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ABSTRACT
Background Recent studies have suggested that
opium use may increase mortality from cancer and
cardiovascular diseases. However, no comprehensive
study of opium use and mortality from respiratory
diseases has been published. We aimed to study the
association between opium use and mortality from
respiratory disease using prospectively collected data.
Methods We used data from the Golestan Cohort
Study, a prospective cohort study in northeastern Iran,
with detailed, validated data on opium use and several
other exposures. A total of 50 045 adults were enrolled
from 2004 to 2008, and followed annually until June
2015, with a follow-up success rate of 99%. We used
Cox proportional hazard regression models to evaluate
the association between opium use and outcomes of
interest.
Results During the follow-up period, 331 deaths from
respiratory disease were reported (85 due to respiratory
malignancies and 246 due to non-malignant aetiologies).
Opium use was associated with an increased risk of death
from any respiratory disease (adjusted HR 95% CI 3.13
(2.42 to 4.04)). The association was dose-dependent
with a HR of 3.84 (2.61 to 5.67) for the highest quintile
of cumulative opium use versus never use (Ptrend<0.001).
The HRs (95% CI) for the associations between opium
use and malignant and non-malignant causes of
respiratory mortality were 1.96 (1.18 to 3.25) and 3.71
(2.76 to 4.96), respectively.
Conclusions Long-term opium use is associated with
increased mortality from both malignant and non-
malignant respiratory diseases.

INTRODUCTION
The United Nations Office of Drugs and Crime
estimates that 16.5 million people use opium or its
derivatives illicitly.1 The acute effects of opium use
—such as its analgesic and soporific effects—have
been known for millennia. However, relatively few
well-designed human or animal studies have investi-
gated the long-term effects of opium use on body
organs, including organs of the respiratory tract. As
a result, the current understanding of long-term
effects of opium use is not based on solid scientific
findings. A popular, yet unsubstantiated, belief
among lay people and some of the older generation
of physicians in Central Asia is that long-term use

of low-dose opium can increase longevity by pre-
venting chronic diseases. This belief has been chal-
lenged by clinical and epidemiological studies
showing otherwise.
Reports of lung injury due to opium abuse date

back to the 1880s, when Sir William Osler men-
tioned lung oedema as a result of morphine poison-
ing.2 In 1930, Gaide and Neuberger reported a
higher frequency of productive cough and dys-
pnoea in opium smokers.3 Other researchers have
also reported a higher frequency of cough, radio-
logical abnormalities and fibrosis in opium users.4–6

For example, studying 48 opium users with a FEV1

of <60%, Da Costa et al reported high rates of
bronchitis and bronchiolitis, destructive emphy-
sema and peribronchiolar fibrosis.4 However, these
clinical studies were limited by small sample sizes,
lack of control groups and possible confounding by
cigarette smoking and other factors. More recently,
epidemiological studies of laryngeal cancer,7 8 and
lung cancer9 10 in relation to opium use have been
conducted, which have controlled for smoking.
However, these studies have had retrospective case-
control designs, which may be subject to control
selection bias, recall bias and interviewer bias.
Prospective cohort studies may provide more valid
information on the chronic effects of opium use,
yet data from such studies are limited.

Key messages

What is the key question?
▸ What are the effects of chronic opium use on

mortality due to malignant and non-malignant
respiratory disease?

What is the bottom line?
▸ Long-term opium use is associated with

increased mortality from both malignant and
non-malignant respiratory diseases.

Why read on?
▸ The results of this study shed light on a

relatively new risk factor for death from
respiratory diseases. The results are relevant to
both clinicians and public health practitioners.
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We used data from the Golestan Cohort Study (GCS), a large
prospective cohort study of over 50 000 individuals in
northeastern Iran, to examine the association of opium use and
subsequent mortality from both malignant and non-malignant
respiratory diseases.

METHODS
Study population
The GCS is a prospective cohort study of 50 045 adults, aged
40–75 years, from Golestan Province in northeastern Iran. A
detailed description of the study population, its methods and
follow-up is available elsewhere.11 12 In brief, a total of 10 033
people from Gonbad City, the largest city in the study area, and
40 012 people from 326 villages in the area were enrolled
between January 2004 and June 2008. The study population is
a sample of the Golestan province population, aged 40–
75 years. The primary goal was to launch a cohort of 50 000
healthy individuals, with equal numbers of men and women,
20% from urban areas and 80% of Turkmen ethnicity. A total
of 16 599 urban dwellers older than 40 years were selected ran-
domly from five areas of Gonbad City by systematic clustering
based on household number. The selected inhabitants were con-
tacted at home by specially trained health workers and invited
to visit the GCS Center. In rural areas, all residents of all vil-
lages in the study catchment area who were eligible for this
study were invited to participate. At the end of enrolment, com-
pared with participants, the non-participants were more likely
to be men and to live in urban areas. The distribution of partici-
pants by place of residence and ethnicity is close to the initial
goal; however, possibly because of lower employment rate, par-
ticipation rates in women were higher than that of men (70% vs
50%).The design and conduct of the study were approved by
the ethical review boards of Digestive Disease Research Center
of Tehran University of Medical Sciences, the International
Agency for Research on Cancer and the US National Cancer
Institute, and all participants signed a written informed consent
at enrolment.

Exposure and other covariate assessment
Opium use was assessed using a structured questionnaire, which
included detailed questions about the age of starting opium use,
daily amount and frequency of use (how many days a week if
weekly or more), routes of administration, opium types and the
age of quitting for those who had quit. Routes of administration
included opium smoking, ingestion or both. Opium types
included teriak, sukhteh and shireh. Teriak is a sticky paste pre-
pared by boiling raw opium for a few hours. Sukhteh is the dry,
black residue of smoked teriak, which sticks to the opium pipe.
It can be scraped from the opium pipe and ingested. Shireh is a
refined opium product often made by boiling a combination of
opium and sukhteh in hot water and passing the solution
through filters several times. Heroin is also obtained from
opium, but its use among the cohort participants was rare, so it
was not a category evaluated in this study. If subjects used
several types of opium, or they used opium intermittently
(stopped and resumed use), data were recorded separately for
each type and period of use. The accuracy of self-reported
opium use in this population was evaluated by comparing self-
reported opium use with the presence of codeine or morphine
in urine samples of 150 cohort participants. That study showed
a high accuracy for self-report of opium use in these cohort par-
ticipants, with a sensitivity of 0.93 and a specificity of 0.89.13

Other potential disease determinants in the study, including
age, gender, place of residence, ethnicity, marital status, tobacco

use, alcohol drinking and education were also assessed using a
structures questionnaire. Place of residence was categorised as
rural or urban. Ethnic background was divided into Turkmen
(the main ethnic group in the area) and non-Turkmen. Tobacco
and alcohol use questions included details similar to those for
opium use, that is, age of starting use, daily amount and fre-
quency of use, types of tobacco and the age of quitting con-
sumption, if the person had quit. The main types of tobacco use
in the area were cigarettes, hookah (waterpipe) and nass. Nass is
a chewing tobacco product, which is a combination of tobacco,
ash and lime. Alcohol was used infrequently and in small
amounts.

Cause of death ascertainment
The follow-up methods and cause of death ascertainment in the
GCS have been described in detail elsewhere.11 The follow-up
team uses several methods to reach the study participants or to
collect information on the cause of death. These methods
include annual phone calls to study participants or their rela-
tives, communicating with local health workers and collecting
data from local death registries and cancer registries. All cohort
participants are phoned annually and asked about vital status
and any admission to a hospital or outpatient clinic, and the
information is recorded. If the participant is not reached after
seven phone calls made in a 2-week period, friends or local
health workers are contacted. Using these methods, the
follow-up success rate so far is over 99%.

If a death is reported, the physician in the follow-up team
uses a validated verbal autopsy questionnaire to interview the
closest relative of the deceased.12 In addition, the follow-up
team actively pursues and collects all available medical docu-
ments such as hospital charts, physician notes, ECG reports and
pathology reports from all medical centres in Golestan Province
and the neighbouring provinces. Two internists independently
review all collected documents to make a diagnosis according to
the International Statistical Classification of Diseases-10 coding
system. If the two diagnoses are concordant, the diagnosis is
made. If not, a third more experienced internist reviews all
documents and the two initial diagnoses to make the final diag-
nosis. If a final diagnosis cannot be made for any reason, the
cause of death is coded as ‘unknown’. For the purpose of this
paper, we focused on the main respiratory causes of death, both
malignant and non-malignant. The major malignant causes of
death were lung cancer and laryngeal cancer. The main causes
of non-malignant death were COPD, asthma and pneumonia.

Statistical analysis
Age-standardised mortality rates were calculated using the
World Population 2000–2025 as the reference population.

We used Cox proportional hazards regression models, with
age as the timescale, to estimate HRs and 95% CIs for mortality
due to respiratory diseases in association with opium use. The
proportional hazard assumption was verified using Schoenfeld
residuals. Follow-up continued until death, loss to follow-up or
10 July 2015, whichever came first. The covariates in the
adjusted models included age, sex, place or residence (rural or
urban), education, marital status and any tobacco use (including
cigarette smoking, hookah use or chewing nass).

Ever opium users were defined as those participants who had
ever used opium at least once a week for at least 6 months.
Former opium users were defined as participants who had
reported quitting their habit at least 1 year before the enrol-
ment. For current users, duration of use and cumulative use
(defined as duration of use, in days, multiplied by daily amount
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of opium use, in nokhods, a local unit for opium consumption
that weighs about 0.2 g) were categorised into quintiles to test
for dose-response relationships. Data were analysed by routes of
administration and types of opium used. In addition, the results
are presented for death from each major type of malignant
(lung cancer and laryngeal cancer) and non-malignant (COPD,
asthma and pneumonia) outcomes. To address reverse causality,
we conducted a sensitivity analysis excluding subjects who had
used opium for <10 years, and also excluding deaths occurring
in the first 24 months of follow-up.

Statistical analyses were conducted with STATA statistical soft-
ware, V.12 (STATA, College Station, Texas, USA). All p values
are two-sided, and p values <0.05 and 95% CIs not including
one were considered as statistically significant.

RESULTS
During the follow-up period, 331 deaths from respiratory dis-
eases were reported, including 85 from malignant and 246 from
non-malignant diseases.

Table 1 shows the distribution of demographic factors, educa-
tion and habits including alcohol consumption, cigarette
smoking, in GCS, opium users and non-users. In all, 8487 of
the 50 045 cohort participants (17%) of the entire cohort ever
used opium. The main factors associated with higher percentage
of opium use included cigarette smoking, alcohol consumption,
being male, older ages, Turkmen ethnicity and rural residency.

The association of opium use with respiratory mortality is
further explored in table 2. After adjusting for age, sex, residen-
tial place, education, marital status, drinking alcohol and cumu-
lative use of any kind of tobacco (pack-years for cigarette
smoking and amount×duration of use for hookah and nass),
opium consumption was associated with a statistically significant
higher risk of all respiratory mortality, with an HR (95% CI) of
3.13 (2.42 to 4.04). The corresponding HRs (95% CI) for
death from malignant and non-malignant causes were 1.96
(1.18 to 3.25) and 3.71 (2.76 to 4.96). When the results were
divided by quintiles of duration of use or cumulative use in the
current users, there were dose-response increases, with the
highest HRs in the fifth quintiles and p values for trend of
<0.001. Increased risks were seen for the two main types of
opium products used in the area (ie, teriak and shireh), with

combination use having the highest HR. Likewise, increased
risks were observed for both opium smoking and ingestion, and
the highest HRs were in those who both smoked and ingested
opium.

Table 3 shows opium data, stratified by type of malignancy
and non-malignant diseases. Point estimates showed increased
risk of lung cancer, laryngeal cancer, COPD, asthma and pneu-
monia associated with opium use. The results were not statistic-
ally significant for lung cancer and laryngeal cancer, but very
close to significance, with lower bounds of CIs being 0.99 for
both cancers. Table 3 also shows the results of sensitivity ana-
lysis excluding deaths that occurred during the first 24 months
of follow-up, and also results of an analysis excluding the 3952
subjects who had used opium for <10 years. The results did not
change materially after excluding deaths in the first 24 months,
but the HRs were slightly stronger after excluding those who
had used opium for <10 years.

Although we have adjusted for tobacco use, since there is a
possibility that some of the increased mortality be driven from
residual confounding from tobacco use or its interaction effect
with opium, we performed a sensitivity analysis restricted to
never smokers to assess the effect of tobacco use.

DISCUSSION
In Central Asia, some lay people and even some older physicians
believe that opium use increases longevity. The reason may be
pain-relieving effects of opium use, which may be misinter-
preted as curative effects. However, the results of our study
show that opium use is associated with increased mortality from
respiratory diseases. These results add to other recent literature
that opium is indeed associated with higher risk of both malig-
nant and non-malignant diseases.

With regard to malignant diseases, a case series published in
1968 was perhaps the first study that suggested that opium may
be a carcinogen,14 showing potential malignant effects of opium
on tongues of the users. Whereas a few other studies evaluating
the carcinogenicity of opium appeared in the literature in the
1970s and early 1980s, there was a hiatus for nearly two
decades, and most studies of opium and cancer have been pub-
lished in the last 12 years.15 Epidemiological studies have asso-
ciated opium use with increased risk of cancers of the oral

Table 1 Descriptive characteristics of the cohort participants, opium users and non-users

Never opium user, n (%) Ever opium user, n (%) Never opium user, n (%) Ever opium user, n (%)

All cohort participants 41558 (83) 8487 (17)
Age categories (years) Education
30–39 306 (94) 19 (6) Illiterate 29 490 (84) 5628 (16)
40–49 19 462 (85) 3331 (15) Up to 8 years 8480 (79) 2228 (21)
50–59 13 287 (82) 2845 (18) High school 2601 (82) 554 (18)
60–69 6336 (79) 1641 (21) Higher education 987 (93) 77 (7)
70 or more 2167 (77) 651 (23)

Gender Ethnicity
Female 26 456 (92) 2355 (8) Non-Turkmen 10 857 (85) 1935 (15)
Male 15 102 (71) 6132 (29) Turkmen 30 701 (82) 6552 (18)

Place of residence Marital status

Rural 32 527 (81) 7485 (19) Married 36 345 (83) 7545 (17)
Urban 9031 (90) 1002 (10) Widow/widower, single/divorce 5185 (85) 940 (15)

Alcohol consumption Cigarette smoking
Never use 40 754 (84) 7562 (16) Never smokers 36 255 (93) 2933 (7)
Ever use 804 (47) 925 (54) Ever smokers 5303 (49) 5554 (51)
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Table 2 HRs for the association between opium use and respiratory disease mortality by type of opiate used, route of administration and cumulative use

All respiratory diseases Malignant respiratory diseases Non-malignant respiratory diseases

No. of participants (deaths) Cox HR* (95% CI) No. of participants (deaths) Cox HR (95% CI) No. of participants (deaths) Cox HR (95% CI)

Opium use
Never users 41 558 (164) Reference 41 558 (42) Reference 41 558 (122) Reference
Ever users 8487 (167) 3.13 (2.42 to 4.04) 8487 (43) 1.96 (1.18 to 3.25) 8487 (124) 3.71 (2.76 to 4.96)

Opium use

Never users 41 558 (164) Reference 41 558 (42) Reference 41 558 (122) Reference
Former users 838 (19) 2.85 (1.73 to 4.7) 838 (5) 1.95 (0.73 to 5.16) 838 (14) 3.29 (1.84 to 5.88)
Current† users 7107 (143) 3.31 (2.53 to 4.32) 7107 (38) 2.11 (1.25 to 3.55) 7107 (105) 3.92 (2.88 to 5.32)

Duration of opium use
Never users 41 558 (164) Reference 41 558 (42) Reference 41 558 (122) Reference
Former users 868 (20) 3.03 (1.86 to 4.95) 868 (5) 2.01 (0.75 to 5.31) 868 (15) 3.53 (2.01 to 6.2)
1st quintile (≤3 years) 1671 (17) 2.19 (1.32 to 3.64) 1671 (3) 1.11 (0.34 to 3.66) 1671 (14) 2.68 (1.53 to 4.71)
2nd quintile (4–7 years) 1486 (16) 2.17 (1.28 to 3.66) 1486 (2) 0.73 (0.17 to 3.08) 1486 (14) 2.87 (1.63 to 5.06)
3rd quintile (8–12 years) 1433 (25) 3.78 (2.43 to 5.89) 1433 (5) 1.77 (0.67 to 4.66) 1433 (20) 4.84 (2.94 to 7.94)
4th quintile (13–20 years) 1577 (33) 3.61 (2.41 to 5.4) 1577 (10) 2.58 (1.22 to 5.44) 1577 (23) 4.04 (2.51 to 6.5)
5th quintile (>20 years) 1452 (56) 4.14 (2.89 to 5.94) 1452 (18) 3.01 (1.55 to 5.81) 1452 (38) 4.66 (3.04 to 7.15)

p for trend <0.000 p for trend <0.001 p for trend <0.000
Opium cumulative use

Never users 41 558 (164) Reference 41 558 (42) Reference 41 558 (122) Reference
Former users 868 (20) 2.99 (1.84 to 4.88) 868 (5) 1.99 (0.75 to 5.27) 868 (15) 3.47 (1.98 to 6.1)
1st quintile (≤1148) 1524 (18) 2.27 (1.38 to 3.73) 1524 (2) 0.73 (0.17 to 3.09) 1524 (16) 3 (1.76 to 5.11)
2nd quintile (1149 to 4383) 1524 (22) 2.75 (1.74 to 4.36) 1524 (5) 1.64 (0.63 to 4.28) 1524 (17) 3.27 (1.94 to 5.51)
3rd quintile (4384 to 12 054)) 1524 (25) 3.03 (1.95 to 4.71) 1524 (6) 1.92 (0.78 to 4.68) 1524 (19) 3.55 (2.15 to 5.88)
4th quintile (12 055 to 30 681) 1570 (38) 4.15 (2.82 to 6.08) 1570 (9) 2.38 (1.09 to 5.18) 1570 (29) 5.05 (3.26 to 7.83)
5th quintile (>30 682) 1477 (44) 3.84 (2.61 to 5.67) 1477 (16) 2.95 (1.48 to 5.88) 1477 (28) 4.13 (2.57 to 6.64)

p for trend <0.000 p for trend <0.001 p for trend <0.000
Type of opium product

Never users 41 558 (164) Reference 41 558 (42) Reference 41 558 (122) Reference
Teriak only 7308 (142) 3.11 (2.39 to 4.04) 7308 (37) 2.01 (1.19 to 3.35) 7308 (105) 3.63 (2.69 to 4.9)
Shireh only 781 (13) 2.91 (1.62 to 5.21) 781 (2) 1.06 (0.25 to 4.53) 781 (11) 3.99 (2.11 to 7.56)
Combinations 398 (12) 4.31 (2.31 to 8.01) 398 (4) 3.06 (1.02 to 9.18) 398 (8) 4.88 (2.31 to 10.37)

Route of administration
Never users 41 558 (164) Reference 41 558 (42) Reference 41 558 (122) Reference
Smoking 5804 (66) 2.21 (1.61 to 3.01) 5804 (21) 1.69 (0.94 to 3.03) 5804 (45) 2.39 (1.65 to 3.45)
Ingestion 2182 (79) 4.57 (3.35 to 6.23) 2186 (17) 2.29 (1.21 to 4.36) 2186 (63) 5.79 (4.08 to 8.21)
Both methods 497 (21) 5.65 (3.45 to 9.25) 497 (5) 2.99 (1.11 to 8.06) 497 (16) 7.17 (4.07 to 12.62)

*Adjusted for age, sex, residential place, education, marital status, drinking alcohol and cumulative use of any type of tobacco (pack-years for cigarette and amount×duration of use for hookah and nass).
†Excluding 542 who have started opium after their illness.
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cavity,14 16 larynx,7 8 lung,9 10 oesophagus,17–20 stomach20–23

and bladder.24–29 The two previous epidemiological studies of
opium in relation to laryngeal cancer7 8 had a retrospective case-
control design and showed statistically significant increased
risks, with ORs close to 10. Previous studies9 10 have also
shown an increased risk of lung cancer, with relative risks of
close to 2 or 3 in opium users. Our study results did not show
statistically significant increased risks of lung cancer or laryngeal
cancer in opium users, but the point estimates of the HRs were
above 1 and consistent with the findings of the previous studies.
Therefore, lack of significance may be due to relatively small
numbers of death (especially from laryngeal cancer) and hence
low statistical power.

The epidemiological findings showing increased risk of several
cancers with opium use are supported by laboratory studies
showing that, after metabolic activation, opium dross has muta-
genic activity in Salmonella typhimurium strains TA98 and
TA100;30 causes frameshift mutations in S. typhimurium strains
TA1538 and TA9829 and induces sister chromatid exchanges.31

These effects are mostly attributed to nitrogen-containing hetero-
cyclic compounds derived from pyrolysis of morphine.32 Studies
have also shown that opium use may be associated with higher
risk of other chronic diseases, such as cardiovascular diseases.33

There is also some relatively old literature on the effects of
opium on non-malignant diseases of the lungs and pleura.3–6

Whereas these studies were case series, and not formally con-
trolled for smoking cigarettes, they still provide important
insights. For example, comparing studies of opium users (nearly
all of whom also smoked cigarettes) with those who only
smoked cigarette (and not opium), Da Costa et al found that
the prevalence of parenchymal and pleural fibrosis was much
higher in those who used opium.4 In addition, there were dis-
tinctive radiographic features—described as ill-defined nodular
shadows with or without reticular patterns—in opium users that
were not seen in pure cigarette smokers.4 More recent study
from the UK has also shown the association between heroin
inhalation and early onset emphysema.34 Our results are consis-
tent with the findings of these clinical studies, and suggest an
increased risk of death from asthma, COPD and pneumonia
associated with opium use.

Cigarette smoking increases the risk of lung cancer in this
population, as it does in other populations. However, for
reasons that are not completely understood, probably due to the
presence of other strong risk factors,35 lower overall amount of
smoking or starting smoking later in life, tobacco smoking in
Iran is a much weaker risk factor for total mortality, lung cancer
and other diseases, than what is reported elsewhere. This has
been shown repeatedly in studies in the 1970s, as well as in
more recent studies. In the GCS, for example, the adjusted HR
for opium and mortality was 1.86, whereas the adjusted for
smoking and mortality was <1.30.36 In case-control studies in
the 1970s,37 as well as in more recent case-control studies,
tobacco smoking increased the risk of oesophageal squamous
cell carcinom (OSCC) less than twofold,17 was not associated
with increased risk of gastric cancer38 and was not associated
with risk of pancreatic cancer.39 We also see a relatively weak
HR for lung cancer. Therefore, cigarette smoking cannot be a
major source of confounding.

For a factor to be a major confounder, it has to be a strong
risk factor of the outcome, so we believe that tobacco smoking
is not major confounder but may interact with opium in causing
cancer. In this study, using opium plus smoking increased the
risk of cancer far beyond smoking alone, whereas opium uses
alone did not increase risk of cancer. This finding, the points
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discussed above and results of other studies of opium and
cancer collectively suggest an interaction as the most plausible
explanation. However, there may be other alternative explana-
tions too.

The strengths of our study include its prospective design,
large sample size, extensive data collection for the exposure of
interest (opium) and potential confounders (eg, cigarette
smoking, age and sex) and conducting sensitivity analyses. In
order to decrease the possibility of bias, the medical doctors
who determined the causes of death were unaware of the
history of opium use by the deceased (blind evaluation).

However, the study has limitations too. Although the accuracy
of self-reported opium use in this population is high, some
degree of misclassification due to recall bias is possible. On the
other hand, there may be also some degrees of misclassification
of cause of death, in spite of the validity of the verbal autopsy.
Despite conducting a sensitivity analysis, reverse causality
cannot be ruled out. COPD, asthma and laryngeal cancer are all
associated with chronic coughs, and opium is a well-known anti-
tussive. Therefore, it is possible that those who developed these
diseases in Golestan Province used opium to suppress their
cough, and excluding only 1 year may not be adequate to
capture that. Also, small numbers of deaths in some subgroups
(eg, laryngeal cancer) may result in low statistical power.
Relatively little mechanistic studies have been done on the
effects of chronic use of opium, so further research is needed to
elucidate the mechanisms and check the plausibility of the
findings.

In conclusion, our study showed an association between long-
term opium use and higher mortality from both malignant and
non-malignant respiratory causes. This study adds to the current lit-
erature showing detrimental health effects of long-term opium use.
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