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ABSTRACT ARTICLE HISTORY
Background: Opium use has been associated with an increased risk of cancers of the lung, oesopha- Received 25 August 2023
gus, and pancreas, and it was recently classified by the International Agency for Cancer Research as Accepted 23 October 2023
carcinogenic to humans. It is not clear whether opium also increases the risk of colorectal cancer
(CRC). The aim of our study was to assess the association between various metrics of opium use and
the risk of CRC.

Methods: This case-referent study from seven provinces in Iran comprised 848 CRC cases and 3215
referents. Data on opium use (duration, amount, frequency) and potential confounders were collected
by trained interviewers. Multivariable unconditional logistic regression models were used to measure
odds ratios (OR) adjusted for age, gender, province, marital status, family history of CRC-linked cancers,
consumption of red meat, fruits and vegetables, body shape, occupational physical activity, and socio-
economic status.

Results: Regular opium consumption was not associated with the risk of CRC (OR 0.9, 95% confidence
interval, Cl: 0.7, 1.2) compared to subjects who never used opium. However, frequent opium use more
than twice a day was associated with an increased risk of CRC compared to non-users of opium (OR:
2.0, 95% Cl: 1.1, 3.8; p for quadratic trend 0.008).

Conclusion: There seems to be no overall association between opium use and CRC, but the risk of
CRC might be increased among persons who use opium many times a day.
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Background

Colorectal cancer (CRC) is the third most common cancer
and second most deadly malignancy, with 1.9 million inci-
dent cases and 0.9 million death worldwide in 2020 [1-3].
There were 1.2 million incident cases of colon cancers and
0.7 million rectal cancers worldwide in 2020, and the num-
bers are projected to increase until 2040 [1,2], mainly due to
the increasing number of older persons [2]. Risk factors of
CRC include age, obesity, lack of physical activity, red meat
intake, and constipation [4]. Opium use causes constipation
[5], and an excess risk of CRC among opium users is plaus-
ible through this mechanism. In Iran in 2014, CRC was the
third most common cancer among men with an estimated
age-standardized (World Standard) incidence rate (ASR) of
16.6/100 000 and the second most common cancer among
women (ASR: 11.9/100 000) [6].

Opium, a highly addictive substance obtained from the
unripe seedpod of the poppy plant, is illicitly consumed by
millions of people worldwide, particularly in the Middle East
and South Asia [7]. Freshly taken from the poppy plant,
opium contains alkaloids (e.g., morphine, codeine, and the-
baine). It is often minimally processed by heating, boiling,
drying, and variably adulterated with some chemicals (e.g.,
lead or chromium) before it reaches consumers. In this min-
imally processed form, opium may be consumed as crude
opium (teriak), opium juice (shireh), or opium dross (sukhteh)
[8]. These forms of opium may be ingested or smoked.

Opium usually contains lead as an additive [9-12], and
lead can cause constipation [13]. Since risk of CRC is elevated
among those who suffer from constipation [13], we hypothe-
sized that constipation might have an intermediate role
between opium consumption and risk of CRC. Another medi-
ator between opium use and risk of CRC may be poor oral
hygiene. Opium use is associated with periodontal disease,
and poor oral hygiene might increase risk of CRC [14].

An IARC Working Group in 2020 concluded that opium
use has a carcinogenic effect on humans, based on sufficient
evidence of carcinogenicity in humans for cancers of the
lung, oesophagus, and pancreas [15]. The association
between opium use and CRC is less clear. In two recent stud-
ies, opium use was suggested as a potential risk factor for
CRC [16,17] while one study showed no association [18].
These studies suffered from limitations, such as small num-
bers of cases, reporting bias, lack of controlling for confound-
ing variables, and lack of detailed information on opium use.
In the present large-scale study, we report the association
between various metrics of opium use and the risk of CRC.

Material and methods

The IROPICAN case-referent study was launched in ten prov-
inces in Iran to assess associations between opium consump-
tion and risk of cancers of the lung, CRC, bladder, and head
and neck. These provinces were selected because the preva-
lence of opium use was relatively high and access to referral
hospitals was possible. In this study we use data from only

seven provinces since the data collection of CRCs was not
performed in three centers in the southern part of Iran.

In the IROPICAN study, referents were enrolled concur-
rently with the cases among the relatives or friends of
patients from non-oncology wards or others who visited the
hospital for reasons other than receiving treatment. They
were frequency-matched by gender, age, and province of
residence, with cancer cases of all four cancer types com-
bined. The referents had to be free of cancer at the date of
recruitment. Trained interviewers conducted face to face
interviews and collected data using a comprehensive vali-
dated questionnaire and 12 ml of venous whole blood for all
cancer cases and referents. Details of the study have been
described elsewhere [19].

For the current study, we used data of histologically con-
firmed incident primary CRCs (ICD-O-3: C18, colon; C19-20,
rectum) and referents recruited from May 2017 until July
2020 [19]. The non-response rate among the cases was 1%
and among the referents 11%. The main reasons for non-par-
ticipation among the cancer patients were sickness and leth-
argy, and among the referents lack of time or unwillingness
to donate a biological sample [19]. Forty cases with unknown
subsite were excluded from the analysis. Altogether 848 CRC
cases and 3215 referents were included in the study. The
mean age at recruitment for the included cases was 58.7
(standard deviation 12.5) years and for the referents 57.2
(standard deviation 11.5) years.

Exposure assessment

Detailed histories of opium use were collected from cases
and referents, including types of opium (crude opium, opium
juice, and both types), routes of administration (only smok-
ing, only ingestion, and both routes), duration of use, start-
ing and stopping age, and daily amount and frequency of
opium use. The amount of opium use was asked in local
units of opium use which were converted to grams. All these
metrics were answered for up to 5 separate periods of
opium use, and the durations of these periods were used as
weights in the calculation of weighted averages of the count
per day (frequency), average amount of opium used at a
time and daily dose of opium use.

In the statistical analyses, ever-use of opium was defined
as using opium at least once during a lifetime, and regular
opium use was defined as using opium at least once a week
for at least six consecutive months. The cumulative amount
of lifetime opium use was defined as the total duration of
opium use (days) multiplied by the average daily amount,
which was the product of an average amount of opium used
at a time and the average daily frequency of opium use. We
used a three-year lag time which means that possible opium
consumption during the three last years before the interview
date was excluded.

Potential confounders

Those who reported one or more of cancers of the
colon, rectum, stomach, ovary and endometrium in their
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Table 1. Numbers (and percentages) of subjects of colorectal cancer (CRC) cases and referents, by demographic characteristics and

life habits.
Variable category CRC cases Colon cancer cases Rectal cancer cases Referents
Total 848 (100) 455 (100) 393 (100) 3215 (100)
Age at interview
30-39 66 (7.8) 34 (7.5) 32 (8.1) 250 (7.8)
40-49 123 (14.5) 65 (14.3) 58 (14.8) 505 (15.7)
50-59 235 (27.7) 118 (25.9) 117 (29.8) 997 (31.0)
60-69 252 (29.7) 144 (31.7) 108 (27.5) 1020 (31.7)
>70 172 (20.3) 94 (20.7) 78 (19.9) 443 (13.8)
Gender
Female 366 (43.2) 198 (43.5) 168 (42.8) 1010 (31.4)
Male 482 (56.8) 257 (56.5) 225 (57.3) 2205 (68.6)
Place of residence
Capital city of the region 538 (63.4) 300 (65.9) 238 (60.6) 1254 (39.0)
Other 310 (36.6) 155 (34.1) 155 (39.4) 1961 (61.0)
Province
Tehran 170 (20.0) 100 (22.0) 70 (17.8) 816 (25.4)
Fars 248 (29.3) 102 (22.4) 146 (37.2) 943 (29.3)
Kerman 104 (12.3) 51 (11.2) 53 (13.5) 525 (16.3)
Golestan 140 (16.5) 92 (20.2) 48 (12.2) 374 (11.6)
Mazandaran 59 (7.0) 39 (8.6) 20 (5.1) 136 (4.2)
Kermanshah 66 (7.8) 32 (7.0) 34 (8.7) 251 (7.8)
Khorasan-Razavi 61 (7.2) 39 (8.6) 22 (5.6) 170 (5.3)
Socioeconomic status
Low 325 (38.3) 173 (38.0) 152 (38.7) 863 (26.8)
Moderate 230 (27.1) 124 (27.3) 106 (27.0) 1085 (33.8)
High 293 (34.6) 158 (34.7) 135 (34.4) 1267 (39.4)
Body shape at age 15
Normal 662 (78.1) 346 (76.0) 316 (80.4) 2694 (83.8)
Overweight 99 (11.7) 60 (13.2) 39 (9.9) 303 (9.4)
Obese 87 (10.3) 49 (10.8) 38 (9.7) 218 (6.8)
Physical activity at work
Sedentary 282 (33.3) 157 (34.5) 125 (31.8) 1036 (32.2)
Medium 151 (17.8) 8 (17.1) 73 (18.6) 701 (21.8)
High 176 (20.8) 3 (20.4) 83 (21.1) 695 (21.6)
Unknown 239 (28.2) 27 (27.9) 112 (28.5) 783 (24.4)
first-degree relatives were defined as having a positive family multiplied by the standard portion size (grams).

history of cancer. These cancer types are possibly linked to
Lynch syndrome or hereditary nonpolyposis colorectal cancer
(HNPCQ) [20,21].

We estimated perceived physical activity workload (PPWL)
by using job histories of the participants and a Finnish job
exposure matrix (FINJEM) [22,23]. In FINJEM there are two
variables to estimate PPWL for each occupation, calendar
period, the proportion of exposed (P), and mean level of the
exposure among the exposed (L) [24]. We were not able to
calculate the cumulative PPWL for the entire work life
because of overlapping work periods in the collected data.
Therefore, we only used PL for the longest work period, cate-
gorized into three categories: sedentary, moderate, or heavy
(highest tertile of non-sedentary observations).

Numerous variables related to socioeconomic status (SES)
were summarized using principal component analysis by
combining data on years of education, and ownership of
vacuum cleaner, dress washing machine, dishwashing
machine, freezer, microwave, split air conditioner, laptop,
internet access, mobile phone, personal car, owned house, or
a shop. The weighted sums of these variables, where the
weights are equal to the principal component loading, was
categorized into tertiles and used in the logistic regression
analyses as the SES variables.

Information about intake of 131 food items before the
recruitment date was collected using a validated Persian
cohort food frequency questionnaire [25]. For each food
item, the reported daily frequency of consumption was

Consumption of red meat, fruit and vegetables was catego-
rized into tertiles. Since we did not have information about
height and weight in relevant ages to calculate body mass
index, we classified body shape of the participants at age 15
into three categories (normal, overweight, obese) using data
collected as pictograms which have been shown as a valid
tool for such classification [26].

To define the constipation, participants were asked
whether they have had constipation for more than six
months. Number of decayed teeth was examined by trained
interviewers and used as the index of oral hygiene, catego-
rized based on the median (< 7, >7).

Statistical analyses

Unconditional logistic regression models were used to meas-
ure odds ratios (OR) and 95% confidence intervals (Cl). The
ORs were adjusted for age (ten-year age category), gender,
and province, marital status, SES, body shape at age 15 years
old, PPWL, family history of cancer, and intake of red meat
and vegetables. Pack-year cigarette smoking, and energy
intake were dropped from the final models because these
variables did not significantly improve the model fit. In all
analyses, non-users of opium were considered as the refer-
ence group.

To understand the existence and effect of the factors act-
ing as possible mediators between opium and CRC, i.e,
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Table 2. Odds ratios (or) and 95% confidence intervals (Cls) for opium use, marital status, family history of cancer, red meat, vegetables, body shape, socioeco-
nomic status, and perceived physical workload in risk of colorectal cancer, adjusted for age, gender, province, and all other cofactors listed in this table.

Colorectal cancer

Colon cancer Rectal cancer

Variable category Referents N (%) N (%) OR (95% CI) N (%) OR (95% CI) N (%) OR (95% Cl)
Total 3215 (100) 848 (100) 455 (100) 393 (100)
Opium use
Non-user 2649 (82.4) 719 (84.8) Ref. 386 (84.8) Ref. 333 (84.7) Ref.
Irregular 127 (3.9) 40 (4.7) 1.3 (0.9, 1.9) 25 (5.5) 1.4 (0.9, 2.3) 15 (3.8) 1.1 (0.6, 2.0)
Regular® 439 (13.7) 89 (10.5) 0.9 (0.7, 1.2) 44 (10) 0.8 (0.6, 1.2) 45 (11.5) 1.0 (0.7, 1.4)
Cofactors included in the model
Marital status
Married 2913 (90.6) 701 (82.7) Ref. 374 (82.2) Ref. 327 (83.2) Ref.
Widow 164 (5.1) 99 (11.7) 1.9 (1.4, 2.6) 56 (12.3) 2.1 (1.4, 3.0) 43 (10.9) 1.8 (1.2, 2.6)
Divorced/separated 39 (1.2) 21 (2.5) 2.0 (1.1, 3.4) 10 (2.2) 1.8 (0.9, 3.9) 11 (2.8) 2.2 (1.0, 44)
Single 90 (2.8) 21 (2.5) 0.8 (0.5, 1.4) 12 (2.6) 1.0 (0.5, 1.8) 9 (2.3) 0.7 (0.4, 1.6)
Unknown 9 (0.3) 6 (0.7) - 3(0.7) - 3(0.8) -
Socioeconomic status
Low 863 (26.8) 325 (38.3) Ref. 173 (38) Ref. 152 (38.7) Ref.
Moderate 1085 (33.8) 230 (27.1) 0.7 (0.5, 0.8) 124 (27.3) 0.7 (0.5, 0.9) 106 (27.0) 0.6 (0.5, 0.8)
High 1267 (39.4) 293 (34.6) 0.7 (0.6, 0.9) 158 (34.7) 0.8 (0.6, 1.0) 135 (34.4) 0.7 (0.5, 0.9)
Body shape at age 15
Normal 2694 (83.8) 662 (78.1) ef. 346 (76) Ref. 316 (80.4) Ref.
Overweight 303 (9.4) 99 (11.7) (0.9, 1.5) 60 (13.2) 1.3 (0.9, 1.8) 39 (9.9) 1.0 (0.7, 1.4)
Obese 218 (6.8) 87 (10.3) 0,18 49 (10.8) 1.4 (1.0, 2.0) 38 (9.7) 1.3 (0.9, 1.9)
Perceived physical workload
Sedentary 1036 (32.2) 282 (33.3) Ref. 157 (34.5) Ref. 25 (31.8) Ref.
Medium 701 (21.8) 151 (17.8) 0.8 (0.6, 0.9) 8 (17.1) 0.7 (0.5, 1.0) 73 (18.6) 0.8 (0.6, 1.1)
High 695 (21.6) 176 (20.8) 0.8 (0.6, 1.0) 3 (20.4) 0.8 (0.6, 1.0) 3 (21.1) 0.8 (0.6, 1.1)
Unknown 695 (21.6) 239 (28.2) 0.6 (0.5, 0.8) 127 (27.9) 0.6 (0.4, 0.9) 12 (28.5) 0.6 (0.4, 0.9)
Family history of cancer
No 3060 (95.2) 781 (92.1) Ref. 419 (92.1) Ref. 362 (92.1) Ref.
Yes 155 (4.8) 67 (7.9) 1.7 (1.3, 23) 36 (7.9) 1.7 (1.2, 2.6) 31 (7.9) 1.7 (1.1, 2.6)
Red meat (g/day)
<1283 1742 (54.2) 410 (48.4) Ref. 215 (47.3) Ref. 195 (49.6) Ref.
12.83-25.64 990 (30.8) 233 (27.5) 1.3 (1.0, 1.5) 119 (26.2) 1.3 (1.0, 1.6) 114 (29.0) 13 (1.0, 1.7)
>25.64 480 (14.9) 205 (24.2) 2.2(1.8,27) 121 (26 6) 25 (1.9, 33) 84 (21.4) 1.9 (14, 2.6)
Unknown 3 (0.01) - - - -
Fruit and vegetables (g/day)
<422 1606 (50.0) 409 (48.2) Ref. 211 (46.4) Ref. 198 (50.4) Ref.
422-576 803 (25.0) 200 (23.6) 1.0 (0.8, 1.3) 108 (23.7) 1.2 (0.9, 1.5) 92 (23.4) 0.9 (0.7, 1.2)
>576 803 (25.0) 239 (28.2) 1.1 (0.9, 1.3) 136 (29.9) 13 (1.0, 1.7) 103 (26.2) 0.9 (0.7, 1.2)
Unknown 3 (0.01) - - - - -

Using opium at least once a week for at least six consecutive months during the lifetime. Some of them may have stopped opium use before the date of

interview.

constipation and decayed teeth as an indicator of poor oral
hygiene [27], we conducted a series of mediation analy-
ses [28].

All statistical analyses were conducted using Stata, version
17 (Stata Corp, College Station, Texas 77845 USA, licensed to
Tampere University).

Results

In the final study series, there were 455 cases of colon cancer
and 393 cases of rectal cancer (Table 1). Out of 848 cases 89
(10.5%) and out of the 3215 referents 439 (13.7%) were regu-
lar opium users (Table 2).

Irregular opium use showed a non-significant 30% excess
of CRC (Table 2). Regular opium use showed no association
with risk of either CRC overall (OR: 0.9, 95% Cl: 0.7, 1.2) or
any of its two subsites (Table 2).

In analyses focusing to characteristics of opium use, inges-
tion of opium seemed to be associated with risk of rectal
cancer (OR: 2.3, 95% Cl: 1.0, 5.6) but not with colon cancer.
The amount of opium used each time seemed not to affect
risk of CRC (Table 3).

The frequency of opium use (count per day) was associ-
ated with an increasing risk of CRC (Table 3). Those who
used opium more than two times per day had an OR of 2.0
(95% Cl: 1.1, 3.8) compared to non-users of opium. Use of
opium less than once per day showed an OR of 0.7 (95%
Cl: 0.5, 1.0). The quadratic p-trend related to the frequency
of opium use for CRC was 0.008 (for colon 0.02, for rec-
tum 0.1).

Among the cofactors included in the final model, red
meat intake showed a strong association with the risk of
CRC, more strongly for colon than rectum (Table 2). Obese
persons showed a 30% higher risk of CRC than those with
normal body shape. The risk of CRC was 70% higher among
those who had first-degree relatives with HNPCC cancers
than those without.

The mediation analysis showed that constipation and oral
hygiene are mediators. However, the effect of opium use
mediated via these factors was not strong, and hence the
mediation analysis did not provide additional insight on the
association between opium and risk of CRC. Therefore, we
did not include constipation and oral hygiene in the final
model.
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Table 3. Odds ratios (or) and 95% confidence intervals (Cls) by characteristics of regular opium use from models adjusted for age, gender, province, marital sta-
tus, family history of cancer, red meat, vegetables, body shape, socioeconomic status, and perceived p physical workload. Lag 3 years.

Colorectal cancer

Colon cancer Rectal cancer

Metric of opium use category Referents N (%) N (%) OR (95% Cl) N (%) OR (95% Cl) N (%) OR (95%Cl)
Type of opium used

No opium use 2649 (82.4) 719 (84.8) Ref. 386 (84.8) Ref. 333 (84.7) Ref.

Crude opium (Teriak) 387 (12.0) 72 (8.5) 0.8 (0.6, 1.1) 34 (7.5) 0.8 (0.5, 1.2) 35 (8.9) 0.9 (0.6, 1.3)

Opium juice (Shireh) 31 (1.0) 9 (1.1) 1.3 (0.6, 2.8) 5(1.1) 0.9 (0.3, 2.8) 7 (1.2) 1.6 (0.6, 4.4)

Both types 21 (0.7) 8 (0.9) 1.6 (0.7, 3.6) 5(1.1) 1.6 (0.5, 4.9) 3(0.8) 1.5 (0.5, 4.5)
Route of opium use

Only smoking 368 (11.5) 69 (8.1) 0.9 (0.6, 1.2) 34 (7.5) 0.8 (0.6, 1.2) 35 (8.9 0.9 (0.6, 1.3)

Only ingestion 27 (0.8) 12 (1.4) 1.6 (0.8, 3.2) 5(1.1) 1.0 (0.4, 2.8) 7 (1.8) 2.3 (1.0, 5.6)

Both routes 41 (1.3) 8 (0.9) 0.9 (0.4, 2.0) 5(1.1) 1.0 (0.4, 2.6) 3(0.8) 0.8 (0.2, 2.7)

Unknown 3(0.1) - - - - - -
Count per day®

<1 308 (9.6) 48 (5.7) 0.7 (0.5, 1.0) 23 (5.1) 0.6 (0.4, 1.0 25 (6.4) 0.8 (0.5, 1.2)

1-2 97 (3.0) 24 (2.8) 1.1 (0.7, 1.8) 12 (2.6) 1.1 (0.6, 2.1) 12 (3.0) 1.2 (0.6, 2.3)

>2 34 (1.1) 17 (2.0) 2.0 (1.1, 3.8) 9(2) 2.0 (1.0, 4.5) 8 (2.0) 2.0 (0.9, 4.4)
Average opium uses at a time (g)

<1 190 (5.9) 54 (6.4) 1.2 (0.9, 1.9) 28 (6. 1.1 (0.7, 1.8) 26 (6.6) 14 (0.9, 2.1)

1-2 140 (4.4) 18 (2.1) 0.6 (0.4, 1.0) 715 0.4 (0.2, 1.0) 11 (2.8) 0.7 (0.4, 1.4)

>2 109 (3.4) 17 (2.0) 0.7 (0.4, 1.2) 9(2) 0.8 (0.4, 1.6) 8 (2.0) 0.7 (0.3, 1.4)
Daily dose of opium (g)°

<1 233 (7.3) 46 (5.4) 0.9 (0.6, 1.2) 23 (5.1) 0.8 (0.8, 1.3) 23 (5.9) 1.0 (0.6, 1.6

1-2 84 (2.6) 17 (2.0) 0.9 (0.5, 1.6) 9(2) 0.9 (04, 1.9) 8 (2.0) 0.9 (0.4, 1.8)

>2 122 (3.8) 26 (3.1) 1.0 (0.6, 1.5) 12 (2.6) 0.9 (0.5, 1.8) 14 (3.6) 1.1 (0.6, 1.9
Starting age of opium use

<20 51 (1.6) 9 (1.1) 0.8 (0.4, 1.8) 5(1.1) 0.9 (0.3, 2.3) 4 (1.0) 0.8 (0.3, 2.3)

20-29 134 (4.2) 20 (2.4) 0.7 (0.4, 1.2) 9 (2.0) 0.6 (0.3, 1.2) 11 (2.8) 0.9 (0.5, 1.7)

30-39 106 (3.3) 29 (3.4) 1.3 (0.8, 2.0) 16 (3.5) 1.3 (0.7, 2.3) 13 (3.3) 1.2 (0.7, 2.2)

>40 148 (4.6) 31 (3.7) 0.8 (0.6, 1.3) 14 (3.1) 0.7 (04, 1.3) 17 (4.3) 1.0 (0.6, 1.7)
Time since stopping opium use

Current user 213 (6.6) 41 (4.8) 0.9 (0.6, 1.3) 25 (5.5) 1.1 (0.9, 2.3) 16 (4.1) 0.8 (0.4, 1.3)

<10 133 (4.1) 31 (3.7) 1.0 (0.6, 1.5) 14 (3.1) 0.8 (0.5, 1.5) 17 (4.3) 1.2 (0.7, 2.0)

>10 86 (2.7) 16 (1.9) 0.8 (0.5, 1.4) 5(1.1) 0.5 (0.2, 1.3) 11 (2.8) 1.2 (0.6, 2.3)

Unknown 7 (0.2) 1(0.1) - - - 1(0.3) -
Duration of opium use (years)

<19 254 (7.9) 0 (7.1 1.0 (0.8, 1.4) 26 (5.7) 0.9 (0.6, 1.3) 34 (8.7) 1.2 (0.8, 1.8)

19-29 107 (3.3) 19 (2.2 0.9 (0.5, 1.5) 13 (2.9) 1.2 (0.6, 2.2) 6 (1.5) 0.6 (0.3, 1.4)

>29 78 (2.4) 1(1.2 0.5 (0.3, 1.1) 5(1.1 0.5 (0.2, 1.2) 5(1.3) 0.6 (0.2, 1.5)
Cumulative amount of opium (kg)©

<4 211 (6.6) 45 (5.3) 0.9 (0.7, 1.3) 22 (2.2) 0.8 (0.5, 1.3) 23 (5.9) 1.1 (0.7, 1.7)

4-14 115 (3.6) 24 (2.8) 1.0 (0.6, 1.5) 10 (2.2) 0.8 (0.4, 1.5) 14 (3.6) 1.2 (0.6, 2.1)

>14 112 (3.5) 18 (2.1) 0.7 (0.4, 1.3) 11 (2.4) 1.0 (0.5, 1.7) 7 (1.8) 0.6 (0.3, 1.3)

Unknown 1 (0.0) 2 (0.2) - 1(0.2) - 1(0.3) -
Cumulative count of opium uses (times)?

<4900 217 (6.8) 35 (4.1) 0.7 (0.5, 1.0) 17 (3.7) 0.7 (0.4, 1.1) 18 (4.6) 0.8 (0.5, 1.3)

4900-11000 126 (3.9) 30 (3.5) 1.1 (0.7, 1.8) 15 (3.3) 1.1 (0.6, 1.9) 15 (3.8) 1.2 (0.7, 2.2)

>11000 96 (3.0) 24 (2.8) 1.1 (0.7, 1.7) 12 (2.6) 1.0 (0.5, 1.8) 12 (3.1) 1.2 (0.6, 2.2)

“Duration-weighted average of the period-specific daily frequencies of opium use.

BCount per day multiplied by the average of opium use at a time (g).

‘Cumulative amount: the average daily amount of opium multiplied by the total duration of opium use (days).
dCumulative count: average count per day multiplied by the total duration of opium use (days).

Discussion

In this large multi-center case-referent study, regular opium
use was generally not associated with risk of cancers of
colon or rectum. Still, opium use of at least twice a day was
associated with an approximately two-fold risk of CRC com-
pared with the subjects who never used opium. The amount
of opium used each time, or the duration and age span of
opium use seemed not to affect the risk. Findings related to
type and route of opium were also weak.

Few studies, two small case-referent studies and one
cohort study, have evaluated the effect of opium use on the
risk of CRC [16-18]. Our study showing lack of association
with regular opium use is in line with the cohort study by
Sheikh et al. [18]. In contrast, the two earlier case-referent
studies showed a four-fold risk of CRC among opium users

[16,17]. Both these studies used neighborhood referents. It
has been reported that neighborhood controls may under-
estimate their opium use since using opium is not legal and
users might not report it correctly [29]. In our study, instead,
the referents were hospital visitors who were interviewed in
identical way as the cases. It has been shown that in such a
setting the completeness of reporting of opium use is similar
among the cases and referents [30]. Still, there is chance of
recall bias. The cases may report their opium use more likely
than the referents. That would mean that our OR estimates
are slightly too high.

To the best of our knowledge, our study is the first one
that was able to evaluate the effect of frequency of opium
use on the risk of CRC. In our data there was a trend of
increasing CRC risk with increasing daily frequency of opium
use, and use of opium more than twice a day carried a
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two-fold risk of both cancers in colon and rectum. If these
do not represent chance findings, we should seek for mecha-
nisms how frequent opium use might increase risk of CRC.
One possible mechanism considered a priori is constipation
which can increase risk of CRC [13]. Lead as an additive of
opium may lead to constipation [10]. A study by Nemati
et al. showed that blood level of lead among opium users
was three-fold as compared to non-users [31]. Although it is
likely that frequent opium use increases risk of constipation,
according to our data constipation appears not to have an
important effect on the risk of CRC.

Heavy metals such as lead, arsenic, sulfate, chromium and
cadmium as an opium additive [10,15] have been considered
as risk factors for colon cancer; the plausible mechanism
might be due to DNA damage along with dichromate ions
to induce DNA methylation and gene silencing [32-34]. The
study conducted by Sohrabi et al. showed that the mean
concentration of lead in CRC tissues was approximately 2-
fold as compared to that in healthy tissues [35]. The study
by Etemadi et al. [36] showed that mortality and cancer risk
might be increased due to presence of lead in the blood as
a consequence of long term regular opium use. Our data did
not include information on heavy metal intake of the cases
and referents, and it was therefore not possible to assess dir-
ect effect of them on the CRC risk.

Because there is an association between frequency of
opium use and risk of CRC, it would be expected that there
also is an association between cumulative count of opium
use and risk of CRC. We did however not observe any such
association. The OR did not depend on the age of starting
opium use nor on time since opium use had been stopped
and increasing years of opium use rather decreased than
increased the risk. It appears possible that opium users with
constipation problems cannot continue opium use for a long
time.

A study by Zu et al. [32] reported that opium use is asso-
ciated with periodontal disease. Periodontal diseases might
increase systemic inflammation, lead to immune system
problems and alter gut microbiota, and probably influencing
CRC carcinogenesis [14]. In our data number of decayed
teeth used as an oral hygiene index did not show strong
effect on the risk of CRC.

Another hypothetical mechanism that may explain the
association of frequent opium use and increased risk of CRC
could be related to polyps which are a confirmed risk factor
of CRC [33,34]. If opium smoking increases risk of polyps in a
similar way as has been shown for cigarette smoking [37] it
would be possible that opium use may also indirectly
increase the risk of CRC. We did not have data on polyps,
but we suggest conducting studies on the effect of opium
use on developing polyposis.

Our study had several strengths. The sample size was
large, all CRC cases were histologically confirmed and cor-
rectly stratified as either colon or rectal cancer. We used
healthy hospital visitor referents who do not share risk fac-
tors with the cases as might happen if the referents would
be hospital patients with other diseases [30]. The data quality
in our study was high because they were collected by

trained interviewers using a validated questionnaire [19]. The
response rate among both CRC patients and referents was
high. Due to access to detailed information about details of
opium use, we were able to examine the association of vari-
ous metrics of opium use and risk of CRC. While accuracy of
opium use information has been evaluated to be generally
good, it has been shown that the assessment of amount of
opium use is less reliable [38]. We do not know whether
people who were asked to be referents differ in their opium
consumption from the rest of the population. If they would
be selected in terms of opium use, then we would have a
selection bias. Therefore, we should be careful in interpreting
the result in such a way that amount of opium use would
have no effect.

In conclusion, although there seems to be no association
between overall opium use and CRC, the risk of CRC might
be increased among the persons who use opium more than
twice a day.
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