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Summary
It has been proposed that eradication of Helicobacter
pylori infection is a sound strategy for gastric cancer
prevention. Several factors including smoking have
been associated to treatment failure rates. This study
aimed to evaluate the smoking effect on the efficacy of
H. pylori therapy, as well as on the histological para-
meters in the gastric mucosa from subjects from a high
gastric cancer risk area. Two-hundred-sixty-four Co-
lombian subjects with gastric precancerous lesions who
participated in a chemoprevention trial, received anti-
H. pylori treatment at baseline and had data recorded
on cigarette use, were included in this study. A detai-
led histopathological assessment of the gastric mucosa
was performed in biopsies taken before any interven-
tion. H. pylori eradication was assessed in gastric biop-
sies at 36 months post-treatment. The overall eradica-
tion rate was 52.3%; rates of 41.3% and 57.1% we-
re observed for active-smokers and non-smokers, respec-
tively. Multivariate logistic regression analysis showed
that smokers had a 2-fold higher probability of failure
in Helicobacter pylori eradication than non-smokers
(OR: 2.0; 95% CI: 1.01-3.95). At baseline, active-
smokers had a higher score of intestinal metaplasia
compared to non-smokers. In the corpus mucosa, acti-
ve-smokers showed lower scores of H. pylori density, to-
tal inflammation, neutrophil infiltration, and mucus
depletion than non-smokers. In the antrum, no signi-
ficant differences were observed between active-smokers
and non-smokers. In summary, in patients who smo-
ked, H. pylori treatment was less effective. Smoking
cessation may benefit H. pylori eradication rates. 

Key words: Helicobacter pylori eradication, gastric

mucosa, intestinal metaplasia, smoking, Latin
America.

Efecto del tabaquismo en la falla 
al tratamiento anti-H. pylori y en la 
histología gástrica en una zona de
alto riesgo de cáncer gástrico en
Colombia
Resumen
La erradicación del Helicobacter pylori ha sido propues-
ta como medida promisoria en la prevención del cáncer
gástrico. Varios factores, incluyendo el tabaquismo, se
asocian con la falla del tratamiento. El objetivo de este
estudio fue evaluar el efecto del tabaquismo en la efica-
cia del tratamiento anti-H. pylori y en la histología gás-
trica en residentes de una zona de alto riesgo de cáncer
gástrico. Este estudio incluyó 264 sujetos colombianos
con lesiones gástricas preneoplásicas que participaron en
un estudio de quimioprevención, recibieron tratamiento
anti-H. pylori al ingreso, y proveyeron información so-
bre tabaquismo. Se realizó un detallado análisis histopa-
tológico en las biopsias colectadas al ingreso. La erradi-
cación de la infección fue evaluada en las biopsias gás-
tricas a los 36 meses post-tratamiento. El porcentaje ge-
neral de erradicación fue de 52.3%, con proporciones de
41.3% y 57.1% en fumadores activos y no fumadores,
respectivamente. El análisis de regresión logística múlti-
ple mostró que el riesgo de presentar falla al tratamien-
to fue doble en fumadores en comparación con los no fu-
madores (OR: 2.0; 95% CI: 1.01-3.95). Los fumado-
res presentaron un mayor índice de metaplasia intestinal
comparado con los no fumadores. En la mucosa del cuer-
po gástrico los fumadores mostraron menores índices de
colonización por H. pylori, inflamación total, infiltra-
ción de neutrófilos y depleción de moco que los no fuma-
dores. En el antro no se observaron diferencias significa-
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Methods
Study subjects, H. pylori treatment, and follow-up

Detailed description of characteristics of the sub-

jects, interventions, follow-up, and results of this

chemoprevention trial were reported previously.18,19

Briefly, adults from two towns from a high risk gas-

tric cancer area in Colombia were screened in 1991.

The subjects underwent upper gastrointestinal en-

doscopy and gastric mucosa biopsies from antrum,

incisura angularis and corpus. Individuals with gas-

tric preneoplastic lesions were randomly assigned to

receive anti-H. pylori treatment with or without vi-

tamin supplementation (ascorbic acid and beta-ca-

rotene), and/or placebo in a 2 x 2 x 2 factorial de-

sign for 6 years.18 Anti-H. pylori treatment consisted

of amoxicillin (500 mg three times per day), metro-

nidazole (375 mg three times per day), and bismuth

subsalicylate (262 mg three times per day) for 14

days. As assessed by interviews and recorded pill

counts every three months, the patients´ complian-

ce with therapy protocol was satisfactory. The sub-

jects included in this report represent patients who

received anti-H. pylori treatment at entry, had a fo-

llow-up endoscopy at 36 months and provided in-

formation about cigarette use at enrollment. Accor-

ding to their smoking habit, subjects were classified

into "non-smokers" (those who never smoked), "ac-

tive-smokers" (smokers at the date of the recruit-

ment, who had been smoking for at least one year),

and "ex-smokers". The latter group was excluded

from this analysis. The prevalence of smoking was

30.3%. Most of them were light smokers (median:

3 cigarettes per day); therefore, no dose-response

was evaluated.

Histopathology

Gastric biopsy specimens taken at baseline and 36

months of follow-up were fixed in formalin and em-

bedded in paraffin. Four-micron-thick sections we-

re stained with haematoxylin and eosin for regular

histology, with Alcian blue-periodic acid Schiff to

detect intestinal metaplasia, and with the modified

Steiner silver technique to detect H. pylori.20 Histo-

logical diagnostic categories were: multifocal atrop-

hic gastritis without metaplasia (MAG) and multi-

focal atrophic gastritis with intestinal metaplasia

(IM). MAG, defined as loss of glands, was graded as

mild, moderate, or marked.21 IM was defined as re-

placement of the gastric epithelium by intestinal-ty-

pe epithelium. It was further subclassified as com-

tivas entre ambos grupos. En conclusión, el tratamiento
anti-H. pylori fue menos efectivo en sujetos fumadores.
La cesación del consumo de tabaco puede beneficiar las
tasas de erradicación del H. pylori.

Palabras clave: erradicación de Helicobacter pylori,
mucosa gástrica, metaplasia intestinal, tabaquismo,
América Latina.

Abbreviations:
CI: confidence interval.
H. pylori: Helicobacter pylori.
IM: intestinal metaplasia.
MAG: multifocal atrophic gastritis without metaplasia.
MN: mononuclear cells.
PMN: polymorphonuclear neutrophils.
OR: odds ratio.

Helicobacter pylori (H. pylori) infection is a well-re-

cognized cause of gastric cancer.1 The potential role

of H. pylori eradication in preventing gastric adeno-

carcinoma is a focus of great public health interest.

Although major improvements have been made in

the efficacy of treatment regimes, virtually all of

them result in some failures to eradicate the bacterial

infection.2 Several factors including smoking have

been reported to influence this adverse outcome.3-7 A

recent meta-analysis evaluating mainly studies from

Europe, Asia, and North America showed that smo-

king increases the treatment failure rate for H. pylo-

ri eradication.6 Because limited and contrasting data

from developing countries were available for the me-

ta-analysis (one report from Brazil),3 we believe that

information from a high gastric cancer risk popula-

tion from Latin America will complement the pu-

blished findings. Additionally, the effects of smoking

on gastric histopathology are of interest.

Both tobacco and tobacco smoke contain thou-

sands of compounds, including a variety of carcino-

gens,8 among which N-nitroso compounds have

been associated to gastric carcinogenesis.9 Tobacco

smoking is a long-term known risk factor for deve-

lopment of gastric preneoplastic lesions and gastric

cancer.8,10-15 Furthermore, in subjects infected with

H. pylori, smoking increases the risk of intestinal

metaplasia 16 and gastric cancer.17

In the present study, including subjects from a

high gastric cancer risk area in Colombia, we eva-

luated the smoking effect on the efficacy of H. pylo-

ri therapy and on the histological parameters in the

gastric mucosa. 
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Statistical analysis

Average values of every histological parameter we-

re estimated considering the total number of biop-

sies and separately by gastric subsite (corpus and an-

trum). Data obtained from transitional mucosa we-

re combined with those from antrum. Total inflam-

mation score was the average of the scores for PMN

and MN inflammation. 

H. pylori status at 36 months was used as the

proxy variable for eradication (presence of infection

was considered as failure, and lack of infection as

success). Student’s t tests were used to test associa-

tions between histological parameters and smoking

status. Multivariate logistic regression models were

used to estimate adjusted odds ratios (ORs) and

95% confidence intervals (95% CIs) to assess the

risk of eradication failure. A linear regression model

was used to assess the relationship of IM score and

smoking status, known risk factors of IM, such as

age and sex were considered. All analyses were per-

formed using Stata 9.0 software (Stata Corporation,

College Station, TX).

Results
Results of the analysis of H. pylori eradication by

smoking status and baseline diagnosis are presented

in table 1. The overall eradication rate was 52.3%.

Eradication rates in active-smokers and non-smo-

kers were 41.3% and 57.1%, respectively. These ra-

tes were not significantly in-

fluenced by age and sex. The ad-

justed OR for eradication failure

for active-smokers was 2.0 (95%

CI: 1.01-3.95), indicating a 2-

fold higher probability of failure

in H. pylori eradication. Subjects

with IM had a decreased risk of

eradication failure compared

with those with MAG (OR:

0.48; 95% CI: 0.26-0.87). 

Histopathological parameters

in the gastric mucosa at baseline

according to smoking status are

shown in table 2. Although there

was not a difference between ac-

tive-smokers and non-smokers

regarding the global histopatho-

logical diagnosis, the unadjusted

mean of the IM score (which

considers the type and exten-
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plete (small intestine-type), defined by the presence

of absorptive enterocytes with brush border alterna-

ting with goblet cells, or incomplete (colonic type),

defined by the presence of columnar cells with

foamy cytoplasm, lacking brush border. Based on

the global diagnostic categories (3=MAG and

4=IM), a previously used histopathology score 19

that reflects the grade of atrophy and the type and

extent of IM, was applied. Briefly, the MAG score

was augmented according to the degree of atrophy:

0.25=indefinite for atrophy, 0.50=mild, 0.75=mo-

derate, and 1.0=severe. The IM score was modified

according to the type and extension. IM type was

classified into four categories in an ordinal scale:

0.1=complete type, 0.2=mixed predominant com-

plete type, 0.3=mixed predominant incomplete ty-

pe, and 0.4=incomplete type. The average extension

of the IM was grouped by tertiles. Each tertile was

given a value: 0.2, 0.4, or 0.6, respectively. In order

to obtain a total score of IM, values for type and ex-

tension were added to the original score for IM. 

Infiltration of mononuclear (MN) cells, poly-

morphonuclear neutrophils (PMN), intraepithelial

lymphocytes, mucus depletion, regenerative acti-

vity, and density of H. pylori colonization were gra-

ded in a semiquantitative scale 0-3 (absent, mild,

moderate, and marked). MN, PMN, and H. pylori

density were evaluated according to the updated

Sydney system.21 The number of lymphoid follicles

observed in each biopsy sample was registered. 
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Success

n=138

105(57.1)

33(41.3)

23(37.7)

115(56.6)

Failure

n=126

79(42.9)

47(58.7)

38(62.3)

88(43.4)

Adjusted OR 

(95% CI)

1.0

2.0(1.01 - 3.95) b

1.0

0.48(0.26 - 0.87) c

H. pylori eradication a

Table 1. Odds ratios and 95% confidence intervals of eradication 

failure by smoking status and baseline histological diagnosis.

Abbreviations:OR, Odds ratio; CI, confidence interval   
a Status based on H. pylori status at 36 months of follow-up
b Adjusted by age, sex, town, intervention (consumption of ascorbic acid and beta-carotene), and baseline 

histological diagnosis
c Adjusted by age, sex, town, intervention (consumption of ascorbic acid and beta-carotene), and smoking status

Smoking status, n(%)

Non-smoker

Active-smoker

Histopathological diagnosis, n(%)

Multifocal atrophic gastritis

Intestinal metaplasia
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Table 2. Histological parameters by smoking status at baseline

18(22.5)

62(77.5)

4.33(0.44)

0.54(0.22)

1.75(0.67)

1.71(0.76)

1.88(0.72)

1.97(0.58)

2.00(0.63)

1.78(0.87)

1.92(0.22)

1.93(0.23)

1.86(0.42)

1.95(0.37)

1.97(0.40)

1.83(0.59)

0.37(0.37)

0.45(0.43)

0.10(0.28)

2.13(0.92)

2.20(0.98)

1.87(1.14)

0.33(0.31)

0.34(0.35)

0.22(0.43)

0.66(0.53)

0.75(0.62)

0.32(0.61)

Abbreviation: SD: Standard deviation

Histological parameters at baseline

Histopathological diagnosis, n(%)

Multifocal atrophic gastritis

Intestinal metaplasia

Histopathological score, mean (SD)

Total score of Intestinal metaplasia, mean (SD)

Density of H. pylori colonization, mean (SD)

Total

Antrum

Corpus

Polymorphonuclears, mean (SD)

Total

Antrum

Corpus

Mononuclears, mean (SD)

Total

Antrum   

Corpus

Total inflammation, mean (SD)

Total

Antrum

Corpus

Intraepithelial lymphocytes, mean (SD)

Total

Antrum

Corpus

Mucus depletion, mean (SD)

Total

Antrum

Corpus

Lymphoid follicles, mean (SD)

Total

Antrum

Corpus

Regenerative activity, mean (SD)

Total

Antrum

Corpus

43(23.4)

141(76.6)

4.26(0.43)

0.48(0.19)

1.69(0.74)

1.58(0.78)

2.10(0.77)

1.91(0.66)

1.87(0.71)

2.08(0.74)

1.93(0.26)

1.94(0.29)

1.93(0.35)

1.92(0.44)

1.91(0.47)

2.00(0.50)

0.31(0.32)

0.36(0.39)

0.16(0.36)

2.11(0.97)

2.11(1.02)

2.19(1.09)

0.33(0.30)

0.37(0.36)

0.22(0.47)

0.60(0.52)

0.68(0.59)

0.43(0.63)

0.878

0.251

0.042

0.516

0.186

0.050

0.484

0.165

0.011

0.740

0.764

0.230

0.662

0.334

0.020

0.195  

0.112

0.255

0.917

0.511

0.050

0.937

0.598

0.963

0.405

0.358

0.204

Smoking status at baseline

Two-sided
p-value

Active-
smoker
n=80

Non-
smoker
n=184

Smoking interferes with anti-Helicobacter therapy M Constanza Camargo y col
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sion) was significantly higher among active-smokers

than among non-smokers (~13 percent difference;

p=0.042). The difference remained statistically sig-

nificant after adjustment for age, sex, and town

(p=0.016). Stratified analysis by gastric subsite sho-

wed significantly lower scores of H. pylori density,

PMN infiltrate, total inflammation, and mucus de-

pletion in the corpus of active-smokers compared to

non-smokers. There were no differences in any of

the scores in the antrum between the two groups.

Interestingly, subjects who did not eradicate the

bacterium had a significantly higher score of H.

pylori density at baseline than those with a success-

ful eradication (1.82 versus 1.61, p-value for mean

difference=0.019). 

Discussion
Increasing evidence supports that H. pylori eradi-

cation prevents the development of gastric adeno-

carcinoma. A prospective, randomized study in

China found that eradication of H. pylori signifi-

cantly decreased the incidence of gastric cancer in

subjects without precancerous lesions.14 In a retros-

pective, large-scale study in Japan, a significantly lo-

wer incidence of gastric cancer was observed in sub-

jects with eradication compared to those in whom

the infection persisted.22 In addition, studies consi-

dering preneoplastic lesions as an end-point also

support the benefits of H. pylori therapy.19,23,24

Our results indicate that smoking was associated

with anti-H. pylori treatment failure. Although this

association has been described previously and ad-

dressed in a recent meta-analysis,6 limited and con-

flicting evidence from studies conducted in develo-

ping countries exist.3

Regarding the possible mechanisms involved in

treatment failure, it is known that smoking decrea-

ses gastric mucosal blood flow and mucus secre-

tion,25,26 which may reduce the delivery of antibio-

tics to the gastric mucosa. In addition, smoking in-

creases acid gastric secretion, which lowers the effi-

cacy of some acid labile antibiotics, such as amoxi-

cillin and clarithromycin.27 These two effects seem

to be supported by a recent large study that reports

increase in the cure rate in smokers (but not in non-

smokers) who received increased doses of clarith-

romycin.28

Besides smoking, multiple other factors have been

associated with H. pylori eradication failure: poor

compliance,29 antibiotic resistance,5 low grades of

inflammation in antrum and activity in the fundus,4

H2-receptor antagonist pre-treatment,30 genetic

polymorphisms of CYP2C19 (with different effects

on the metabolism of PPIs),31 excessive bacterial

burden,7 and infection with low-virulence H. pylori

strains.3,32,33

Previous studies in Colombian patients reported

higher prevalence of more virulent H. pylori strains

(vacAs1m1, cagA-positive, and cagE-positive) in

subjects with gastric cancer and IM in comparison

with subjects with gastritis (atrophic and non-atrop-

hic).34,35 Assuming that in our study more advanced

lesions (IM) may have been caused by strains with

higher virulence, it is not surprising that the failure

rate was higher in patients with MAG than in tho-

se with IM (table 1). It has been suggested that

treatment may be more effective in eliminating mo-

re virulent strains, resulting in only partial and/or

selective eradication of H. pylori in mixed infec-

tions.32

In the United States, the current recommended

primary therapies for H. pylori infection include: a

clarithromicyn-based triple therapy (a proton pump

inhibitor [PPI], clarithromycin, and amoxicillin or

metronidazole) for 14 days, or a bismuth quadruple

therapy (a PPI or H2-receptor antagonist, bismuth,

metronidazole, and tetracycline) for 10-14 days.2

Eradication rates are in the range of 70-90%.2 Sub-

jects in our chemoprevention trial were treated (in

1991) with bismuth subsalicylate, amoxicillin, and

metronidazole for 2 weeks, reaching a cure rate of

52.3% at 36 months of follow-up. This relatively

low rate may have been caused by the treatment

protocol, which did not include clarithromycin or

an antisecretory drug. It has been suggested that the

eradication rates correlate positively with the degree

of inhibition of gastric acid secretion.36 H. pylori re-

sistance against metronidazole may have also played

a role in treatment failure. The prevalence of H.

pylori resistance to nitroimidazoles has been repor-

ted to be about 80% in tropical regions, where the-

se drugs are frequently used for diarrhea treatment.37

In our chemoprevention study, subjects who tested

positive for H. pylori at 36 months were treated

again for 14 days with amoxicillin, clarithromycin,

and a PPI. The eradication rate was 74% at 72

months of follow-up.18 Finally, as previously repor-

ted,7 we observed that excessive bacterial burden

may have been also involved in failure to the initial

treatment.

Smoking is a risk factor for the development of
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gastric preneoplastic and neoplastic lesions 8,10-16 and

H. pylori infection seems to increase this risk.16,17 We

did not find association between the histological

diagnosis and the smoking status. It is likely that

the presence of precancerous lesions in all the indi-

viduals influenced this result. However, active-smo-

kers had significantly higher IM score (including

extension and type) than non-smokers, indicating

the presence of more advanced lesions.

Besides the carcinogenic effects of the N-nitroso

compounds generated from the tobacco smoke

components,9 it is known that smoking impairs cell

renewal process by several mechanisms, including

reduced levels of epidermal growth factor, reduction

of ornithine decarboxilase activity, and inhibition of

constitutive nitric oxide synthesis.38,39 In addition,

smoking increases bile salt reflux rate and gastric bi-

le salt concentration.38,40 Several experimental stu-

dies have demonstrated that duodenogastric reflux

(bile and/or pancreaticoduodenal secretions) indu-

ces gastric adenocarcinoma.41-43 In vitro, bile acid ex-

posure has shown to promote intestinal differentia-

tion in esophageal cell lines,44 thereby starting the

metaplasia-dysplasia-carcinoma sequence.

Regarding the histological parameters associated

with inflammation and mucus depletion, we did not

find differences in the antral mucosa between non-

smokers and active-smokers. It is likely that the ef-

fects of the H. pylori infection overlap those of the

smoking, influencing the results. The lower scores in

H. pylori density, total inflammation, and PMNs ob-

served in the corpus mucosa of active-smokers com-

pared to those of non-smokers may have a physiolo-

gical explanation. Cigarette smoking increases gas-

tric acid secretion by the parietal cells, located in the

fundus and corpus of the stomach. The lower pH re-

sultant may prevent H. pylori infection (which is

predominantly antral) to disseminate to corpus and

fundus, and therefore, lower scores of inflammation

would be expected in these areas. The minor diffe-

rences observed in histological parameters may be

related to the low doses of tobacco smoke exposure

(median: 3 cigarettes/day). Increased acid secretion

has been observed in subjects who smoked at least 3

cigarettes per day compared to non-smokers.45

Despite its harmful effects on the gastric mucosa,

cigarette smoking is consistently associated with lo-

wer incidence of ulcerative colitis and a lower relap-

se rate of the disease.46,47 Studies have suggested that

the beneficial effects of nicotine in ulcerative colitis

are due to increased mucus secretion, and decreased

production of proinflammatory cytokines and ni-

tric oxide.47 Future studies are needed to investigate

these effects in the gastric mucosa.

A limitation of the present study was the assess-

ment time of H. pylori eradication. The annual rein-

fection/recrudescence rate of the cohort from which

this sample was taken, was 5.4%.19 Urea breath tests

were performed on all subjects in the H. pylori treat-

ment arm between the initial and the 3 year biop-

sies. Since the discrepancy in the infection status

between the biopsy results and the breath tests was

small, and because the breath tests had a significant

variability in time, we favored the use of the biopsy

results.

Considering that eradication of H. pylori infec-

tion may be a promising strategy to control gastric

cancer, the observed adverse effect of smoking on

eradication has an important public health implica-

tion. Particularly because while smoking rates have

been decreasing for several decades in the United

States and other industrialized countries, those in

developing countries are increasing at around 3%

per year.48-50 While anti-smoking efforts are showing

favorable results in developed countries, those ef-

forts are far less effective in developing countries,

where transnational tobacco companies have been

increasingly promoting their products. This trend

may result in poorer treatment outcomes in develo-

ping countries where H. pylori infection is highly

prevalent. 

In conclusion, on the basis of the findings of the

published meta-analysis, and the additional infor-

mation provided by our study, smoking increases

the risk of H. pylori treatment failure. Smoking ces-

sation may benefit H. pylori eradication rates. The-

refore, infected smoker patients should be encoura-

ged to quit their habit. Smoking also influences the

gastric histopathologic parameters, decreasing the

severity of the lesions in the corpus.
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