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Abstract
Background Sequential and concomitant therapies are two
innovative therapies for Helicobacter pylori (H. pylori) erad-
ication. However, the comparative efficacy and safety of these
treatments are controversial. Therefore, we aimed to conduct
an updated systematic review andmeta-analysis of studies that
compared these two treatments.
Methods A search of PubMed, Embase, the Cochrane
Library, and Web of Science was carried out. Randomized
controlled trials (RCTs) that compared sequential with con-
comitant therapies were selected for meta-analysis.
Results Twenty RCTs were included in the analysis. The erad-
ication rate of 10-day sequential therapy was superior to that
of 5-day concomitant therapy (82.09 versus 77.79%, relative
risk (RR) 1.052 (95% confidence interval (CI) 1.004–1.103),
P = 0.035)), similar to that of 7-day concomitant therapy
(82.40 versus 86.99%, RR 0.959 (95% CI 0.874–1.053),
P = 0.382), and inferior to that of 10-day concomitant therapy
(78.39 versus 83.32%, RR 0.945 (95% CI 0.907–0.984,
P = 0.006); the occurrence of diarrhea was higher in 10-day
concomitant therapy than that in 10-day sequential therapy.
Compared with the eradication rate of sequential therapy, that

of concomitant therapy was higher in metronidazole-resistant
strains (RR 0.912 (95% CI 0.844–0.986, P = 0.020)) and
strains resistant to metronidazole and clarithromycin (RR
0.542 (95% CI 0.308–0.956, P = 0.035)).
Conclusion The efficacy of concomitant therapy was dura-
tion dependent, and 10-day concomitant therapy was supe-
rior to 10-day sequential therapy. Compared to sequential
therapy, concomitant therapy was more efficacious for
metronidazole-resistant strains and metronidazole plus
clarithromycin-resistant strains. However, diarrhea was
more frequent with concomitant therapy than with sequen-
tial therapy.

Keywords Helicobacter pylori . Sequential . Concomitant .

Duration dependent . Non-bismuth .Metronidazole and
clarithromycin

Introduction

Helicobacter pylori (H. pylori) is a global human pathogen
that plays important roles in certain gastrointestinal diseases,
such as peptic ulcers, chronic gastritis, gastric cancer, and
gastric malignant disease [1–3]. H. pylori infection remains
one of the most common human infections worldwide, partic-
ularly in developing countries [4, 5]. In the previous decade,
the most widely recommended approach for eradicating H.
pylori was the standard triple therapy consisting of a proton
pump inhibitor (PPI), amoxicillin, and clarithromycin or met-
ronidazole [6, 7]. Unfortunately, the high success rates initial-
ly reported for conventional triple therapy have been eroded
by the increasing prevalence of antibiotic resistance.
Currently, the success of triple therapy has decreased to 80%
or less in most countries [8, 9].
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These data have led to the pursuit of strategies to improveH.
pylori treatment efficacy. One recent innovation postulated as
an alternative to standard triple therapy is sequential treatment,
which was introduced in Italy by Zullo et al. [10] and consists
of a 5-day induction phase with amoxicillin and a PPI, imme-
diately followed by 5 days of triple therapy (metronidazole,
clarithromycin, and PPI). Studies have also recommended
tinidazole or other antibiotics instead of metronidazole [11],
and several studies support the sequential treatment strategy
as a standard first-line treatment forH. pylori infection [12–14].

Another therapeutic innovation for the treatment of H.
pylori infection is concomitant therapy. In 1998, investigators
from Germany and Japan proposed a short-term, 4-drug reg-
imen (a PPI, clarithromycin, metronidazole, and amoxicillin)
to be administered concomitantly as a non-sequential, 3-anti-
biotic, non-bismuth-containing quadruple therapy [15, 16].
This treatment paradigm has recently reappeared, with a
prolonged 10-day or longer duration, as a valid, simple, and
widely available first-line treatment option [17, 18].

Several studies have focused on the efficacy and safety of
these two therapies; however, their results are controversial.
Three meta-analyses showed similar efficacies for sequential
and concomitant therapies [19–21], whereas theMaastricht V/
Florence Consensus Report insists that concomitant therapy
should be the preferred non-bismuth quadruple therapy and is
the most effective in overcoming antibiotic resistance because
the efficacy of concomitant therapy is duration dependent
[22]. These three meta-analyses were published in 2013 and
2015, and less than 10 studies were employed in their analy-
ses. Regarding analyses between different therapy durations,
there are fewer studies providing reliable results for their con-
clusions. To further explore the efficacies of concomitant and
sequential therapies, we present an updated systematic review
and meta-analysis of the evidence published to date regarding
the potential efficacy and safety of these two therapies.

Methods

The systematic review and meta-analysis were performed fol-
lowing the recommendations of the Preferred Reporting Items
for Systemic Reviews and Meta-Analyses (PRISMA) state-
ment [23].

Information sources

We searched PubMed, Embase, the Cochrane Central Register
of Controlled Trials, andWeb of Science (until February 2017).

Search terms

The search strategy was not limited by language, and the search
terms included H. pylori, sequential, concomitant, and non-

bismuth quadruple. The search terms used in the PubMed da-
tabase were as follows: (Helicobacter pylori or H. pylori) and
sequential and (concomitant or Bnon-bismuth quadruple^).

Study selection

Articles eligible for inclusion in the meta-analysis met the fol-
lowing inclusion criteria: (1) randomized controlled trials
(RCTs) published as full texts; (2) articles that included at least
two branches of treatment consisting of (i) concomitant therapy
and (ii) sequential therapy; (3) studies in whichH. pylori infec-
tion was determined using one or more of the standard detec-
tion methods (urea breath tests (UBT), rapid urease test (RUT),
histology, bacterial culture or fecal antigen testing); (4) studies
in which the H. pylori eradication rate was determined at least
4 weeks after the completion of the eradication regimen; (5)
studies in which the eradication rate was obtainable; and (6)
studies in which the patients were naïve to therapy.

Data collection process

Two independent reviewers (W-YH and Z-RL) extracted the
data from the selected studies; a third investigator resolved
disagreements (W-B).

Data items

The following data were extracted into a predefined data ex-
traction form (Tables 1, 2, and 3): the author and published
year, country of the trial, eradication regimens, duration of
treatments, test used to confirm persistent infection prior to
study enrollment and the eradication of infection after the com-
pletion of treatment, number of patients in each treatment arm
by intention-to-treat analysis (ITT) and per-protocol (PP) anal-
ysis, number of patients with successful eradication determined
by ITT and PP analyses, number of strains with primary resis-
tance to antibiotics, number of patients with eradicated infec-
tions of resistant strains, number of patients who experienced
adverse effects, and compliance rates of the two therapies.

Risk of bias in individual studies

The risk of bias was evaluated by two independent reviewers
(W-YH and Z-RL) according to the risk of bias assessment
tool developed by the Cochrane Collaboration [44]. The
criteria referred to the characteristics of studies that may be
related to random sequence generation, allocation conceal-
ment, performance bias (blinding of participants and person-
nel), detection bias (blinding of the outcome assessment), at-
trition bias (incomplete outcome data), and reporting bias (se-
lective outcome reporting). Each criterion was scored as yes
(Y), no (N), or unclear (U), where Byes^ indicated a low risk
of bias, Bno^ indicated a high risk of bias, and Bunclear^
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indicated an uncertain risk of bias. A third investigator (W-B)
resolved disagreements.

Summary measurements

Data analysis was performed using Stata meta-analysis soft-
ware, version 12.0 (StataCorp LP, College Station, TX). The
relative risks (RRs) were presented with 95% confidence in-
tervals (CIs) and were calculated based on a random-effects
model as described by Mantel-Haenszel. P values less than
0.05 were considered statistically significant.

Synthesis of results

The primary study outcome for the meta-analysis was the
eradication rate of sequential therapy compared with that of
concomitant therapy, and the secondary end points were the
adverse effects of and compliance with sequential therapy

compared with those for concomitant therapy. The study end
points were calculated using ITTand PP analyses.We estimat-
ed the degree of heterogeneity among the trial results using χ2

statistics (with P values less than 0.10 considered significant)
and the I2 test (25, 50, and 75% represented low, moderate,
and high heterogeneity, respectively).

Sensitivity analysis

Sensitivity was analyzed using Stata meta-analysis software.
The stability of the results was evaluated by removing articles
with high heterogeneity and reporting bias, as these articles
may substantially affect the results.

Risk of bias across studies

The presence of publication bias was assessed using Egger’s
test; P values less than 0.10 were considered significant.

Table 3 Effect of antibiotic resistance on H. pylori eradicate

Sequential therapy
succeed (N)

Sequential therapy
failure (N)

Sequential therapy
eradication rate (%)

Concomitant therapy
succeed (N)

Concomitant
therapy failure (N)

Concomitant therapy
eradication rates (%)

Federico, A-2012 [25]

Clar 10 0 100.0 8 0 100.0

Metr 10 1 90.9 9 1 90.0

Clar Metr 4 0 100.0 3 0 100.0

Levr 2 1 66.7 2 1 66.7

Huang, YK-2012 [32]

Clar 3 2 60.0 3 0 100.0

Metr 14 4 77.8 16 0 100.0

Levr 1 0 100.0 3 0 100.0

Amor 0 1 0 1 0 100.0

Clar Metr 2 2 50.0 2 0 100.0

Hsu, PI-2014 [28]

Clas Metr 10 1 90.9 18 0 100.0

Clar Mets 2 1 66.7 2 0 100.0

Clar Metr 1 1 50.0 2 1 66.7

Georgopoulos, SD-2016 [40]

Clas Metr 31 8 79.5 38 1 97.4

Clar Mets 26 5 83.9 25 3 89.3

Clar Metr 4 7 36.4 9 3 75.0

Tepes, B-2016 [30]

Clar 6 3 66.7 13 2 86.7

Metr 28 3 90.3 29 2 93.5

Wu, DC-2010 [31]

Clar 4 3 57.1 3 1 75.0

Metr 27 3 90.0 24 2 92.3

Levr 10 2 83.3 5 0 100.0

Amor 0 0 – 1 0 100.0

Clar Metr 1 2 33.3 3 1 75.0

Cla clarithromycin, Met metronidazole, Lev levofloxacin, Amo amoxicillin, s susceptible, r resistant
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Results

Selection of studies

The literature search yielded 591 studies, which were
reviewed with full text and/or abstracts. Among these studies,
duplication checking was performed using the software
BNoteExpress, standard version 3.0^ (Beijing, China), accord-
ing to the publication year, title of the article, and the name of
the author. After the first step of the duplicate article elimina-
tion, 286 records remained. We subsequently checked the ab-
stracts or full texts of these records, and only clinical investi-
gations that included at least two branches of treatment
consisting of (i) concomitant therapy and (ii) sequential ther-
apy were included. After this process, 25 records remained.
Among these articles, two studies were excluded because of
data repetition [45, 46], one study was excluded because of the
lack of raw data [47], one study was excluded because the
method used to detect H. pylori infection was obscure [48],
and one study was excluded because it did not conform to an
RCT [49]. Finally, 20 RCTs met the inclusion criteria and
were included for further analysis. A flowchart of the multi-
step exclusion process is presented in Fig. 1.

Study characteristics

Twenty studies were used after rigorous filtering. Of these
studies, nine studies evaluated the eradication rate by compar-
ing sequential therapy with concomitant therapy [49]; six
studies compared the efficacies of triple, sequential, and con-
comitant therapies [24, 28–30, 34, 38]; and two studies com-
pared the efficacies of hybrid, sequential, and concomitant
therapies [26, 27]. Two studies compared bismuth-
containing quadruple therapy, sequential therapy, and con-
comitant therapy [37, 41]. One study compared five different
regimens [35]. Considering the objective of our meta-analysis,
the data that compared sequential therapy with concomitant
therapy were analyzed. Of all studies, 18 studies performed
10-day sequential therapies, and 2 studies performed 14-day
sequential therapies; however, the duration of concomitant
therapy varied among these articles. To reduce the heteroge-
neity of the meta-analysis, we did not pool the result of con-
comitant therapies with different durations. A total of 5697
patients were randomized to the two groups (Table 1).

Risk of bias within studies

Among these 20 studies, all studies were published as full-text
publications with methodological details reported. Seventeen
studies reported methods for sequence generation. Five stud-
ies described methods for allocation concealment. None of the
studies described methods for blinding of the participants.
Three of the studies provided methods for blinding of the

outcome assessment. None of the studies provided incomplete
outcome data. In addition, seven studies had a low risk of
reporting bias (Table 2).

Synthesis of results

10-day sequential versus 5-day concomitant therapy

Primary outcome:H. pylori eradication ratesWe identified
four studies that compared the efficacy of concomitant therapy
with sequential therapy inH. pylori eradication, which report-
ed data from 1555 participants (776 participants who
underwent sequential therapy and 779 participants who
underwent concomitant therapy). There was low heterogene-
ity among these studies (P = 0.344; I2 = 9.9%). The meta-
analysis showed that the eradication rate of 5-day concomitant
therapy was lower than that of 10-day sequential therapy
when pooled as ITT data, the relative risk (RR) was 1.052
(95% CI 1.004–1.103, P = 0.035) (Fig. 2a), and the eradica-
tion rates were 82.09% for sequential therapy and 77.79% for
concomitant therapy (four RCTs). However, when calculating
the PP data, the pooled RR was 1.027 (95% CI 0.957–1.101,
P = 0.463), and the eradication rates were 93.97% for sequen-
tial therapy and 90.77% for concomitant therapy (3 RCTs).

Risk of bias across studiesEgger’s test (P = 0.197) suggested
that there were no significant biases across the studies.

10-day sequential versus 7-day concomitant therapy

Primary outcome:H. pylori eradication ratesWe identified
three studies that compared the efficacy of concomitant ther-
apy with sequential therapy in H. pylori eradication, which
reported data from 784 participants (392 participants who
underwent sequential therapy and 392 participants who
underwent concomitant therapy). There was a moderate het-
erogeneity among these studies (P = 0.040; I2 = 69.0%). The
meta-analysis showed that the eradication rate of 7-day con-
comitant therapy was not inferior to that of 10-day sequential
therapy when pooled as ITT data, the RR was 0.959 (95% CI
0.874–1.053, P = 0.382) (Fig. 2b), and the eradication rates
were 82.40% for sequential therapy and 86.99% for concom-
itant therapy (three RCTs). When calculating the PP data, the
pooled RR was 0.997 (95% CI 0.928–1.071, P = 0.930) and
the eradication rates were 93.55% for sequential therapy and
94.06% for concomitant therapy (two RCTs).

Risk of bias across studiesEgger’s test (P = 0.129) suggested
there were no significant biases across the studies.

Secondary outcome: side effectsData on adverse events were
available for three trials. There was low heterogeneity among
these studies (P = 0.424; I2 = 0.0%). There were no significant
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differences in the occurrence of side effects between sequential
therapy and concomitant therapy. The ITT pooled RR was
0.931 (95% CI 0.785–1.106, P = 0.417) (three RCTs).

10-day sequential versus 10-day concomitant therapy

Primary outcome:H. pylori eradication ratesWe identified
12 studies that compared the efficacy of concomitant therapy
with sequential therapy inH. pylori eradication, which reported
data from 3010 participants (1481 participants who underwent
sequential therapy and 1529 participants who underwent con-
comitant therapy). There was moderate heterogeneity among
these studies (P = 0.157; I2 = 29.5%). The meta-analysis
showed that the eradication rate of 10-day concomitant therapy
was superior to that of 10-day sequential therapy when pooled
as ITT data, the RR was 0.945 (95% CI 0.907–0.984,
P = 0.006) (12 RCTs) (Fig. 2c), and the eradication rates were
78.39% for sequential therapy and 83.32% for concomitant
therapy. When calculating the PP data, the pooled RR was
0.950 (95% CI 0.922–0.979, P = 0.001) (12 RCTs), and the
eradication rates were 86.38% for sequential therapy and
91.36% for concomitant therapy.

Risk of bias across studiesEgger’s test (P = 0.513) suggested
there were no significant biases across the studies.

Sensitivity analysis Regarding the sensitivity analysis, the
outcome was stable.

Secondary outcome: side effects and compliance Data on
adverse events were available from eight of the included trials;
these trials reported data from 1957 participants (1035 partici-
pants who received sequential therapy and 1034 participants
who received concomitant therapy). There was low heteroge-
neity among these studies (P = 0.683; I2 = 0%). There were no
significant differences in the occurrence of side effects between

sequential therapy and concomitant therapy. The ITT pooled
RR was 0.942 (95% CI 0.863–1.030, P = 0.189) (eight RCTs)
(Fig. 3a). When considering severe side effects, the pooled RR
was 0.597 (95% CI 0.328–1.087, P = 0.091). Regarding the
sensitivity analysis, the outcome was stable. In addition, we
analyzed side effects, such as abdominal pain, diarrhea,
bloating, nausea, vomiting, anorexia, dizziness, bitter taste,
headache, and general weakness, between the two therapies.
Only the occurrence of diarrhea was higher for the concomitant
therapy than that for sequential therapy, with an ITT pooled RR
of 0.606 (95% CI 0.444–0.827, P = 0.002) (eight RCTs)
(Fig. 3b); the other side effects were not significantly different
between the two treatments.

Data on compliance were available from 11 of the 12 trials.
There was low heterogeneity among these studies (P = 0.487;
I2 = 0.00%). No significant differences in compliance were
identified between the sequential and concomitant therapies,
and the pooled RR was 0.994 (95% CI 0982–1.006) (Fig. 3c).

Sequential versus 14-day concomitant therapy

We identified three studies that compared the efficacy of con-
comitant therapy with sequential therapy in H. pylori eradica-
tion, which reported data from 554 participants (280 partici-
pants who underwent sequential therapy and 274 participants
who underwent concomitant therapy). Among these three stud-
ies, one study compared 10-day sequential therapy versus 14-
day concomitant therapy and two studies compared 14-day
sequential therapy versus 14-day concomitant therapy. Ten-
day sequential therapy did not significantly differ from 14-
day concomitant therapy. When we pooled 14-day sequential
therapy versus 14-day concomitant therapy, there was low het-
erogeneity among these studies (P = 0.918; I2 = 0.0%). The
meta-analysis showed that the eradication rate of 14-day con-
comitant therapy was similar to that of 14-day sequential ther-
apy, the RR was 0.941 (95% CI 0.837–1.058, P = 0.311)
(Fig. 2d), and the eradication rates were 74.71% for sequential
therapy and 79.27% for concomitant therapy.When calculating
the PP data, the pooled RR was 0.962 (95% CI 0.897–1.031,
P = 0.270), and the eradication rates were 93.02% for sequen-
tial therapy and 96.41% for concomitant therapy (two RCTs).

Ability to overcome antibiotic resistance Seven studies pro-
vided data to investigate the role of primary resistance in the
eradication of H. pylori infection, whereas one study did not
analyze treatment outcome stratified according to antibiotic
resistance profiles and treatment arms [50]. Six studies were
included in the analysis, and the data are summarized in
Table 3. When comparing the eradication rate of
metronidazole-resistant strains, the results showed that the
eradication rate of concomitant therapy was superior to that
of sequential therapy, 85.71 versus 95.71%, respectively, RR
0.912 (95% CI 0.844–0.986, P = 0.020) (Fig. 4a). Regarding

Fig. 1 Flowchart of study selection for inclusion in meta-analysis
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the eradication rates of clarithromycin-resistant strains, the
eradication rates of the two therapies were similar, 74.55 ver-
sus 88.46%, respectively, RR 0.886 (95% CI 0.745–1.055,
P = 0.174) (Fig. 4b). When considering the eradication rates
of clarithromycin and metronidazole dual-resistant strains, the
data showed that the eradication rate of concomitant therapy
was superior to that of sequential therapy, 50.00 versus
79.17%, respectively, RR 0.542 (95% CI 0.308–0.956,
P = 0.035) (Fig. 4c).

Discussion

Sequential therapy was proposed by Italian investigators in
2000 [10]. This regimen has been postulated to replace stan-
dard triple therapy, particularly in patients with dual resistance
(clarithromycin and imidazole), precluding the use of standard
triple therapy [3, 51]. Studies have also suggested that a long
duration of amoxicillin administration would decrease the bac-
terial load and disrupt the efflux pump, thereby preventing
clarithromycin resistance [52]. In concomitant therapy, four
drugs (a PPI and three antibiotics) are administered together.
This regimen is implemented as a first-line therapy when high

clarithromycin resistance is present and bismuth is not locally
available [51]. Compared with sequential therapy, concomitant
therapy appears to reduce the complexity of the regimen [53].

This meta-analysis provides evidence of the safety and ef-
ficacy of sequential therapy versus concomitant therapy forH.
pylori infection. The main findings of this study were that the
eradication rate of 10-day sequential therapy was superior to
that of 5-day concomitant therapy, similar to that of 7-day
concomitant therapy, and inferior to that of 10-day concomi-
tant therapy, which indicates a duration-dependent efficacy of
concomitant therapy. A different result was obtained when
comparing sequential therapy with 14-day concomitant thera-
py. The similar eradication rates of the two treatments may be
a result of the increased duration of both therapies, according
to Yeo et al. [54]. Fourteen-day sequential therapy has a higher
eradication rate than sequential therapy at a duration ≤ 10 days
(OR = 1.84, 95% CI 1.17–2.29); thus, prolonging the duration
from 10 days to 14 days may improve the eradication rate of
sequential therapy more than concomitant therapy.

When we compared the safety and compliance of 10-day
sequential therapy with 10-day concomitant therapy, there
were no significant differences regarding the total number of
side effects; however, the occurrence of diarrhea was higher in

Fig. 2 Helicobacter pylori eradication rates of sequential therapy versus
concomitant therapy. a Ten-day sequential therapy versus 5-day concom-
itant therapy. b Ten-day sequential therapy versus 7-day concomitant

therapy. c Ten-day sequential therapy versus Ten-day concomitant thera-
py. d Fourteen-day sequential therapy versus 14-day concomitant therapy
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concomitant therapy than in sequential therapy. This phenom-
enon may be a result of the use of three antibiotics adminis-
tered together, which influence the microbiota in the gut; a

normal microbiota environment is important to degrade undi-
gested carbohydrates to short-chained fatty acids and protect
the host from harm caused by conditional pathogenic bacteria

Fig. 3 Side effects and
compliance of 10-day sequential
therapy versus 10-day
concomitant therapy. a Total side
effects of 10-day sequential
therapy versus 10-day
concomitant therapy. b
Occurrence of diarrhea in 10-day
sequential therapy versus 10-day
concomitant therapy. c
Compliance of 10-day sequential
therapy versus 10-day
concomitant therapy
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in the gut [55]. The compliance was similar between these two
regimens. We did not compare the safety and compliance of
sequential therapy with 5-day or 14-day concomitant therapy
because of the limited data available to perform the analysis.

Besides, previous research has demonstrated that combin-
ing three antibiotics in concomitant therapy may more effec-
tively overcome antibiotic resistance [56], and the Maastricht
V/Florence Consensus Report suggests that concomitant

therapy is the most effective approach in overcoming antibi-
otic resistance. We also identified positive evidence to support
this viewpoint in the current study. When compared with se-
quential therapy, concomitant therapy was less affected by
metronidazole resistance and dual resistance (metronidazole
and clarithromycin resistance). Regarding clarithromycin re-
sistance, although there were no significant differences be-
tween the two therapies, the results showed that the

Fig. 4 Helicobacter pylori
eradication rates of antibiotic-
resistant strains compared for
sequential therapy and
concomitant therapy. a H. pylori
eradication rates of
metronidazole-resistant strains
compared for sequential therapy
and concomitant therapy. b H.
pylori eradication rates of
clarithromycin-resistant strains
compared for sequential therapy
and concomitant therapy. c H.
pylori eradication rates of
metronidazole and
clarithromycin-resistant strains
compared for sequential therapy
and concomitant therapy
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eradication rates of the two therapies were 74.9 versus 89.2%,
respectively, RR 0.854 (95% CI 0.709–1.028), which is an
approximately 15% difference (a clinically relevant differ-
ence), with a marginal statistical significance; this finding
strongly suggests a low statistical power as a result of a small
sample size. To increase the sample size, we pooled the data
from 7-day concomitant therapy, which would increase the
heterogeneity of the results; however, concomitant therapy
continued to exhibit a superior result to sequential therapy.

Conclusion

The efficacy of concomitant therapy was duration dependent,
and 10-day concomitant therapy was superior to 10-day se-
quential therapy. Compared to sequential therapy, concomi-
tant therapy was more effective for metronidazole- and dual
clarithromycin and metronidazole-resistant strains. However,
diarrhea was more frequent with concomitant therapy than
with sequential therapy.
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