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Abstract 

Aims  

To examine the strength of association between cigarette smoking and the risk of pancreatic 

cancer in a cohort of Norwegian women.  

Methods 

A total of 149,243 women from Norwegian Women and Cancer Study were included in the 

statistical analysis. The participants were followed using the Cancer Registry of Norway and 

Norwegian Central Population Register till they were diagnosed with cancer, died or emigrated. 

The end of follow-up period was December, 2019.  Age-adjusted and Multivariate adjusted 

Hazard Ratios with 95% CIs were obtained to examine the association between cigarette 

smoking and the risk of pancreatic cancer. Age at enrollment, education, BMI and physical 

activity were included as covariates in the final multivariate analysis.  

Results 

In age-adjusted and multivariate adjusted analysis, hazard ratios for pancreatic cancer in former 

smokers and current smokers were found to be higher than the reference category. Ever 

smokers had an overall 66% statistically significant increased risk of pancreatic cancer (HR = 

1.66; CI = 1.34-2.06) as compared to never smokers. Former smokers had an overall 10% non-

significant (HR = 1.10; 95% CI = 0.85-1.42), and current smokers had an overall 2-fold (HR = 

2.39; 95% CI = 1.90-3.02) significant increased risk of pancreatic cancer, compared with   

never smokers. Higher age at the time of smoking initiation (>25 years), higher number of 

cigarettes smoked per day (>15) and higher number of total years of smoking (>30 years) were 

associated with 72% (HR = 1.72; CI = 1.11-2.67), 77% (HR = 1.77; CI = 1.26-2.48) and 89% 

(HR = 1.89; CI = 1.44-2.48) statistically significant increased risk of pancreatic cancer as 

compared to never smokers.  
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Conclusion 

The findings of this thesis are in accordance with the previously published studies showing that 

ever smokers are at an increased risk of developing pancreatic cancer as compared to never-

smokers. We also observed a dose-response relationship between the exposure and the 

outcome. Therefore, our findings are in support of a causal association between cigarette 

smoking and risk of pancreatic cancer. 
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Chapter 1: Introduction 

Consistent results of positive association between cigarette smoking and pancreatic cancer 

have resulted in acclamation of cigarette smoking as one of the most important modifiable 

risk factors for pancreatic cancer. However, the relationship is dose-response dependent. This 

means that the association was greater for increasing dose, intensity, and duration of smoking. 

(1-4) 

IARC has referred to smoking as a definite causal factor for pancreatic cancer. However, they 

have also found that the risk of developing pancreatic cancer due to smoking increases with 

the duration of smoking (in years) and the number of cigarettes smoked per day. (5, 6) Similar 

consistent results were obtained from a pooled analysis of 30 cohorts(7), a meta-analysis(8) and 

two population based studies(9, 10).  

From the findings of innumerable researches, the International Agency for Research on Cancer 

and other organizations working on pancreatic cancer, we can establish the modifiable and 

non-modifiable risk factors of pancreatic cancer. (11) Smoking(5), obesity, alcohol 

consumption(1), and lifestyle/dietary habits(12) are modifiable risk factors whereas family 

history, age, gender, ethnicity, and environment, etc. are non-modifiable.(13) (11) To control 

the new incidence rates and high mortality rates worldwide and in Europe, it is very important 

to understand the etiology of the disease and modify the factors causally associated with 

pancreatic cancer. 

Pancreatic cancer contributes significantly to the burden of death caused by all-type cancers. 

Although the prevalence of pancreatic cancer is not very high the mortality rates due to 

pancreatic cancer are very high. (14) 

The incidence and mortality rates are particularly very high in Europe and North America. 

The highest incidence rates and mortality rates are in Western Europe (8.3%, 7.6%), North 

America (7.6%, 6.5%), Central and Eastern Europe (7.5%,7.3%), Northern Europe 
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(7.3%,6.5%) and Southern Europe (7.2%,6.4%). In Norway, pancreatic cancer is 11th most 

common cancer type with 783 (2.3%) new cases and 900 deaths (7.6%) in 2018. (14, 15) 

According to the estimates from GLOBOCON 2018, pancreatic cancer is 12th most common 

cancer globally with 458918 new cases and 432242 deaths in 2018, which equals to 4.5% of 

deaths caused by all-type cancers. (15) Despite the advancements in screening techniques 

better understanding of the disease and its prognosis, and pancreatic cancer being very 

uncommon, the mortality rates are still very high. 

Poor prognosis, inability to detect cancer in its early stages, and lack of adequate screening 

tools have made it more difficult to control this burden. (16, 17) Pancreatic cancer also has one 

of the lowest 5-year survival rates as compared to other cancers i.e., 9% (9.23% in Norway). 

(15) 

The rich countries of the world from Europe and the United States observed a steep increase 

in smoking in the early 20th century. Almost all the countries shared a similar trajectory till 

most of the latter half, however, in the ending quarter of the 20th century they observed a decline 

in cigarette smoking. Today, low and middle-income countries are following the same 

trajectory of smoking and cigarette consumption. (18) High life expectancies owing to better 

health care services and aging population, cigarette smoking, and alcohol consumption 

contributed a lot to cancer cases in Europe however, this trend might shift towards low and 

middle-income countries in the future. Previous studies have shown a significant dose 

response relationship between cigarette smoking and the cases of breast cancer, epithelial 

ovarian cancer, colorectal cancer and pancreatic cancer. (19-22) 

Researchers have found that the risk of pancreatic cancer development is higher in smokers 

as compared to non- smokers. Furthermore, the risk of developing pancreatic cancer was 

found to be 2 times higher in ever smokers as compared to non-smokers. (13, 23, 24) In 2011, 

a study conducted in the UK showed that cigarette consumption was linked to 26% and 31% 
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increased risk of pancreatic cancer in men and women. (25)  

It is important to understand the role of smoking and cigarette consumption in the 

development of pancreatic cancer; therefore, we are focused on estimating the strength of 

association between smoking and pancreatic cancer by estimating HRs using cox proportional 

hazard model. 
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Chapter 2: Research question and Aims 

2.1 Research question 

What is the strength of association between cigarette smoking and the risk of pancreatic cancer 

in a cohort of Norwegian women? 

2.2 Aims 

The aim of my thesis is to use the Norwegian Women and Cancer Study (NOWAC) data to 

examine the association between different measures of smoking and risk of pancreatic cancer.  
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Chapter 3: Background and Theory 

3.1 Pancreatic cancer – Development, Types, Incidence, Risk factors and 

Survival rates 

3.1.1 Anatomy and histology of pancreas 

Pancreas is a unique organ due to its dual functionality i.e., it works both as an endocrine and 

an exocrine organ. Located in the retroperitoneal cavity of the upper abdomen, the head of the 

pancreas leans on the duodenum and the tail touches the spleen. (26) 

 

Figure 1 - The two dimensional representation of pancreas in relation to the surrounding organs and circulatory vessels. (26) 

Microscopic imaging of pancreas shows the presence of two parenchymal cells. The lighter 

stained parenchymal cells represent endocrine tissues or Islets of Langerhans and the darker 

stained parenchymal cells represent exocrine tissues or acini. Acini or acinar cells are 

responsible for the production of digestive enzymes, which are transported to the duodenum 

via ductal cells. The Islets of Langerhans are further divided into α-cells (15-20%), β-cells (65-

80%), gamma cells (3-5%), δ -cells (3-10%), and ε-cells (<1%). Different cells of Islets of 

Langerhans produce different hormones, α-cells produce glucagon, β-cells produce insulin and 
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amylin, δ-cells produce somatostatin, gamma cells produce Pancreatic Polypeptide (PP) and ε-

cells produce ghrelin. (26) 

 

Figure 2 - Image shows four Islet cells surrounded by Acinar cells. Islet cells are brightly stained (H & E staining) as 
compared to surrounding Acinar cells. (26, 27) 

 

Figure 3 - Image shows acinar cells and acinar tubules and a small Islet in the lower right corner of the image. (26, 27) 

 

3.1.2 Development and disease progression of pancreatic cancer 

PDAC occurs because of stepwise mutations in the normal mucosa. The normal mucosa of the 

ductal epithelium turns into pre-malignant lesion, a precursor to further invasive malignant 

tumor. Furthermore, accumulation of genetic mutations contributes significantly to the 

progression and development of pancreatic cancer. The three very well studied premalignant 
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precursor lesions of PDAC are referred to as Pancreatic Intraepithelial Neoplasia (PanIN), 

Intraductal Papillary Mucinous Neoplasms (IPMN), and finally Mucinous Cystic Neoplasm 

(MCN).(28)  

PanIN is established and very well-characterized lesion occurring in smaller ducts of the 

pancreas. It was found that presence of PanINs might result in the development of pancreatic 

adenocarcinoma in men (1.5%) and women (1.3%) over the course of life. (29)IPMN is less 

established and occurs in the main pancreatic duct. (16, 30, 31)  

The genetic mutation involves inactivation of tumor suppressor genes known as CDKNA2, 

TP53, and DPC4 along with the expression or activation of oncogene called KRAS2.(32, 33) 

3.1.3 Types of pancreatic cancers and ICD codes 

The diagnosis of pancreatic cancer is made by taking the multifactorial approach. The type and 

location of the cells from which the tumor originates, size of the tumor and symptoms such as 

abdominal pain, back pain and unexplained weight loss are the indicators of type of tumor. 

Based on the cells the tumor arises from, pancreatic cancers are generally categorized into 

exocrine and neuroendocrine tumors.  

The Pancreatic Ductal Adenocarcinoma or PDAC is the most common type of pancreatic 

cancer constituting about 90% of all cases of pancreatic cancer. Due to this, PDAC is often 

generally referred to as pancreatic cancer. PDAC arise from exocrine part of the pancreas. 

Other type of pancreatic cancers also referred to as Pancreatic Neuroendocrine Tumors or 

PanNETs arise from endocrine part of the pancreas and are rare, constituting about 1-5% of the 

total cases of pancreas.(34) Poor prognosis, gradually developing non-specific symptoms such 

as weight loss, jaundice, back or abdominal pain and fatigue, lack of advanced screening 

techniques and lack of specific tools to diagnose PDACs in their early stages contributes to 

high mortality rates of pancreatic cancer. (2, 35) 
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According to International Classification of Diseases codes, 10th revision, Clinical 

Modification, ICD-10-CM, pancreatic cancers or malignant neoplasms of pancreas are coded 

as C25 with child codes for 8 different types of malignant neoplasms of pancreatic cancers 

given below. 

Table 1 - International Classification of Diseases – 10th Revision- Clinical Modification, ICD-10-CM codes for neoplasms of 
pancreatic cancer.(36)  

C25. Malignant neoplasms of pancreas 

C25.0 Head of pancreas 

C25.1 Body of pancreas 

C25.2 Tail of pancreas 

C25.3 Pancreatic duct 

C25.4 Endocrine pancreas 

C25.7 Other parts of pancreas 

C25.8 Overlapping sites of pancreas 

C25.9 Unspecified ones 

 

3.1.4 Incidence and mortality rates of pancreatic cancer – Global and 

Norwegian statistics 

Globally in the year 2018, pancreatic cancer was the 12th most leading cause of morbidity and 

accounted for 458,918 new cases of pancreatic cancer. Mortality due to pancreatic cancer was 

as high as 4.5% making it the 7th most common cause of death with a staggering high number 

of deaths (432,242) worldwide. 

The incidence and mortality rates of pancreatic cancer are relatively a little higher in men than 

women. The incidence of pancreatic cancer in males is 243,033 (age standardized risk of 5.5%) 
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whereas in females the estimated new number of cases of pancreatic cancer is 215,885 (age 

standardized risk of 4.0%).  However, poor survival rate and high mortality rate in men 

(226,910 deaths or 5.1% ASR) and women (205,332 deaths or 3.8% ASR) contributes 

significantly to the global burden of disease due to pancreatic cancer.(15) 

 

Figure 4 - Bar chart showing region specific incidence rates of pancreatic cancer worldwide by sex. The incidence rates are 
Age standardized for both men and women. (15) 

 

The figure 4 represents the incidence rate of pancreatic cancer per 100,000 population in 

descending order for men and in no specific order for women. The incidence was seen to be 

higher in the regions where most of the high Human Development Index (HDI) countries are 

situated. On the other hand, currently developing or underdeveloped regions of the world have 
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relatively lower burden of pancreatic cancer incidences. However, females in all the regions of 

the world have comparatively lower incidences of pancreatic cancer.  

According to the estimated data published by International Agency for Research on Cancer in 

2020, North America has the highest rate of pancreatic cancer incidence i.e., 8.0 (Age 

Standardized Rate per 100,000 world population) followed by Europe (7.8 ASR), Oceania (6.6 

ASR), Latin America and Carribean (4.5), Asia (4.0) and Africa (2.3) for both sexes and all 

ages. On the other hand, Europe ranks higher than North America for the incidence of 

pancreatic cancer among males.  

Table 2 - Table showing estimated Incidence and Mortality rates for pancreatic cancer in 2020 in different continents of the 
world, both sexes, all ages. Source. IARC, Global Cancer Observatory. Accessed from https://gco.iarc.fr/ on 17th May, 2021. 

 

Continents 

Number 

(Incidence) 

 

ASR per 

100,000 

Number 

(Mortality) 

 

ASR per 

100,000 

Asia 233,701 4.0 224,034 3.8 

Europe 

(Norway) 

140,116 

(924) 

7.8 

(7.5) 

132,134 

(868) 

7.2 

(6.9) 

North America 62,643 8.0 53,277 6.5 

Latin America 

and Caribbean 

37,352 4.5 36,030 4.3 

Africa 17,070 2.3 16,549 2.3 

Oceania 4,891 6.6 3,979 5.2 

 

Pancreatic cancer is relatively rare in Norway; however, mortality rates are adding to the 

already high burden of disease. According to the statistics obtained from Cancer Registry of 

Norway (2019), Norwegian females suffered from 388 cases of pancreatic cancer as compared 

https://gco.iarc.fr/
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to men who suffered from 496 cases of pancreatic cancer. The incidence was significantly 

higher in the older age groups particularly 70-79 for both men (193) and women (137).(37) 

The high rate of cancer mortality due to pancreatic cancer can be attributed to its poor survival 

rate, low response rate to the chemotherapy and radiotherapy, unfavorable anatomical position 

to perform a tissue biopsy, rapid and aggressive pathological course and low success rates when 

it comes to the treatment. (3) 

3.1.5 Risk factors leading to pancreatic cancer 

3.1.5.1 Tobacco smoking 

Cigarette smoking is an established risk factor for pancreatic cancer. Numerous single studies 

and combined studies (meta-analysis, large cohorts, etc.) have provided sufficient evidence to 

consider the strong direct association between cigarette smoking and the risk of pancreatic 

cancer. Moreover, these studies also concluded that there is a strong dose-response relationship 

between the two. (4, 38-40) 

A meta-analysis based on 82 studies was conducted in 2008. It involved 42 case control, 5 

nested case control and 35 cohort studies published between 1950 and 2007. The aim of the 

analysis was to estimate the strength of association between cigarette smoking and risk of 

pancreatic cancer. It was concluded that the risk of pancreatic cancer was 75% higher in 

smokers as compared to non-smokers. The risk continued to be higher up to 10 years of 

cessation of smoking. However, this direct relationship was found to be dose-response in 

relationship i.e., greater the number and duration of cigarettes smoked, higher will be the risk 

of pancreatic cancer.  (41) 

Similar results were observed in another study where data pooled from 8 cohorts included in 

international Pancreatic Cancer Cohort consortium (1481 cases and 1539 control) was 

analyzed. The primary aim of this pooled analysis was to estimate the effects of intensity, 
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duration, dose and cessation of smoking with respect to increased risk of pancreatic cancer. 

The results were consistent with the meta-analysis(39) published earlier i.e.; smokers were 80% 

more likely to develop pancreatic cancer than non-smokers. Risk of developing pancreatic 

cancer diminishes after 10-15 years of smoking with a strong dose-response relationship 

between the two.(40) Another study analyzed 12 case-controls studies included in Pancreatic 

cancer Case-Control Consortium (PanC4). The results were consistent with other studies and 

showed that smokers were at two-fold higher risk of developing pancreatic cancer as compared 

to non-smokers. Moreover, the risk of cigarette smoking and pancreatic cancer was dose-

response based.(4) 

Furthermore, cigarette smoking was also found to be associated with poor survival rates in 

pancreatic cancer. A prospective cohort study consisting of concluded that current cigarette 

smoking reduces 5-year survival rate and increases the risk of death by 40%.(42) Similar results 

were reported in an Italian study(24) and a Korean study(43) i.e., 42% and 20% increased risk 

of death in current smokers. 

3.1.5.2 BMI and physical activity 

Cancer is a multifactorial disease with numerous clinical and genetic risk factors. Among the 

clinical risk factors of certain cancers such as endometrial cancer and breast cancer, obesity 

might play a significant role. Clinical findings suggest that high BMI and obesity has a 

significant role to play in the pathogenesis of pancreatic cancer and poor survival rates. (44-

48) 

A meta-analysis consisting of 9504 cases from 23 studies on BMI and risk of pancreatic cancer 

found that high BMI, higher waist circumference and increase in waist-to-hip ratio were 

associated with increase in the risk of pancreatic cancer by 10%, 11% and 19% respectively. 

(47) 
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Another meta-analysis consisting of 6391 cases from 14 studies published between 1966 and 

2003 estimated the strength of association between obesity and risk of pancreatic cancer. The 

results showed that there is a weak association between the two but with the possibility of being 

a confounder. (49) 

A case-control study consisting of 841 cases conducted between 2004 and 2008 studied the 

relationship between the risk of pancreatic cancer and obesity. The results were consistent with 

other studies. Individuals with BMI in overweight range (25-29.9) or obese range (greater than 

30) were at an increased risk of developing pancreatic cancer. Similarly, the age of onset was 

also reduced for these people by 2 to 6 years. Lastly, being overweight or obese between the 

ages of 30 and 79 years showed poor survival rates. (45) 

The evidence suggestive of any kind of relationship between physical activity and risk of 

pancreatic cancer is very limited. (50) Findings from some of the published studies are 

inconsistent and cannot be used to draw a conclusion. (51) However, lower physical activity is 

often associated with high abdominal fats, high sexual hormones, decline in immune function 

and inflammation which might contribute to the pathology of pancreatic and other cancers. (52) 

3.1.5.3 Alcohol consumption 

The association between alcohol consumption and the risk of pancreatic cancer is not very well 

understood. Findings from some studies suggest no relationship between the two (53, 54), some 

studies concluded that there’s a weak association between the two(55), while only a few studies 

and meta-analysis (56)suggest that there is some association of clinical significance between 

alcohol consumption and pancreatic cancer.  

A case-control study conducted in Italy consisting of 652 cases, concluded that there was a 

significantly increased risk (4.3 folds) of pancreatic cancer within heavy drinkers (greater than 
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21 drinks/week). (57) Similarly, a pooled analysis conducted on 5585 cases from 10 studies 

concluded that heavy drinking habits (greater than 9 drinks/ day) were associated with 

increased risk of pancreatic cancer. (58) A metanalysis consisting of 2524 cases of pancreatic 

cancer showed that there is a 5% increase in the risk of pancreatic cancer with the consumption 

of 50grams of alcohol per day and the risk might increase to 18% with the consumption of 100 

grams/day. However, since the number of heavy drinkers were small, the results were 

statistically significant.(56) In another pooled analysis of 14 studies, an increase of 22% was 

estimated in the risk of pancreatic cancer associated with the consumption of 30 gram or 

more/day of alcohol. (55) all these studies are suggestive of a significant dose-relationship 

between the two, however, more in-depth evidence is needed to confirm it.  

An important factor to consider is that heavy alcohol drinking is often associated with tobacco 

smoking(59) and higher incidences of pancreatitis(60, 61), established risk factors for 

pancreatic cancer. These risk factors might modify the effects of alcohol consumption on the 

risk of pancreatic cancer. Therefore, the strength of association of association between the two 

is not very well understood till date.  

3.1.5.4 Diabetes 

The International Diabetes Federation (IDF) reported that the cases of diabetes increased from 

285 million in 2009 to 425 million in 2017. Being one of the top 10 causes of deaths worldwide, 

diabetes was responsible for 4 million deaths globally in the year 2017. (62) Diabetes plays an 

important in the development of certain diseases such as nerve damage, stroke, kidney diseases, 

heart diseases, certain cancers and hypertension.(62) 

The relationship between diabetes type 2 and pancreatic risk is multidimensional complex. 

Researchers have found an association between long standing diabetes type 2 and pancreatic 
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cancer. (63, 64) However, pancreatic ductal adenocarcinoma (PDAC) was also found to be a 

risk factor for diabetes. (65)  

Studies have found that in 85% of the diabetic patients, diabetes was diagnosed either 2 years 

prior to the diagnosis of pancreatic cancer or during their cancer treatments. This type of 

diabetes is often referred to as New Onset Diabetes or NOD. Two meta-analysis consisting of 

all the major studies estimated the association between diabetes and risk of pancreatic cancer. 

Findings were consistent and suggestive of clinically significant association between the two. 

(64, 66) In another pooled analysis, consisting of 2192 cases from 3 large studies, presence of 

diabetes was associated with an increase in the risk of pancreatic cancer by 1.8 folds. (67) 

However, further studies are needed to better understand the direction of relationship between 

the two. So far, from what we know already, diabetes is modifiable and many cases of 

pancreatic cancer can be prevented by changing our diets and lifestyle.  

3.1.5.5 Dietary factors 

Researchers have found that only 5-10% cases of pancreatic cancer are hereditary and the 

remaining 90-95% of the cases are attributable to environmental risk factors. Furthermore, 

among these environmental risk factors, poor dietary patterns might contribute to 50% of the 

cases of pancreatic cancer.(68-70) 

Among different dietary patterns, fruits, vegetables and whole grains were found to have 

inverse association with the risk of pancreatic cancer.(71-73) Food rich in fats and high fructose 

contents were found to have positive association. (74)Furthermore, increased consumption of 

red, ultra-processed meats(75, 76) and heavy alcohol consumption(1) were also linked 

positively with the risk of pancreatic cancer. On the other hand, dairy products (77) and total 

carbohydrate intake (74)was shown to have no association.  
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3.1.5.6 Age 

Aging is an inevitable natural process that occurs with time and results in loss of organ function 

gradually. Aging has a significant role to play in the pathogenesis of cancer and other diseases 

owing to the fact that aging results in decline in cell and organ function. Furthermore, ever 

increasing life expectancies are also contributing to the worst effects of aging and cancer. 

(78)However, one thing that makes aging and cancer comparable is the fact that both are caused 

by the gradual and time-dependent accumulation of cell and cellular function damage. 

Moreover, aging and cancer both can be characterized by genomic instabilities, epigenetic 

alterations, problems with nutrient sensing in the cells and also telomere attrition. (79) 

Recently, a study was conducted to estimate the association between aging or age acceleration 

and risk of cancer. It was found that epigenetic aging might increase the risk of cancer by 4-

9%, similarly, the risk of death by cancer was also increased by 2-6% for each 5 years of age 

acceleration.(80) 

3.1.5.7 Pancreatitis 

Pancreatitis, inflammation of the pancreas, is considered to be an established risk factor for 

pancreatic cancer. Recently, multiple studies have provided consistent results of positive 

association between the two. (81, 82) A cohort consisting of 1656 patients were enrolled in a 

study to estimate the association between pancreatitis and risk of pancreatic cancer. It was 

estimated that the risk increases significantly in pancreatitis patients as compared to patients 

with no pancreatitis.(83) In another study, the presence of chronic pancreatitis was associated 

with 8-fold increase in the risk of pancreatic cancer after 5-years of diagnosis. (84) Although, 

an association between the two is very well-established, however, the direction of association 

might not be fully explored.  
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3.1.5.8 Hereditary factors 

Only 5-10% of pancreatic cancer cases are estimated to have a hereditary cause behind them. 

To elaborate further, familial cancer syndromes like Peutz-Jeghers, Hereditary Breast Ovarian 

Cancer (HBOC), and Lynch syndromes have a significant positive association with the risk of 

pancreatic cancer. Peutz-Jeghers syndrome, caused by mutations in tumor suppressor genes 

known as STK11or LKB1 results in a 35% increased risk of pancreatic cancer. (85)Lynch 

syndrome increases the risk by 8.6 times as compared to people with no history of Lynch 

syndrome.(86) Similarly, HBOC caused by mutations in BRCA1 and BRCA2, increases the 

risk of pancreatic cancer markedly. (87) Similarly, mutations in CDKN2A, ATM, MLH1, 

MSH2,and MSH6 germlines have also been associated with an increased risk of pancreatic 

cancer.(85, 88) 

3.1.6 Five-year survival rate of pancreatic cancer 

The ability to survive past 5 years after the initial diagnosis or the start of the treatment in 

diseases like cancer is referred to as 5-year survival rate. 5-year survival rate in cancer infers 

that the diagnostic tools and techniques and treatment strategies are improving or mortality 

trends are falling. The 5-year survival rate in pancreatic cancer ranges between 2-9%. However, 

for advanced and metastasized tumors of stage III and IV the survival rates falls down between 

1-3%. (89, 90) 

The 5-year survival rate in pancreatic cancer depends on multiple factors such as gender and 

age of the patient, quality of treatment and follow ups, lifestyle, diet, co-morbidities, and most 

importantly the stage of tumor. However, the onset of symptoms of pancreatic cancer is often 

very late and unspecific in nature. Clinical presentations, stage and location of the tumor are 

decisive factors in whether or not the patient can undergo surgical removal of the tumor 

tissues.(91) It is estimated that only 10% of the patients can undergo surgery at the time of 
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diagnosis, 30% of the patients have locally advanced stage tumors and cannot undergo surgical 

resection, and 60% of the patients present with advanced metastatic pancreatic cancers.(92, 93) 

5-year survival rate after successful surgical removal is usually 27%, for locally advanced 

disease survival is estimated to be 6-11 months and for metastatic disease, the survival is even 

lower i.e., 2-6 months(16) 

3.2 Cigarette smoking and the risk of pancreatic cancer 

3.2.1 Trends in cigarette smoking – Globally and in Norway  

Tobacco smoking is one of the leading factors that result in higher mortality rates due to 

diseases like lung cancer, pancreatic cancer, heart diseases and respiratory diseases as well. To 

put this into perspective, it is estimated that 100 million people died due to tobacco smoking 

alone in the 21st Century and this number might increase to 1 billion deaths in the 22nd century. 

In the year 2017 alone, 8 million people (every 1 in 6 people) died prematurely due to smoking, 

7 million people (1 in every 7 people) died due to active smoking and 1.2 million people died 

due to passive or second-hand smoke.  
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Figure 5 - Prevalence of smoking in adults aged 15 or older from the year 2000-2016 in different countries of the world. 
Source: Our World in Data. Accessed from: https://ourworldindata.org/smoking. Accessed on 19th May, 2021. 

The overall prevalence of smoking in the world was estimated to be 20.48%. Highest 

prevalence of smokers was found in Pacific islands (Nauru 40%, Kiribati 47%, and Timor 

43%). Two countries from the Balkans region (Greece 43% and Montenegro 46%) along with 

Indonesia, Russia, Bosnia, Serbia and Chile top the list of countries with highest prevalence of 

smokers. Some lower income countries like Ghana, Nigeria, Ethiopia and Honduras contribute 

very little to the overall prevalence of smokers in the world. However, countries like Norway 

(22.2%), Denmark (19.10%), Sweden (18.80%) and Pakistan (20.10%) also has a relatively 

higher prevalence of smokers. 

https://ourworldindata.org/smoking
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Figure 6 - Prevalence of daily smokers, both sexes, all ages in Norway and worldwide from the year 1980 to 2012. Source: 
Institute for Health Metrics and Evaluation (IHME). Accessed from: http://ghdx.healthdata.org/record/ihme-data/global-
smoking-prevalence-and-cigarette-consumption-1980-2012. 

In the late 20th century, almost all the rich countries of the world had relatively higher 

prevalence of daily smokers. The prevalence of daily smokers in Norway was as high as 

34.40% in Norway relative to the global prevalence of 25.10%. However, the number of daily 

smokers started dropping gradually and in the year 2016, the estimated prevalence of daily 

smokers in Norway dropped down to 16.90% relative to the global prevalence of 18.60%.  (94) 

http://ghdx.healthdata.org/record/ihme-data/global-smoking-prevalence-and-cigarette-consumption-1980-2012
http://ghdx.healthdata.org/record/ihme-data/global-smoking-prevalence-and-cigarette-consumption-1980-2012
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Figure 7 - Bar chart showing percentage of daily smokers in Norway for the year 2020 distributed by different age groups. 
Source: IHME and Statistics Norway. Accessed from: https://www.ssb.no/en/statbank/table/05307/. Accessed on: 19th May. 
2021. 

In the year 2020, it was estimated that the total percentage of daily smokers in Norway for both 

sexes remained almost the same. The highest percentage of daily smokers was in the age group 

of 55-64 years for both males and females and lowest prevalence was estimated for the age 

group of 16-24 years for both. Males have a relatively higher prevalence of daily smokers for 

the age group of 35-44years as compared to females. On the other hand, for the age groups of 

45-54 years and 65-74 years, females have comparatively higher prevalence of daily smokers 

than men.  

3.2.2 How cigarette smoking might increase the risk of pancreatic cancer – 

physiological and pathological perspective? 

Innumerable studies have found a positive and dose-dependent association between smoking 

and the risk of pancreatic cancer. However, the pathogenesis of pancreatic cancer due to 

cigarette smoking is yet to be understood and studied in depth. (95) 

https://www.ssb.no/en/statbank/table/05307/
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Out of 7000 compounds present in tobacco smoke, 60 are known to be carcinogenic in nature. 

(96)Most of the carcinogenic compounds come from the metabolism of nicotine and are known 

as nitrosamines such as NNAL, NNK, and NNN. (97) Nicotine and some of its metabolites are 

absorbed from lung into the bloodstream. Researchers have found 7 folds higher quantities of 

nicotine and its metabolite to be present in pancreatic juices of smokers as compared to non-

smokers.  (98) Nicotine and NNK are known to cause the mutation of TTN gene, it also 

activates the COX2 pathway via β- adrenergic receptors leading to increase in the growth of 

pancreatic cancer cells. (99, 100) 

Some studies conducted on animal models suggest that prolonged exposure to tobacco smoke 

might result in inflammation and fibrosis in pancreas.(101) Inflammation and fibrosis are 

prerequisites of pancreatitis, a known clinical risk factor for pancreatic cancer. (102) In another 

study, treatment with NNK resulted in increased infiltration of immune cells (macrophages) 

into the neoplastic lesions. The infiltration was primarily accelerated by the presence of 

inflammatory mediators (MIP-1α, IL-1β, and TGF-β)(101, 103) 

3.2.3 How strong is the evidence for the association of cigarette smoking and 

pancreatic cancer? 

Cigarette smoking is an important modifiable risk factor of pancreatic cancer. The results from 

literature published till date are consistent and support the fact that cigarette smoking have a 

strong association with an increased risk of pancreatic cancer. Moreover, the relationship 

between the two is dose-response based. The risk of developing pancreatic cancer increases 

with the numbers of cigarette smoked, duration of smoking and intensity of smoking. However, 

the risk of pancreatic cancer was seen to diminish after 10-15 years of smoking cessation with 

similar risks for never smokers and >20 years of smoking cessation. (4, 39, 40, 42, 104) 

Another analysis based on 30 cohorts consisting of 420,310 individual Asian participants and 
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99,333 participants from Australia and New Zealand found similar results. (7)Evidence from a 

meta-analysis consisting of 42 observational studies(8), and two Japanese studies is again 

consistent with the findings of the previously published literature(9, 10). 

Limited number of researches also studied the effect of current cigarette smoking at the time 

of diagnosis on 5-year survival rates. The results showed that the risk of death was higher in 

current smokers. However, further research and more detailed analysis are still needed to 

solidify the findings of these researches. (24, 42, 43) 

To conclude, the evidence suggesting that there is dose-response relationship between cigarette 

smoking and the risk of pancreatic cancer is ‘strong’ and modifiable. A large number of deaths 

due to pancreatic cancer are often attributable to tobacco smoking and contributes to the global 

burden of disease. 
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Chapter 4: Material and methods 

4.1 Study design 

The NOWAC study, started enrollment in 1991. It is a representative national cohort with a 

prospective design.(105) We used data collected in the NOWAC study to examine the 

association between smoking and pancreatic cancer.  

4.2 NOWAC study 

The population-based national cohort study was initiated with a primary aim of investigating 

the association between breast cancer and oral contraceptive use. To briefly summarize, 

random sample of women was selected through the National Population Register of Norway 

using an 11-digit personal number which is assigned to every citizen of Norway. These women 

were then invited to respond to a questionnaire and via three recruitment phases (1991, 1996, 

and 2003), more than 172,000 women participated in the study. The total response rate from 

the women was 52.7% 

The questionnaires elicited information on the use of oral contraceptives, hormone therapies, 

reproductive history, smoking habits, dietary habits, drinking, physical activity, socioeconomic 

status, etc.  

NOWAC study was approved by the Norwegian Data Inspectorate and Regional Committee 

for Medical Research Ethics.(105) 

4.3 Study population 

Women who responded to the first, second and third recruitment mailings (1991,1996, and 

2003) were included. The total number of included women was 172,472. We excluded the 

number of women with prevalent cancer cases (2794). We also excluded women who died (2) 

or emigrated (4) before the start of follow-up. Furthermore, we also excluded women who had 
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missing information on important variables such as smoking status (2294), weight and height 

(3886), alcohol drinking (7260), and education (6989) were also excluded. No prevalent 

pancreatic cancer cases were observed before the start of the follow-up, therefore, altogether 

our final cohort sample had 149,243 women left.   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total number of participants = N = 172472 

Excluded due to 

Prevalent cancer cases = 2794 

Women who had: 

Died before the start of follow-up = 2 

Emigrated before the start of follow-up = 4 

Missing information on smoking status = 2294 

Weight and height = 3886 

Alcohol drinking = 7260 

Education = 6989 

Prevalent pancreatic cancer cases = 0 

 

Final cohort sample = 149,243 women 

 
Figure 8 - Flowchart representing the exclusion criteria for the selection of final cohort 
sample. 
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4.4 Collection of data for exposure variables and outcome variable 

Women who responded to questionnaires reported about ever smoking, average cigarettes 

smoked per day, and whether they currently smoke daily. Using this reported information, we 

calculated pack-years of smoking. (Described in detail in section 4.5.3. Different measures of 

smoking variable). 

The Cancer Registry of Norway and Norwegian Central Population Register was used to 

estimate the outcome i.e., pancreatic cancer and events such as death or emigration. The unique 

11-digit identification number was used to identify all cancer cases and the women who died 

or emigrated before or during the follow-up. The individual follow-up time was calculated for 

each participant from the start of the follow-up to the time when cancer, death or emigration 

occurred. The outcome i.e., pancreatic cancer was identified from the Cancer Registry of 

Norway by its unique International classification of Diseases (ICD) code 10th Revision CM. 

The code for malignant pancreatic cancer neoplasms was C25. (Table 1) 

4.5 Statistical analysis  

The IBM SPSS Statistics Version 26 was used to run all the statistical analyses.  

4.5.1 Descriptive statistical analysis of selected characteristics 

In order to estimate the distribution of selected characteristics of the participants among 

different statuses of smoking (never, former and current), we calculated the numbers 

(percentages) or the means (standard deviations) for each variable and the results were 

tabulated in the table 3 below.   

4.5.2 Cox Proportional Hazard Model  

A Cox proportional Hazard analysis was run in order to examine the strength of association 

between different measures of our exposure variable, smoking, and the risk of pancreatic 

cancer. With total number of follow-up years used as an underlying time scale and pancreatic 
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cancer (=1) used as a status, both Age-adjusted and Multivariate Adjusted Hazard Ratios were 

estimated using 95% Confidence Interval (CI).  

4.5.3 Different measures of exposure variable smoking 

At the time of enrollment, women reported whether they ever smoked, average number of 

cigarettes smoked daily, and whether they smoke currently. Using this information, we 

calculated, age at which they initiated smoking, total years smoked, pack-years of smoking. 

We calculated pack-years of smoking as the number of daily cigarettes smoked on average 

divided by 20, multiplied by the total years of smoking. All of these exposures were divided 

into categories: for age at smoking initiation (<15 years, 15-19 years, 20-24 years, and >25 

years), total years smoked (0-10 years, 11-20 years, 21-30 years, >30 years), and number of 

pack-years of smoking (≤5, 6-10, 11-15, >15). Never smokers were used as the reference 

category throughout the study. 

4.5.4 Covariates  

The multivariable analysis included covariates which could potentially confound the 

association because they changed the HRs by 5% between cigarette smoking and risk of 

pancreatic cancer. The different variables included in the final multivariate model were; (1) 

Years of education (<10, 10-12, 13-16, and ≥17) because increasing years of education were 

also found to have inverse effect on the exposure variable smoking even after the adjustment 

with different socio-economic and geographical variables. (106), (2) Body Mass Index (<20, 

20-24.9, 25-29.9, and ≥30) because higher BMI levels were found to be associated with 

increased risk of development of pancreatic cancer. Higher BMIs, waist-to-hip ratios and waist 

circumference were also found to play a significant role in the pathogenesis of pancreatic 

cancer. (44, 47, 48), (3) physical activity (sedentary, light, moderate and heavy) and (4) age at 

enrollment (continuous) because time dependent and gradual decline in cell function, 
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accumulation of the cell damage over the years during aging or age acceleration might also 

contribute to increased risk of developing certain cancers.(79, 80). (Table 3) 
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Chapter 5: Results 

Out of 149,243 women, 34.3% (51233) reported to be never, 34.8% (51933) former, and 30.9% 

(46077) current smokers. The mean age of never smokers was 49.7 (±s.d = 8.6), for former 

smokers 49.8 (±s.d = 8.1) and for current smokers 47.2 (±s.d = 8.2). (Table 3). 

Table 3 shows that the proportion of pancreatic cancer cases were higher in current smokers as 

compared to never smokers. Similarly, higher education i.e., greater than 13 years of education 

was also less common in current smokers. Table 4 also represents the fact that number of 

alcohol drinkers was higher in current smokers with average consumption of 4.45grams of 

alcohol/day. 

Table 3 - Selected characteristics of the women by smoking status at enrollment, Norwegian Women and Cancer Study 
(NOWAC), 1991-2019, (N=149,243) 

Characteristics Never smokers Former smoker Current smokers 

 N (%) Mean 
(s.d.) 

N (%) Mean 
(s.d.) 

N (%) Mean 
(s.d.) 

Women 51233(34.3)  51933(34.8)  46077(30.9)  

Age at 
enrollment 

 49.7(8.6)  49.8(8.1)  47.2(8.2) 

Person years 1,042,734(34.8)  996,665(33.3)  957,843(31.9)  
Follow-up 
years 

 20.4(6.4)  19.2(6.5)  20.8(6.7) 

Pancreatic 
cancer cases 

134(0.26)  135(0.25)  243(0.53)  

Age at 
diagnosis 

 67.6(8.9)  64.7(7.8)  64.0(8.2) 

Higher 
education ≥13 
years 

26,426(51.6)  23,700(45.6)  14,421(31.3)  

Non-drinkers 9525(18.6)  2828(5.5)  2288(4.9)  

Alcohol 
consumption 

 2.7(4.3)  4.47(5.9)  4.45(7.2) 

BMI  24.4(3.9)  24.6(3.9)  23.6(3.8) 

Physical 
activity score 

 5.7(1.8)  5.8(1.9)  5.6(1.9) 
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Table 4 represents the selected characteristics of the total participants (149,243) based on their 

pancreatic cancer status. The results show that percentage of ever smokers (73.8%) was higher 

in the participants diagnosed with pancreatic cancer as compared to never smokers (26%). The 

mean age of the participants at the time of cancer diagnosis was 65.1 years. Similarly, 

participants with less than 10 years of education had a higher percentage (49.8%) of pancreatic 

cancer cases as compared to those who had 13-16 years of education (21%) and greater than 

17 years of education (8.9%). Independent samples t-test showed that there were no clinically 

significant differences between the BMIs (p-value 0.908) and physical activity (p-value 0.284).  

Scores of the participants in two groups.  

Table 4 - Selected characteristics of the participants at enrolment in the NOWAC study participants (149,243) by pancreatic 
cancer status 

Characteristics Pancreatic 
cancer 
diagnosed 

Pancreatic cancer 
not diagnosed 

p-valuesa 

Women(N) 512 148731  
Age at enrollment-
Mean(s.d.) 

51.2(8.82) 48.9(8.4) <0.001 

Follow-up years-
Mean(s.d.) 

13.9(7.0) 20.1(6.5) <0.001 

Age at diagnosis-
Mean(s.d.) 

65.1(8.4) -  

Smoking status (%)   <0.001 
Never 26 34.3  
Ever 73.8 65.6  
Years of education 
(%) 

  <0.01 

<10  49.8 34.8  
10-12  20.3 22  
13-16  21 28  
≥17  8.9 15  
BMI-Mean(s.d.) 24.6(3.9) 24.2(3.9) 0.908 
Physical activity 
score 

5.55 5.71 0.284 

a – p-values were estimates using independent samples t-test 
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Table 5 shows that for both age-adjusted and multivariate adjusted analysis, hazard ratios for 

pancreatic cancer in former smokers and current smokers were found to be higher than the 

reference category. Former smokers had an overall 10% (HR = 1.10; 95% CI = 0.85-1.42) 

statistically non-significant increased risk of pancreatic cancer, however, current smokers had 

an overall 2-fold (HR = 2.39; 95% CI = 1.90-3.02) significant increased risk of pancreatic 

cancer, compared with never smokers. Similarly, ever smokers had an overall 66% 

significantly increased risk of pancreatic cancer (HR= 1.66; CI = 1.34-2.06) as compared to 

never smokers.  

Table 5 also shows that higher age at the time of smoking initiation (>25 years) was associated 

with 72% increased risk of pancreatic cancer i.e. (HR = 1.72; CI = 1.11-2.67).  as compared to 

the reference. Moreover, increasing number of cigarettes smoked per day were also associated 

with statistically significant increasing risk of pancreatic cancer. An average 6-10 cigarettes 

smoked per day were associated with 59% increased risk of pancreatic cancer i.e (HR = 1.59; 

CI = 1.22-2.08). An average of 11-15 cigarettes smoked per day were associated with 61% 

increased risk of pancreatic cancer i.e. (HR = 1.61; CI = 1.22-2.12). Similarly, more than 15 

cigarettes smoked per day were associated with 77% increased risk of pancreatic cancer i.e. 

(HR = 1.77; CI = 1.26-2.48). All these results were statistically significant.  

Similarly, increasing number of years of smoking were also associated with increasing risk of 

pancreatic cancer, strengthening the hypothesis of dose-response relationship between smoking 

as an exposure and pancreatic cancer as an outcome. Smoking between 21 to 30 years and more 

than 30 years significantly increases the risk of pancreatic cancer by 92% (HR = 1.92; CI = 

1.46-2.54) and 89% (HR = 1.89; CI = 1.44-2.48), respectively. This association is suggestive 

of dose-response relationship between the exposure and the outcome. 
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Table 5 - Age-adjusted- and Multivariate-a adjusted Hazard Ratio (HR) estimates for pancreatic cancer with 95% confidence 
intervals (CIs) for different measures of smoking exposures, Norwegian Women and Cancer Study, 1991–2019 

Smoking exposures Cases (%) HR 95% CI (age 
adjusted)  

HR 95% CI – 
multivariate 
adjusted) a 

Smoking status 
Never smokersb 134(26.1) 1.0 (Ref) 1.0 (Ref) 
Former smokers 135(26.3) 1.13(0.89-1.44) 1.10(0.85-1.42) 
Current smokers 243(47.4) 2.44(1.97-3.02) 2.39(1.90-3.02) 
Ever Smokers 378(73.8) 1.71(1.41-2.09) 1.66(1.34-2.06) 
    
Age for smoking initiation 
Never smokersb 134(26.1) 1.0 (Ref) 1.0 (Ref) 
15-19 years 191(510) 1.28(1.03-1.59) 1.39(1.11-1.76) 
20-24 years 105(28.1) 1.81(1.40-2.34) 1.93(1.47-2.53) 
>25 years 32(8.6) 1.68(1.14-2.47) 1.72(1.11-2.67) 
  p-trendd - <0.001 p-trendd - <0.001 
Cigarettes per day 
Never smokersb 134(26.1) 1.0 (Ref) 1.0 (Ref) 
6-10 90(29.3) 1.46(1.14-1.87) 1.59(1.22-2.08) 
11-15 49(15.9) 1.44(1.11-1.87) 1.61(1.22-2.12) 
>15 55(17.9) 1.65(1.19-2.28) 1.77(1.26-2.48) 
  p-trendd - 0.005 p-trendd – 0.001 
Pack years of smokingc 

Never smokersb 134(26.1) 1.0 (Ref) 1.0 (Ref) 
6-10 56(18.2) 1.55(1.15-2.09) 1.55(1.12-2.15) 
11-15 24(7.8) 1.60(1.20-2.14) 1.86(1.37-2.52) 
>15 73(23.7) 1.66(1.29-2.14) 1.87(1.43-2.43) 
  p-trendd - <0.001 p-trendd - <0.001 
Years for smoking 
Never smokersb 134(26.1) 1.0 (Ref) 1.0 (Ref) 
11-20 75(20.3) 1.25(0.93-1.61) 1.23(0.89-1.68) 
21-30 100(28.1) 1.69(1.30-2.19) 1.92(1.46-2.54) 
>30 110(29.8) 1.65(1.28-2.14) 1.89(1.44-2.48) 
  p-trendd - <0.001 p-trendd - <0.001 
a – adjusted for age at enrollment, education, BMI and physical activity 
b – never smokers was used as the reference group 
c – number of cigarettes smoked per day divided by 20, multiplied by total years 
smoked  
d- Never smokers included in the model 
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Chapter 6: Discussion 

6.1. Cigarette smoking is associated with an increased risk of pancreatic cancer 

To the best of our knowledge, this study is one of very few studies that estimated the strength 

of association between cigarette smoking and the risk of pancreatic cancer in Norwegian 

women using nationally representative prospective cohort data (NOWAC). (22) 

The findings of this study nullify the hypothesis of no association between the exposure (i.e., 

cigarette smoking) and outcome (i.e., pancreatic cancer). The results show ever smokers had 

an overall 66% statistically significant increased risk of pancreatic cancer (HR = 1.66; CI = 

1.34-2.06) as compared to the never smokers. Furthermore, there is a 10% and 2-fold increase 

risk of pancreatic cancer in former and current smokers as compared to never smokers, 

respectively. However, the association between former smokers and never smokers was not 

statistically significant.  

Furthermore, a dose-response relationship was also observed with increasing number of 

cigarettes smoked per day (>15) and higher number of total smoking years (21-30) and (>30). 

The risk of pancreatic cancer was 77% in women who smoked more than 15 cigarettes per day. 

Similarly, the risk was estimated to be 92% and 89% in women who have been smoking for 

21-30 years and more than 30 years, respectively. (4, 39, 40) These findings are consistent with 

previously published literature. (38, 42). 

When performing the multivariate analysis, the HRs for different smoking measures and 

exposure were similar in both, age-adjusted and multivariate-adjusted groups. This is 

suggestive of the fact that the covariates we included in our analysis have very little effect on 

the association between cigarette smoking and pancreatic cancer. 
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6.2. Strengths and limitations 

The study under discussion was clearly focused to identify the strength of the association 

between cigarette smoking and the risk of pancreatic cancer cases using Cox proportional 

Hazards Model and 95% CI. The main exposure i.e., smoking will be subdivided into 

categories to estimate the risk of pancreatic cancer (outcome) associated with different levels 

and status of smoking. The outcome i.e., incident pancreatic cancer is confirmed from the 

National Cancer Registry so it’s well-diagnosed. 

The strength of this study is based on following factors:  National Prospective Cohort i.e., 

NOWAC study is representative of Norwegian population, therefore, women participating in 

the NOWAC study gave a clear estimation of association between smoking and pancreatic 

cancer cases in Norwegian women. Moreover, given the fact that the sample size was large 

(N=149243), the follow-up time was also large, and confounders (age, BMI, etc.) were 

adjusted for, the results obtained from this study can also be applied to the general population. 

This is another possible strength of this study. 

Another factor that might limit the findings of this study is that the number of pancreatic 

cancers was small in the data set i.e., 512. Smoking is self-reported and might be under or 

overreported purposefully or by mistake. This might lead to recall bias and misclassification. 

This is also one of the limitations of the study.  

 

6.3. Implications for Public Health 

Pancreatic cancer will continue to add to the global burden of disease due to its poor prognosis 

and poor 5-year survival rates. Failure to diagnose pancreatic cancer in its early stages, its 

aggressive nature and lack of responsiveness to the treatment options available makes it a 

serious threat for public health.  
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Under these circumstances, where treatment results and survival rate are not very promising, 

we need to focus on the preventive measures. According to this study, higher dose (>15 

cigarettes per day) and more smoking years (>30) of cigarette smoking are associated with 

higher risks of pancreatic cancer. Therefore, joint efforts focused at reducing the dose and 

duration of cigarette smoking needs to be implemented.  
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Chapter 7: Conclusion 

The major aim of this thesis was to estimate the strength of association between different 

measures of cigarette smoking and the risk of pancreatic cancer. The findings of this thesis are 

in accordance with the previously published studies, showing that ever smokers (former and 

current) had a statistically significant increased risk of pancreatic cancer (66%) as compared to 

the never smokers.  

Moreover, we observed a dose-response relationship between the exposure and the outcome. 

Our findings suggest that, higher dose and higher duration of cigarette smoking is associated 

with increased risk of pancreatic cancer. Our findings are consistent with previously published 

literature and therefore, in support of a causal association between cigarette smoking and the 

risk of pancreatic cancer.  
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