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Abstract: Background: Bismuth-containing quadruple therapy (BQT) consisting of a proton-pump
inhibitor (PPI), bismuth, metronidazole and tetracycline is recommended as a second-line treatment
for Helicobacter pylori (H. pylori) infection when PPI-based standard triple therapy (STT) consisting of
a PPI, amoxicillin and clarithromycin is unsuccessful. The purpose of this study was to analyze the
long-term results of BQT as a second-line therapy to determine its effectiveness. Methods: This study
included 643 subjects who failed first-line STT and received 7 or 10–14 days of BQT as a second-line
therapy. We retrospectively analyzed the annual H. pylori eradication rates, demographic factors and
adverse events. Results: The overall eradication rates by intention-to-treat (ITT) and per-protocol
(PP) analyses were 80.7% (519/643) and 93.3% (519/556), respectively. By PP analysis, the eradication
rates for 2008–2011, 2012–2015, and 2016–2019 were 93.3%, 91.0%, and 96.4%, respectively (p = 0.145).
There were no significant differences between the 7-day group and the 10–14-day group in both the
ITT (79.7% vs. 86.0%, p = 0.148) and the PP analyses (92.7% vs. 96.6%, p = 0.187). A multivariate
analysis showed that current smoking was associated with eradication failure. Eighty-nine subjects
(16.0%) suffered adverse events, mainly gastrointestinal symptoms, but only six cases were severe.
Conclusions: BQT as a second-line therapy is an effective treatment for H. pylori. Treatment for
10–14 days showed a higher eradication rate compared with a 7-day regimen, but not significantly.
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1. Introduction

Helicobacter pylori (H. pylori) infection is known to be associated with diverse gas-
trointestinal diseases including chronic gastritis, peptic ulcers, gastric mucosa-associated
lymphoid tissue and gastric cancer [1,2]. Furthermore, H. pylori infection has also been
reported to be linked to several extra-gastric diseases, including iron deficiency anemia, pri-
mary immune thrombocytopenia and vitamin B12 deficiency anemia [3]. The eradication
of H. pylori has been reported to be beneficial not only for the treatment of peptic ulcers,
but also for the treatment and prevention of H. pylori-associated diseases such as gastric
cancer [4]. Many current guidelines recommend H. pylori eradication for these reasons, and
it is considered to be especially important in areas of high gastric cancer prevalence [5–7].

Various combination therapies are recommended for H. pylori eradication. Generally,
proton pump inhibitor (PPI)-based standard triple therapy (STT) of PPI, amoxicillin and
clarithromycin has been commonly recommended as the first-choice treatment. If it fails,
bismuth-containing quadruple therapy (BQT) consisting of PPI, bismuth, metronidazole
and tetracycline is recommended as a second-line therapy [5–9]. In Korea, recent reported
data of H. pylori resistance rates against clarithromycin, metronidazole, amoxicillin, tetracy-
cline and levofloxacin were 17.8~45.9%, 29.5~43.2%, 8.1~9.5%, 0~16.2% and 37.0~62.2%,
respectively [10,11], and there has been a decrease in efficacy of first-line STT due to an
increased resistance to clarithromycin [12]. Although the need for BQT as a second-line
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therapy has increased, there is controversy about its efficacy due to a high resistance to
metronidazole in Korea [10]. The metronidazole resistance rate reported in Korea is higher
than in the US and Europe [13,14]. Furthermore, recent studies in Korea have reported
suboptimal results or a decreasing trend of annual eradication rates of H. pylori with
BQT [15–17].

The aim of the present study was to confirm the long-term effectiveness of BQT as a
second-line therapy for H. pylori. In addition, we investigated risk factors related to the
failure of second-line therapy.

2. Materials and Methods
2.1. Subjects

We retrospectively reviewed the medical records of our center from January 2008 to
December 2019. We enrolled patients diagnosed with an H. pylori infection who had re-
ceived second-line BQT due to the failure of first-line STT. H. pylori positivity was assessed
using the 13C-urea breath test (UBT) (UBiTkit; Otsuka Pharmaceutical, Tokyo, Japan) and
histopathologic examination findings before and after the eradication therapy. Compliance
was assessed by counting the number of remaining pills via direct questioning or a ques-
tionnaire form. Poor compliance was defined as taking 80% of the prescribed medicine.
Loss to follow-up was defined as unknown results regarding the eradication success or fail-
ure. We also investigated the following demographic features: age, sex, smoking, alcohol,
type 2 diabetes mellitus, hypertension and endoscopic findings. This study was approved
by the IRB of Eunpyeong St. Mary’s Hospital, Seoul, Korea (PC20RISI0218).

2.2. BQT

All subjects received 7, 10, or 14 days of treatment with BQT consisting of standard-
dose PPI twice daily, metronidazole 500 mg three times daily, bismuth 120 mg and tetra-
cycline 500 mg four times daily. H. pylori eradication was confirmed by UBT at least
4 weeks after the completion of treatment. No PPI, H2 blockers, or bismuth were allowed
within 4 weeks of the UBT. Adverse reactions to the eradication therapy were investigated
based on medical records. Severe adverse events were defined as those requiring the
discontinuation of treatment.

2.3. Statistical Analysis

The H. pylori eradication rate was analyzed by intention-to-treat (ITT) and per-protocol
(PP) analyses. The trends in annual eradication rates were analyzed using the Cochran–
Armitage trend test. Categorical variables were analyzed using the chi-squared test,
and continuous variables were analyzed using the independent t-test. Univariate and
multivariate logistic regression tests were used for the analysis of risk factors, which were
expressed as an odds ratio (OR) and 95% confidence interval (CI). Statistical significance
was defined as a p-value < 0.05. All statistical analyses were performed using SAS v. 9.4 for
Microsoft Windows (SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Characteristics

This study included an ITT population of 643 subjects. Of these, 81 were lost to follow-
up and six were excluded because of poor compliance (Figure 1). The study included
265 males (41.2%); the mean age was 57.1 ± 12.3 years (18–86 years). Endoscopic findings
at the time of the eradication therapy initiation were gastritis (54.6%), peptic ulcer (42.9%),
stomach neoplasm such as early gastric cancer, and gastric adenoma (2.5%). Among the
cohort, 139 subjects (21.6%) had hypertension and 80 subjects (12.4%) had type 2 diabetes
mellitus (Table 1).
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 Gastritis 276 (42.9) 243 (43.7) 
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 Cigarette smoking (%) 89/606 (14.7) 70/525 (13.3) 
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Figure 1. Flowchart of the study. ITT, intention-to-treat; PP, per-protocol.

Table 1. Baseline characteristics of patients.

ITT PP

Number 643 556
Age (y) mean ± SD 57.1 ± 12.3 57.4 ± 12.2
Sex (%)

Male 265 (41.2) 220 (39.6)
Female 378 (57.8) 336 (60.4)

Diabetes mellitus (%) 80 (12.4) 62 (11.2)
Hypertension (%) 139 (21.6) 119 (21.4)
Endoscopic findings (%)

Peptic ulcer 351 (54.6) 299 (53.8)
Gastritis 276 (42.9) 243 (43.7)
EGCa + gastric adenoma 16 (2.5) 14 (2.5)
Cigarette smoking (%) 89/606 (14.7) 70/525 (13.3)
Alcohol intake (%) 169/606 (27.9) 142/525 (27.0)

ITT, intention-to-treat; PP, per-protocol; SD, standard deviation; EGCa, early gastric cancer.

3.2. Eradication Rates
3.2.1. Eradication Rates by Year

The overall eradication rates by ITT and PP analyses were 80.7% (519/643) and 93.3%
(519/556), respectively. The annual eradication rates for 2008–2019 ranged from 64.9% to
92.1% in the ITT analysis and from 85.7% to 100% in the PP analysis (Figure 2). In the
ITT analysis, the eradication rate increased over time (p = 0.004), whereas there was no
statistically significant difference over time in the PP analysis (p = 0.146) (Table 2).
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Figure 2. Annual Helicobacter pylori eradication rates of second-line bismuth containing quadruple therapy. ITT, intention-
to-treat; PP, per-protocol.

Table 2. Cumulative eradication rates per year-periods.

Year Intention-to-Treat
Eradicated/Total (%)

Per-Protocol
Eradicated/Total (%)

2008~2011 97/133 (72.9) 97/104 (93.3)
2012~2015 233/289 (80.6) 233/256 (91.0)
2016~2019 189/221 (85.5) 189/196 (96.4)

Total 519/643 (80.7) 519/556 (93.3)

3.2.2. Eradication Rates by Treatment Duration

Eradication rates in the 7-day group were 79.7% (433/543) in the ITT analysis and
92.7% (433/467) in the PP analysis. Eradication rates in the 10–14-day group were 86.0%
(86/100) in the ITT analysis and 96.6% (86/89) in the PP analysis. There were no significant
differences between the 7-day and the 10–14-day group in both the ITT (p = 0.148; 95% CI,
0.85–2.85) and PP analyses (p = 0.187, 95% CI, 0.68–7.49) (Figure 3).
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Figure 3. Comparison of eradication rate between the 7-day and the 10–14-day group. ITT, intention-
to-treat; PP, per-protocol.
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3.3. Factors Related to Eradication Failure

Univariate and multivariate analyses showed that current smoking was associated
with eradication failure (OR, 2.92; 95% CI, 1.36–6.24; p = 0.006). There was no significant
relationship between eradication failure and other factors including age, sex, alcohol,
hypertension and diabetes (Table 3).

Table 3. Logistic regression analysis to predict factors for eradication rate. (Per-Protocol).

Univariate Analysis Multivariate Analysis

OR 95% CI p-Value OR 95% CI p-Value

Age (years) 1.01 0.98, 1.04 0.620
Male (ref. Female) 0.82 0.41, 1.64 0.569

Smoking (ref. never-smoker) 2.92 1.36, 6.24 0.006 2.92 1.36, 6.24 0.006
Alcohol (ref. non-alcohol) 0.90 0.41, 1.97 0.793

Type 2 Diabetes mellitus (ref. non-T2DM) 0.96 0.33, 2.82 0.946
Hypertension (ref. non-hypertension) 1.39 0.66, 2.97 0.389

10–14 days (ref. 7 days) 0.44 0.13, 1.48 0.186

OR, odds ratio; CI, confidential interval; DM, diabetes mellitus; HTN, hypertension.

3.4. Adverse Events

Among the 562 subjects who completed follow-up, 95 patients (16.9%) complained
of events after BQT. Severe adverse events requiring the discontinuation of treatment
occurred in six patients. The most common reported adverse event was nausea or vomiting
(5.9%), followed by diarrhea or loose stool (3.6%), abdominal pain or discomfort (3.0%),
and headache or dizziness (2.0%) (Table 4). There was no statistical significance between
the 7-day and the 10–14-day groups in the PP analysis (15.0% vs. 21.4%, p = 0.134).

Table 4. Adverse events during quadruple therapy.

Patients (%), n = 562

Nausea, vomiting 33 (5.9%)
Loose stool, diarrhea 20 (3.6%)

Abdominal discomfort or pain 14 (3.0%)
Dyspepsia, poor oral intake 12 (2.1%)

Headache, dizziness 11 (2.0%)
Dry mouth 6 (1.1%)

General weakness 6 (1.1%)
Others 10 (1.8%)

4. Discussion

The overall eradication rate of second-line BQT was 80.7% by the ITT analysis and
93.3% by the PP analysis. This result is important because it meets the suggested successful
eradication rate [7,18] despite the high antibiotic resistance in Korea [19]. Our data also
suggest that annual eradication rates in the PP analysis did not decrease over time despite
the trend of increasing antibiotic resistance in our geographic area. This finding is consistent
with a recent study in Korea that reported no decrease in eradication rates of second-line
BQT from 2003 to 2018 [20], although that study analyzed data from a 14-day regimen.
Another study from 2006 to 2015 reported a similar result [21], but the number of subjects
was relatively small (231 subjects). Interestingly, although there is a difference in the rate
of antibiotic resistance in various geographic areas, BQT shows successful results and is
recommended as a first- or second-line therapy in most areas [5–9,22]. Recent European
data (Hp-EuReg) also showed similar results to this study in second-line BQT [23,24].

We found that the eradication rates determined by ITT have been relatively high
in recent years, which might be due to our recent efforts to maintain patient follow-up.
Moreover, we have tried to maintain medication compliance by proactively explaining
possible adverse events during treatment. At the same time, we emphasize the importance
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of the UBT to confirm eradication of H. pylori after the completion of treatment, which may
make patients continue with follow-up. Taken together, we suggest that these strategies
might be important factors that mediate the successful eradication of H. pylori.

There has been debate about the duration of second-line BQT. The 2013 Korean guide-
line recommends a duration of approximately 7 to 14 days for second-line BQT [7]. The
more recently published 2020 Korean guideline recommends BQT for 14 days as a second-
line therapy [8], but this recommendation has not yet been widely accepted in clinical
settings. Considering the potential for adverse events and difficulties with compliance,
some clinicians prefer a 7-day regimen. On the other hand, others prefer a 10–14-day
regimen because a longer duration might overcome metronidazole resistance [25]. Only a
few small-sized prospective studies in Korea have compared eradication rates by treatment
duration, and each reported different results. In two studies, the eradication success rate
of the 14-day treatment was statistically higher than the 7-day treatment [26,27], whereas
another study reported that 7-day therapy was as effective as 14-day therapy [28]. A
more recent prospective study reported that 14 days of therapy tended to show a higher
eradication rate compared with 7 days of therapy in both ITT (79.6% vs. 90.4%) and PP
analyses (91.7% vs. 100%), but there were no significant differences [29]. Similarly, in the
present study, the eradication success rate in the 10–14-day group was higher than it was
in the 7-day group, although there was no statistical significance. Although these data
suggest that a longer duration of treatment may be recommended for patients with good
compliance and no major adverse events, there is a need for further larger prospective stud-
ies that focus on eradication success rates and adverse event rates by treatment duration in
order to ascertain which treatment duration is better.

Some factors such as age, sex, smoking status and type 2 diabetes mellitus have
been reported to be associated with the eradication rate [30–32]. Our study showed that
only smoking was positively associated with eradication failure. This result is consistent
with earlier studies including a meta-analysis of 22 studies of 5538 patients, and a recent
large-cohort-size study of 58,130 patients [31,33]. Some possible mechanisms have been
suggested to explain the effects of smoking on eradication failure. First, smoking is known
to decrease gastric blood flow [34], which might reduce the delivery of antibiotics to the
gastric mucosa and consequently lead to treatment failure. Second, smoking stimulates
acid secretion [35], which might increase the proportion of nonreplicative bacteria that
could reduce the effectiveness of antibiotics. Third, smoking might modulate the activity of
specific CYP450 isoenzymes involved in the metabolism of PPI [36]. Lastly, smoking may
simply be a marker of poor compliance [37]. In previous studies and in this study, it was
not clear whether current smokers actually smoked during treatment. It would be useful
to clarify whether temporary smoking cessation during medication makes a difference
to eradication rates. Other factors including age, sex, alcohol, hypertension, and type
2 diabetes mellitus did not appear to be associated with treatment failure in this study.

Some therapy-induced adverse events were observed. Most of them were related
to gastrointestinal symptoms including nausea, dyspepsia, bloating and diarrhea. Some
nongastrointestinal symptoms such as headache and dizziness were also reported, but
no severe neurologic symptoms resembling bismuth-related encephalopathy were ob-
served. The symptoms were mostly well tolerated, and no specific treatments were needed.
Previous studies have also reported that BQT is safe and well tolerated [17,38].

There are some limitations of this study. It was performed at a single center and a
non-negligible number of patients were lost to follow-up, which made a relevant difference
in the eradication rate between ITT and PP. In addition, because it was a retrospective study,
there were considerable missing data relating to factors such as compliance, smoking and
drinking status, underlying disease, and adverse events. There were also differences in
the kinds of PPI and diagnostic methods. All of these subtleties might affect the results.
Furthermore, antibiotic resistance is thought to be an important factor influencing the
eradication rate [39]. Here, appropriate analysis was not possible because H. pylori culture
and antibiotic susceptibility tests were not conducted in our center.
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A strength of this study is that we measured annual eradication rates over a long
period of time in a relatively large number of study subjects who had failed first-line STT
and received second-line BQT. These data represent the real-world clinical situation in
which the recently emerging clarithromycin resistance test cannot be performed. A recent
meta-analysis of 26 studies from Korea found that pooled eradication rates of first-line
STT were 71.6% in ITT analysis and 79.6% in PP analysis [8]. Applying our data here,
the expected eradication success rates are 86.5% in ITT analysis and 98.7% in PP analysis,
assuming that H. pylori-positive individuals receive first-line STT and second-line BQT if
necessary. This suggests that the widely used process of prescribing second-line BQT in
the case of first-line STT failure remains effective in Korea. In addition, we suggest that
the effort to explain in detail to patients the importance of taking the drugs as prescribed,
the possible adverse events during treatment, and the need for a confirmation test after
treatment could improve the eradication rate. A more active and standardized effort is
thought to be able to improve compliance, which is considered the weak point of BQT.

5. Conclusions

BQT as a second-line therapy remains an effective therapy in Korea. Current smoking
was found to be associated with eradication failure. A period of 10–14 days of therapy
showed a higher eradication rate compared with 7 days, although there was no statistical
significance. Further larger-scale multicenter prospective studies are needed in the future.

Author Contributions: Study concept and design: M.-J.C., C.-H.L., and J.-H.O. Data acquisition:
K.S. and M.-J.C. Data analysis and interpretation: K.S. and C.-H.L. Drafting of the manuscript: K.S.
Review and editing of the manuscript: K.S., C.-H.L., and J.-H.O. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Eunpyeong St. Mary’s
Hospital, Seoul, Korea.

Informed Consent Statement: Patient consent was waived due the impossibility of identifying
patients and the retrospective design of the investigation.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
not publicly available due to our IRB policy but are available from the corresponding author upon
reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Crowe, S.E. Helicobacter pylori Infection. N. Engl. J. Med. 2019, 380, 1158–1165. [CrossRef] [PubMed]
2. Quach, D.T.; Hiyama, T. Assessment of Endoscopic Gastric Atrophy according to the Kimura-Takemoto Classification and Its

Potential Application in Daily Practice. Clin. Endosc. 2019, 52, 321–327. [CrossRef] [PubMed]
3. Gravina, A.G.; Priadko, K.; Ciamarra, P.; Granata, L.; Facchiano, A.; Miranda, A.; Dallio, M.; Federico, A.; Romano, M. Extra-

Gastric Manifestations of Helicobacter pylori Infection. J. Clin. Med. 2020, 9, 3887. [CrossRef]
4. Lee, Y.C.; Chiang, T.H.; Chou, C.K.; Tu, Y.K.; Liao, W.C.; Wu, M.S.; Graham, D.Y. Association Between Helicobacter pylori

Eradication and Gastric Cancer Incidence: A Systematic Review and Meta-analysis. Gastroenterology 2016, 150, 1113–1124.e5.
[CrossRef] [PubMed]

5. Kato, M.; Ota, H.; Okuda, M.; Kikuchi, S.; Satoh, K.; Shimoyama, T.; Suzuki, H.; Handa, O.; Furuta, T.; Mabe, K.; et al. Guidelines
for the management of Helicobacter pylori infection in Japan: 2016 Revised Edition. Helicobacter 2019, 24, e12597. [CrossRef]

6. Chey, W.D.; Leontiadis, G.I.; Howden, C.W.; Moss, S.F. ACG Clinical Guideline: Treatment of Helicobacter pylori Infection. Am. J.
Gastroenterol. 2017, 112, 212–239. [CrossRef]

7. Kim, S.G.; Jung, H.K.; Lee, H.L.; Jang, J.Y.; Lee, H.; Kim, C.G.; Shin, W.G.; Shin, E.S.; Lee, Y.C. Guidelines for the diagnosis and
treatment of Helicobacter pylori infection in Korea, 2013 revised edition. J. Gastroenterol. Hepatol. 2014, 29, 1371–1386. [CrossRef]

8. Jung, H.K.; Kang, S.J.; Lee, Y.C.; Yang, H.J.; Park, S.Y.; Shin, C.M.; Kim, S.E.; Lim, H.C.; Kim, J.H.; Nam, S.Y.; et al. Evidence-Based
Guidelines for the Treatment of Helicobacter pylori Infection in Korea 2020. Gut Liver 2021. [CrossRef] [PubMed]

http://doi.org/10.1056/NEJMcp1710945
http://www.ncbi.nlm.nih.gov/pubmed/30893536
http://doi.org/10.5946/ce.2019.072
http://www.ncbi.nlm.nih.gov/pubmed/31327182
http://doi.org/10.3390/jcm9123887
http://doi.org/10.1053/j.gastro.2016.01.028
http://www.ncbi.nlm.nih.gov/pubmed/26836587
http://doi.org/10.1111/hel.12597
http://doi.org/10.1038/ajg.2016.563
http://doi.org/10.1111/jgh.12607
http://doi.org/10.5009/gnl20288
http://www.ncbi.nlm.nih.gov/pubmed/33468712


J. Clin. Med. 2021, 10, 3273 8 of 9

9. Malfertheiner, P.; Megraud, F.; O’Morain, C.A.; Gisbert, J.P.; Kuipers, E.J.; Axon, A.T.; Bazzoli, F.; Gasbarrini, A.; Atherton, J.;
Graham, D.Y.; et al. Management of Helicobacter pylori infection-the Maastricht V/Florence Consensus Report. Gut 2017, 66,
6–30. [CrossRef] [PubMed]

10. Lee, J.Y.; Kim, N.; Nam, R.H.; In Choi, S.; Lee, J.W.; Lee, D.H. Primary and secondary antibiotic resistance of Helicobacter pylori
in Korea from 2003 to 2018. Helicobacter 2019, 24, e12660. [CrossRef] [PubMed]

11. Lee, J.H.; Ahn, J.Y.; Choi, K.D.; Jung, H.Y.; Kim, J.M.; Baik, G.H.; Kim, B.W.; Park, J.C.; Jung, H.K.; Cho, S.J.; et al. Nationwide
antibiotic resistance mapping of Helicobacter pylori in Korea: A prospective multicenter study. Helicobacter 2019, 24, e12592.
[CrossRef]

12. Lee, J.Y.; Kim, N.; Kim, M.S.; Choi, Y.J.; Lee, J.W.; Yoon, H.; Shin, C.M.; Park, Y.S.; Lee, D.H.; Jung, H.C. Factors affecting first-line
triple therapy of Helicobacter pylori including CYP2C19 genotype and antibiotic resistance. Dig. Dis. Sci. 2014, 59, 1235–1243.
[CrossRef]

13. Megraud, F.; Coenen, S.; Versporten, A.; Kist, M.; Lopez-Brea, M.; Hirschl, A.M.; Andersen, L.P.; Goossens, H.; Glupczynski,
Y. Helicobacter pylori resistance to antibiotics in Europe and its relationship to antibiotic consumption. Gut 2013, 62, 34–42.
[CrossRef] [PubMed]

14. Boyanova, L.; Mitov, I. Geographic map and evolution of primary Helicobacter pylori resistance to antibacterial agents. Expert
Rev. Anti-Infect. Ther. 2010, 8, 59–70. [CrossRef] [PubMed]

15. Shin, W.G.; Lee, S.W.; Baik, G.H.; Huh, K.C.; Lee, S.I.; Chung, J.W.; Jung, W.T.; Park, M.I.; Jung, H.K.; Kim, H.U.; et al. Eradication
Rates of Helicobacter pylori in Korea Over the Past 10 years and Correlation of the Amount of Antibiotics Use: Nationwide
Survey. Helicobacter 2016, 21, 266–278. [CrossRef]

16. Kim, G.H.; Kim, J.A.; Ko, U.W.; Park, J.H.; Lee, J.Y.; Jin, S.S.; Joo, Y.-H.; Shin, J.U. Eradication Rates of First-line and Second-line
Therapy forHelicobacter pyloriInfection in Gyeongnam Province. Korean J. Helicobacter Up. Gastrointest. Res. 2015, 15. [CrossRef]

17. Hwang, J.J.; Lee, D.H.; Lee, A.R.; Yoon, H.; Shin, C.M.; Park, Y.S.; Kim, N. Fourteen- vs seven-day bismuth-based quadruple
therapy for second-line Helicobacter pylori eradication. World J. Gastroenterol. 2015, 21, 8132–8139. [CrossRef]

18. Graham, D.Y.; Fischbach, L. Helicobacter pylori treatment in the era of increasing antibiotic resistance. Gut 2010, 59, 1143–1153.
[CrossRef]

19. Lee, J.Y.; Kim, N. Future trends of Helicobacter pylori eradication therapy in Korea. Korean J. Gastroenterol. 2014, 63, 158–170.
[CrossRef]

20. Yoon, K.; Kim, N.; Lee, J.W.; Yoon, H.; Shin, C.M.; Park, Y.S.; Lee, D.H. Annual eradication rate of bismuth-containing quadruple
therapy as second-line treatment for Helicobacter pylori infection: A 15-year prospective study at a tertiary hospital in Korea.
Helicobacter 2020, 25, e12685. [CrossRef]

21. Park, J.S.; Park, J.E.; Oh, B.S.; Yoon, B.W.; Kim, H.K.; Lee, J.W.; Kim, N.H.; Cho, W.S.; Woo, Y.S.; Jahng, J.; et al. Trend in the
Eradication Rates of Helicobacter pylori Infection Over the Last 10 Years in West Gyeonggi-do, Korea: A Single Center Experience.
Korean J. Gastroenterol. 2017, 70, 232–238. [CrossRef]

22. Ierardi, E.; Giorgio, F.; Losurdo, G.; Di Leo, A.; Principi, M. How antibiotic resistances could change Helicobacter pylori treatment:
A matter of geography? World J. Gastroenterol. 2013, 19, 8168–8180. [CrossRef] [PubMed]

23. Caldas, M.; Pérez-Aisa, Á.; Castro-Fernández, M.; Bujanda, L.; Lucendo, A.J.; Rodrigo, L.; Huguet, J.M.; Pérez-Lasala, J.; Molina-
Infante, J.; Barrio, J.; et al. European Registry on Helicobacter pylori Management: Effectiveness of First and Second-Line
Treatment in Spain. Antibiotics 2020, 10, 13. [CrossRef] [PubMed]

24. Nyssen, O.P.; Bordin, D.; Tepes, B.; Pérez-Aisa, Á.; Vaira, D.; Caldas, M.; Bujanda, L.; Castro-Fernandez, M.; Lerang, F.; Leja,
M.; et al. European Registry on Helicobacter pylori management (Hp-EuReg): Patterns and trends in first-line empirical
eradication prescription and outcomes of 5 years and 21 533 patients. Gut 2021, 70, 40–54. [CrossRef]

25. Van der Wouden, E.J.; Thijs, J.C.; van Zwet, A.A.; Sluiter, W.J.; Kleibeuker, J.H. The influence of in vitro nitroimidazole resistance
on the efficacy of nitroimidazole-containing anti-Helicobacter pylori regimens: A meta-analysis. Am. J. Gastroenterol. 1999, 94,
1751–1759. [CrossRef]

26. Chung, J.W.; Lee, J.H.; Jung, H.Y.; Yun, S.C.; Oh, T.H.; Choi, K.D.; Song, H.J.; Lee, G.H.; Kim, J.H. Second-line Helicobacter
pylori eradication: A randomized comparison of 1-week or 2-week bismuth-containing quadruple therapy. Helicobacter 2011, 16,
289–294. [CrossRef] [PubMed]

27. Lee, B.H.; Kim, N.; Hwang, T.J.; Lee, S.H.; Park, Y.S.; Hwang, J.H.; Kim, J.W.; Jeong, S.H.; Lee, D.H.; Jung, H.C.; et al. Bismuth-
containing quadruple therapy as second-line treatment for Helicobacter pylori infection: Effect of treatment duration and
antibiotic resistance on the eradication rate in Korea. Helicobacter 2010, 15, 38–45. [CrossRef]

28. Yoon, J.H.; Baik, G.H.; Kim, Y.S.; Suk, K.T.; Shin, W.G.; Kim, K.H.; Kim, K.O.; Park, C.H.; Baik, I.H.; Jang, H.J.; et al. Comparison of
the Eradication Rate between 1- and 2-Week Bismuth-Containing Quadruple Rescue Therapies for Helicobacter pylori Eradication.
Gut Liver 2012, 6, 434–439. [CrossRef]

29. Kim, T.H.; Park, J.M.; Cheung, D.Y.; Oh, J.H. Comparison of 7- and 14-Day Eradication Therapy for Helicobacter pylori with First-
and Second-Line Regimen: Randomized Clinical Trial. J. Korean Med. Sci. 2020, 35, e33. [CrossRef]

30. Kim, S.E.; Park, M.I.; Park, S.J.; Moon, W.; Kim, J.H.; Jung, K.; Kim, H.K.; Lee, Y.D. Second-line bismuth-containing quadruple
therapy for Helicobacter pylori eradication and impact of diabetes. World J. Gastroenterol. 2017, 23, 1059–1066. [CrossRef]

31. Suzuki, T.; Matsuo, K.; Ito, H.; Sawaki, A.; Hirose, K.; Wakai, K.; Sato, S.; Nakamura, T.; Yamao, K.; Ueda, R.; et al. Smoking
increases the treatment failure for Helicobacter pylori eradication. Am. J. Med. 2006, 119, 217–224. [CrossRef] [PubMed]

http://doi.org/10.1136/gutjnl-2016-312288
http://www.ncbi.nlm.nih.gov/pubmed/27707777
http://doi.org/10.1111/hel.12660
http://www.ncbi.nlm.nih.gov/pubmed/31507036
http://doi.org/10.1111/hel.12592
http://doi.org/10.1007/s10620-014-3093-7
http://doi.org/10.1136/gutjnl-2012-302254
http://www.ncbi.nlm.nih.gov/pubmed/22580412
http://doi.org/10.1586/eri.09.113
http://www.ncbi.nlm.nih.gov/pubmed/20014902
http://doi.org/10.1111/hel.12279
http://doi.org/10.7704/kjhugr.2015.15.3.160
http://doi.org/10.3748/wjg.v21.i26.8132
http://doi.org/10.1136/gut.2009.192757
http://doi.org/10.4166/kjg.2014.63.3.158
http://doi.org/10.1111/hel.12685
http://doi.org/10.4166/kjg.2017.70.5.232
http://doi.org/10.3748/wjg.v19.i45.8168
http://www.ncbi.nlm.nih.gov/pubmed/24363506
http://doi.org/10.3390/antibiotics10010013
http://www.ncbi.nlm.nih.gov/pubmed/33375717
http://doi.org/10.1136/gutjnl-2020-321372
http://doi.org/10.1016/S0002-9270(99)00258-0
http://doi.org/10.1111/j.1523-5378.2011.00844.x
http://www.ncbi.nlm.nih.gov/pubmed/21762268
http://doi.org/10.1111/j.1523-5378.2009.00735.x
http://doi.org/10.5009/gnl.2012.6.4.434
http://doi.org/10.3346/jkms.2020.35.e33
http://doi.org/10.3748/wjg.v23.i6.1059
http://doi.org/10.1016/j.amjmed.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed/16490464


J. Clin. Med. 2021, 10, 3273 9 of 9

32. Graham, D.Y.; Lew, G.M.; Malaty, H.M.; Evans, D.G.; Evans, D.J., Jr.; Klein, P.D.; Alpert, L.C.; Genta, R.M. Factors influencing the
eradication of Helicobacter pylori with triple therapy. Gastroenterology 1992, 102, 493–496. [CrossRef]

33. Itskoviz, D.; Boltin, D.; Leibovitzh, H.; Tsadok Perets, T.; Comaneshter, D.; Cohen, A.; Niv, Y.; Levi, Z. Smoking increases the
likelihood of Helicobacter pylori treatment failure. Dig. Liver Dis. 2017, 49, 764–768. [CrossRef]

34. Holm, L.; Perry, M.A. Role of blood flow in gastric acid secretion. Am. J. Physiol. 1988, 254, G281–G293. [CrossRef]
35. Parente, F.; Lazzaroni, M.; Sangaletti, O.; Baroni, S.; Bianchi Porro, G. Cigarette smoking, gastric acid secretion, and serum

pepsinogen I concentrations in duodenal ulcer patients. Gut 1985, 26, 1327–1332. [CrossRef]
36. Zevin, S.; Benowitz, N.L. Drug interactions with tobacco smoking. An update. Clin. Pharmacokinet. 1999, 36, 425–438. [CrossRef]
37. Shuter, J.; Bernstein, S.L. Cigarette smoking is an independent predictor of nonadherence in HIV-infected individuals receiving

highly active antiretroviral therapy. Nicotine Tob. Res. 2008, 10, 731–736. [CrossRef]
38. Ford, A.C.; Malfertheiner, P.; Giguere, M.; Santana, J.; Khan, M.; Moayyedi, P. Adverse events with bismuth salts for Helicobacter

pylori eradication: Systematic review and meta-analysis. World J. Gastroenterol. 2008, 14, 7361–7370. [CrossRef] [PubMed]
39. Mégraud, F. H pylori antibiotic resistance: Prevalence, importance, and advances in testing. Gut 2004, 53, 1374–1384. [CrossRef]

[PubMed]

http://doi.org/10.1016/0016-5085(92)90095-G
http://doi.org/10.1016/j.dld.2017.03.010
http://doi.org/10.1152/ajpgi.1988.254.3.G281
http://doi.org/10.1136/gut.26.12.1327
http://doi.org/10.2165/00003088-199936060-00004
http://doi.org/10.1080/14622200801908190
http://doi.org/10.3748/wjg.14.7361
http://www.ncbi.nlm.nih.gov/pubmed/19109870
http://doi.org/10.1136/gut.2003.022111
http://www.ncbi.nlm.nih.gov/pubmed/15306603

	Introduction 
	Materials and Methods 
	Subjects 
	BQT 
	Statistical Analysis 

	Results 
	Characteristics 
	Eradication Rates 
	Eradication Rates by Year 
	Eradication Rates by Treatment Duration 

	Factors Related to Eradication Failure 
	Adverse Events 

	Discussion 
	Conclusions 
	References

