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Cigarette smoking is a modifiable risk factor for
Barrett’s oesophagus
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April D Higbee1, Amit Rastogi1,3, Ajay Bansal1,3 and Prateek Sharma1,3

Abstract
Background: Cigarette smoking has been associated with an increased risk of oesophageal adenocarcinoma (OAC). However,

the impact of smoking and more importantly smoking cessation on Barrett’s oesophagus (BO) is unclear.

Objective: The aim of the study is to evaluate the association between cigarette smoking and presence of BO in a large

prospective cohort of patients with gastro-oesophageal reflux disease (GORD).

Methods: Patients presenting to the endoscopy unit for upper endoscopy completed a validated GORD questionnaire and

information on demographics (age, gender, and ethnicity), cigarette smoking [status (current/past), amount (pack years)

and duration of smoking cessation], clinical data [medication history, body mass index (BMI), and family history] and

endoscopic findings [BO and hiatal hernia] were recorded. Cigarette smokers (current and past) and nonsmokers were

compared using Fisher’s Exact test for categorical variables and Mann–Whitney test for continuous variables. Effects of

cigarette smoking and smoking cessation on BO risk was assessed by stepwise logistic regression analysis.

Results: A total of 1056 patients were included in the analysis [mean age: 57.2� 12.7years, Caucasian 880 (83.3%), male 985

(93.3%), and mean BMI 29.6 (SD:� 5.6)]. 827 (78.3%) were smokers and 229 (21.6%) were nonsmokers. 474 subjects

(44.9%) had a previous history of smoking. Anytime smokers were more likely to have BO (adjusted OR: 3.3; 95 CI: 1.7–6.3;

p< 0.01). Higher smoking burden (pack years) was associated with higher risk of BO in this GORD cohort (p for

trend< 0.01). Duration of smoking cessation was inversely associated with risk of BO (p for trend: 0.01).

Conclusion: This study shows that smokers with reflux symptoms have about threefold higher risk of BO compared with

nonsmokers, whereas discontinuing smoking is associated with a significant reduced risk. Smoking cessation appears to be

a viable option to reduce BO risk in patients with reflux disease.
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Introduction

Barrett’s oesophagus (BO), the replacement of squa-
mous mucosa by specialized intestinal columnar
mucosa in the distal oesophagus, is an important risk
factor for oesophageal adenocarcinoma (OAC).1 The
rapidly rising incidence of OAC (>600% increase in
the last 35 years) is attributed to growing population
with gastro-oesophageal reflux disease (GORD), BO
and possibly obesity.2 Moreover, effective screening
programs for BO and OAC are limited by the lack of
ability to predict the presence of BO or OAC using
clinical prediction models. As a result, it is essential
to identify the risk factors of BO, the only precursor
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lesion to OAC to improve the yield of screening pro-
grams.1,3,4 At present, advanced age, long standing
reflux, male sex, Caucasian race, presence of hiatal
hernia and obesity are well-known risk factors for
BO.3 Most of these are non-modifiable risk factors
for BO. Identifying a modifiable risk factor for BO
can have an impact in reducing the burden of the dis-
ease with the ultimate goal of impacting the rising inci-
dence and poor survival associated with OAC.

Cigarette smoking has been shown to be a risk factor
for cancer within BO and this risk persists even after
smoking cessation.5–7 However, its exact role in the
metaplastic transformation, i.e. from squamous to
intestinal epithelium, is not clear. Some studies have
shown an association between cigarette smoking and
BO,8 while others have concluded that no such associ-
ation exists.9,10 Conflicting evidence may be due to lack
of statistical power, lack of adequate controls and
unknown confounding factors. Recently, Cook et al.,
in a pooled analysis of five included case-control stu-
dies, concluded cigarette smoking as a significant risk
factor for BO among both reflux and non-reflux indi-
viduals.15 However, it was limited by lack of use con-
founders (hiatal hernia, ethnicity), wide heterogeneity
study population and lack of standardized definition of
BO and GORD.15 These limitations make it difficult to
interpret the true effect of smoking (in terms of inten-
sity and risk stratification) among those with GORD.
Furthermore, the impact of smoking cessation on the
risk of BO has not been evaluated. Understanding this
relationship has significant implications in identifying
the possible pathogenic role of tobacco on BO, risk
stratification for screening GORD patients for BO,
and finally risk modification for BO.

The aims of the current study were: 1) to evaluate the
risk of BO in current, past and any time smokers with
reflux disease; 2) to evaluate the association between
smoking duration in terms of pack years and risk of
BO; and 3) to identify the effects of smoking cessation
on BO in GORD patients.

Methods

Study subjects

The present study was conducted at Veterans Affairs
Medical Center, Kansas City, Missouri, after approval
of the local Institutional Review Board. Patients pre-
senting with reflux disease for index upper endoscopy
were prospectively enrolled from January 2000 to
December 2011. Prior to the upper endoscopy, these
individuals completed a previously validated GORD
questionnaire (GORQ questionnaire).11 Patients were
included if they had heartburn or regurgitation for
at least 6 months by GORQ questionnaire.

Exclusion criteria were as follows: (1) prior endoscopic
evaluation; (2) age <18 years; (3) prior history of
oesophageal or gastric surgery; and (4) prior history
of BO or OAC.

The following patient details were collected:
1) demographics – age, gender and race; 2) medication
history – current aspirin and NSAID use; 3) family
history of oesophageal disorders; 4) cigarette smoking
history; 5) endoscopic details – date of procedure, pres-
ence of hiatal hernia, and BO; and 6) histological diag-
nosis of biopsies obtained during the procedure. Data
on cigarette smoking history were obtained as follows:
smokers could be current and past cigarette smokers.
Current smokers were defined as those who were smok-
ing currently or smoked within 1 year prior to endos-
copy, while past smokers were those who quit smoking
at least 1 year prior to the upper endoscopy.
Nonsmokers were defined as those who have never
smoked. Pack years of smoking were calculated by
multiplying the number of pack of cigarettes per day
an individual smoked on average, and number of years
of smoking cigarettes.

Endoscopy procedure and biopsy protocol

Upper endoscopy was performed in a conventional
manner by white light video endoscopy (Olympus
GIF-180, GIF-160; Olympus America Inc, Center
Valley, PA). The upper end of gastric folds was con-
sidered as gastro-oesophageal junction (GOJ) during
the endoscopy. The squamo-columnar junction was
identified by the salmon-colored columnar mucosa
encroaching the pale white squamous mucosa.
Columnar lined oesophagus was defined by the prox-
imal displacement of the squamo-columnar junction
above the GOJ.12 BO was defined by the presence of
columnar lined oesophagus and intestinal metaplasia
on histopathology. Presence of hiatal hernia was also
noted.

All the biopsies were performed using standard for-
ceps (Microvasive Endoscopy, Boston Scientific Corp.,
Natick, MA). Biopsy specimens were obtained from
columnar-appearing mucosa that was detected in the
distal oesophagus at a point clearly proximal to the
GOJ. Biopsy protocol specified that 4-quadrant
biopsy specimens at intervals of 2 cm be obtained
from the columnar lined oesophagus.1,13

Histopathological evaluation

All biopsy specimens were fixed in formalin, embedded
in paraffin wax, and stained with H&E. The diagnosis
of BO was based on the presence of goblet cells in
biopsy specimens obtained from the columnar lined
oesophagus.
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Study outcomes

The following were the study outcomes: 1) risk of BO
among anytime, current and past smokers compared
with nonsmokers; 2) assess dose-response in terms of
smoking pack years and risk of BO; and 3) risk of BO
following cigarette smoking cessation.

Data management and statistical analysis

All GORD patients undergoing upper endoscopy were
entered into a database with unique identification num-
bers. All patient identifiers were deleted in compliance
with the Health Information Portability and
Accountability Act regulations. These de-identified
patient data were entered into Microsoft Access for
Windows (Microsoft Corp, Redmond, Washington)
database. The distribution of study variables was
tested using Shapiro–Wilk test and was found to be
not normal. Fischer’s exact test was used to compare
categorical variables such as race, gender, GORD
symptoms (heartburn and acid regurgitation), and
hiatal hernia between the smoking groups (any time,
current and past) and the control group. Mann–
Whitney U test was used to compare age, body mass
index (BMI), duration of smoking (pack years), BO
length and hiatal hernia length between these groups.
When multiple comparisons were conducted,
Bonferroni adjusted p values were calculated.
Multivariable adjusted odds ratio and corresponding
95% confidence interval were calculated for the differ-
ent cigarette smoking categories (anytime, current and
past) using logistic regression models which included all
significant variables for BO. Furthermore, BO risk
among anytime smokers and those who quit cigarette
smoking, based upon degree of exposure, was calcu-
lated. Analysis was done using SPSS version 20.0
(SPSS Inc., Chicago, IL).

Results

Patient characteristics

A total of 1056 GORD patients were enrolled [93.3%
men, 83.3% Caucasian; mean age 57.2 (SD: �12.7)
years, mean BMI of 29.6 (SD: �5.6) kg/m2]. Among
the GORD patients, 956 (90.5%) had heartburn and
777 (73.6%) had acid regurgitation; 562 (53.2%) had
heartburn duration >5 years (Table 1). Median dur-
ation of heartburn and acid regurgitation were 7.5
years (range: 0.5–20 years) and 3.5 years (range:
0.5–20 years), respectively. Of 827 (78.3%) smokers in
the GORD cohort, 353 (42.6%) patients were current
smokers while 474 (57.3%) patients were past smokers.

At endoscopy, 153 (14.5%) patients had BO with
mean BO length of 2.1 cm (SD: �2.5 cm) and hiatal

hernia was present in 490 (46.3%) of them, with a
mean length of 2.7 cm (SD: �1.4 cm) (Table 1).

Comparison of any time smokers and nonsmokers

On univariate analysis, smokers were comparable with
nonsmokers with respect to mean age (p¼ 0.09), ethni-
city (p¼ 0.39), average BMI (p¼ 0.06), proton pump
inhibitor (PPI) use (p¼ 0.65) and GORD symptoms
(heartburn: p¼ 0.28 and acid regurgitation: p¼ 0.14).
Smokers when compared with nonsmokers, were
more likely to be male (p¼ 0.03), more often had heart-
burn duration >5 years (p< 0.001) and had a higher
prevalence of BO (17.0% vs. 5.2%; p< 0.001). Other
endoscopic features (presence of hiatal hernia, hiatal
hernia length and BO length) were comparable in
both groups (Table 2).

Comparison of current smokers and nonsmokers

Current smokers were more likely to be younger
(p¼ 0.001), had lower BMI (p¼ 0.01) and had dur-
ation of heartburn >5 years (p< 0.001). Patient
demographics such as male gender (p¼ 0.34), race
(p¼ 0.22), use of PPI (p¼ 0.99) and GORD symp-
toms (heartburn: p¼ 0.99 and acid regurgitation:
p¼ 0.79) were similar in both groups. Current smo-
kers had a higher prevalence of BO (17.7% vs. 5.2%;
p< 0.001). Presence of hiatal hernia, hiatal hernia
length and BO length were comparable among these
groups (Table 2).

Table 1. Clinical and endoscopic characteristics of GORD patients

Patient Characteristics GORD Cohort (N¼ 1056)

Mean age (years)� SD 57.2� 12.7

Race: Caucasian/African

American/Others

880 (83.3%)/147

(13.9%)/29 (2.7%)

Male sex, n (%) 985 (93.3)

Mean BMI(Kg/m2)� SD 29.6� 5.6

Heart burn, n (%) 956 (90.5)

Acid regurgitation, n (%) 777 (73.6)

Heart burn duration >5 years, n (%) 562 (53.2)

Smokers, n (%) 827 (78.3)

Current smokers, n (%) 353 (33.4)

Past smokers, n (%) 474 (44.9)

Hiatal hernia, n (%) 490 (46.3)

Mean Hiatal hernia length (cm)� SD 2.71� 1.38

Mean BO length (cm)� SD 2.13� 2.57

BO, n (%) 153 (14.5)

BMI: body mass index; BO: Barrett’s oesophagus; GORD: gastro-

oesophageal reflux disease; SD: standard deviation.
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Comparison of past smokers and nonsmokers

Past smokers were significantly older (p< 0.001), more
likely to have heartburn duration >5 years (p¼ 0.002)
and had higher prevalence of BO compared with non-
smokers (16.5% vs. 5.2%; p< 0.001). Gender, race,
BMI, GORD symptoms, PPI use and other endoscopic
features were similar in past smokers and nonsmokers
(Table 2).

Association of cigarette smoking and BO
in subgroups

Among Caucasian individuals, anytime (OR: 3.6; 95%
CI: 1.9–6.6; p< 0.01), current (OR: 3.7; 95% CI:
1.9–7.0; p< 0.01) and past (OR: 3.5; 95% CI: 1.8–6.7;
p< 0.01) smokers had a higher risk of BO, while cigar-
ette smoking did not appear to have significant associ-
ation with BO risk among non-Caucasians (OR: not
calculable; 95% CI: not calculable; p¼ 0.34). Among
the male sex subgroup, anytime (OR: 3.4; 95% CI:
1.8–6.2; p< 0.01), current (OR: 3.5; 95% CI: 1.9–6.8;
p< 0.01) and past (OR: 3.2; 95% CI: 1.7–6.1; p< 0.01)
smoking were significantly associated with BO risk
(Table 3). In the female subgroup, smoking was not
significantly associated with BO (OR: not calculable;
95% CI: not calculable; p¼ 0.09). Irrespective of heart-
burn duration, presence of hiatal hernia, age and BMI,
cigarette smokers had a higher risk for BO than the
nonsmokers in this GORD cohort (Table 3).

Multivariate analysis

BO risk between smokers and nonsmokers and impact of

smoking burden. On multivariate analysis, anytime
smoking (adjusted OR: 3.30; 95% CI: 1.72–6.34;
p< 0.001), current smoking (adjusted OR: 4.00; 95%
CI: 1.96–8.15; p< 0.001) and past smoking (adjusted
OR: 3.01; 95% CI: 1.51–6.03; p¼ 0.002) were independ-
ent predictors for BO after adjusting for age, gen-
der, race, BMI, hiatal hernia and heartburn duration
>5 years (Table 4). The reference group is the
nonsmokers.

The risk of BO among cigarette smokers of <10
pack years (adjusted OR: 2.96; 95% CI: 1.25–7.00;
p¼ 0.013), 10–20 pack years (adjusted OR: 3.21; 95%
CI: 1.44–7.16; p¼ 0.004) and >20 pack years (adjusted
OR: 3.43; 95% CI: 1.73–6.83; p< 0.01) was significantly
higher than nonsmokers. The risk of BO increased with
higher pack years of cigarette smoking (p-trend <0.01)
(Figure 1).

Effect of smoking cessation on the risk of BO. Past smokers
who quit smoking within 10 years (adjusted OR: 4.08;
95% CI: 1.78–9.33; p¼ 0.001) and for 10–20 years
(adjusted OR: 3.19; 95% CI: 1.34–7.59; p¼ 0.009) had
a significant risk of BO, while those who quit smoking
for >20 years did not have significant risk for BO
(adjusted OR: 1.52; 95% CI: 0.62–3.68; p¼ 0.08).
There was a progressive decrease in the risk of BO as
the duration of smoking cessation increased (adjusted

Table 2. Characteristics of smokers and nonsmokers

Characteristics

Nonsmokers

N¼ 229

Smokers

N¼ 827

Smokers vs.

Nonsmokers

p value

Current

Smokers

N¼ 353

Current

Smokers vs.

Nonsmokers

p value

Past

Smokers

N¼ 474

Past

Smokers vs.

Nonsmokers

p value

Mean age (years)� SD 55.9� 14.1 57.6� 12.3 0.09 52.2� 10.4 0.001 61.6� 12.1 <0.001

Race: Caucasian, n (%) 193 (84.6) 687 (83.6) 0.39 287 (81.8) 0.22 400 (84.9) 0.50

Male sex, n (%) 207 (90.4) 778 (94.1) 0.04 331 (93.8) 0.34 447 (94.3) 0.16

Mean BMI (kg/m2)� SD 30.2� 5.9 29.4� 5.5 0.07 28.8� 5.8 0.01 29.9� 5.2 0.99

Heart burn, n (%) 209 (91.7) 747 (90.1) 0.29 331 (93.2) 0.99 416 (87.8) 0.30

Acid regurgitation, n (%) 174 (76.7) 603 (72.8) 0.14 258 (72.5) 0.79 345 (73.1) 0.95

Duration of heartburn

>5 years, n (%)

96 (45.1) 466 (60.3) <0.001 211 (61.9) <0.001 255 (59.0) 0.002

PPI use, n (%) 123 (53.7) 433 (52.3) 0.65 177 (50.1) 0.99 256 (54.0) 0.99

Mean smoking Intensity� SD

(pack years)

0 (0) 34.02� 28.9 <0.001 33.6� 24.4 <0.001 35.6� 31.9 <0.001

Hiatal hernia, n (%) 104 (46.0) 415 (50.4) 0.14 166 (47.3) 0.99 249 (52.6) 0.30

Mean HH length(cm)� SD 2.8� 1.6 2.7� 1.3 0.26 2.5� 1.2 0.09 2.8� 1.4 0.96

BO, n (%) 12 (5.2) 141 (17.0) <0.001 63 (17.7) <0.001 78 (16.5) <0.001

Mean BO length(cm)� SD 1.4� 1.5 2.0� 2.6 0.32 2.0� 2.8 0.68 2.0� 2.5 0.60

BMI: body mass index; BO: Barrett’s oesophagus; HH: hiatal hernia; PPI: proton pump inhibitor; SD: standard deviation.
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OR: 0.95 per year; 95% CI: 0.92–0.98,) with a signifi-
cant trend (p-trend¼ 0.01) (Figure 2).

Discussion

In this large cohort of GORD patients referred for
upper endoscopy, the risk of BO among smokers was
explored. Results from this case-control study demon-
strate that current smoking (adjusted OR: 4.00; 95%CI:
1.96–8.15), past smoking (adjusted OR: 3.01; 95% CI:
1.51–6.03) and anytime smoking (adjusted OR: 3.30;
95% CI: 1.72–6.34) were independent predictors for
BO. The risk for BO increased progressively with
higher pack years of anytime smoking in this GORD
cohort, suggesting a cumulative exposure risk (p-trend
<0.01). Similarly, the risk for BO development
decreased in a linear fashion with duration of smoking
cessation (p-trend¼ 0.01). To our knowledge, this is the
first study to show an impact of smoking cessation on
BO risk. However, this risk for BO persisted for at least
20 years even after smoking cessation.

Although studies in the past have shown an associ-
ation between smoking and BO, the literature is not
entirely cohesive. In a study of 615 patients, Edelstein
et al. showed an association between cigarette smoking
and BO among GORD patients (adjusted OR: 2.8;
95% CI: 1.1–7.0).14 A recent pooled data analysis by
Cook et al. revealed subjects with BO were significantly
more likely to have ever smoked cigarettes than GORD
controls (adjusted OR, 1.67) and general population
(adjusted OR, 1.61). This study also showed an increase
in the OR with increasing cumulative impact of smok-
ing measured in pack years. The authors note that the
OR of BO is 1.5 in patients with <15 and 15–29 pack
years and 2 in those with 30 or more pack years when
compared with those who never smoked. Although this
study has a lower OR compared with ours, the effect
may be due to the heterogeneity of the pooled data. The
risk for BO increased in those with history of cigarette
smoking and reflux disease (adjusted OR: 16.47; 95%Ta
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Table 4. Risk of BO among smokers – multivariate logistic

regression model for Barrett’s oesophagus

Characteristic

Prevalence

of BO

(%) OR

Adjusted

OR*

(95% CI) p value

Any time Smoker 17.0% 7.2 (2.2–23.3) 3.3 (1.7–6.3) <0.001

Current Smoker 17.7% 8.2 (2.5–27.2) 4.0 (1.9–8.1) <0.001

Past Smoker 16.5% 5.8 (1.7–19.7) 3.0 (1.5–6.0) 0.002

Nonsmokers 5.2% Referent Referent Referent

BO: Barrett’s oesophagus; BMI: body mass index; CI: confidence interval;

OR: odds ratio, *- Adjusted to age, gender, BMI, Caucasian race, hiatal

hernia, heart burn duration >5 years.
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CI: 10.73–25.29) compared with the control
population.15The synergy between GORD and cigar-
ette smoking for BO risk indicates the need for aggres-
sive modification of this habit among these high-risk
individuals. On the contrary, others studies have not
found any association between cigarette smoking and
risk for BO in GORD. An Irish study group (FINBAR)
reported no BO risk attributable to cigarette smoking
in a case-control study (p¼ 0.40). However, the study
included only patients with BO length of �3 cm.6

A study by Gerson et al. found no association between
cigarette smoking and BO on multivariate analysis
(adjusted OR:1.33; 95% CI: 0.89–1.98; p¼ 0.16), and
this may be due to a smaller sample size.10

Irrespective of age, BMI, duration of reflux and
presence of hiatal hernia, cigarette smokers had
higher risk of BO. Interestingly cigarette smokers did
not have higher risk for BO among female gender and
non-Caucasians. This is could be explained by limited
sample size involving female gender and non-Whites in
our study.

The present study showed that both current and past
cigarette smoking were significantly associated with an
increased risk of BO in the GORD cohort. In contrast,
a Dutch study found past cigarette smoking to be sig-
nificantly associated with BO (adjusted OR: 1.33, 95%
CI: 1.00–1.77), but not current cigarette smoking.
These results were potentially confounded by
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Figure 2. Risk for Barrett’s oesophagus after smoking cessation.
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Figure 1. Risk for Barrett’s oesophagus by smoking duration (pack years).
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unmeasured variables such as reflux disease and hiatal
hernia – well-known predictors of BO.16 Thus it
appears that, irrespective of the time of cigarette smok-
ing, smokers should be considered at high risk for BO.

The strength of our study is two-fold. One, we dem-
onstrate a strong dose–response relationship between
smoking measured in pack years and the odds of
developing BO, validating the pooled analysis by
Cook et al.15 Two, we also show that the risk of BO
is diminished 20 years after stopping smoking, further
buttressing the association between smoking and BO.
Since longer smoke cessation usually correlates inver-
sely to the pack years; it could be a possible reason to
find an inverse trend with risk of BO. However, in the
past smoking cessation has been reported to be benefi-
cial in reducing the mortality due to coronary artery
disease and lung cancer.17,18 Prospective studies
would be needed to confirm the findings of the present
study. If proven, use of smoking cessation programs
could be an attractive option for reducing the burden
of this premalignant condition as it is one of the few
modifiable risk factors.

The precise mechanism by which smoking leads to
this metaplastic change in GORD is unknown.
However, some prior studies have illustrated that
smoking was significantly associated with increased
acid exposure in the distal oesophagus measured by
ambulatory oesophageal 24 h pH monitoring.19,20 The
excess distal oesophageal acid exposure could be due to
reduction of basal lower oesophageal sphincter tone by
nicotine, frequent transient lower oesophageal sphinc-
ter relaxations, impaired oesophageal acid clearance
and/or impaired gastric emptying.21 A study from the
United Kingdom reported that cigarette smoking was
associated with higher DNA damage to the oesopha-
geal squamous cells (p< 0.01) and also to the Barrett’s
mucosa (p< 0.05).22 In a rat model, smoking has been
shown to act independently and synergistically with
reflux to increase the risk of BO by over expression of
NF-kB and the COX-2 pathway.23 Further studies are
required to define the pathway by which cigarette
smoking influences the development of BO.

Despite the important results from this study, it has
some limitations. There could be selection bias, as
patients with higher burden of GORD symptoms may
be more likely to be referred for endoscopy, but we
have no reason to suspect that this will affect the rela-
tive prevalence of GORD and BO patients. Since the
study population included primarily white veteran
males and the majority were smokers, the results may
not be generalizable to the general population. A con-
trol group of asymptomatic patients was not included,
but this should not affect our overall conclusion that
smoking increases the risk of BO prevalence and smok-
ing cessation decreases that risk. BO biopsies have a

sampling error for detection of intestinal metaplasia,
thus misclassifying BO patients as GORD.
Oesophageal pH monitoring was not performed to con-
firm the diagnosis of GORD, but a validated question-
naire was used.11 Although the prevalence of current
and past smokers are higher in this cohort, most of
the prior studies on veterans had similar range of cur-
rent and past smokers.24–26

In summary, although current guidelines do not rec-
ognize cigarette smoking as a risk factor for the devel-
opment of BO, the present study indicates smoking
(including past and current) as an independent risk
factor for the development of BO.1,13 The risk of BO
significantly increases with the intensity of smoking
(pack years), whereas smoking cessation of 20 years
or more diminishes this risk. These results suggest cig-
arette smoking as a strong risk factor for BO, and
hence smoking could be used as one of the risk strati-
fication tools for BO screening among GORD patients.
Similarly, smoking cessation would be a feasible option
as a risk modification strategy among GORD patients.
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