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Abstract: Bismuth quadruple therapy (BQT) is an effective treatment for Helicobacter pylori infection.
However, frequent dosing schedules of BQT regimen often compromise drug adherence and may
affect treatment outcomes. This retrospective study aimed to investigate the efficacy of twice-daily
BQT compared to that of four times a day therapy. From August 2018 to November 2020, adult
patients who failed first-line standard triple therapy and underwent BQT were eligible. Patients
were categorized into two groups according to dosing schedule: (i) the BQT group (n = 213) who
received standard BQT administered four times a day; and (ii) the BQTb group (n = 141) who received
proton pump inhibitor, bismuth 600 mg, metronidazole 500 mg, and tetracycline 1 g twice a day. The
eradication rate did not differ between the BQT (92.5%) and the BQTb groups (90.1%) (p = 0.441).
Adherence and adverse event rate were similar between the two groups. Multivariate analysis
showed that current smoking was associated with eradication failure; however, dosing frequency
was not associated with the efficacy of eradication therapy. This study suggested that twice a day
BQT is as effective as four times a day therapy for second-line treatment of H. pylori infection.

Keywords: drug administration schedule; Helicobacter pylori; treatment outcome

1. Introduction

Helicobacter pylori infection is known to be associated with the development of peptic
ulcer disease, gastric cancer, and gastric mucosa-associated lymphoid tissue lymphoma [1].
In addition, associations between H. pylori infection and extra-gastrointestinal conditions,
such as unexplained iron deficiency anemia and immune thrombocytopenia, have been
suggested [2,3]. Indication for H. pylori eradication therapy has been expanded and current
guidelines and consensus reports recommend H. pylori eradication therapy for the treatment
of these conditions [2–7].

Recent guideline for the treatment of H. pylori infection in Korea recommends bismuth
quadruple therapy (BQT) consisting of a proton pump inhibitor (PPI), bismuth, metron-
idazole, and tetracycline as a second-line therapy after failure of standard triple therapy
(STT) or sequential therapy, and as a first-line therapy when clarithromycin resistance is
suspected [3]. Although BQT is an effective eradication regimen, frequent dosing may make
it uncomfortable for patients to adhere to the treatment schedule. However, in addition to
an optimal dose of bismuth and antimicrobial agents, the appropriate dosing schedule of
BQT and its impact on the effectiveness of H. pylori eradication therapy remain unclear.

Some researchers have investigated the efficacy of twice a day dosing of BQT and
showed promising results in terms of a high eradication rate of over 90% [8–10]. However,
they were not comparative studies [9,10] or used antimicrobial agents at doses different
from that of standard BQT [8]. In this study, we compared the efficacy of twice-daily BQT
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with that of four times a day regimen and investigated factors associated with failure of
eradication therapy in a single tertiary care hospital.

2. Materials and Methods
2.1. Study Population

From August 2018 to November 2020, consecutive patients who underwent BQT for
7 to 14 days after the failure of first-line STT were eligible. Of the 424 patients, 4 patients
with a history of previous eradication therapy, 5 patients who had received gastrectomy,
and 61 patients who did not check the result of eradication therapy were excluded from
the study. Finally, a total of 354 patients were included in the analysis (Figure 1). Data
regarding demographic factors—such as age, gender, comorbidities, history of smoking,
and habitual consumption of alcohol—and therapy-related characteristics were collected
using medical records. The study protocol was approved by the Institutional Review Board
(No, 2021-11-001), and written informed consent was waived.

Figure 1. Flow chart of the study. BQT: conventional bismuth quadruple therapy; BQTb: twice a
day BQT.

2.2. Treatment and Follow-Up

Patients were divided into two groups according to dosing schedule: (i) the BQT group
(n = 213) who received standard BQT consisting of PPI twice a day, bismuth subcitrate
(DeNol) 300 mg four times a day, metronidazole 500 mg three times a day, and tetracycline
500 mg four times a day; and (ii) the BQTb group (n = 141) who received PPI, bismuth
subcitrate 600 mg, metronidazole 500 mg, and tetracycline 1 g twice a day. The choice of
treatment regimen and duration were determined based on the preference of the physician.
Results of eradication therapy were assessed four weeks or more after completion using
14C-urea breath test or histologic examination by modified Giemsa staining of biopsy tissue.

2.3. Statistical Analysis

Continuous variables are shown as median (range), and categorical variables are
shown as numbers (percentage). Differences in baseline characteristics were tested using
the chi-square test, Fisher’s exact test, t-test, or Mann–Whitney U-test, as appropriate.
A logistic regression model was used to identify the factors associated with eradication
failure, and odds ratio (OR) and 95% confidence interval (CI) were estimated. All statistical
analyses were performed using SPSS version 24.0 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Study Population

The baseline characteristics of the study population are summarized in Table 1. The
median age of 354 patients was 59 years (range, 20–81 years) and 51.7% were male. Regard-
ing smoking history, one-third of the patients were previous or current smokers. There was
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no significant difference in age, underlying disorders, and smoking and drinking habits
between the two groups.

Table 1. Demographic and clinical characteristics of the study population.

Total
(n = 354)

BQT Group
(n = 213)

BQTb Group
(n = 141) p-Value

Age, years 59 (20–81) 58 (20–79) 60 (36–81) 0.711
Male 183 (51.7) 105 (49.3) 78 (55.3) 0.279

Comorbidities
Hypertension 112 (31.6) 67 (31.5) 45 (31.9) 1.000

Diabetes 55 (15.5) 38 (17.8) 17 (12.1) 0.177
Chronic kidney disease 1 (0.3) 1 (0.5) 0 (0.0) 1.000

Liver cirrhosis 1 (0.3) 1 (0.5) 0 (0.0) 1.000
Coronary artery disease 8 (2.3) 5 (2.3) 3 (2.1) 1.000

Cerebrovascular accident 9 (2.5) 3 (1.4) 6 (4.3) 0.164
Smoking (n = 311) 0.341

Never 206 (66.2) 118 (65.6) 88 (67.2)
Previous 45 (14.5) 23 (12.8) 22 (16.8)
Current 60 (19.3) 39 (21.7) 21 (16.0)

Alcohol consumption (n = 312) 0.347
Never 159 (51.0) 93 (51.4) 66 (50.4)

Previous 7 (2.2) 6 (3.3) 1 (0.8)
Current 146 (46.8) 82 (45.3) 64 (48.9)

Results are reported as number (%), except for age, which is reported as median (range). BQT, bismuth quadruple
therapy; BQTb, twice-a-day BQT regimen.

Table 2 shows the characteristics associated with eradication therapy. Atrophic gastritis
was the most common indication of eradication therapy (44.9%) in both groups, followed by
peptic ulcer disease (26.8%), and others (15.8%) such as gastric adenoma after endoscopic
resection, gastric polyp, and lymphofollicular gastritis. Most patients (83.9%) received
14-day course of eradication therapy, followed by 10 days (11.0%) and 7 days (5.1%).

Table 2. Characteristics associated with eradication therapy.

Total
(n = 354)

BQT Group
(n = 213)

BQTb Group
(n = 141) p-Value

Indication 0.028
Peptic ulcer disease 95 (26.8) 57 (26.8) 38 (27.0)
MALT lymphoma 3 (0.8) 1 (0.5) 2 (1.4)

Early gastric cancer 15 (4.2) 12 (5.6) 3 (2.1)
Dyspepsia 19 (5.4) 9 (4.2) 10 (7.1)

Family history 7 (2.0) 4 (1.9) 3 (2.1)
Atrophic gastritis 159 (44.9) 87 (40.8) 72 (51.1)

Others 1 56 (15.8) 43 (20.2) 13 (9.2)
Duration of treatment <0.001

7 days 18 (5.1) 17 (8.0) 1 (0.7)
10 days 39 (11.0) 36 (16.9) 3 (2.1)
14 days 297 (83.9) 160 (75.1) 137 (97.2)

Use of supplementary agents <0.001
None 303 (85.6) 211 (99.1) 92 (65.2)

Mucoprotective agent 1 (0.3) 1 (0.5) 0 (0.0)
Probiotics 50 (14.1) 1 (0.5) 49 (34.8)

Adherence ≥90% 2 111 (93.3) 62 (91.2) 49 (96.1) 0.464
Adverse event 2 44 (37.0) 22 (32.4) 22 (43.1) 0.254
Eradication rate 324 (91.5) 197 (92.5) 127 (90.1) 0.441

Results are reported as number (%). 1 Including gastric adenoma after endoscopic resection, gastric polyp, and
lymphofollicular gastritis. 2 Data on adherence and adverse event were available for 119 patients. BQT, bismuth
quadruple therapy; BQTb, twice a day BQT regimen; MALT, mucosa-associated lymphoid tissue.
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3.2. Results of Eradication Therapy

The overall eradication rate was 91.5% (324/354). The eradication rate did not differ
between the BQT and BQTb groups (92.5% and 90.1%, p = 0.441) (Figure 2). Adherence and
the presence of adverse events could have been evaluated in 119 patients. The proportion of
patients who took equal or greater than 90% of the medication was 91.2% in BQT group and
96.1% in BQTb group (p = 0.464). Adverse events were encountered by 37.0% of patients,
including gastrointestinal symptoms such as abdominal discomfort and nausea. Adverse
event rates were similar between the two groups (32.4% and 43.1%, p = 0.254).

Figure 2. Comparison of factors associated with eradication therapy. (a) The proportion of patients
with adherence ≥90% (n = 119); (b) adverse event rates (n = 119); (c) eradication rate for bismuth
quadruple therapy four times a day (BQT group) and twice a day bismuth quadruple therapy
(BQTb group).

3.3. Factors Associated with Eradication Failure

Among the various characteristics, current smoking was significantly related to erad-
ication failure in univariate analysis (OR 2.969, 95% CI 1.230 to 7.167, p = 0.015) and
multivariate analysis (OR 3.029, 95% CI 1.077 to 8.521, p = 0.036) (Table 3). There was
no significant association between eradication failure and other factors, such as sex and
dosing frequency.

Table 3. Factors associated with eradication failure.

Eradication
Failure/Total

Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Sex
Male 20/183 Reference

Female 10/171 0.506 (0.230–1.115) 0.091 0.968 (0.353–2.656) 0.950
Smoking

Nonsmoker 13/206 Reference Reference
Ex-smoker 5/45 1.856 (0.626–5.498) 0.265 1.775 (0.501–6.292) 0.374

Current smoker 10/60 2.969 (1.230–7.167) 0.015 3.029 (1.077–8.521) 0.036
Duration, days

7 days 1/18 Reference
10 days 3/39 0.613 (0.078–4.794) 0.641
14 days 26/297 0.869 (0.250–3.015) 0.824

Use of supplementary agents
No 23/303 Reference
Yes 7/51 1.937 (0.784–4.782) 0.152
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Table 3. Cont.

Eradication
Failure/Total

Univariate Analysis Multivariate Analysis

OR (95% CI) p-Value OR (95% CI) p-Value

Adherence
≥90 14/111 Reference

<90% 2/8 2.310
(0.424–12.586) 0.333

Dosing frequency
Four times a day 16/213 Reference

Twice a day 14/141 1.357 (0.640–2.877) 0.425 1.506 (0.681–3.329) 0.312

CI, confidence interval; OR, odds ratio.

4. Discussion

In this study, we investigated the efficacy of twice a day BQT as second-line therapy for
H. pylori eradication. The eradication rate did not differ between the BQT and BQTb groups.
There was no significant difference in the drug adherence and adverse event related to
therapy between the two groups. Logistic regression analysis showed that BQT dosing
frequency was not associated with eradication failure, but current smoking was a factor
that was significantly related to eradication failure.

Increase in antibiotic resistance and decrease in eradication rate are emerging global
issues in H. pylori eradication therapy [11]. In Korea, the same tendency was found in some
studies of patients who received clarithromycin-based STT [12,13]. Indeed, the overall
resistance rate against clarithromycin was reported as 17.8% in the recent nationwide
study in Korea [14], and the reported overall eradication rate of STT was 71.7% in the
nationwide registry study [15]. Although there is a geographic difference, a resistance
rate of more than 15% against clarithromycin is generally considered high, and STT as
an empirical treatment is no longer recommended in areas with a high probability of
clarithromycin resistance. BQT or concomitant therapy may be a suitable treatment option
in this situation; however, quadruple therapy has a drawback of exposing patients to one
or more unnecessary antibiotics.

Optimal eradication regimen for H. pylori infection is evolving, and the latest guide-
lines and consensus reports refer to eradication therapy based on the result of culture-based
antibiotic susceptibility test [2–7]. Such tailored therapy is ideally desirable; however,
it is difficult to apply in clinical practice for several reasons [16]. First, the investigated
success rate of H. pylori culture from gastric biopsies was as low as 55–73%. Second, a
bacterial culture is time-consuming and requires a specific environment. Third, the growth
of H. pylori can be affected by many factors such as the number of specimens, the culture
conditions, and gastrointestinal bleeding. Moreover, the result from biopsied samples may
not represent the conditions of the entire stomach [17,18].

BQT is an effective second-line or salvage therapy after one or more eradication
failures [13,19,20]. However, a conventional BQT regimen involves taking medications
four times a day during the entire period of eradication therapy. The complicated and
uncomfortable features of this regimen could be an obstacle to achieving better adherence
and treatment success. Several studies have evaluated the efficacy of twice-daily BQT
and showed an eradication rate of 90% or higher [8–10]. However, these studies were
not comparative [8,9] or used antimicrobial agents and bismuth at modified doses [10].
In the present study, we compared the efficacy of twice a day BQT regimen with that of
conventional BQT as second-line eradication therapy. The eradication rate of twice a day
BQT regimen was 90.1% and was similar to that of conventional BQT, which was given
four times a day. The observed eradication rate of BQT was consistent with the recently
reported annual eradication rate of second-line BQT in Korea [19], suggesting a possibility
of decreasing the dosing frequency of BQT while maintaining efficacy.

In determining whether the twice a day BQT can be generalized, the doses and
treatment duration of antimicrobial agents and bismuth should be carefully considered. It is
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recommended to use at least 1500 mg of metronidazole to overcome antimicrobial resistance
to metronidazole [20]. In this study, the eradication rate was higher than expected for twice a
day BQT with a relatively lower dose (1000 mg/day) of metronidazole, considering the high
resistance rate against metronidazole in Korea [14,19]. It is presumably attributed to the long
duration of therapy in majority of the patients and a sufficient dose of bismuth, which have
additive effects on eradication rates despite high metronidazole resistance [21]. Regional
data on the prevalence of antimicrobial resistance of H. pylori against metronidazole are
necessary to support this speculation.

Several factors—including sex, smoking status, and CYP2C19 polymorphism—have
been reported to be associated with eradication failure [12,22–25]. In the present study,
current smoking showed a significant association with eradication failure, while other
factors such as sex and dosing frequency did not appear to be associated with treatment
failure. This result is in line with previous findings that smoking increases the likelihood of
eradication failure [12,22,24,25]. The presumed mechanisms for explaining the impact of
smoking on eradication failure include decreased gastric blood flow and mucous secretion,
more acidic environment, and tendency of poor adherence by smokers [12,22,25]. Although
it was statistically insignificant in this study, females more frequently experience eradication
failure [12]. It was suggested that women infected with H. pylori preferentially carry the
A2143G mutation in the 23S rRNA, which affects the failure of clarithromycin-based STT.
Another possible factor affecting eradication failure is CYP2C19 genetic polymorphism.
Because most PPIs are predominantly metabolized through CYP2C19 pathway, the phar-
macologic effect of PPIs can be affected by CYP2C19 genetic polymorphism [23], and the
altered effects of PPIs can affect the efficacy of eradication therapy. Duration of eradication
therapy also affects treatment outcomes. Theoretically, a longer treatment duration helps
PPIs to reach their full anti-secretory effects in eradicating H. pylori of different niches [26].
In addition, BQT with increased metronidazole dosage and duration extended to 14 days
was associated with eradication rates of greater than 90% [16]. Indeed, in a previous study
comparing the efficacy of second-line BQT according to treatment duration, the 14-day
BQT group showed a significantly higher eradication rate than the 7-day group [3].

This study has several limitations. Firstly, being a retrospective study, some of the
clinical data were incomplete. Primarily, drug adherence and adverse event data were
obtained based on the medical records. Secondly, an antimicrobial susceptibility test was
not performed. Thirdly, this is the result of a single-center study. Considering differences
in geographic and demographic features, which could affect the clinical courses and
treatment outcomes associated H. pylori infection, the results of the present study cannot
be generalized. A future prospective study including antimicrobial susceptibility testing
would be beneficial.

5. Conclusions

In conclusion, twice-daily BQT regimen was as effective as conventional four times a
day BQT regimen after the failure first-line STT. In addition to the antimicrobial resistance,
failure to adhere to the complex multidrug eradication regimen is one of important reasons
for eradication failure. Therefore, a twice-daily BQT regimen may be a promising treatment
option to improve patients’ adherence while maintaining the eradication rate.
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