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Abstract

Background: Bladder cancer (BC) is the 10th most common type of cancer worldwide

and the fourth most common type of cancer in Iran. Opium use is considered as one of

the risk factors for BC. We aim to assess the association between various parameters of

opium use, which in Iran is mainly ingested or smoked in various forms, and the risk

of BC.

Method: In this multi-centre case-referent study in Iran, 717 BC cases and 3477 referents

were recruited to the study from May 2017 until July 2020. Detailed histories of opium

use (duration, amount, frequency) and potential confounders were collected by trained

interviewers. Multivariable unconditional logistic regression models were used to mea-

sure adjusted odds ratio (OR) and 95% confidence intervals (CI). The ORs were adjusted

for age, gender, place of residence and pack-years of cigarette smoking.

Results: Regular opium consumption was associated with an increased risk of BC (OR

3.5, 95% CI: 2.8, 4.3) compared with subjects who never used opium. Compared with con-

tinuous users, the risk decreased to one-third for those who stopped opium more than

10 years ago. The adjusted OR for those who used both crude opium (teriak) and opium

juice was 7.4 (95% CI: 4.1, 13.3). There was a joint effect of opium and tobacco (OR for

users of both opium and tobacco 7.7, 95% CI: 6.0, 9.7).

Conclusions: Regular opium use is associated with an approximately 4-fold risk for BC.

The OR decreases along with the increasing time since stopping opium use.

Key words: IROPICAN, opium, bladder cancer

Introduction

Bladder cancer (BC) is the 10th most common type of can-

cer worldwide1 and the 4th most common cancer among

men in Iran,\\\ with an estimated age-standardized (World

Standard) incidence rate (ASR) of 14.3/100 000 in 2020.2

An increasing number of incident cases of BC is projected

for Iran, due to ageing and population growth and lifestyle

changes.3 Tobacco use and occupational exposure to

chemical substances (e.g. metalworking fluids, diesel

exhaust, polycyclic aromatic hydrocarbons, benzidine4)

are the most important risk factors for BC.1,5

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.6 Freshly taken from the poppy plant, opium

contains alkaloids (e.g. morphine, codeine and thebaine). In

these countries, it is often minimally processed by heating,

boiling and drying and is variably adulterated with some
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chemicals (e.g. lead or chromium) before it reaches consum-

ers. In this minimally processed form, opium may be con-

sumed as crude opium (teriak), opium sap (shireh) or opium

dross (sukhteh).7 These forms of opium may be ingested or

smoked. Therefore, similar to tobacco, opium is a complex

substance with many chemicals.

In recent systematic reviews,8,9 opium use was sug-

gested as a potential risk factor for BC. However, the risk

of under-reporting and detection bias in these studies was

high.8,9 Moreover, some of the included studies suffered

from methodological limitations, including lack of control-

ling for confounding variables (age, sex, cigarette smok-

ing), small samples size and lack of information about

starting age of opium use, duration of use, dose and route

of consumption. A recent study about the association be-

tween opium use and BC in one of the provinces in Iran

suggested that regular use of opium had been more com-

mon among BC patients than among people in their neigh-

bourhood.10 None of the previous studies investigated the

effect of time since stopping opium use, nor the dose-

response relationship between opium use and BC risk. An

International Agency for Research on Cancer (IARC)

Working Group in 2020 concluded that opium use has a

carcinogenic effect on humans, based on sufficient evi-

dence of carcinogenicity in humans.11 BC is one of the can-

cers which has been shown to have a positive association

with opium consumption.

In the present large-scale study, we report the association

between various parameters of opium use and the risk of BC.

Methods

The IROPICAN case-referent study was launched in 10

provinces in Iran to assess the association between opium

consumption and risk of cancers of the lung, colorectum,

bladder, and head and neck, compared with a joint group

of referents who were frequency-matched by gender, age

and place of reference with cancer cases of all four cancer

types combined. These provinces were selected because the

prevalence of opium use was relatively high, and also ac-

cess to referral hospitals was possible. The referents were

enrolled concurrently 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 treat-

ment. The referents had to be free of cancer at the date of

recruitment. Details of the study have been described

elsewhere.12

For the current study, we use data of histologically con-

firmed primary BCs (ICD-O: C67) admitted to referral

hospitals, who were recruited as cases from May 2017 un-

til July 2020,12 and the pool of all referents of the

IROPICAN study. The mean age at recruitment was

63.6 years for the cases and 57.4 years for the referents. All

BCs were incident cases diagnosed less than 1 year before

the interview.

Altogether 717 BC cases and 3477 referents were

recruited to the study. Out of the cases, 587 (81.9%) were

urothelial carcinomas and 130 (18.1%) were BC cases of

other and unknown histology. The characteristics of the

cases and controls are given in Table 1. The non-response

rate among the cases was 1% and among the referents

11%, with the main reasons for non-participation includ-

ing sickness and lethargy among cancer patients and lack

of time or unwillingness to donate a biological sample

among referents.12

Exposure assessment

Detailed histories of opium use among both cases and

referents were collected, including duration of use, starting

and stopping ages, amount, and frequency of opium use

per day, week and month. The amount of opium use was

asked in local units of opium use and converted to grams.

Other information collected included type of opium (crude

opium, opium juice and both types) and routes of adminis-

tration (only smoking, only ingestion and both routes).

Information on the amount of opium use at a time (in

grams) and number of times per day (frequency) was also

collected. All these metrics were answered for up to five

separate periods of opium use, and the durations of these

periods were used as weights in the calculation of weighted

averages.

In the statistical analyses, ever-use of opium was defined

as using opium at least once during a lifetime, and regular

Key Messages

• To our knowledge, this is the first large-scale case study investigating the relationship between opium use and

bladder cancer.

• There was a substantial decrease in bladder cancer risk after stopping opium use.

• There was an additive interaction between opium and tobacco use.
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opium use was defined as using opium at least once a week

for at least 6 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 3-year lag time, which means that opium

consumption during the 3 past years before the interview

date was excluded.

Ever-use of cigarettes and tobacco (waterpipe,

Chopogh, Nass and pipe) was defined as using any at least

once during a lifetime. Regular cigarette smoking and to-

bacco use were defined as using any at least once a week

for at least 6 consecutive months. Also, cigarette smoking

was defined as light (<14 pack-years), moderate (14–20)

and heavy (>20). Furthermore, occupation was defined as

high- or low-skilled white-collar, high- or low-skilled blue-

collar.

Statistical analyses

Unconditional logistic regression models were used to mea-

sure adjusted odds ratios (OR) and 95% confidence inter-

vals (CI). The ORs were adjusted for age, gender, province

and pack-years of cigarette smoking. Occupation was

dropped from the final models because this variable did

not improve the model fit (P>0.2). In all analyses, non-

users of opium were considered as the reference group. All

statistical analyses were conducted using Stata, version 16

(Stata Corp., College Station, TX, licensed to Tampere

University).

Results

Regular opium use was more than 3-fold among BC cases

than among referents (adjusted OR 3.4, 95% CI: 2.7, 4.3;

Table 2). The OR of regular opium use for bladder cancer

of urothelial histology was 3.5 (95% CI: 2.7, 4.4) and for

other or unknown histology 2.3 (95% CI: 1.2, 4.3).

The OR for those who used both teriak and shireh was

7.4 (95% CI: 4.1, 13.3) compared with non-users.

Ingestion of opium was more strongly associated with an

increased risk of BC than smoking of opium. Moreover, in

a model adjusted with the duration of opium use, the OR

for those who applied the ingestion route of opium use

showed a strong association, with an OR of 6.8 (95% CI:

3.6, 13.6).

Those with a cumulative consumption of less than 4 kg

opium during their life had a 2.3-fold risk of BC (95% CI:

1.7, 3.1), and the OR increased to 5.2 (95% CI: 3.7, 5.3)

among those who had used more than a 16-kg cumulative

amount of opium.

The duration of regular opium use was moderately as-

sociated with the risk of BC. The duration of fewer than

19 years showed an OR of 2.6 (95% CI: 1.9, 3.5) and the

ORs for longer duration categories were �4.5 (Table 2).

The average amount of opium used each time did not

markedly affect the BC risk, but the frequency of daily

opium use was highly associated with an increased risk of

BC (Table 2). Those who used opium less than once per

day had an OR of 2.1 (95% CI: 1.6, 2.8) whereas those

who used opium more than two times per day had an OR

of 9.5 (95% CI: 5.8, 15.4). This effect was also reflected in

the OR for a lifelong cumulative count of opium use.

Table 1 Distribution of demographic characteristics and hab-

its of the bladder cancer cases and referents at the time of in-

terview in Iran from May 2017 to July 2020

Variable Bladder cancer cases Referents

Number (%) Number (%)

Total 717 (100) 3477 (100)

Age

30–39 14 (2.0) 257 (7.4)

40–49 50 (7.0) 559 (16.1)

50–59 181 (25.2) 1070 (30.8)

60–69 267 (37.2) 1092 (31.4)

�70 205 (28.6) 499 (14.4)

Gender

Female 93 (13.0) 1077 (31.0)

Male 624 (87.0) 2400 (69.0)

Place of residence

Capital city of the region 267 (37.2) 1310 (37.7)

Other 450 (62.8) 2167 (62.3)

Province

Tehran 139 (19.4) 816 (23.5)

Fars 166 (23.2) 943 (27.1)

Kerman 150 (20.9) 525 (15.1)

Golestan 46 (6.4) 374 (10.8)

Mazandaran 24 (3.4) 136 (3.9)

Kermanshah 52 (7.3) 251(7.2)

Khorasan-Razavi 30 (4.2) 170 (4.9)

Bushehr 56 (7.8) 84 (2.4)

Hormozgan 27 (3.8) 78 (2.2)

Systan-Balouchestan 27 (3.8) 100 (2.9)

Occupation

High-skilled white-collar 202 (28.2) 1011 (29.1)

Low-skilled white-collar 153 (21.3) 575 (16.5)

High-skilled blue-collar 273 (38.1) 966 (27.8)

Low-skilled blue-collar 89 (12.4) 925 (26.6)

Cigarette smoking (pack-years)

Non-smoker 287 (40.0) 2500 (71.9)

<15 111 (15.5) 449 (12.9)

15–31 120 (16.7) 255 (7.3)

>31 184 (25.7) 229 (6.6)

Unknown 15 (2.1) 44 (1.3)
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Table 2 Characteristics of opium use among regular opium users, and the odds ratios with opium use for bladder cancer in Iran

from May 2017 to July 2020, from models including age, gender, province, cigarette pack-years. Lag 3 years

Metric of opium use Bladder cancer cases Referents Adjusted odds ratio (95% CI)

Number (%) Number (%)

Opium use

Non-user 387 (54.0) 2881 (82.9) Ref.

Irregular 27 (3.8) 135 (3.9) 1.1 (0.7, 1.8)

Regulara 303 (42.0) 461 (13.3) 3.4 (2.7, 4.3)

Type of opium used

Crude opium (teriak) 251 (35.0) 405 (11.7) 3.2 (2.5, 4.0)

Opium juice (shireh) 20 (2.8) 32 (0.9) 3.8 (2.0, 7.0)

Both types 32 (4.5) 24 (0.7) 7.4 (4.1, 13.3)

Route of opium use

Only smoking 209 (29.2) 383 (11.0) 2.8 (2.2, 3.6)

Only ingestion 27 (3.8) 30 (0.9) 6.3 (3.6 11.3)

Both routes 65 (9.1) 45 (1.3) 6.9 (4.5, 10.8)

Unknown 2 (0.3) 3 (0.1)

Count per dayb

<1 141 (19.7) 345 (9.9) 2.1 (1.6, 2.8)

1–2 108 (15.1) 81 (2.3) 7.5 (5.3, 10.8)

>2 54 (7.5) 35 (1.0) 9.5 (5.8, 15.4)

Average of opium use at a time (g)

<1 153 (21.3) 207 (6.0) 3.8 (2.9, 5.1)

1–2 62 (8.7) 146 (4.2) 2.3 (1.6, 3.3)

>2 88 (12.3) 108 (3.1) 4.1 (2.9, 5.9)

Daily dose of opium (g)c

<1 141 (19.7) 268 (7.7) 2.7 (2.1, 3.6)

1–2 54 (7.5) 84 (2.4) 3.5 (2.3, 5.2)

>2 108 (15.1) 109 (3.1) 5.3 (3.8, 7.4)

Starting age of opium use

<20 21 (2.9) 53 (1.5) 2.5 (1.4, 4.5)

20–29 89 (12.4) 143 (4.1) 3.3 (2.4, 4.7)

30–39 105 (14.6) 112 (3.2) 5.1 (3.6, 7.1)

�40 88 (12.3) 153 (4.4) 2.8 (2.0, 3.8)

Time since stopping opium use (years)

Current user 197 (27.5) 223 (6.4) 4.8 (3.7, 6.3)

<10 74 (10.3) 138 (4.0) 3.0 (2.1, 4.2)

�10 31 (4.3) 93 (2.7) 1.5 (1.0, 2.4)

Unknown 1 (0.1) 7 (0.2) –

Duration of opium use (years)

< 9 87 (12.1) 223 (6.4) 2.6 (1.9, 3.5)

19–29 106 (14.8) 131 (3.8) 4.5 (3.3, 6.2)

>29 110 (15.3) 107 (3.1) 3.8 (2.7, 5.3)

Cumulative amount of opium (kg)d

<4 96 (13.4) 229 (6.6) 2.3 (1.7, 3.1)

4–14 87 (12.1) 115 (3.3) 4.1 (2.9, 5.8)

>14 117 (16.3) 114 (3.3) 5.2 (3.7, 7.2)

Unknown 3 (0.4) 3 (0.4) –

(Continued)
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Those who had used opium more than 11 000 times had an

OR of 6.8 (95% CI: 5.0, 9.3).

The OR did not have a consistent association with the

age of starting opium use. The risk was highest among

those who started at the age of 30–39 years (Table 2). The

risk of BC among current opium users was 4.8 (95% CI:

3.7, 6.3) but the OR dropped to 1.5 (95% CI: 1.0, 2.4)

among those who had stopped opium use more than

10 years before the date of interview (Table 2). In a model

adjusted with cumulative opium use after further adjust-

ment of the previous analysis for the cumulative amount of

opium use, the OR for those who had stopped opium use

more than 10 years before the interview date was 0.3 (95%

CI: 0.2, 0.4) and for those who had stopped opium use less

than 10 years before index date was 0.5 (95% CI: 0.4, 0.7)

as compared with those who still used opium at the index

date (results not shown in the tables).

In the model including age, gender, province and opium

use, the OR for cigarette smokers with less than 14 pack-

years was 1.8 (95% CI: 1.4, 2.4), for those with 14–20

pack-years was 2.9 (95% CI: 2.2, 3.8) and for those with

more than 20 pack-years was 1.2 (95% CI: 0.5, 2.6), com-

pared with non-smokers.

The results presented above and shown in Table 2 are for

males and females combined. The OR for regular opium use

among females was 2.9 (95% CI: 1.0, 8.2) and among males

3.4 (95% CI: 2.7, 4.4). Because there were only 93 BC cases

among women, the data do not allow study of the effects of

specific measures of opium use for women.

The adjusted OR for those who used both opium and

tobacco was 7.7 (95% CI: 6.0, 9.7), as compared with

those who did not use tobacco or opium (Table 3). When

the analysis was restricted to smoking opium only, the re-

spective OR was 7.4 (95% CI: 5.6, 9.7).

Discussion

In this large multicentre case-referent study, regular opium

use was associated with an approximately 4-fold risk for

BC compared with the subjects who never used opium.

The OR was similar for those with confirmed urothelial

histology and for those with other or unknown histology,

and similar for males and females. Those who used both

crude opium and opium juice had a 7-fold risk of BC.

Ingested opium carried a higher risk of BC than smoked

opium. The risk also increased if the duration of opium

was more than 17 years or cumulative use was more than

4 kg. The risk increased along with increasing frequency of

daily usage, but the average amount of opium used each

time did not have much effect. The starting age of opium

use did not have a major independent role in the BC risk.

Table 3 Odds ratios of the interaction of regular opium use and tobacco use (cigarette, water pipe, pipe, chewing tobacco,

Chopogh) to the risk of bladder cancer in Iran from May 2017 to July 2020, adjusted for age, gender, and province. Lag 3 years

Tobacco usea Opium usea

Never Regular

Cases/referents OR (95% CI) Cases/referents OR (95% CI)

Never 171/1951 Ref. 40/101 3.8 (2.5, 5.7)

Regular 197/725 2.2 (1.7, 2.7) 259/349 7.7 (6.0, 9.7)b

aResults for irregular opium use (28 cases, 135 referents) and irregular tobacco use (23 cases, 228 referents) not shown.
bRelative excess risk due to interaction: 2.7 (95% CI: 0.7, 4.7), attributable proportion due to interaction 0.4 (0.1, 0.6), synergy index 1.7 (1.1, 2.6).

Table 2 Continued

Metric of opium use Bladder cancer cases Referents Adjusted odds ratio (95% CI)

Number (%) Number (%)

Cumulative count of opium use

(times)e

<4900 64 (8.9) 230 (6.6) 1.6 (1.1, 2.2)

4900–11 000 77 (10.7) 116 (3.3) 3.8 (2.7, 5.4)

>11000 161 (22.5) 114 (3.3) 6.8 (5.0, 9.3)

Unknown 1 (0.1) 1 (0.0) –

aRegular opium use: using opium at least once a week for at least a 6-month consecutive period during the lifetime.
bDuration-weighted average of the period-specific daily frequencies of opium use.
cCount per day multiplied by the average of opium use at a time (g).
dCumulative amount: the average daily amount of opium multiplied by the total duration of opium use (days).
eCumulative count: average count per day multiplied by the total duration of opium use (days).
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Few studies, mostly consisting of small-sized case-refer-

ent studies, have evaluated the effect of opium use on the

risk of BC.8,11,13–15 Our results showed that opium con-

sumption increases the risk of BC by 3-fold as compared

with those who have not used opium (OR: 3.4, 95% CI:

2.7, 4.3), which concurs with results of previous case-

control studies on opium and BC. Ghadimi et al.14 showed

that opium use was associated with an increased risk of BC

with an OR of 5.0 (95% CI: 1.1, 2.3). Akbari et al.15

reported an OR of 3.9 (95% CI: 1.2, 12). A systematic re-

view also showed that opium use was associated with an

increased risk of BC compared with non-users, with a

pooled OR of 3.9 (95% CI: 3.1, 4.9).8 Another systematic

review of opium as a carcinogen showed that the pooled

OR based on fixed effect model analysis was 4.1 (95% CI:

3.2, 5.1) and based on random effect model analysis was

3.8 (95% CI: 2.7, 5.4).9 A recent case-control study from

Kerman province in Iran compared opium use in BC

patients diagnosed 2013–15—i.e. slightly earlier than the

cases of our study (2016–20)—with neighbourhood con-

trols, and observed an OR of 4.4 (95% CI: 2.9, 6.5) for

regular opium use, which is similar to the OR seen in our

study despite differences in control selection and analysis

methods.10 Our result restricted to urothelial BC is in line

with the study conducted by Zeighami et al.16 who showed

that ever-use of opium use was more common among uro-

thelial BC cases than among referents (OR: 3.0, 95% CI:

1.6, 5.4).

The carcinogenicity mechanism of opium is not

completely clear. The IARC working group found strong

evidence that opium dross and opium pyrolysates exhibit

characteristics of carcinogens.11 Another explanation is

that opium use promotes tumorigenesis by influencing an-

giogenesis and immunosuppression and by facilitating can-

cer cell proliferation.17–19 Furthermore, the exposure of

the bladder to carcinogens will increase because alkaloids

in opium cause urinary retention and cystitis.20

Our study suggested that opium consumption by smok-

ing carried a lower risk of BC than the ingestion route.

Additionally, after considering the duration of opium use,

the ingestion route still showed a higher risk of BC, which

is in line with the study by Sheikh et al.13 which showed an

OR of 2.6 (95% CI: 1.2, 5.4) for the smoking route and

3.8 (95% CI: 1.6, 8.9) for the ingestion route of opium

use.

A novel finding of this study was the strongly decreased

risk of BC for those who had stopped opium use more than

10 years before the index date as compared with those who

had used the same amount but had not stopped. To our

knowledge, this is the first study reporting such an

observation.

We observed an additive interaction effect between

opium use and tobacco. Consistently with previous stud-

ies,21,22 the risk of BC for tobacco alone was 2-fold but 7-

fold for regular users of both opium and tobacco. There is

one earlier study suggesting a joint effect of opium and cig-

arette smoking on the risk of BC.22 In that study, the inter-

action was multiplicative but based on only one BC case

who had used opium only.

It is possible that some persons have started opium use

because of pain related to symptoms of BC. Because we

used a 3-year lag period in our analyses, i.e. opium use dur-

ing the last 3 years before the interview was not counted,

our results should be free of reverse causality bias. Even

without such lag assumption, the risk of reverse causality

would be small because there were only 11 cases and 17

referents who started opium use less than 3 years before

the interview. Most of the opium users among both cases

and referents had been using opium for more than

20 years.

A major challenge in observational studies on the effect

of opium use is to collect reliable data among both cases

and referents, because opium use is a stigmatized and crim-

inal offence. This might cause misclassification bias.

However, it was shown in previous studies that the sensi-

tivity of self-reporting of opium use among cases and refer-

ents was similar.12,23

Our study had several strengths such as a large sample

size, histological confirmation for all BC cases, and use of

healthy hospital visitor referents, unlike other hospital-

based case-control studies in which the referents had other

diseases.23 The data quality in our study is high because

data were collected by trained interviewers using a vali-

dated questionnaire.12 Due to access to detailed data on

the amount of opium over time, we were able to examine

the dose-response association of opium use and BC as well

the effects of timing of opium use. We also had detailed in-

formation on the main confounder, i.e. tobacco, which

was included in the statistical models. The response rate

among both BC patents and referents was high. Although

we were able to control for several potential confounders,

the effect of unknown or unmeasured confounders or the

residual confounding of those measured cannot be

neglected.

In conclusion, the risk of BC was higher among those

who were regular opium users than among those who had

never used opium, with evidence of a dose-response associ-

ation with frequency and cumulative amount of use. The

risk decreased after 10 years following stopping the use of

opium. These results are in agreement with the IARC

monograph volume 126, September 2020,11 indicating a

causal association between opium use on different types of

cancers, including BC. Our study has important
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implications for public health practice and policy making,

not only in Iran but also among opium users in other

countries.
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