8938
Accommodation 16.72±26.25 15.11±33.19 0.7735
Total 147.51±160.08 130.15±142.65 0.5543
Indirect cost
Time spent by the patient’s 
accompany and patient

119.83±67.39 111.81±58.62 0.5130

Total cost
Direct Medical Costs 210.47±52.61 204.18±55.16 0.5404
Direct Non-medical Costs 147.51±160.08 130.15±142.65 0.5543
Indirect Costs 119.83±67.39 111.81±58.62 0.5130
Total Costs 477.81±280.08 446.14±256.43 0.5414

According to Table 3 and Figure 2, the results of the cost-effectiveness analysis showed 
that the calculated effectiveness (success rate) of antibiotic and herbal treatment 
strategies were 62.5% and 38.24%, respectively, and the costs were $ 446.14 and $ 
457.81 PPP, respectively. Thus, antibiotic treatment was less costly and more 
effective; therefore, this is a more cost-effective option and a dominant strategy. 

Table 3:Comparison between cost and effectiveness in herbal treatment and 
antibiotic groups

Strategy 
name Effectiveness    Incremental 

Effectiveness 
Cost 
(PPP$)

Incremental 
Cost (PPP$) ICER
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Herbal 
treatment 0.382 457.81

Antibiotic 0.625
-0.243

446.14
11.67 -48.024

* ICER= Incremental cost effectiveness ratio

Figure 2: A cost-effectiveness analysis for the herbal and antibiotic treatments in 
patients with H. pylori infection

Uncertainty Analysis

One-way Sensitivity Analysis:

The effects of uncertainty were studied using the one-way sensitivity analysis, and the 
value of each variable was changed by 20%. Figure 3 presents the results of the one-
way sensitivity analysis as a tornado diagram. As shown in the tornado diagram, with 
a 20% change in the effectiveness of herbal treatment medicines and antibiotics, the 
ICER remains negative; therefore, the antibiotic regimen is the dominant regimen. 
However, this change in costs may make the ICER positive, which requires comparison 
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with the threshold value to decide whether each treatment regimen is dominant. Given 
that the new ICER is below the threshold, the study results do not change, and the 
antibiotic regimen remains the dominant regimen. Therefore, it can be said that the 
changes in many parameters did not have significant effects on the study results. 
However, ICER had the highest sensitivity to herbal treatment cost and the lowest 
sensitivity to the effectiveness of herbal treatment in patients with H. pylori. In fact, 
the herbal treatment price was a determining parameter in ICER for the patients with 
H. pylori. 

Figure 3: Tornado diagram for the cost-effectiveness of herbal and antibiotic 
treatments in patients with H. pylori infection

Probabilistic Sensitivity Analysis:
The PSA results confirmed the robustness of our base-case findings. At the willingness-
to-pay threshold of $12,547 (1× GDP per capita), the antibiotic regimen had a 99.2% 
probability of being cost-effective, compared to 0.8% for the herbal regimen. The cost-
effectiveness acceptability curve demonstrated that the probability of antibiotic 
therapy being cost-effective remained above 90% across a wide range of WTP 
thresholds, further supporting its economic favorability (Fig. 4). The scatterplot on the 
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incremental cost-effectiveness plane showed two distinct patterns: most simulated 
points for the comparison fell in the southeast quadrant (lower cost, higher 
effectiveness), confirming antibiotic therapy as the dominant strategy. Additionally, a 
proportion of points appeared in the northeast quadrant (higher cost, higher 
effectiveness) but remained below the threshold line, indicating that even when 
antibiotic therapy was marginally more costly, its superior effectiveness (mean: 67%) 
compared to herbal therapy (mean: 32%) rendered it cost-effective within conventional 
benchmarks.

Figure 4: Cost-effectiveness acceptability curve (CEAC) for antibiotic vs. herbal 
therapy
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Figure 5: Scatterplot on the incremental cost-effectiveness plane for antibiotic vs. 
herbal therapy
Discussion
This research represents the first economic analysis from Iran assessing the cost-
effectiveness between antibiotic and herbal treatments for H. pylori. The main 
conclusion is that the quadruple antibiotic treatment was more cost-effective than the 
herbal treatment analyzed. 
This finding aligns with previous research. For example, in Korea, modified bismuth 
quadruple therapy (PAM-B therapy) was more cost-effective than tailored therapy and 
even more than Korean guidelines [24]. The high cost-effectiveness of 
various antibiotic regimens is well documented. In Iran and other countries, various 
studies positioned antibiotics as the first-line treatment, highlighting the success rates 
of 74% to 89.7% for H. pylori eradication with combinations of different antibiotics 
[47-50]. Still, with other treatment strategies, the 4-drug regimen's cost-effectiveness 
may not be as favorable. For example, in the U.S., vonoprazan triple therapy was 
considered the most cost-effective therapy when compared to other regimens which 
included bismuth quadruple therapy and other bismuth quadruples [51]. Also, in that 
case, a 14-day IA (Ilaprazole-amoxicillin) dual therapy was cost-effective compared to 
the quadruple IAFB therapy as it had similar efficacy while costing less; therefor, the 
dual therapy was more cost-effective when compared to the quadruple therapy for that 
analysis [52].
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In response to rising antibiotic resistance, current guidelines recommend bismuth 
quadruple therapy or concomitant therapy as first-line options, underscoring their 
critical role in effective eradication strategies[53]. The choice of first-line regimen 
should take into account the accessibility and the cost of bismuth and the results of 
susceptibility testing in the region [54]. 
Our results suggest much lower eradication rates with herbal therapies (38.2%) than 
with the antibiotic regimen, contrary to reports indicating the cheaper cost and fewer 
side effects of herbal therapies [55, 56]. Other studies, as ours, on herbal 
monotherapies have shown little success, such as the one by Si et al. in which a garlic-
containing regimen was ineffective against H. pylori when compared to metronidazole 
[31]. Overall, the evidence is clear regarding herbal therapies; the side effects may be 
fewer and costs lower, but the eradication of H. pylori is much lower with herbal 
monotherapy, as is the case with probiotics [57, 58]. The mean weighted eradication 
rate of probiotics, for example, is a mere 14% [59] and no substantial evidence exists 
to support their use as effective stand-alone treatments to eradicate H. pylori [60]; 
however, a few strains may be effective [61, 62].
With respect to alternative treatment options, the main role is as an adjunct, not a 
standalone therapy to conventional antibiotic treatment [63]. Adding probiotics to 
treatment helps eliminate H. pylori and reduces the treatment side effects due to the 
benefits derived from gut microbiota restoration, immune system interactions, and 
direct antagonism to H. pylori [60, 64]. Therefore, the limited success of herbal 
monotherapies against H. pylori, as compared to the high success rates necessary to 
achieve effective management, can be understood. Overall, the evidence is clear: these 
adjunct therapies are helpful, but conventional antibiotic treatment is still necessary 
to achieve success rates that are essential to H. pylori management, which are 
between 70 percent and greater than 90 percent. 
Still, the scientific literature is somewhat contradictory, as some works have found 
that herbal therapies have beneficial effects [65-67]. For instance, Nagata and 
colleagues reported successful eradication of a H. pylori strain with the herbal 
medicine goshuyuto [68], and Si et al found that adjunctive garlic extract increased 
the eradication rate of a standard treatment by 93.3% [31]. Other works regarding 
garlic extract and green tea and conventional therapy reported some level of beneficial 
impact as well [28, 32, 69, 70].
Many promising preclinical reports involve the use of herbal components as adjuncts 
to standard antibiotics or testing isolated compounds in vitro [71]. In contrast, our trial 
evaluated a specific herbal combination as a stand-alone monotherapy, which may not 
achieve sufficient antibacterial potency in the clinical setting. More specifically, the 
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standardized extract formulation used, while ensuring quality control, may not have 
delivered the optimal concentration or bioavailability of active compounds (e.g., 
allicin, EGCG) at the gastric site of infection. The chosen dose (e.g., 400 mg garlic 
tablet, 500 mg green tea tablet three times daily) was based on general safety and 
common use, but may be sub-therapeutic for eradicating an established H. pylori 
biofilm in vivo. Furthermore, a 14-day course—though aligned with our antibiotic arm 
for comparison—might be insufficient for an herbal monotherapy to achieve 
eradication, especially if bacterial replication cycles are slower under herbal 
pressure. The factors related to formulation, dosage, and treatment duration likely 
explain the discrepancy between the favorable preclinical reports and our negative 
findings. Moreover, the suboptimal efficacy underscores that antibiotic resistance 
profiling, as a key component of personalized medicine, could enhance clinical 
relevance and cost-effectiveness by tailoring treatment[72, 73]. Future trials could 
explore higher doses, enhanced delivery systems (e.g., enteric‑coated capsules), or 
longer durations to determine whether these adjustments can bridge the efficacy gap.
Beyond formulation challenges, the efficacy of any antibacterial regimen, including 
the quadruple antibiotic therapy used in this study, is highly dependent on local 
antibiotic resistance patterns. In Southern Iran, where this study was conducted, high 
reported rates of resistance to metronidazole and clarithromycin [15-18] likely 
contributed to the moderate eradication rate (62.5%) observed with our bismuth-based 
quadruple therapy, which still includes metronidazole. This context underscores that 
even a guideline-recommended regimen may have reduced effectiveness in high-
resistance settings. Conversely, the low efficacy of the herbal regimen may also be 
indirectly influenced by the local bacterial ecology; strains which survive in a high-
resistance environment might possess broader adaptive mechanisms [74]. Therefore, 
the cost-effectiveness results presented here are specific to our regional context and 
may differ in areas with markedly different resistance profiles. This highlights the 
importance of developing and continuously updating regional resistance registries to 
inform empirical therapy choices and economic evaluations.
The robustness of the primary conclusion was also verified through a one-way 
sensitivity analysis. This indicates that even when varying this parameter, the 
treatment cost remains favorable (negative), confirming the reliability of the antibiotic 
regimen as the more cost-effective option across a range of assumptions. Furthermore, 
the PSA, which incorporated the full uncertainty around cost and effectiveness 
parameters, strongly supported the primary conclusion. Even when accounting for 
joint parameter uncertainty through Monte Carlo simulation, the antibiotic regimen 
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maintained a high probability of being cost-effective at the conventional WTP 
threshold.
The comprehensiveness of this analysis is one of its strengths and this was apparent 
through the inclusion of DMCs, DNMCs, and ICs. As the first study of this nature in 
the Iranian context, it serves as a rich source of evidence for guiding clinical and policy 
actions surrounding the management of H. pylori infection.
Limitation:
This study has several limitations. First, the study was conducted at a single center in 
Fars province with a modest sample size (n=132), which may limit statistical power 
and the generalizability of the findings to other regions of Iran or different healthcare 
settings. However, the single-center design was chosen to ensure strict control over 
confounding variables, diagnostic procedures, and treatment protocols, thereby 
reducing inter-center variability. Second, due to the inherent differences between the 
herbal and antibiotic interventions, complete blinding of participants and healthcare 
providers was not feasible. Although outcome assessors and data analysts were 
blinded to minimize bias, this partial blinding should be considered when interpreting 
the results. Third, medication adherence was measured by pill count, which indicated 
perfect adherence but does not capture the exact timing of dose intake and may be 
subject to self-report bias. Fourth, our analysis focused on short-term cost-
effectiveness using eradication rates as the outcome and did not incorporate quality-
adjusted life years (QALYs) or capture long-term outcomes such as recurrence, 
complications, or sustained quality-of-life changes. Consequently, the findings reflect 
short-term efficiency and cannot be directly compared to cost-utility analyses or used 
to assess the long-term economic and health value. Fifth, the study did not include 
baseline antibiotic resistance profiling of the H. pylori strains, which could have 
provided deeper insights into the efficacy results and allowed for a personalized 
medicine approach. Finally, this study evaluated herbal and antibiotic treatments only 
as monotherapies; the cost-effectiveness of their conjunctive use remains unexplored.
Future research should address these limitations through larger, multicenter trials 
with longer follow-up periods (e.g., 12 months) to capture recurrence and long-term 
outcomes. Incorporating baseline antibiotic resistance profiling and QALY 
measurement (e.g., using the EQ-5D) would enable more personalized and 
comprehensive cost-utility analyses. Investigating the cost-effectiveness of combining 
herbal therapies with antibiotic therapies is also recommended.  Given the suboptimal 
efficacy of herbal monotherapy, future research should explore its potential not as a 
replacement, but as an adjunct to conventional antibiotic regimens. Investigating 
whether such combination therapy can improve eradication success, reduce antibiotic-
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associated side effects, or lower the risk of resistance could provide a more clinically 
relevant and valuable application for these herbal components.
Conclusion
This economic evaluation demonstrates that, in the setting of Southern Iran, the 
bismuth-based quadruple antibiotic regimen is a cost-effective and dominant strategy 
compared to the tested herbal monotherapy for the first-line treatment of H. pylori 
infection. While the herbal regimen showed lower efficacy and higher cost in this trial, 
its suboptimal performance likely reflects limitations related to dosage, bioavailability, 
and treatment duration as a stand-alone therapy, rather than a definitive rejection of 
all herbal approaches. Importantly, the moderate eradication rate achieved even by 
the standard antibiotic regimen underscores the significant local challenge of 
antibiotic resistance. Therefore, the primary clinical implication is that the quadruple 
antibiotic therapy remains a more economically viable first-line option in our region. 
Future research should prioritize investigating optimized herbal formulations as 
adjuncts to antibiotic regimens, along with region-specific antibiotic resistance 
profiling, to develop more effective and sustainable eradication strategies in the era 
of rising antimicrobial resistance.
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