The American Journal of Medicine (2006) 119, 217-224

THE AMERICAN
JOURNAL of
MEDICINE

ELSEVIER
REVIEW

Smoking Increases the Treatment Failure for Helicobacter
pylori Eradication

Takeshi Suzuki,®® Keitaro Matsuo,® Hidemi Ito,® Akira Sawaki,® Kaoru Hirose,? Kenji Wakai,? Shigeki Sato,”
Tsuneya Nakamura,® Kenji Yamao, Ryuzo Ueda,” Kazuo Tajima®

“Division of Epidemiology and Prevention, Aichi Cancer Center Research Institute, Nagoya, Japan; *Department of Internal Medicine
and Molecular Science, Nagoya City University Graduate School of Medical Science; “Department of Gastroenterology, Aichi Cancer
Center Central Hospital; “Department of Endoscopy, Aichi Cancer Center Central Hospital, Nagoya, Japan

ABSTRACT

PURPOSE:  Treatment failure for Helicobacter pylori (H. pylori) eradication is encountered in approx-
imately 10-20% of patients, and many studies have pointed to a link with smoking. To investigate the
effects of smoking on eradication outcome, we performed a meta-analysis.

METHODS: A PubMed search was performed to retrieve articles published up to August 2005.
Pooled odds ratio (OR) and differences rate for H. pylori eradication failure in smokers compared with
nonsmokers were used as summary statistics. Meta-regression was used for examining the source of
heterogeneity.

RESULTS:  Twenty-two published studies (5538 patients), which provided information on eradication
failure according to smoking status, were included in the analysis. The summary OR for eradication failure
among smokers relative to nonsmokers was 1.95 (95% confidence interval [CI]: 1.55-2.45; P <.01). It
corresponds with the differences in eradication rates between smokers and nonsmokers (8.4% [95% CI:
3.3-13.5%, P <.01]). Meta-regression analysis demonstrated that a high proportion of nonulcer dyspepsia
patients in studies revealed a higher failure rate among smokers, compared with a low proportion of
nonulcer dyspepsia.

CONCLUSIONS:  Our meta-analysis demonstrated that smoking increases the treatment failure rate for H.
pylori eradication. © 2006 Elsevier Inc. All rights reserved.
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Helicobacter pylori (H. pylori) infection is associated with
chronic gastritis, peptic ulcer, gastric mucosa-associated
lymphoid tissue lymphomas, and gastric cancer.'” Triple
drug therapies involving a proton pump inhibitor and 2
antibiotics for H. pylori eradication have been developed,
and eradication rates of more than 80% have been reported
with this approach.* However, treatment failure is encoun-
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tered in approximately 10-20% of patients. Several factors
such as poor compliance5 . antibiotic resistance>®; the dis-
ease of the patient, for example, peptic ulcer versus nonul-
cer dyspepsia’; coffee consumption®; and strain differenc-
es”'? have been reported to influence the response to H.
pylori eradication therapy.

A number of studies have provided evidence that smoking
is a potential risk factor for H. pylori eradication failure''-°;
however, several articles found no association.”?!

The aim of the present study is to clarify the associ-
ation between smoking and eradication failure for H.
pylori by means of a systematic review of the literature,
with a particular focus on heterogeneity in infection-
related disease.
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MATERIALS AND METHODS

Selection of Studies

The initial literature search was conducted through PubMed
by using the free text search term: (helicobacter pylori)
AND (smoking OR smoker OR to-

bacco) AND (eradication), with

dyspepsia subjects in each study; using the urea breath test
to define treatment success (yes/no); and published year. We
defined a P-value of less than .05 as a statistically significant
test result for a summary OR, rate difference and meta-
regression analysis. Publication bias was assessed by

Begg’s funnel plots and Begg’s

test.”* We used the STATA statis-

the publication period limited up
to August 2005. The inclusion cri-
teria for our analysis were: 1)
original articles published in En-
glish; 2) odds ratios (ORs) avail-
able as a measure of association or
the number of succeeded and
failed cases according to the

smoking category; 3) use of the o Although the association was elucidated
by means of a meta-analysis, a prospec-
tive intervention study is required to ap-
ply smoking cessation as a routine prac-
tice in H. pylori eradication.

urea breath test or histological ex-
amination to define treatment suc-
cess; 4) use of 3 or more drugs for
H. pylori eradication therapy.
Studies of second-line therapy for

CLINICAL SIGNIFICANCE

e Treatment failure for Helicobacter pylori
in smokers was about double compared
to in non-smokers. The difference in
eradication rates between smokers and
non-smokers was 8.4%.

tical package (Version 8; Stata-
Corp LP, College Station, Tex) for
all analyses in this study.

RESULTS

Description of the Studies
The search yielded a total of 134
publications, 36 of which were ex-
cluded by screening of their titles.
Abstracts of the remaining 98 ar-
ticles were reviewed, and 59 were
retrieved in full for further consid-
eration. We examined all the can-

H. pylori eradication were ex-

cluded. All potentially relevant ar-

ticles were reviewed by 2 investigators (T.S. and K.M.)
independently, and disagreement was resolved by discus-
sion. The reference lists of the studies identified through the
search process also were checked in order to exhaustively
identify candidate studies.

Data Abstraction

Two investigators (T.S. and K.M.) abstracted the data in-
dependently using a standard information extraction form.
Characteristics abstracted from the articles included: the
name of the first author, year of publication, country of
study, disease of subjects, proportion of disease in each
study, definition of eradication, study design, therapy regi-
men for eradication, and numbers of successful and failed
eradications by smoking category.

Statistical Analysis

Pooled odds ratios (OR) and rate difference were calculated
to assess the eradication failure with smokers compared
with nonsmokers using the inverse variance method. We
calculated the between-study variation (72) from the Q
statistic with the method described by DerSimonian and
Laird.?* Weights for each study were given by taking in-
verse variance estimates of each study and 72 into consid-
eration. Based on the significance of the Q statistics, we
decided which model to use (random-effect or fixed-effect)
in order to calculate summary ORs or summary rate differ-
ences and their 95% confidence intervals (CI). Heterogene-
ity among studies was further evaluated by meta-regression
analysis.”® The factors examined were the following: study
conducted in Asian countries (yes/no); using omeprazole for
eradication therapy (yes/no); using clarithromycin (yes/no);
using metronidazole (yes/no); the proportion of nonulcer

didate articles in detail, which re-

sulted in further exclusion of 37
articles. They were excluded because 1) data for ORs or the
number of eradication cases according to the smoking cat-
egory could not be obtained (n = 26); 2) therapies were
second line (n = 4); 3) use of two drugs for H. pylori
eradication was performed (n = 4); 5) urea breath test or
histological examination for definition of eradication was
not performed (n = 1); or 6) studies covered the same data
from the same investigators (n = 2). Finally, 22 studies
were selected for the meta-analysis7‘”'2l’ 2534 (Table 1).
The selection process is summarized in Figure 1.

The geographical areas where studies were conducted
varied: Europe (n = 15), Asia (n = 4), North America (n =
2), and Brazil (n = 1). Numbers of subjects ranged from 48
to 2313. The total number of subjects in these studies was
5538. Four studies concerned quadruple drug therapies. One
was a randomized study comparing triple and quadruple
therapies.”> One was a randomized study comparing lanso-
prazole and ranitidine combining 3 antibiotics.'” The other
2 were randomized studies comparing sequential and con-
ventional therapy.'”'®

Proton pump inhibitor was included in the eradication
regimen in 19 studies, whereas clarithromycin and metro-
nidazole were featured in 17 and 7 studies, respectively. Ten
studies included patients with nonulcer dyspepsia as sub-
jects. Descriptions concerning compliance with therapy
were found in 19 of 22 studies. Information on the number
of eradications in smoking and nonsmoking groups was
available for 13 studies (Table 2).

We performed tests for homogeneity using all subject
studies for the analysis using OR as a measure of associa-
tion, and obtained a statistically significant result (Q = 40.8
with degrees of freedom = 24, P = .02, 12 = 0.104),
indicating the existence of between-study variability. A



Table 1  List of Studies Included in the Meta-analysis
Categories % of Eradication ORs® for Eradication
Authors Country of Therapies % of NUD (No.) Definition of Eradication  Treatment Detail of the Study (no.) Failure in Smokers
Cutler and us 29 (28/96) UBT and histology BIS MET TC  One arm trial 83 (80/96) 3.10 (1.02-9.41)
Schubert®®
(1993)
0’Connor et al?” Ireland 0 Histology and urease test BIS MET TC  One arm trial 85 (72/85) 1.43 (0.43-4.80)
1995
Be(rtom' zet al®*  Ttaly NR® Histology and urease test OME AMO AZI RCT for 3- or 2- drug 92 (44/48) 0.58 (0.06-6.09)
(1996) regimens®
Moayyedi et UK 0 UBT OME CAM TIN  One arm trial 87 (238/273) 1.61 (1.09-2.38)
al'* (1997)
Kirstein et al®®> Germany BMT arm 45 (20/44) UBT BIS MET TC  RCT for BMT, OMC and 91 (39/43) 0.95 (0.12-7.44)
(1998) 2 drugs regimens®
OMC arm 64 (28/44) OME CAM MET 90 (38/42) 0.33 (0.03-3.50)
Kamada et al*®* Japan 42 (58/137) UBT and histology OME AMO CAM One arm trial 72 (98/137) 2.94 (1.27-6.82)
1999
Faflone <)et al’®  Canada 0 Histology and culture BIS AMO MET RCT for 3, 2 or 1 drug 72 (63/87) 1.12 (0.42-2.97)
(2000) regimens®
Gisbert et al*®  Spain 75 (112/150)  UBT PAN or RBC AMO CAM Mixture of PAN or RBC 73 (109/150) 4.64 (2.16-9.98)
(2000) regimens
Kaushik and Singapore 0 UBT, histology or urease  LAN AMO CAM One arm trial 87 (98/113) 1.69 (0.38-7.69)
Vu° (2000) test
Maconi et al*®  TItaly 50 (71/142) UBT LAN AMO CAM Mixture of LAN 7 days 85 (110/129) 3.98 (1.00-15.00)
(2001) or 14 days regimens
Perri et al'* Ttaly 0 UBT PAN AMO CAM One arm trial 63 (89/142) 1.37 (1.01-1.87)
2001
Tréiber (Zt al>  Germany 36 (87/243) UBT LAN or RAN AMO CAM Mixture of 5 days LAN, 86 (202/234) 2.56 (1.09-5.88)
(2002) MET 5 Days RAN or 3
days LAN regimens
Baena et al®*  Spain 0 UBT OME AMO CAM One arm trial 76 (118/156) 1.33 (0.62-2.86)
2002
Qu(eiroz )et al**  Brazil 0 UBT PAN CAM FUR One arm trial 88 (85/97) 0.81 (0.20-3.29)
2002
Ma(ntzari)s et Greece 0 Histology, urease test and OME AMO CAM Mixture of 3 or 4 drug 72 (107/149) 3.75 (1.40-6.10)
al®® (2002) immunohistochemistry regimens
OME and BIS MET TC
Broutet et al”  France 61 (1400/2313) UBT or histology and PPI AMO CAM One arm trial 73 (1699/2313) 1.20 (0.90-1.50)
(2003) culture or PCR etc.
Lee et al'® Korea 0 UBT RAB AMO CAM One arm trial 84 (98/116) 4.11 (1.35-12.44)
2003
De( Franc)esco et Italy 65 (224/342)  UBT, histology and urease RAB AMO CAM RCT for sequential or 83 (285/342) 3.50 (1.50-7.70)
al’” (2004) test TIN conventional
regimens
Wu et al*4 Taiwan 0 UBT or histology and CET or PAN  AMO CAM RCT for CET or PAN 83 (48/58) 3.23 (0.71-10.00)
(2004) urease test regimens
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similar result was obtained in the analysis using difference
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| Database search (n=134) I

1( Irrelevant title (n=36)

| Abstract retrieved (n=98) l

(n=39)

,| Excluded as not relevant or second line, two drugs therapy

( Manuscripts retrieved (n=59) T

Manuscripts excluded (n=37)

ORs or No. of eradication cases according to the smoking
category not described: 26

Second line therapy: 4

Two drugs therapy: 4

Not using UBT or histological examination for definition of
eradication: 1

The same data from the same investigators: 2

3
Studies included (n=22)

Figure 1
meta-analysis. OR = odds ratio; UBT = urea breath test.

Thirdly, smoking might modulate the activity of specific
cytochrome P450 isoenzymes involved in the metabolism
of proton pump inhibitor.***! Omeprazole and other pro-
ton pump inhibitors are mainly metabolized in the liver
by a genetically determined enzyme, Smephenytoin 4’-
hydroxylase (cytochrome P4502C19).***® Fourthly, the
effect of smoking might be attributable to other con-

Study selection procedure. Of 134 publications identified by the initial literature search, 22 studies were finally selected for the

founders such as reduced compliance. It is known that a
major reason for treatment failure previously described is
a lack of compliance with treatment® and smoking may
simply be a marker of poor compliance.**

The interaction between smoking and H. pylori infec-
tion has been reported. It was found that the H. pylori
infection was positively associated with smoking.*>**

Table 2 Summary Difference Rate of Eradication in Smokers and Nonsmokers
Summary Different Rate® (%) 8.4
95% (I 3.3-13.5
P-value <.01
% Eradication in Smoker % Eradication in Nonsmoker
Authors Categories of Therapies Weights of Each Study® (%) (No. of Subjects) (No. of Subjects)
Cutler and Schubert?® 6 74 (28/38) 90 (52/58)
0’Connor et al?’ 6 83 (38/46) 87 (34/39)
Bertoni et al?* 6 94 (16/17) 90 (28/31)
Kirstein et al®® BMT arm 5 91 (20/22) 90 (19/21)
OMC arm 5 95 (19/20) 86 (19/22)
Kamada et al*? 6 58 (30/52) 80 (68/85)
Fallone et al*® 5 71 (22/31) 73 (41/56)
Gisbert et al®*® 7 54 (32/59) 85 (77/91)
Maconi et al*? 8 78 (43/55) 91 (67/74)
Baena et al*! 6 72 (36/50) 77 (82/106)
Broutet et al’ 13 72 (612/854) 75 (1087/1459)
Lee et al*® 7 75 (38/51 92 (60/65)
Wu et al** 3 67 (10/15) 88 (38/43)
Koivisto et al*® LAM arm 5 77 (17/22) 79 (66/84)
LAC arm 7 81 (25/31) 95 (75/79)
RMT arm 5 83 (19/23) 81 (73/90)

BMT = bismuth citrate, metronidazole and tetracycline; OMC = omeprazole, metronidazole and clarithromycin; LAM = lansoprazole, amoxicillin and

metronidazole.

?Different rate >0 indicates that eradication success rate for nonsmokers was superior to that for smokers.
bWeight was converted to percentage of total weights in random effect model.
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Odds ratio
{55% C1) % Weight
Cutler ot al. {26) — 219 (102, 9.41) 3.2
rConnors at al. {27) - 1.43 ( 0.43, 4.00) 2.3
Bertoni at al. {(21) . 0.53 { 0.05, 6.09) 0.9
Moayyedi etal. (11) _l— 1,81 ( 1.08, 2.39) 9.3
Kirstein et al. BMT arm (25) N 0.95(0.12, 7.44) 1.1
Kirstain ot al. OMC arm (28) » 5 0.33( 0.03, 3.50) 0.8
Kamada etal (12) 234 (1.27,6.81) 4.7
Fallene e al. (28) 1.12(0.42,2.97} 3.8
Gisbert et al. (29) . S— 264 (2.6, 9.95) 5.3
Kaushik et al. (30} L 1.69( .38, 7.50) 2.0
kMaconi et al. (13) . = 3.98 ( 1.00, 16.84) 2.2
Perri ot al. (14) -l 1.97 (1.01, 1.35) 10.5
Treiber et al. {15) . 2.56 ( 1.09, 8.05) 45
Baensetal. (31 - 1.33 ( 0.62, 2.86 5.3
Queiroz et al. (22) . 081 (2.20, 3.28) 2.2
Mantzaris st al. (33} R 2.75( 1.40, 10.04) 3.8
Broutet et al. (7) -l 1.20( 0.90, 1.60) 10.8
lee SBetal. (199 Lo e eeeeeeeeeneeeenenns 4.11{ 1.35; 12.44) 32
De Francesco at al. (17} e e 3.50( 1.50, 8.17) 4.&
Wu etal. (34) — 3.23(0.71, 14.57) 1.9
Janssen et al. {18} ; » 478 ( 1.26,13.14; 2.4
Koivisto et al. LAM arm (18) - 1.08 ( .28, 3.22) 3.1
Koivisto et al. LAC arm (19 . » 4.50{ 1.17,17.25) 2.4
Koivisto et al. RMT arm (19} F | ’ 0.90 ( 0.27, 3.00) 23
Manes at.al. {20} —- 2.6%(1.40,5.12) 3
Ewerall s 1.952 1.58, 2.45-;: 100.0
] | ] i I
.02 1 1.95 & 10 20
Cxdds ratic
Figure 2  The result of meta-analysis for eradication failure in smokers. Odd ratios and their 95% confidence intervals for eradication

failure in smokers are presented with weights in a random-effect model.?*

Furthermore, it was suggested that smoking might exac-
erbate disease progression in H. pylori-positive subjects.
Smoking might lead to progression of atrophic gastritis
and intestinal metaplasia in patients infected with H.
pylori.*” Nicotine was found to have the ability to poten-
tiate the vacuolating toxin activity of H. pylori in gastric
cells.** On the other hand, smoking cessation during

4
‘GO
o
LE R
w"\-. ° ’ o
-2 -
= S — e
SE of Log(OR) .
Figure 3 Begg’s funnel plot for publication bias in the overall

analysis. Each circle represents the log-transformed odds ratios
(ORs) for H. pylori eradication failure among smokers relative to
nonsmokers according to the standard error (SE) of each log-
transformed OR. The diameter of each circle represents the inverse
variance of the treatment effect by which the weight in the meta-
analysis was defined.

therapy may lead to better eradication rate among smok-
ers.*’ Thus, smokers who stopped smoking during erad-
ication therapy showed the same efficacy as nonsmokers,
whereas those who continued smoking experienced a
worse result on average.

In meta-regression analysis, we found that studies in-
cluding a high percentage of nonulcer dyspepsia subjects
were associated with a higher eradication failure rate in
smokers. One article reported that in patients with nonulcer
dyspepsia, a double dose of proton pump inhibitor is more
effective than a single dose.’® Considering that the intra-

Table 3  Source of Heterogeneity by Multivariate Meta-
Regression Analysis
Coefficient® SE P-value
Asia 0.368 0.33 .27
Omeprazole —0.002 0.27 1.00
Clarithromycin 0.204 0.46 .66
Metronidazole —0.090 0.35 .80
% of NUD 0.013 <0.01 <.01
UBT using eradication —0.389 0.37 .29
assessment
Published year 0.009 0.04 .83

SE = standard error; NUD = nonulcer dyspepsia; UBT = urea breath
test.

?Coefficient in meta-regression analysis denotes to what extent the
existence of a certain factor or one unit increase changes the OR in
overall analysis by meta-analysis.



Suzuki et al

Smoking Hinders Helicobacter pylori Eradication

223

gastric pH is decreased by smoking, it might be reasonable
to again hypothesize that relatively lower doses of proton
pump inhibitor for nonulcer dyspepsia patients contributed
to our result.

The present study has several limitations. Firstly, it was
not possible to assess smoking status (former or current) and
dose in detail. Secondly, compliance with therapy could not
be evaluated because of lack of information or differences
in definition. As compliance of smokers can be assumed to
be worse, we could not rule out that eradication failure of H.
pylori in smokers might be simply caused by this factor.
Thirdly, therapy regimen and eradication definitions dif-
fered with the study, although our analyses exploring source
of heterogeneity did not point to significant effects.
Fourthly, the studies we selected in our meta-analysis were
conducted in various countries where the common H. pylori
strain types may differ. For example, east Asian cytotoxin-
associated gene A (CagA) protein possesses stronger activ-
ity than the western CagA,>! so that drug’s effect for erad-
ication might be different. Therefore, results in this study
must be carefully interpreted.

Eradication therapy for H. pylori has been recognized as
a standard treatment for diseases such as peptic ulcer and
mucosa-associated lymphoid tissue lymphomas, and effects
can be expected for prevention of gastric cancer. Therefore,
eradication of the H. pylori infection has become an impor-
tant treatment goal in clinical practice. The results of the
present study indicate that eradication rates could be poten-
tially improved by smoking cessation. We should be more
proactive and look out for treatment failure in smoking
patients with H. pylori.
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