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INTRODUCTION
Pancreatic cancer (PC) was the seventh leading cause of cancer death in both 
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ABSTRACT

BACKGROUND
Pancreatic cancer (PC) is a deadly, globally increasing cancer. The causes of PC are 

still insufficiently known, however smoking, diabetes mellitus (DM), and obesity have 
been identified as risk factors of PC, mostly in the developed countries. We evaluated 
these risk factors and their contribution to PC among an Iranian population. 

METHODS
Cases and controls were selected from patients who were registered to a tertiary 

gastrointestinal diseases referral hospital in Tehran, Iran, from Jan 2012 to Jan 2018. 
Information on risk factors was collected by personal interview using a structured 
questionnaire. Logistic regression models were used to calculate adjusted odds ratios 
(AORs) and 95% confidence intervals (CIs).

RESULTS
We recruited 470 new patients with histopathological PC diagnosis and 526 sex and 

age-matched controls. Cigarette-smoking [AOR: 1.65 (1.15-2.38)], opium use [AOR: 
1.58 (1.06-2.35)], DM [AOR: 1.99 (1.31-3.02)], and having a history of any cancer in a 
first-degree family member [AOR: 1.53 (1.14-2.05)] were associated with an increased 
risk of PC. We did not find an association between obesity [AOR: 0.99 (0.71-1.38)] and 
PC. Approximately 4.6%, 5.9%, 8.2%, and 10.9% risk of PC were related to cigarette-
smoking, opium use, DM, and family history of any cancer, respectively.

CONCLUSION
This study supports that DM is associated with PC risk; however, similar to many studies 

in Asia, obesity is not associated with PC in Iranians. DM has the highest impact on PC 
development in Iranian women.
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men and women in 2018.1 PC remains one of the 
deadliest cancers globally, with almost as many deaths 
(n = 432,000) as the incident cases (n = 459,000) in 
2018.1 PC has an extremely poor prognosis and survival 
rate. The estimated 5-year survival rate ranges between 
2% and 9%.2 The age-standardized incidence rates of PC 
range widely, the highest were found in men in Eastern 
Europe (9.9 per 100,000), and the lowest was reported 
in women in South-Central Asia (1 per 100,000).1 PC 
will surpass breast cancer to become the third leading 
cause of cancer deaths in the European Union 3 as well 
as breast, prostate, and colorectal cancers to become 
the second cause of cancer-related death by 2030 in the 
United States.4 PC burden is expected to grow worldwide 
due to the growth and aging of the population, particularly in 
less developed countries where about 85% of the world’s 
population reside.1,3-6 The differing PC burden between 
counties signifies that geographic diversity exists in the 
risk factors of PC. The causes of PC are still insufficiently 
known, although certain risk factors have been identified 
such as smoking, diabetes mellitus (DM), and obesity, 
mostly in high sociodemographic countries.2,6,7 The 
identification of risk factors for primary prevention is a 
major interest as a method to reduce burden of PC. To 
our knowledge this is the largest study in Middle East 
countries to evaluate independent risk factors as well as 
contribution of the risk factors in the PC development. 

MATERIALS AND METHODS
This case-control study was approved by the Insti-

tutional Review Board of Digestive Disease Research 
Center, Tehran University of Medical Sciences (IRB 
number: IRB00001641, Federal wide Assurance number: 
FWA00015916). The methods of cases and controls 
recruitment as well as obtaining written informed consent 
from each participant were extensively explained else-
where.8 Briefly, cases (those with pathology proved pancreatic 
adenocarcinoma) and controls (those with the normal 
pancreas and no other cancer) were selected from the 
patients who registered to the endoscopic ultrasonography 
of a university-affiliated hospital (Shariati Hospital) in 
Tehran, Iran, from Jan 2012 to Jan 2018. A structured, 
valid, and reliable questionnaire was used for data collection 
by a few trained interviewers.9 Weight and height were 
measured, and body mass index (BMI) was calculated 

using the weight before involuntary weight loss. BMI 
was categorized according to the WHO classification, 
and obesity was defined as BMI over 30.10 History of 
DM was considered positive if the study participant reported 
diagnosis by a physician. Considering DM is a risk for 
PC, and sometimes diabetes is an early sign of PC, we 
excluded from our analysis any diabetic patient who 
had DM two years prior to PC diagnosis.11 The date of 
cases being diagnosed with PC was defined as the index 
date. We have also investigated the association between 
current smoking, opium use, and family history of any 
kind of cancer in the first-degree relatives with the risk 
of PC in our study population to adjust our results. The 
main concern for the association of opium and case status 
is reverse causality, as patients may use opium to alleviate 
pain. To address reverse causality, we also excluded from 
analysis any opium use during 1 year prior to PC diagnosis.8 

Participants’ characteristics were examined for cases 
and controls, and sex by using X2 test for categorical 
variables and t test for continuous variables. 

We used unconditional logistic regression to calculate 
odds ratios (OR) and 95% confidence intervals (95% CI) for 
PC by the history of DM, adjusted for age, sex, smoking status, 
opium use, BMI, and family history of cancer in the first 
degree relatives. The population attributable risk percentage 
(PAR%) for PC due to significant risk factors was calculated 
using the following equation: 

Where Pe is the prevalence of exposure among the 
control group and OR is the multivariable-adjusted OR 
calculated by logistic regression models. All statistical 
analyses were performed using Stata statistical software, 
version 11 (STATA Corp, College Station, TX), and p < 
0.05 was considered as statistically significant.

RESULTS
A total number of 470 patients whose pancreatic 

adenocarcinoma was diagnosed histopathologically 
(284 men, 60.4%) and 526 (313 men, 59.5%) hospital 
controls matched for sex and age were recruited to the 
study consecutively. Nearly 60% of the study participants 
in cases and control groups were male. The mean ages 
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were 64.1 ± 11.6 years in cases and 62.7 ± 13.2 years in 
the controls, with no statistically significant difference (t 
test; p = 0.074). 51 patients (10.8%) developed PC before the 
age of 50, and 241 patients (51.3%) were older than 65 years. 

Details of risk factors among cases and controls are 
listed in Table 1.

After adjustment for potential confounders, cigarette 
smoking [OR; 1.65 (1.15-2.38)], opium use [OR; 1.58 
(1.06 -2.35)], DM [OR 1.99 (1.31-3.02)], and having 
a family history of any kind of cancer in a first-degree 
relative [OR; 1.53 (1.14-2.05)] were associated with an 
increased risk of PC. We did not find an association between 
obesity [OR; 0.99 (0.71-1.38)] and PC (table 2). Approxi-
mately 4.6 %, 5.9%, 8.2 %, and 10.9 % of PC cases in this 
study were related to cigarette smoking, opium use, DM, 
and family history of any cancer, respectively.

The population attributable risk percent for PC among 
Iranian  are  shown in table 3.

DISCUSSION
This is the first large prospective study of the association 

between cigarette smoking, opium use, DM, obesity, and 
family history of cancer with the risk of PC in a Middle 
Eastern country. We observed significantly increased 
risks of PC in those who reported tobacco smoking and 
opium use, as well as those who have diabetes for the 
long term or have a first-degree relative with any kind of 
cancer. Cigarette smoking and DM are two risk factors that 
have been consistently associated with PC.12-14 In multiple 
comprehensive meta-analyses and pooled analysis, sum-
mary risk estimates of smoking for PC were between 1.6 
and 2.2 for current smokers and between 1.1 and 1.2 for 
former smokers.15-19 Smoking is associated with a two-fold 
increased risk of PC, and that the risk increases with the 
number of cigarettes smoked and duration of smoking.19 
The evidence is consistent and strong, and justified by 
the numerous reports showing a positive association be-
tween smoking and risk of PC in different countries and 
regions.16-19 Estimated population-attributable fractions 
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Table 1: Summaries of the prevalence of several risk factors in cases and controls

Variables
Case (N = 470) Control (N = 526)

p
Male(284) Female 

(186) p Total Male(313) Female 
(213) p Total

Smoking N 
(%)

Current 104 (36.6) 9 (4.8)
0.001

113 (24.0) 82 (26.2) 8 (3.8)
< 0.001

90 (17.1)
0.007

Never 180 (63.4) 177 (95.2) 357 (76.0) 231 (73.8) 205 (96.2) 436 (82.9)

Opium
Ever 72 (25.4) 3 (1.6)

< 0.001
75 (16.0) 55 (17.6) 4 (1.9)

< 0.001
59 (11.2)

0.029
Never 212 (74.6) 183 (98.4) 395 (84.0) 258 (82.4) 209 (98.1) 467 (88.8)

Diabetes 
mellitus 
(>2 years)

Yes 30 (10.6) 40 (21.5)

0.001

70 (14.9) 19 (6.1) 28 (13.1)

0.005

47 (8.9)

0.004No 254 (89.4) 146 (78.5) 400 (85.1) 294 (93.9) 185 (86.9) 479 (91.1)

No 262 (92.3) 161 (86.6) 423 (90.0) 300 (95.8) 195 (91.5) 495 (94.1)

BMI (Kg/m2)*
< 30 235 (86.2) 136 (73.9)

< 0.001
374 (81.3) 268 (87.9) 151 (71.6)

0.001
419 (81.2)

0.967
≥ 30 38 (13.8) 48 (26.1) 86 (18.7) 37 (12.1) 60 (28.4) 97 (18.8)

Family history 
of any cancer 
(first degree)

Yes 84 (29.6) 54 (29.0)
0.942

138 (29.4) 68 (21.7) 45 (21.1)
0.870

113 (21.5)
0.004

No 200 (70.4) 132 (71.0) 332 (70.6) 245 (78.3) 168 (78.9) 413 (78.5)

Cancer sites 
in family 
members

Gastric 9 (6.52) 7 (6.2)

Esopha-
geal 6 (4.35) 5 (4.4)

Colon 14 (10.14) 9 (8.0)

Breast 10 (7.25) 4 (3.5)

Prostate 10 (7.25) 3 (2.7)

Pancreas 8 (5.80) 2 (1.7)

Lung 11 (7.97) 10 (8.8)

Other 70 (50.72) 73 (64.6)

*Body Mass Index
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of tobacco smoking with PC is 11-32%.7 Our results support 
the existing evidence about the association between to-
bacco smoking and PC. The contribution of smoking in 
PC development in our men (16%) is eight times higher 
than our women, which represents much more smoking 
among Iranian men than Iranian women. While cigarette 
smoking has the highest attributable fraction for PC in 
our men, it has the lowest attributable fraction in our 
women (table 3). A total of 70 (14.9 %) cases and 47 (8.9 
%) controls reported a diagnosis of DM, more than 2 
years before PC diagnosis (or interview, for controls), 
corresponding to an OR of 1.99 (95% CI, 1.31-3.02). 
Our results, in concordance with all worldwide reports, 
show long-term diabetes is associated with an increased 
risk of PC.7,12,13 Global age-standardised diabetes preva-
lence increased from 4.3% (95% CI; 2.4-7.0) in 1980 to 
9.0% (95% CI;7.2-11.1) in 2014 in men, and from 5.0% 
(95% CI; 2.9-7.9) to 7.9% (95% CI;6.4-9.7) in women.20 
DM prevalence in Iran has been high (11.4% of the adult 
population in 2011), and is constantly increasing.21,22 The 
high prevalence of DM makes it an important contributor 
to the burden of PC in Iran as well as worldwide. It is 
estimated that 1% to 16% of all PC might be attribut-
able to DM.7 DM is associated with a 2.6 fold increased 
risk of PC.23 Overlay 8.2% of all Iranian PCs is attributable 

to DM, the highest risk fraction among women (table 3). 
For the first time, our group detected an association 

between opium consumption and PC risk in two studies (a 
case-control and a large-scale prospective cohort).8,24 We 
reported a statistically significant excess risk of PC in 
opium users; OR = 1.91 (95% CI 1.06-3.43) in the case-
control study and HR = 2.75 (95% CI, 1.14-6.64) in the cohort 
study.8,24 Opium is considered as a genotoxic substance, 25 
and opioid receptors are present in the human pancreas,26 
therefore, it is conceivable that activation of the pancreas 
opioid receptor could induce tumor genesis. Opium con-
sumption could be responsible for 11% of PC in Iranian 
men but has no attribution in the PC development among 
Iranian women (table 3). 

Results of the studies on the association between obesity 
and PC risk have been inconsistent. Multiple studies, mostly 
from western countries, reported a positive association 
between obesity and PC risk.27-31 However, no association 
was found in other studies.32,33 Most prospective cohort 
studies and pooled analyses in East-Asia did not find a 
positive association between obesity and risk of PC.34 In 
a population-based cohort study in Japan (224 cases), 
a statistically significant excess risk of PC was associ-
ated with current smoking (HR = 1.8, CI 1.1-3.0) and a 
history of diabetes (HR = 2.1, CI 1.3-3.5) among men; 
however, BMI was inversely associated with the risk of 
PC among men, especially among current smokers or 
patients with diabetes and there was no association 
between obesity and PC among women.35 Meanwhile, 
obesity is common in Iran,36, 37 but the same as in most 
Asian countries, obesity is not associated with PC risk .34,35

We observed a significantly increased risk of PC 
among subjects (both men and women) who reported 

Table 2: Effect of potential risk factors on PC in logistic regression analysis

Variables
Crude OR (95% CI) Full adjusted** OR (95% CI)

Male Female Total Male Female Total

Smoking Current/
Never 1.62 (1.14-2.31) 1.30 (0.49-3.44) 1.53 (1.12-2.09) 1.73 (1.16-2.57) 1.47 (0.53-4.05) 1.65 (1.15-2.38)

Opium Ever/
Never 1.59 (1.07-2.36) 0.85 (0.18-3.87) 1.50 (1.04-2.17) 1.70 (1.13-2.57) 0.80 (0.17-3.80) 1.58 (1.06-2.35)

Diabetes Mel-
litus (>2 years) Yes/No 1.82 (1.01-3.32) 1.81 (1.06-3.07) 1.78 (1.20-2.64) 1.99 (1.05-3.75) 1.98 (1.13-3.47) 1.99 (1.31-3.02)

BMI* ≥ 30/ < 30 1.15 (0.71-1.87) 0.88 (0.56-1.38) 0.99 (0.72-1.37) 1.15 (0.70-1.89) 0.88 (0.56-1.41) 0.99 (0.71-1.38)

Family History 
of Cancer Yes/No 1.51 (1.04-2.19) 1.52 (0.96-2.41) 1.51 (1.14-2.02) 1.58 (1.08-2.31) 1.53 (0.96-2.43) 1.53 (1.14-2.05)

**Included sex, age, BMI, history of diabetes mellitus, smoking, family history of cancer, opium 
*Body Mass Index

Table 3: Population attributable risk percentage (PAR%)

Risk factors Total Male Female

Smoking 4.6% 16% 2%

Opium use 5.9% 11% -

Diabetes mellitus  8.2% 6% 12%

Family history of any cancer 10.9% 11% 10%
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a first-degree relative with any cancer (table 2). The 
positive effect of a family history of any cancer among 
first-degree relatives and risk of PC has been reported 
already.23,38,39 Individuals with a family history of PC have 
nearly a two-fold increased risk for developing PC compared 
with those without such a history.40 Several genetic factors 
have been identified for PC.41,42 Mutations in genes respon-
sible for hereditary cancer syndromes such as BRCA1/2 may 
partly explain these associations.42 We estimated 10.9 % of 
all our PCs are attributable to a hereditary risk factor (table 3).

CONCLUSION
This study supports DM is associated with PC risk; 

however, similar to many other studies from Asian countries, 
obesity is not associated with PC in our population. DM has 
the highest impact on PC development in Iranian women. 
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