
 

 

 University of Groningen

Neglected role of hookah and opium in gastric carcinogenesis
Sadjadi, Alireza; Derakhshan, Mohammad H.; Yazdanbod, Abbas; Boreiri, Majid; Parsaeian,
Mahbubeh; Babaei, Masoud; Alimohammadian, Masoomeh; Samadi, Fatemeh; Etemadi,
Arash; Pourfarzi, Farhad
Published in:
International Journal of Cancer

DOI:
10.1002/ijc.28344

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2014

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Sadjadi, A., Derakhshan, M. H., Yazdanbod, A., Boreiri, M., Parsaeian, M., Babaei, M., Alimohammadian,
M., Samadi, F., Etemadi, A., Pourfarzi, F., Ahmadi, E., Delavari, A., Islami, F., Farzadfar, F., Sotoudeh, M.,
Nikmanesh, A., Alizadeh, B. Z., de Bock, G. H., & Malekzadeh, R. (2014). Neglected role of hookah and
opium in gastric carcinogenesis: A cohort study on risk factors and attributable fractions. International
Journal of Cancer, 134(1), 181-188. https://doi.org/10.1002/ijc.28344

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

https://doi.org/10.1002/ijc.28344
https://research.rug.nl/en/publications/786957e5-8e5e-4f54-a77a-be91ae8128b6
https://doi.org/10.1002/ijc.28344


Neglected role of hookah and opium in gastric carcinogenesis:
A cohort study on risk factors and attributable fractions

Alireza Sadjadi1,2, Mohammad H. Derakhshan1,3, Abbas Yazdanbod4, Majid Boreiri1, Mahbubeh Parsaeian5,
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A recent study showed an association between hookah=opium use and gastric cancer but no study has investigated the rela-

tionship with gastric precancerous lesions. We examined the association between hookah=opium and gastric precancerous

lesions and subsequent gastric cancer. In a population-based cohort study, 928 randomly selected, healthy, Helicobacter

pylori-infected subjects in Ardabil Province, Iran, were followed for 10 years. The association between baseline precancerous

lesions and lifestyle risk factors (including hookah=opium) was analyzed using logistic regression and presented as odds

ratios (ORs) and 95% confidence intervals (CIs). We also calculated hazard ratios (HRs) and 95% CIs for the associations of

lifestyle risk factors and endoscopic and histological parameters with incident gastric cancers using Cox regression models.

Additionally, the proportion of cancers attributable to modifiable risk factors was calculated. During 9,096 person-years of

follow-up, 36 new cases of gastric cancer were observed (incidence rate: 3.96=1,000 persons-years). Opium consumption was

strongly associated with baseline antral (OR: 3.2; 95% CI: 1.2–9.1) and body intestinal metaplasia (OR: 7.3; 95% CI: 2.5–

21.5). Opium (HR: 3.2; 95% CI: 1.4–7.7), hookah (HR: 3.4; 95% CI: 1.7–7.1) and cigarette use (HR: 3.2; 95% CI: 1.4–7.5), as

well as high salt intake, family history of gastric cancer, gastric ulcer and histological atrophic gastritis and intestinal meta-

plasia of body were associated with higher risk of gastric cancer. The fraction of cancers attributable jointly to high salt, low

fruit intake, smoking (including hookah) and opium was 93% (95% CI: 83–98). Hookah and opium use are risk factors for gas-

tric cancer as well as for precancerous lesions. Hookah, opium, cigarette and high salt intake are important modifiable risk

factors in this high-incidence gastric cancer area.

Gastric cancer holds a special place among worldwide malig-
nancies in terms of both mortality and incidence. It consti-
tutes the fourth common cause of cancer incidence and the
second cause of cancer-related death.1,2 Gastric cancer is the
first and third most common cancer in Iranian men and
women, respectively.3,4 Ardabil province, located to the west
of the Caspian Sea littoral, has one of the highest worldwide
incidence rates of gastric cancer and a rising trend compared
to previous reports.3–7

The classic pathogenesis of noncardia, and a group of car-
dia, cancers follows a slow progression from chronic gastritis
through atrophic gastritis and intestinal metaplasia to dysplasia
and eventually, adenocarcinoma.8 Although Helicobacter pylori
(H. pylori) is essential for initiation of the cascade,9 remarkable
geographical variations in gastric cancer incidence suggest a
potential role for other lifestyle and genetic risk factors in the
course of this malignancy.2 Current knowledge on lifestyle and
dietary factors of gastric cancer leaves no doubt about the role
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of well-established factors including excess salt intake,10 low
intake of fresh fruit=vegetable11 and smoking.12,13

Several studies have reported associations between opium
and different malignancies, namely esophagus,14,15 bladder,16

lung17 and larynx.18 A recent study showed a higher risk of
gastric cancer associated with opium.19 Hookah, a traditional
smoking instrument in the Middle East, is another possible
risk factor for gastric cancer and reportedly growing among
younger populations of Western countries.20 Although largely
believed by the public to be less harmful than cigarettes, the
report by Shakeri et al. suggests hookah’s association with
gastric cancer in Iran.19 On the basis of the growing epidemi-
ological evidence on the role of opium and hookah, and lack
of mechanistic studies on the topic, the World Health Orga-
nization has encouraged further research on hookah=opium
association with malignancies, including gastric cancer.21,22

We aimed to investigate the factors associated with gastric
caner and precancerous lesions, including hookah and opium
as neglected risk factors, in a follow-up study of H. pylori-
infected subjects. As our study is one of the few investiga-
tions with baseline histological information, we could evalu-
ate the association between precancerous lesions (atrophic
gastritis and intestinal metaplasia) and lifestyle risk factors.
Second, we could study the impact of precancerous lesions
and lifestyle risk factors on the development of gastric cancer
in H. pylori-infected subjects. Additionally, our cohort find-
ings enabled us to calculate the fraction of incident cancers
attributable to each preventable risk factor (attributable
fraction, AF).

Material and Methods
Study population

This population-based follow-up study took place in Ardabil
province, Northwest Iran. Participants were chosen through
random selection from permanent residents of urban and
rural areas in Ardabil (province capital) and Meshkinshahr
townships, who were aged 40 years or more. The exclusion
criteria were participant’s refusal, known gastrointestinal, car-
diac or respiratory disease and pregnancy. Mild dyspepsia
symptoms without a definite prescription by a physician were
not an exclusion criterion. Participants were informed about
the risks and benefits of the study and signed the informed
consent forms. Out of 1,122 subjects invited, 1,011 (91.5%)
consented to endoscopy. As all cancer patients were H. pylori
positive, for our analysis, we only included those 928 (91.8%)
participants infected with H. pylori, based on a positive test
result in either histology or rapid urease test.

Baseline measurements and data handling

Initially, investigators recorded all data pertaining to potential
risk factors using validated questionnaires. Cigarette, hookah
and opium users were defined as individuals who used the
respective item at least once a week for the last 6 months.
Excessive salt intake was defined as consuming more than 6
g salt=day, and low fruit=vegetable intake was defined as eat-
ing less than 400 g=day. The subjects subsequently underwent
upper gastrointestinal endoscopy and at least one biopsy was
taken from incisura angularis, two from lesser curvature (one
from halfway between incisura and cardia and one from pre-
pyloric area) and two from greater curvature (one from fun-
dus and one from antrum). Samples were stained specifically
for H. pylori with Loeffler’s Methylene blue and Warthin
Starry stain. The histological results were reported according
to the Updated Sydney Classification of Gastritis in 2001 and
rechecked in 2011.23

Follow-up

The participants were followed for 10 years by Aras Clinic,
which is properly equipped for diagnosis and treatment of
gastrointestinal disorders and has sufficient facilities for pres-
ervation of biologic specimen. National and local cancer and
death registries contributed to the follow-up process. Authors
regularly searched the relevant cancer and death registries to
extract the time of gastric cancer events. Trained physicians
directly contacted all participants (or their next of kin) for
whom no records were found in above registries to determine
their health status.

Cancer diagnoses

Cancer diagnoses were based on histology of specimen col-
lected on endoscopy or surgery. If unavailable, alternative
means were used, namely, radiology reports, physician
reports (endoscopy and clinical diagnosis) and death reports,
in decreasing order of priority. The vast majority (90%) of
cancer diagnoses in our study were based on histology; 8.3%
based on clinical diagnosis and only one case on death
report. The location and histological type of cancer were clas-
sified using ICD-O-3 and Lauren system, when available.

Statistical methods

The associations between baseline lifestyle risk factors and
precancerous lesions as main outcome were investigated
using logistic regression models; the odds ratios (ORs) and
95% confidence intervals (CIs) were adjusted for relevant

What’s new?

Gastric cancer strikes Iranian men more often than any other cancer, and previous studies report a connection between gastric

cancer and hookah, a traditional smoking device in the region. This study probed the factors associated with precancerous

lesions and gastric cancer, including hookah and opium use. They found that both hookah and opium use increased the likeli-

hood of developing cancer, as did high salt intake and cigarette smoking.
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confounders. Cox regression models were used to calculate
cancer risk during the follow-up period in H. pylori-infected
subjects. The risk estimates were adjusted for all relevant
confounders in separate models and were presented as haz-
ard ratios (HRs) and 95% CIs. Results of multivariable anal-
yses were presented only for variables that showed
statistically significant associations with the outcomes of
interest in age-adjusted models. The AF for modifiable risk
factors [smoking (including hookah), opium, high salt
intake and low fruit=vegetable consumption] was calculated
using Miettinen’s formula.24

AFP ¼ PðRRa21Þ=RRa

where RRa and P are adjusted relative risk and the exposure
prevalence among these cases, respectively. The combined
AF (AFc) was calculated using24

AFc ¼ 12
Yn

i¼1ð12AFiÞ

The confidence interval of AF was quantified with the
simulation technique incorporating sources of uncertainty
of RR and exposure prevalence estimates obtained from our
cohort.

All tests throughout the article were two-sided, and p
values < 0.05 were considered statistically significant.

Ethical considerations

The study protocol was reviewed and approved by the
Ethics Committee and the Institutional Review Board of
Digestive Disease Research Center of Tehran University of
Medical Sciences.

Results
Nine hundred and twenty-eight participants included in our
study (49.1% men) were followed up for an average of
121.8 months (range: 10–132 months), during which 121
(13.0%) subjects died, and 42 (4.5%) subjects were lost to
follow-up. Participants were followed up for a total duration
of 9,096 person-years, during which 36 participants were
diagnosed with gastric cancer, yielding an incidence rate of
3.96=1,000 persons per year.

Table 1 presents the details of the main demographics,
risk factors, histological and endoscopic findings. Endoscopy
revealed no significant abnormalities in only 29 (3.1%) sub-
jects. A total of 847 (91.3%) participants had some degrees
of gastritis. Evidence of active duodenal or gastric ulcer or
both was found in 18 (1.9%), 28 (3.0%) and six (0.6%) par-
ticipants, respectively. The cohort participants showed a
broad spectrum of histological abnormalities other than can-
cer at the baseline examination (Table 1). Chronic gastritis
(either mononuclear or polymorphonuclear cell infiltration)
was the main histological finding in 417 (44.9%) of subjects.
Atrophic gastritis (any grade) and intestinal metaplasia were
the most advanced pathological changes in 372 (40.1%) and Ta
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129 (13.9%) of participants, respectively. Only ten (1.08%)
people had nonspecific minimal changes (normal histology)
and no dysplasia cases were found in our study.

As detailed in Table 2, the incidence rate of cancer in those
with positive family history was 12.5=1,000 person-years,
whereas it was as low as 1.7=1,000 person-years in other par-
ticipants. Among lifestyle factors, smoking tobacco increased
the incidence rate of cancer significantly (7.8 vs. 1.4=1,000 per-
son-years). Although opium use (mainly in the form of smok-
ing) was not common in the study population (1.9%), it was
significantly associated with a higher incidence rate of gastric
cancer (24.3 vs. 3.5=1,000 person-years). High salt intake (>6
g=day) increased the incidence rate of cancer significantly (4.5
vs. 1.1=1,000 person-years), but the effect of lower intake of
fruit=vegetable on cancer risk was not statistically considerable.
Among endoscopic findings, active gastric ulcer was associated
with an increased cancer incidence: 29.8 vs. 3.2=1,000 person-
years. Having either atrophic gastritis (7.6 vs. 1.4=1,000
person-years) or intestinal metaplasia (19.5 vs. 1.4=1,000
person-years) in histological examination of any of gastric
biopsies posed subjects at higher risk of cancer (Table 2).

The associations between lifestyle risk factors and gastric
precancerous lesions were investigated. The antral atrophic gas-
tritis was not associated with any of lifestyle factors, but
atrophic gastritis of body mucosa was associated with lower
intake of fruit=vegetable in both age-adjusted (OR: 1.7, 95% CI:

1.2–2.3) and multivariable models (OR: 1.7, 95% CI: 1.2–2.4;
Table 3). Antral intestinal metaplasia was associated with hoo-
kah use in age-adjusted model (OR: 1.9, 95% CI: 1.01–3.5), but
not in the multivariable model. There were strong associations
between opium use (OR: 3.29, 95% CI: 1.2–9.1) and high salt
intake (OR: 2.55, 95% CI: 1.3–4.9) and antral intestinal meta-
plasia in both age-adjusted and multivariable models. Also,
intestinal metaplasia of gastric body was significantly associated
with opium use in age-adjusted (OR: 6.8, 95% CI: 2.5–18.8)
and multivariable (OR 5 7.3, 95% CI: 2.5–21.5) models.
Finally, there was also a significant association between lower
intake of fruit=vegetable and gastric body intestinal metaplasia
in multivariable analysis (OR: 2.1, 95% CI: 1.05–4.1).

The relationship between gastric cancer and different
potential factors was calculated using Cox proportional hazard
models. The risk of cancer was significantly higher in subjects
with a family history of gastric cancer in fully adjusted models
(HR: 5.7, 95% CI: 2.8–11.6; Table 4). The main lifestyle risk
factors, including cigarette smoking (HR: 3.2, 95% CI:
1.4–7.5), hookah smoking (HR: 3.4, 95% CI: 1.7–7.1) and
opium (HR: 3.2, 95% CI: 1.4–7.7), were associated with higher
risk of cancer with similar magnitude of associations in fully
adjusted models. Among dietary habits, high salt intake
increased the risk of cancer (HR: 4.9, 95% CI: 1.2–20.3). Male
gender, alcohol and low intake of fruit=vegetable were not
associated with a higher risk of cancer.

Table 2. Incidence rate of gastric cancer (per 1,000 person-years) associated with risk factors recorded on baseline evaluation in the cohort
of H. pylori-infected subjects

Risk factor
Cohort
(person-years)

Incident gastric
cancer (n)

Incidence rate
(n/1,000 person-years) p Value

Family history of gastric cancer (1) 1832.7 23 12.5 0.0001

Family history of gastric cancer (2) 7564.3 13 1.7

Cigarette smoking (1) 3601.3 28 7.8 0.0001

Cigarette smoking (2) 5790.0 8 1.4

Hookah smoking (1) 709.6 12 16.9 0.0001

Hookah smoking (2) 8681.5 24 2.7

Opium use (1) 165.0 4 24.3 0.004

Opium use (2) 9,226 32 3.5

Fruit=veg. intake < 400 g=day 6424.6 29 4.6 0.343

Fruit=veg. intake � 400 g=day 2972.5 7 2.3

Salt intake > 6 g=day 7640.3 34 4.5 0.025

Salt intake � 6 g=day 1757.0 2 1.1

Gastric ulcer (1) 234.7 7 29.8 0.0001

Gastric ulcer (2) 9162.4 29 3.2

Duodenal ulcer (1) 186.1 1 5.4 0.513

Duodenal ulcer (2) 9,211 35 3.8

Atrophic gastritis (1) 3708.3 28 7.6 0.0001

Atrophic gastritis (2) 5688.8 8 1.4

Intestinal metaplasia (1) 1284.0 25 19.5 0.0001

Intestinal metaplasia (2) 8113.2 11 1.4
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Some endoscopic and histological parameters were also
associated with higher risk of gastric cancer in Cox regression
models (Table 5). Gastric ulcer was a strong risk determinant
(HR: 9.0, 95% CI: 3.3–24.8). Among histological changes,
atrophic gastritis and intestinal metaplasia of antrum showed
increased risk of cancer in age-adjusted but not in fully
adjusted regression models. In contrast, both atrophic gastri-

tis and intestinal metaplasia of gastric body increased the risk
of gastric cancer even in fully adjusted models, and the risk
increased from lower to higher severity of histological
changes (p value for trend 5 0.036 for atrophic gastritis and
0.001 for intestinal metaplasia). When the same analyses
were done on subgroups of cancer located at cardia or non-
cardia sites, the results did not change (data not shown).

Table 3. Association between baseline gastric precancerous lesions and lifestyle risk factors adjusted to either age or all variables in the
cohort of H. pylori-infected subjects

Antral atrophic gastritis
Antral intestinal

metaplasia Body atrophic gastritis
Body intestinal

metaplasia

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Age adjusted

Cigarette smoking 0.89 (0.7–1.2) 0.379 1.32 (0.9–2.0) 0.174 1.23 (0.9–1.6) 0.163 1.29 (0.8–2.1) 0.328

Hookah smoking 0.63 (0.4–1.04) 0.072 1.87 (1.01–3.5) 0.046 0.66 (0.4–1.2) 0.152 1.30 (0.6–3.0) 0.532

Opium use 1.29 (0.5–3.3) 0.599 3.61 (1.3–9.7) 0.011 2.47 (1.0–6.4) 0.063 6.84 (2.5–18.8) 0.001

Salt intake >6 g=day 1.02 (0.7–1.4) 0.893 2.62 (1.4–5.0) 0.004 0.83 (0.6–1.2) 0.431 1.31 (0.7–2.6) 0.431

Fruit=veg. intake
< 400 g=day 1.12 (0.8–1.5) 0.460 0.74 (0.5–1.1) 0.173 1.66 (1.2–2.3) 0.003 1.91 (1.0–3.7) 0.058

Multivariable adjusted1

Hookah smoking – – 1.69 (0.9–3.2) 0.106 – – – –

Opium use – – 3.29 (1.2–9.1) 0.022 – – 7.34 (2.5–21.5) 0.001

Salt intake >6 g=day – – 2.55 (1.3–4.9) 0.006 – – – –

Fruit=veg. intake
< 400 g=day – – – – 1.69 (1.2–2.4) 0.003 2.08 (1.05–4.1) 0.036

1Adjusted to age and all other variables in the table.

Table 4. Risk of gastric cancer associated with modifiable lifestyle, gender and family history of gastric cancer, adjusted to either age or all
variables in the cohort of H. pylori-infected subjects

Factor

Age adjusted Multivariable adjusted1

HR 95% CI p Value HR 95% CI p Value

Gender Female 1 – – – –

Male 1.33 0.69–2.59 0.398 – – –

Family history of cancer No 1 – – 1 – –

Yes 7.54 3.82–14.90 0.0001 5.70 2.80–11.60 0.0001

Cigarette smoking No 1 – – 1 – –

Yes 5.35 2.44–11.73 0.0001 3.21 1.37–7.48 0.007

Hookah smoking No 1 – 1 –

Yes 5.65 2.82–11.32 0.0001 3.44 1.66–7.11 0.001

Opium use No 1 – 1 – –

Yes 4.6 1.6–13.3 0.004 3.24 1.37–7.66 0.007

Alcohol use No 1 – – – –

Yes 1.75 0.42–7.32 0.444 – – –

Fruit=veg. intake <400 g=day No 1 – – – – –

Yes 1.71 0.62–3.22 0.410 – – –

Salt intake >6 g=day No 1 – – 1 – –

Yes 5.09 1.22–21.23 0.026 4.88 1.17–20.34 0.030

1Adjusted to age and all other variables in the table.
Abbreviations: HR: hazard ratio; CI: confidence interval.
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Furthermore, in analyses by histological subtypes of adeno-
carcinoma (intestinal versus diffuse type), the difference
between groups was not significant as only a few cases had
the diffuse subtype (nine of 36 cases; data not shown).

Finally, we calculated the AF relevant to each factor. A
great majority (AF: 70.6%, 95% CI: 32.7–90.2) of gastric cancer
was attributable to excess salt intake (Table 6). Smoking
(including hookah) was the second most preventable risk fac-
tor with an AF of 62.0% (95% CI: 47.2–75.1). Although opium
was strongly associated with gastric cancer, its lower preva-
lence among study population made it responsible for 8.3%
(95% CI: 2.1–16.0) of cancers. The joint effect of high salt

intake, smoking and low intake of fruit=vegetable was 92.3%
(95% CI: 81.4–97.9). Adding opium to the combination had
little influence on the joint effect (93.0%, 95% CI: 82.9–98.1).

Discussion
Our population-based study was conducted on 928 adults, aged
over 40 years, all of whom were infected with H. pylori on base-
line assessments but had never sought medical consultation for
digestive disorders except for intermittent dyspepsia. The 10-year
follow-up, equal to 9,096 person-years, discovered 36 cases of
gastric cancer (incidence: 3.96=1,000 person years). Both hookah
and opium were found to be strongly associated with gastric

Table 5. Risk of gastric cancer associated with endoscopic and histological parameters adjusted to either age or all variables in the cohort of
H. pylori-infected subjects

Factors

Age adjusted Multivariable adjusted1

HR 95% CI p Value HR 95% CI p Value

Gastric ulcer No 1 – – 1 – –

Yes 11.91 5.13–27.67 <0.001 9.01 3.27–24.80 <0.001

Duodenal ulcer No 1 – – – – –

Yes 1.03 0.14–7.61 0.970 – – –

Antral atrophic gastritis No 1 – <0.001# 1 – 0.946#

Mild 1.92 0.88–4.22 0.95 0.38–2.35

Moderate 4.55 1.86–11.17 0.85 0.25–2.93

Marked 8.20 2.31–29.10 0.52 0.06–4.44

Antral intestinal metaplasia No 1 – <0.001# – – 0.975#

Mild 4.17 1.91–9.09 1.16 0.41–3.21

Moderate 10.79 4.15–27.90 1.37 0.35–5.34

Marked 10.67 2.46–46.11 1.27 0.12–13.99

Body atrophic gastritis No 1 – <0.001# 1 – 0.036#

Mild 3.04 1.19–7.74 2.08 0.74–5.80

Moderate 10.27 4.36–24.19 3.60 1.14–11.34

Marked 10.69 3.55–32.19 6.77 1.62–28.43

Body intestinal metaplasia No 1 – <0.001# 1 – 0.001#

Mild 6.92 2.85–16.80 4.45 1.61–12.29

Moderate 23.03 8.91–59.50 9.83 2.57–37.60

Marked 18.23 6.71–49.54 10.97 2.53–47.48

1Adjusted to age and all above factors with significant association with age-adjusted model. #p Value for trend.
Abbreviations: HR: hazard ratio; CI: confidence interval.

Table 6. The fraction of gastric cancer attributable (AF) to preventable risk factors in our study of H. pylori-infected subjects

Factor Population at risk Case no. AF % (95% CI)

High salt intake (>6 g=day) 757 34 70.64 (32.73–90.24)

Smoking (cigarette and hookah) 363 28 62.04 (47.21–75.13)

Opium use 18 4 8.32 (2.09–16.04)

Low intake of fruit=veg. (<400 g=day) 670 29 31.52 (0.51–53.85)

High salt 1 smoking 1 low fruit=veg. 844 36 92.37 (81.38–97.92)

High salt 1 smoking 1 low fruit=veg. 1 opium use 845 36 93.00 (82.90–98.10)
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cancer, as well as atrophic gastritis and intestinal metaplasia.
Additionally, high salt intake, family history of gastric cancer, gas-
tric ulcer and histological atrophic gastritis and intestinal meta-
plasia were associated with higher risk of gastric cancer.
Moreover, �93% of gastric cancers were theoretically attributable
to the joint effects of high salt intake, low fruit intake, smoking
(any type) and opium. Our study is unique as access to data of
lifestyle factors along with histological status of the baseline
assessments allowed a mechanistic insight on gastric cancer.

We evaluated the association of two forms of smoking, ciga-
rette and hookah, with gastric cancer. A significantly higher risk
of gastric cancer in participants with a previous or current his-
tory of cigarette smoking is consistent with previous findings
from the same population as well as other investigations in dif-
ferent populations and with various study designs.25,26 Hookah
is gaining popularity among the youth, partly because of the
common belief that it is safer than cigarettes. Nevertheless, we
found a threefold higher risk of gastric cancer. An association
between hookah smoking and gastric cancer has also been
shown in another study.19 The mechanism by which hookah
raises the risk of gastric cancer is not known completely,
although three recent studies demonstrated that hookah smoke
contains a broad range of carcinogenic and toxic substances
including nitrosamines, polycyclic aromatic hydrocarbons, pri-
mary aromatic amines and carbon monoxide and various fur-
anic compounds such as 5-(hydroxymethyl)-2-furaldehyde.27–29

Similar to the recent report from another population in
Iran,19 we found a significant association between using opium
(mainly smoking) and higher risk of gastric cancer. We were not
able to obtain details of opium use to calculate the dose-response
effect, but the robust hazard ratio estimates after adjustment for
other forms of smoking and lifestyle factors support that the
confounding effects of other factors are less likely. Nevertheless,
presence of unknown confounders, particularly those with carci-
nogenic pathways shared with smoking, cannot be ignored.

The association of opium with gastric cancer along with
malignancies of the esophagus,14 bladder,16 lung17 and lar-
ynx18 warrants further awareness among medical and health
professionals. Despite its illegal status, recent reports indicate
a rising trend of opium use among the youth worldwide,21,30

which suggests higher numbers of opium-related cancer cases
in the future.

The role of diet in the development of gastric cancer is of
special interest. Among the broad range of dietary components
and elements, daily intake of salt and fruit=vegetable has been
investigated extensively in various populations. We showed an
elevated cancer risk, as high as four times, in subjects receiving
more than 6 g salt per day. This estimate of association is
higher than an overall estimate reported in a recent meta-
analysis by D’Elia et al.31 perhaps because of different exposure
definitions and data acquisition methods. The magnitude of
association between salt intake and gastric cancer appears to
be confounded by several other factors; it is higher in the Japa-
nese and in H. pylori-infected populations with atrophic gastri-
tis.10 Therefore, the higher estimates of cancer risk associated

with salt intake in our cohort can be explained by the fact that
all individuals were H. pylori infected and a large proportion
of them had precancerous lesions (atrophic gastritis and intes-
tinal metaplasia). A protective role for fresh fruit=vegetable
against gastric cancer is still dubious32,33; similarly, our finding
did not show a significant inverse association between this fac-
tor and gastric cancer.

The association of gastric cancer with a number of macro-
scopic (endoscopic) and microscopic (histological) alterations
has long been a point of interest for investigators. The premor-
bid histological state of gastric mucosa may predict cancer
development later in life. A significant increase of cancer risk
in individuals with either atrophic gastritis or intestinal meta-
plasia of gastric body on baseline examination in our cohort is
consistent with previous observations.34 These findings provide
a mechanistic insight into gastric cancer development and
highlight the stepwise nature of gastric cancer. Although some
studies consider these precancerous lesions as risk factors (envi-
ronmental or endogenous), we are reluctant to do so, as they
are neither environmental nor endogenous factors. In fact, pre-
cancerous lesions are intermediate steps in gastric carcinogene-
sis, which arise as the result of a combination of exogenous
and host factors. Therefore, intestinal metaplasia and atrophic
gastritis may help determine subgroups of population who are
at higher risk of cancer and thus need closer surveillance.

We showed that intestinal metaplasia was associated with
high salt intake, hookah and opium. Although cigarette
smoking was not associated with any of the precancerous
lesions in our study, associations with hookah use, as another
form of tobacco smoking, is consistent with two previous
studies on smoking and intestinal metaplasia.35,36 As ours is
the first report to deal with the association between opium
and gastric intestinal metaplasia, more detailed investigations
are needed to clarify the precise mechanism of opium carci-
nogenesis. The increased risk of intestinal metaplasia with
high salt intake in our study indicates that the carcinogenesis
cascade might be facilitated by salt intake in earlier stages.
This is consistent with the observation of Bergin et al. who
showed an induction of atrophic gastritis and intestinal meta-
plasia in Mongolian gerbils with salt-rich diets independently
from H. pylori infection.37

The association between a previously undiagnosed gastric
ulcer and an increased risk of gastric cancer risk later in life
in our study, and lack of such an association for duodenal
ulcer, is consistent with previous literature.38,39 This may be
explained by the gastric hypersecretory state in patients with
duodenal ulcer and hypochlorhydria in those with gastric
ulcer; hypochlorhydria is a common mechanistic link
between gastric ulcer and gastric cancer.40

In conclusion, our study could suggest a much simpler
and more effective strategy for prevention of gastric cancer in
H. pylori-infected subjects in high incidence areas such as
Ardabil where the majority of people acquire H. pylori infec-
tion during neonatal period and develop some degrees of
precancerous lesions in middle age. Our results indicate that
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many cancer cases might be prevented by elimination of
modifiable risk factors without H. pylori eradication. In fact,
gastric cancer is a multifactorial disease, mainly developing in
an inflammatory background induced by H. pylori infection,
with many lifestyle factors contributing to its progress. For
the purpose of prevention, manipulation of gastric cancer
risk factors is feasible if limited to a few simple lifestyle fac-
tors. Our findings indicate that simple and low-cost strategies
such as salt reduction and smoking cessation would lower
gastric cancer incidence and overall mortality. Further studies

are required to corroborate the influence of hookah and
opium on gastric cancer incidence and thus contribute to
designing efficient prevention strategies.

Acknowledgements
The authors extend their gratitude to the Aras Clinic staff for their valuable
help. They also thank the study participants for their cooperation and health
workers (Behvarzes) in the study area for their help in recruiting partici-
pants. Also, they appreciate the valuable comments of Dr. Ramin Shakeri.
The funders had no role in study design, data collection and analysis, deci-
sion to publish or preparation of the manuscript.

References

1. Ferlay J, Shin HR, Bray F, et al. Estimates of
worldwide burden of cancer in 2008: GLOBO-
CAN 2008. Int J Cancer 2010;127:2893–917.

2. Parkin DM, Ferlay J, Curado MP, et al. Fifty
years of cancer incidence: CI5 I-IX. Int J Cancer
2010;127:918–27.

3. Sadjadi A, Nouraie M, Mohagheghi MA, et al.
Cancer occurrence in Iran in 2002, an interna-
tional perspective. Asian Pac J Cancer Prev 2005;
6:359–63.

4. Kolahdoozan S, Sadjadi A, Radmard AR, et al.
Five common cancers in Iran. Arch Iran Med
2010;13:143–6.

5. Babaei M, Jaafarzadeh H, Sadjadi AR, et al. Cancer
incidence and mortality in Ardabil: report of an
ongoing population-based cancer registry in Iran,
2004-2006. Iran J Public Health 2009;38:35–45.

6. Sadjadi A, Malekzadeh R, Derakhshan MH, et al.
Cancer occurrence in Ardabil: results of a
population-based cancer registry from Iran. Int J
Cancer 2003;107:113–18.

7. Roshandel G, Sadjadi A, Aarabi M, et al. Cancer
incidence in Golestan Province: report of an
ongoing population-based cancer registry in Iran
between 2004 and 2008. Arch Iran Med 2012;15:
196–200.

8. Correa P. Human gastric carcinogenesis: a multi-
step and multifactorial process—First American
Cancer Society Award Lecture on Cancer Epide-
miology and Prevention. Cancer Res 1992;52:
6735–40.

9. Barreto-Zu~niga R, Maruyama M, Kato Y, et al.
Significance of Helicobacter pylori infection as a
risk factor in gastric cancer: serological and histo-
logical studies. J Gastroenterol 1997;32:289–94.

10. Shikata K, Kiyohara Y, Kubo M, et al. A prospec-
tive study of dietary salt intake and gastric cancer
incidence in a defined Japanese population: the
Hisayama study. Int J Cancer 2006;119:196–201.

11. World Cancer Research Fund, American Institute
for Cancer Research. Food, nutrition, physical
activity and the prevention of cancer: a global
perspective. Washington, DC: AICR, 2007.

12. Shikata K, Dooi Y, Yonemoto K, et al. Popula-
tion-based prospective study of the combined
influence of cigarette smoking and Helicobacter
pylori infection on gastric cancer incidence, The
hisayama study. Am J Epidemiol 2008;168:1409–
15.

13. Ladeiras-Lopes R, Pereira AK, Nogueira A, et al.
Smoking and gastric cancer: systematic review
and meta-analysis of cohort studies. Cancer
Causes Control 2008;19:689.

14. Friesen M, O’Neill IK, Malaveille C, et al. Substi-
tuted hydroxyphenanthrenes in opium pyroly-

sates implicated in oesophageal cancer in Iran:
structures and in vitro metabolic activation of a
novel class of mutagens. Carcinogenesis 1987;8:
1423–32.

15. Nasrollahzadeh D, Kamangar F, Aghcheli K, et al.
Opium, tobacco, and alcohol use in relation to
oesophageal squamous cell carcinoma in a
high-risk area of Iran. Br J Cancer 2008;98:
1857–63.

16. Hosseini SY, Safarinejad MR, Amini E, et al.
Opium consumption and risk of bladder cancer:
a case-control analysis. Urol Oncol 2010;28:
610–16.

17. Masjedi MR, Naghan PA, Taslimi S, et al. Opium
could be considered an independent risk factor
for lung cancer: a case-control study. Respiration
2013;85:112–18.

18. Mousavi MR, Damghani MA, Haghdoust AA,
et al. Opium and risk of laryngeal cancer.
Laryngoscope 2003;113:1939–43.

19. Shakeri R, Malekzadeh R, Etemadi A, et al.
Opium: an emerging risk factor for gastric
adenocarcinoma. Int J Cancer 2013;133:455–61.

20. Sutfin EL, McCoy TP, Reboussin BA, et al. Preva-
lence and correlates of waterpipe tobacco smok-
ing by college students in North Carolina. Drug
Alcohol Depend 2011;115:131–6.

21. UNODC. World Drug Report_2011: United
Nations Office on Drugs and Crime, 2011.

22. TobReg Wsgotpr. Waterpipe tobacco smoking:
health effects, research needs and recommended
actions by regulators. World Health Organization
(WHO), 2005.

23. Dixon MF, Genta RM, Yardley JH, et al. Classifi-
cation and grading of gastritis. The updated Syd-
ney System. International Workshop on the
Histopathology of Gastritis, Houston 1994. Am J
Surg Pathol 1996;20:1161–81.

24. Inoue M, Sawada N, Matsuda T, et al. Attribut-
able causes of cancer in Japan in 2005—system-
atic assessment to estimate current burden of
cancer attributable to known preventable risk fac-
tors in Japan. Ann Oncol 2012;23:1362–9.

25. Derakhshan MH, Malekzadeh R, Watabe H, et al.
Combination of gastric atrophy, reflux symptoms
and histological subtype indicates two distinct
aetiologies of gastric cardia cancer. Gut 2008;57:
298–305.

26. Tramacere I, La Vecchia C, Negri E. Tobacco
smoking and esophageal and gastric cardia ade-
nocarcinoma: a meta-analysis. Epidemiology 2011;
22:344–9.

27. Schubert J, Kappenstein O, Luch A, et al. Analy-
sis of primary aromatic amines in the mainstream
waterpipe smoke using liquid chromatography-

electrospray ionization tandem mass spectrome-
try. J Chromatogr A 2011;1218:5628–37.

28. Schubert J, Hahn J, Dettbarn G, et al. Mainstream
smoke of the waterpipe: does this environmental
matrix reveal as significant source of toxic com-
pounds? Toxicol Lett 2011;205:279–84.

29. Schubert J, Bewersdorff J, Luch A, et al. Water-
pipe smoke: a considerable source of human
exposure against furanic compounds. Anal Chim
Acta 2012;709:105–12.

30. Sadeghi-Bazargani H, Jafarzadeh H, Fallah M,
et al. Risk factor investigation for cardiovascular
health through WHO STEPS approach in Arda-
bil, Iran. Vasc Health Risk Manag 2011;7:417–24.

31. D’Elia L, Rossi G, Ippolito R, et al. Habitual salt
intake and risk of gastric cancer: a meta-analysis
of prospective studies. Clin Nutr 2012;31:
489–98.

32. Lunet N, Lacerda-Vieira A, Barros H. Fruit and
vegetables consumption and gastric cancer: a sys-
tematic review and meta-analysis of cohort stud-
ies. Nutr Cancer 2005;53:1–10.

33. Steevens J, Schouten LJ, Goldbohm RA, et al.
Vegetables and fruits consumption and risk of
esophageal and gastric cancer subtypes in the
Netherlands Cohort Study. Int J Cancer 2011;129:
2681–93.

34. de Vries AC, van Grieken NC, Looman CW,
et al. Gastric cancer risk in patients with prema-
lignant gastric lesions: a nationwide cohort study
in the Netherlands. Gastroenterology 2008;134:
945–52.

35. Russo A, Maconi G, Spinelli P, et al. Effect of
lifestyle, smoking, and diet on development of
intestinal metaplasia in H. pylori-positive subjects.
Am J Gastroenterol 2001;96:1402–8.

36. Peleteiro B, Lunet N, Figueiredo C, et al. Smok-
ing, Helicobacter pylori virulence, and type of
intestinal metaplasia in Portuguese males. Cancer
Epidemiol Biomarkers Prev 2007;16:322–6.

37. Bergin IL, Sheppard BJ, Fox JG. Helicobacter
pylori infection and high dietary salt independ-
ently induce atrophic gastritis and intestinal
metaplasia in commercially available outbred
Mongolian gerbils. Dig Dis Sci 2003;48:475–85.

38. Hansson LE, Nyren O, Hsing AW, et al. The risk
of stomach cancer in patients with gastric or duo-
denal ulcer disease. N Engl J Med 1996;335:242–9.

39. Take S, Mizuno M, Ishiki K, et al. The effect of
eradicating Helicobacter pylori on the development
of gastric cancer in patients with peptic ulcer dis-
ease. Am J Gastroenterol 2005;100:1037–42.

40. Lu PJ, Hsu PI, Chen CH, et al. Gastric juice acid-
ity in upper gastrointestinal diseases. World J
Gastroenterol 2010;16:5496–501.

E
pi
de
m
io
lo
gy

188 Neglected role of hookah and opium in gastric carcinogenesis

Int. J. Cancer: 134, 181–188 (2014) VC 2013 UICC


	l

