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Abstract
In the U.S. pancreatic cancer is characterized by a low 5-year survival rate of approximately 6%,
fewer than 10% of patients diagnosed with localized disease and thus candidates for “curative”
surgical resection, increasing incidence and few established risk factors. Similar statistics are
observed for other industrialized nations. With new evidence to suggest that pancreatic cancer
develops over a number of years, markers that can better identify high risk patients and are
applicable to earlier diagnosis hold promise for improving these dire statistics. Obesity is one of
the few modifiable risk factors that has been associated with increased risk of pancreatic cancer
and also is related to increased risk of diabetes, a condition that in turn has been associated with
pancreatic cancer development. Given recent data that nearly 70% of U.S. adults are overweight or
obese, a clarification of the complex association between obesity and pancreatic cancer may
disclose targets for prevention and intervention to decrease incidence and improve prognosis of
this highly fatal disease. An overview of the current epidemiology and hypothesized biological
mechanisms involved in the obesity-pancreatic cancer association are presented.
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Introduction
Pancreatic cancer is one of the most fatal cancers in adult men and women in the U.S. Most
patients are diagnosed with advanced disease; 75% die within one year of diagnosis and the
current 5-year survival is estimated to be 6% [1,2]. Non-specific and vague symptoms are
hallmarks of the disease and have contributed to the typical advanced stage at diagnosis
along with a lack of highly sensitive and specific screening tests for early diagnosis. Surgical
resection offers the best prognosis but typically is considered an option only for the small
proportion of patients who are diagnosed with localized disease (<10% [1]). Treatment of
patients with advanced disease (>50% [1]) is largely palliative. Established risk factors
explain only a small proportion of pancreatic cancer cases and include smoking, diabetes,
heavy alcohol consumption, family history, increasing age, and rare inherited genetic
conditions such as Peutz-Jeghers, familial melanoma and hereditary pancreatitis. There is
mounting evidence that risk of pancreatic cancer is increased among those who are obese or
have high body mass index (BMI). In fact, the World Cancer Research Fund Panel
concluded in a 2007 report that based on current evidence from 38 published studies there is
a “convincing increased risk” of pancreatic cancer related to body fatness and a “probable
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increased risk” with abdominal fatness[3]. Given the increase in obesity in the U.S [4], the
elucidation of an association between pancreatic cancer and obesity may provide an
opportunity to exploit a personally modifiable risk factor that is amenable to prevention and
intervention measures. Plausible mechanisms that have been proposed to explain the
complex relationship between obesity and cancer development include tumor promoting
inflammatory and hormonal effects associated with adiposity and adipose tissue, and the
energy-balance related factors of increased exposure to carcinogens due to increased food
consumption and diminished physical activity. As there are few known risk factors, a lack of
specific markers for early detection and diagnosis, and new data to suggest that pancreatic
tumors are slow-growing[5] (thus a target for early detection and intervention), clarification
of the role of modifiable risk factors for pancreatic cancer such as BMI may provide new
insights about pancreatogenesis that can be translated to efforts to reduce incidence and
improve prognosis in high risk populations.

Epidemiology
Obesity

Overweight and obesity in adults is defined by BMI, the ratio of weight in kilograms (kg) to
height in meters squared (m2), where a BMI of 18.5 to <25 is normal, 25 to <30 is
overweight and ≥30 is obese. The most recent statistics from the 2007-2008 National Health
and Nutrition Examination Survey (NHANES) that used measured height and weight
indicated that 33.8% of adults ≥20 years old were obese and an additional 34.2% were
overweight [4]. Compared with the statistics for 1976-1980 this reflects a 2-fold increase in
the prevalence of adult obesity whereas prevalence of overweight adults was unchanged[4].
In addition, obesity prevalence varied by sex, race and ethnicity with greater percents of
obese women than men (35.5% vs. 32.2%) and obese non-Hispanics blacks (44.1%)
compared with other race/ethnic groups [4]. Interestingly, trend statistics suggested that the
rate of increase from 1999-2008 was less than in previous time periods, especially for
women [4]. The implications of these increases are many as obesity has been associated with
numerous negative health effects including increased mortality from all causes and increased
risks of hypertension, diabetes, cardiovascular disease, stroke, liver disease, apnea and some
cancers (including pancreatic). Therefore, as a potentially modifiable risk factor, a reduction
in the prevalence of obesity among adults could have a substantial impact on mortality and
incidence of pancreatic cancer and related chronic diseases.

Pancreatic Cancer
Pancreatic cancer ranks 10th in incidence of all cancers in U.S. men and women with
approximately 43,000 new cases expected in the U.S. in 2010 [2]. However, as the 4th

leading cause of cancer mortality the annual number of pancreatic cancer deaths are nearly
equivalent to the number of new cases with >36,000 deaths expected in 2010 [2]. Pancreatic
cancer also is among the few cancers for which the average annual percent change in
incidence and mortality have been increasing in recent time periods [1]. Smoking, excessive
alcohol consumption, increasing age, family history, obesity, diabetes and several rare
genetic syndromes are factors known to be associated with increased pancreatic cancer risk.
Other exposures and conditions such as some dietary factors, gallbladder and other
gastrointestinal conditions, and regular use of specific medications e.g. non-steroidal anti-
inflammatory drugs and statins, have been less consistently associated with pancreatic
cancer risk. Recent genome-wide association studies also have identified variants in ABO
blood group [6], cleft lip and palate transmembrane 1-like (CLPTM1L)-telomerase reverse
transcriptase (TERT) and nuclear receptor subfamily 5A2 (NR5A2) [7] genes that may alter
susceptibility to pancreatic cancer.
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Pancreatic cancer risk and obesity/BMI
Cachexia is a known characteristic of pancreatic cancer with estimates as high as 80% of
patients cachexic at diagnosis [8]. Therefore to determine whether BMI is a risk factor for
rather than a result of pancreatic cancer, recent epidemiological case-control and cohort
studies of pancreatic cancer frequently have used self-reported data for usual adult weight
and height, or weight and height at specific ages to assess obesity and associations with
increasing BMI[9-19]. Prospective cohort studies also used weight and height at baseline
(self-reported or measured) to compute BMI and frequently excluded cases who were
diagnosed shortly after study enrolment, typically ≤2 years, to ensure that weight was not a
result of the disease. Few studies have collected data for other measures of adiposity such as
waist circumference and waist to hip ratio (WHR).

Overall, results have suggested a positive association between obesity/high BMI and
pancreatic cancer risk that has been confirmed in three recent large pooled analyses [20-22]
and in two of three meta-analyses [23-25]. These analyses provide the basis for the
discussion presented here as they encompass a range of well-designed independent
observational epidemiological studies that investigated BMI and pancreatic cancer risk. As
summarized below, risk estimates from these pooled and meta-analyses usually were
reported as associations with a 5 kg/m2 increase in BMI and with BMI categorized using
WHO cutpoints (overweight: 25≤BMI <30; obese 30≤BMI<35, extreme/severe obesity:
35≤BMI.). Effects were relatively consistent across studies with approximate 10% or greater
increases in risk for a 5 kg/m2 unit increase in BMI, or a 20%-50% increased risk among
obese relative to normal BMI participants. Several studies that assessed measures of
adiposity in addition to BMI also were included in these pooled and meta-analyses with
results supporting positive associations with WHR [20,21]. Effect modification and
confounding associated with known pancreatic cancer risk factors (e.g. smoking, diabetes),
geographic location, sex, and for study design/methodology (self-reported vs. measured
anthropometrics) were assessed when possible and provided further insight into the BMI and
pancreatic cancer relationship that was not possible in many independent studies.

The first of the published meta-analyses[23] included 14 studies, 6 of which were case-
control studies thereby allowing for a formal evaluation of effect estimates by study design.
The summary estimate for case-control studies was slightly attenuated compared with cohort
studies (RR=1.02, RR=1.03 respectively), despite that BMI was computed based on pre-
diagnostic weight values [usual adult weight (1 study), weight 2 years before interview (4
studies), unknown (1 study)][23]. Given that most of these case-control studies assessed
BMI based on anthropometric characteristics 2 years before enrollment, a time frame that
many prospective cohort studies used to exclude newly diagnosed cancer cases from their
analyses, results suggest that use of self-reported data, recall or selection bias in case-control
studies may have contributed to the observed differences. Further evaluations of effect by
type of study design were not conducted in the five subsequently published pooled/meta-
analyses as only prospective cohort studies were included in these analyses (with one
exception; one case-control study was included in the pooled PanScan analyses after
sensitivity analyses showed no undue influence on study estimates[20]).

Another fundamental study design characteristic that also was investigated for its effect on
the association between BMI and pancreatic cancer risk was the type of anthropometric
factor assessment, self-reported or measured. Analysis by type of assessment is of interest
because although measured and self-reported anthropometric data are well-correlated,
reporting biases exist by sex, age and weight which can affect measures of association, such
as estimates of mortality risk[26]. BMI from self-reported compared with measured factors
was evaluated best by the pooled and meta-analyses that included prospective cohort studies
with weight and height data collected at baseline prior to diagnosis. Summary estimates for
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BMI based on self-reported data were either somewhat attenuated[24,25,27] or
similar[20,22] to summary risk estimates from studies that measured anthropometric factors.
Importantly, in studies that noted a variation in estimates the overall inference that obesity/
high BMI is associated with increased pancreatic cancer risk was not altered.

Other key factors that were evaluated in most studies as potential confounders or effect
modifiers of the association between BMI and pancreatic cancer risk included sex and age,
the established risk factors smoking and diabetes, and geographic region although few
studies formally tested statistical interactions. All studies assessed differences by sex with
any observed differences in estimates statistically non-significant and no one sex having
consistently higher risk estimates. Interestingly, in the PanScan[20] study the greatest
differential in risks by sex were observed for those severely obese (BMI≥35) as estimated in
models that excluded smokers, diabetics and cases diagnosed within two years of follow-up
and included BMI categorized using WHO cutpoints (women: RR=1.98, men: RR=0.90).
Age was similarly included in all models in all studies and was not found to be an effect
modifier in the studies that stratified by age at study entry/diagnosis[21,22].

Smoking and long-standing diabetes are among the few known risk factors for pancreatic
cancer and as both also are associated with weight they conceivably can alter the association
between BMI and pancreatic cancer risk. Nearly all studies considered smoking as a
confounder whereas statistical interaction or effect modification due to smoking was
determined in a subset of these pooled and meta-analyses. There was some evidence that
risk estimates were slightly increased when smoking was adjusted for in models[23]
although most studies did not provide effect estimates from models without smoking
included. In analyses stratified by smoking, results provided support for an increased risk of
pancreatic cancer with increased BMI mainly among nonsmokers[20] and never/former
smokers [21,22] (p for interaction= 0.08 to 0.12), but not current smokers. This intriguing
result requires further study as smoking status reflects baseline behavior in these cohort
studies and if smokers are thinner than the rest of the population then power may be low to
detect a joint effect of current smoking and obesity.

The role of diabetes as a potential confounder is complicated as diabetes may be in the
causal pathway between BMI and pancreatic cancer. Despite this possibility many studies
adjusted for diabetes history in their models but similar to smoking characteristics, few
studies evaluated effect modification/statistical interaction with diabetes. In a comparison of
models that did and did not include adjustment for diabetes, adjustment for diabetes resulted
in higher risk estimates in several studies[22-24] (highest risk was found in non-diabetics
although statistical interaction was non-significant),[22] attenuated risk in one large pooled
analysis[20] and no substantial difference in risk in another[21]. Given the analytic concerns
that diabetes is not independently associated with both obesity and pancreatic cancer, and
the mixed results that have been reported in some large studies, further carefully designed
research that can clarify the interplay among obesity/high BMI, diabetes and pancreatic
cancer risk are needed.

Although most studies did not consider the effect of geographic region in their analyses,
pooled and meta-analyses that included studies from different continents provided an
opportunity to investigate whether risk of pancreatic cancer associated with BMI differed
across continents. Study data confirmed obesity statistics across populations with the highest
median or average BMIs observed among participants from North American studies,
followed by Europeans and Asians[21,22]. In the studies that stratified analyses by region,
BMI was modeled as a continuous variable and results showed positive associations
between BMI and pancreatic risk in North American and European populations, with the
highest RRs observed among North American groups[23,24] and no association in Asian
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study populations[24]. The lack of an association in the Asian study populations was based
on two studies and is inconsistent with data suggesting that the negative effects of obesity/
high BMI on disease occur at lower BMI values in Asian populations. Although compelling,
further pooled and meta-analyses that include a larger number of Asian studies and that also
can compare the effect estimates to those obtained for assimilated Asians in non-Asian
countries will help to clarify this association.

Two recently published prospective cohort study pooling projects [20-22] are noteworthy as
analyses included evaluation of other important characteristics of obesity/high BMI that
have not been investigated in earlier pooled analyses; measures of central adiposity, BMI as
a young adult, change in BMI overtime, and the effect of physical activity. Both studies
assessed central adiposity and in analyses of men and women combined[21] or separately,
[20] results showed that hip circumference[21] and waist circumference[20,21] were not
associated with pancreatic cancer risk. In contrast, WHR was associated with a statistically
significant 20-30% increased risk for those with the highest ratios[20,21]. Further analyses
of WHR by sex were less consistent with data from one study suggesting similar risk by
sex[21] and the other showing a stronger effect among women (4th vs. 1st quartile: RR=1.6
(1.03-2.50)) although risk also was elevated among men (RR=1.50 (0.77-2.93))[20]. Central
adiposity is a marker of visceral body fat that is metabolically active, secreting adipokines
that have a downstream effect on insulin resistance, a risk factor for pancreatic cancer.
Storage of body fat is hormonally driven and among women the tendency for centrally
stored fat is more pronounced after menopause. Because BMI can be misleading measure of
‘fatness’ for those who are very fit or for those who are very thin, central adiposity has been
shown to be a better marker of disease risk for some conditions, e.g. cardiovascular disease
and metabolic syndrome. Given the accumulating evidence and biologic relevance of central
adiposity in disease development, continued study of central adiposity that also includes
waist-to-height ratio, evaluation of defined risk cutpoints, and consideration of pre and post-
menopausal status among women are needed to improve our understanding of body fat in
risk of pancreatic cancer.

Results for other obesity-related factors that were pooled for analyses in these two recent
studies suggested that obesity was associated with earlier onset and that timing of obesity
may be important[20,21]. Obese participants were found to be diagnosed on average 1 year
earlier than those of normal-weight [20] which is consistent with results reported from a
recent independent study [16]. Participants who reported being overweight/obese as young
adults (ages 18-21 years) had an approximate 1.2-fold increased risk of pancreatic cancer
compared with those with normal BMI[21]. Further, those whose BMI had increased >10
kg/m2 over their adult life had a 1.4-fold increased risk of pancreatic cancer compared with
those whose BMI had changed no more than 2 kg/m2 [21]. Finally, although physical
activity is a critical component of energy balance, it was evaluated in only one pooled
analysis with results suggesting a statistically significant interaction between physical
activity and BMI (p for interaction =0.02)[21]. Those who were obese and highly active
were at the greatest risk of pancreatic cancer (RR=1.29).[21]. These results were based on
subsets of studies within these pooled analyses and although they contribute new data that
may help refine our study of obesity and pancreatic cancer, additional research is required to
clarify these associations.

Based on data described above, obesity/high BMI has been consistently associated with
increased risk of pancreatic cancer. However, as implied by results from these large pooled
and meta-analyses, effects have been influenced by study design characteristics and are
likely to vary by subgroups of at-risk patients. Therefore, although the wealth of evidence
indicates that obesity increases risk of pancreatic cancer, the additional refinement of
hypotheses and continued study of adiposity and obesity-related factors will increase our
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understanding of the underlying biological mechanisms relevant to pancreatogenesis and
help to better define an at-risk population.

Pancreatic cancer survival and obesity/BMI
Studies that have assessed obesity/BMI associated with pancreatic cancer survival include
those among patients who had undergone surgical resection[28-32] as well as in
observational case-control and cohort study populations [16,33,34]. Reported results have
been inconsistent with some studies reporting decreased survival associated with obesity/
increased BMI [16,28,30,33,34], others finding no association [29,31] and one study finding
longer survival duration [32].

The studies of surgical resection patients typically used BMI at time of surgery (from
medical records) to assess primary hypotheses related to specific surgical complications/
outcomes in obese compared with non-obese patients, in addition to the more general
question of whether obesity was related to survival in these patients. Two studies reported
no association with obesity [29,31] whereas another also found no association with BMI but
a poor survival for those with high intra-abdominal fat as measured by CT [28]. Poorer
survival also was reported for extremely obese patients (BMI≥35) compared with all others
in a study of consecutive patients seen for curative resections at a cancer referral center [30].
The single study that reported improved survival was a relatively large series (795 cases) of
surgical-resection patients where both overweight (HR=0.68) and obese patients (HR=0.72)
had improved survival relative to normal BMI patients [32].

In contrast to studies of surgical patients, the observational case-control and cohort studies
tested whether obesity prior to diagnosis was associated with survival. In these studies BMI
was computed based on usual adult weight, weight at specific ages or weight at baseline
(prospective cohort studies) before diagnosis. Obesity/high BMI was associated with poor
survival in three case-control or case series studies[16,33,34].

Despite some suggestion that pre-diagnostic obesity/high BMI may be associated with poor
pancreatic cancer survival, overall results are inconclusive. Additionally, the differences in
study designs, study populations, measures and classifications of obesity, and slight
differences in hypotheses being tested prevent generalization of study results. Because
surgical-resection studies computed BMI based on weight at time of surgery and are likely
to have included only those patients with localized disease who tend to have a better
prognosis compared to other pancreatic cancer patients, results and inferences from these
populations may not reflect associations in patients with more advanced inoperable disease.
Also, underlying differences in populations of surgically resected patients that were related
to varying medical practices between countries and types of treatment centers may be a
concern when interpreting results. Finally, as the negative effects of increased BMI may
occur at lower levels in Asian compared with non-Asian populations, inferences based on
results from studies of largely Asian populations may not be applicable to other racial
groups. Because of the low variability in survival duration, and confounding by indication
and clinical prognostic factors, large pooled analyses of case-control and cohort studies are
needed to have sufficient sample size and power to test the association between obesity/high
BMI determined at different times, and pancreatic cancer survival. Case-control studies can
be affected by survival bias but will have a larger number of patients and pre-diagnostic data
specific to pancreatic cancer. In contrast, prospective cohort studies will have fewer cases
and events, but by design are more likely to include a greater proportion of the sickest
patients who tend to be under-represented in case-control studies, and can directly measure
anthropometric factors and adiposity before diagnosis. Integration of complementary
information from both case-control and cohort studies will provide a more comprehensive
evaluation of survival-related associations.
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Pancreatic cancer mortality and obesity/BMI
Results from studies of pancreatic cancer mortality associated with obesity/high BMI also
have been inconsistent. Obesity/high BMI at baseline was not associated with pancreatic
cancer mortality in three large prospective cohorts[35-37]. In contrast, obesity/high BMI
was associated with increased mortality in a series of patients after pancreatectomy[30], in
the Million Women Study (a large cohort of middle aged-women) [38], in a large cohort of
U.S. adults [39] where later follow-up showed the magnitude of risk was greatest in
nonsmoking men [40], and in a prospective cohort of men in Chicago, U.S. area [41]. An
analysis of individual data from 30 cohort studies in the Asia Pacific showed an increase in
pancreatic cancer mortality with weight change that was measured as a 2cm increase in
waist circumference [42]. Although several of these studies found that BMI and other
known risk factors were positively associated with pancreatic cancer risk, there was
insufficient evidence to conclude that obesity/high BMI was associated with pancreatic
cancer mortality. Mortality results may have been affected by type of assessment of BMI as
shown in a recent study[26]. However, similar to the determination of pancreatic cancer risk
and survival associated with BMI, the inconsistency in results from these studies also may
be related to the potential for misclassification of obesity related to assessing BMI at
baseline only and possible inadequate adjustment for potential confounders. Assessment of
other obesity-related characteristics with pancreatic cancer mortality including measures of
adiposity, use of measured anthropometrics, and more detailed data about timing of obesity
may help to clarify and increase our understanding of a possible association between BMI
and pancreatic cancer mortality.

Overview of Biologic Mechanisms
Hypotheses that have been put forth to explain the association between obesity and
pancreatic cancer risk have focused on: 1) hormonal and inflammatory effects of adipose
tissue; 2) increased exposure to carcinogens as a result of increased food consumption and;
3) diminished physical activity. Given that obesity often reflects an energy imbalance, it is
likely that some aspect of each of the proposed mechanisms and pathways contribute to
create an environment that promotes pancreatogenesis. The mechanisms described below are
further complicated by accumulating evidence that potentially involved biological markers
are modified by variants in genes involved in the synthesis, metabolism, binding and cell
signaling of many of these compounds and factors.

Hormonal effects
Obesity and high BMI have been associated with increases in circulating insulin and C-
peptide, hyperglycemia, insulin resistance and diabetes, factors that have been associated
with pancreatic cancer. Insulin and insulin growth-factor pathways that potentially influence
tumor promotion and development largely through apoptosis and cell proliferation have
been a focus of research to clarify the obesity-pancreatic cancer association. Increased
circulating insulin leads to a decrease in circulating insulin growth-factor binding-proteins
(IGFBP) -1 and -2 and subsequent increased levels of bioavailable insulin growth factor
(IGF)-1. IGF-1 binding to its receptor, IGF-1R, also can contribute to tumor promotion
through resultant activation of cell proliferation, apoptosis and angiogenesis. Although
results from epidemiological studies of pancreatic cancer that investigated serum and plasma
IGF-1 and IGFBPs have been inconsistent, studies have consistently shown an increased risk
with markers of increased glucose levels [43-45]. Obesity also has been associated with sex
steroid hormone levels and synthesis that are differential among men, pre- and post-
menopausal women. Although obesity-related sex-steroid effects have been associated with
risk of hormone-related cancers, no association between sex steroids and pancreatic cancer
risk has been identified.
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Adipokines in obesity and cancer: leptin, adiponectin
Adipose tissue, particularly visceral adipose tissue, has been shown to be metabolically
active, producing adipokines including those most frequently studied in relation to cancer,
leptin and adiponectin. Additionally, obesity is a characterized by low-grade chronic
inflammation that may be driven by macrophage infiltration of adipose tissue that also
drives insulin resistance[45,46]. Cytokines such as tumor necrosis factor (TNF)-alpha and
interleukin (IL)-6 are released by infiltrating macrophages and/or adipocytes, are elevated in
obese individuals and have been associated with risk or progression of several cancers
through their effects on angiogenesis, apoptosis and cell proliferation[45,46]. Leptin, is
positively correlated with adiposity, in general is higher in women than in men regardless of
BMI and plays a role in appetite control and in transcription of aromatase, an enzyme key to
estrogen synthesis. Adiponectin has been inversely correlated with obesity and is involved in
glucose and fatty acid metabolism, insulin regulation and resistance. Adiponectin,
considered anti-inflammatory, and leptin, considered proinflammatory, can influence
carcinogenic processes through decreased (adiponectin) or increased (leptin) secretion of
IL-6 and of TNF-alpha[45,46]. In a model of pancreatic cancer using strains of obese mice,
leptin was not associated with cell proliferation or tumor progression whereas circulating
adiponectin was inversely associated with tumor progression [47]. Results from the few
studies that investigated leptin and adiponectin associated with pancreatic cancer provide
some suggestion that high levels of circulating adiponectin may be associated with
pancreatic cancer risk[48] and differentiate pancreatic cancer from other pancreatic
conditions [49-51] whereas associations with leptin were inconsistent [49-51]. Given the
limited, somewhat conflicting data in pancreatic cancer and additional data to suggest that
the relationship between adiponectin and inflammation driven by adiposity contradicts that
driven by classic inflammatory conditions i.e. autoimmunity [52], continued research is
required to clarify a role of adiponectin in the association between obesity and
pancreatogenesis.

Other biological mechanisms
Obesity induced hypoxia that results in increased vascular endothelial growth factor (VEGF)
also has been suggested to play a role in the association between obesity and cancer. Higher
circulating VEGF levels have been reported in persons with high BMI [53] although a
relationship with pancreatic cancer has not been explored. As an angiogenic factor,
increased VEGF could play a role in tumor progression and growth.

Carcinogens from food
Increased exposure to carcinogens in food is a plausible factor in obesity-related risk of
pancreatic cancer. Dietary intake of heterocyclic amines (HCA) was positively associated
with increased BMI [54] in one study whereas a study of circulating DNA adducts for
benzo(a)pyrene were inversely associated with body fat stores likely due to their storage in
fat [55]. Although it has been suggested that for the average person, carcinogens and
mutagens in foods contribute significantly to the total body burden of these compounds [56],
current methods are inadequate to measure biological markers for these epidemiologic
exposures. Results from epidemiologic studies that have assessed average typical
consumption of specific types of foods have provided most of the evidence to support an
association with dietary carcinogens. Risk of pancreatic cancer has been evaluated for diets
high in meat, especially meats fried and grilled at high temperatures, preserved foods, and
some grains and vegetables that are sources of cancer causing HCAs, polycyclic aromatic
hydrocarbons (PAHs) and N-nitroso compounds. In general studies suggest an increased
pancreatic cancer risk with higher exposure to these compounds as estimated from food
intake [57-62].
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Physical activity
Obesity as a result of energy imbalance can be modified by increasing physical activity
levels and decreasing caloric consumption. Chronic moderate physical activity has been
associated with increased anti-inflammatory cytokines, increased natural killer cell activity,
increased CYP activity, increase DNA repair activity, altered insulin sensitivity, and reduced
tumor angiogenesis[63]. Most studies have been conducted in animal models and results
have been inconclusive including a murine study of pancreatic cancer that reported no effect
of exercise on IGF-1 levels (as reviewed in [63]). Physical activity is difficult to investigate
as a risk factor in epidemiologic studies as it is prone to inaccurate measurement,
misclassification, healthy worker type effects and the inherent heterogeneity in the variety of
daily physical activities in which individuals partake. Thus, although there has been some
suggestion from epidemiologic studies that exercise may be associated with reduced risk for
some cancers the current overall evidence suggests a weak inverse association between
overall physical activity and pancreatic cancer risk [64]. As physical activity directly
impacts obesity and by implication obesity-related carcinogenesis, improved methods to
elucidate the role of physical activity in pancreatic cancer risk are needed.

Conclusion
Obesity increases risk of pancreatic cancer and may contribute to poor prognosis and
survival compared with non-obese patients. Pathways and mechanisms to clarify this
association are not well elucidated but a single mechanism is unlikely to explain how
obesity alters pancreatic cancer risk. The effects of adipose tissue on insulin and insulin
resistance, release and synthesis of hormones, cytokines and chemokines, in addition to
environmental exposure to carcinogens and mutagens in foods, the biological effects of
physical activity that contribute to energy imbalance and functional genetic variants in
potentially relevant biological pathways, all are likely to play a role in the obesity-pancreatic
cancer association. As obesity is a modifiable factor, it is possible that with a better
understanding of this complex relationship, pancreatic cancer incidence and prognosis can
be improved by reducing the prevalence of obesity in the population and through prevention
and intervention that promote energy balance and target specific key biologic pathways that
can be affected by adipose tissue. However, further research studies including randomized
controlled trials that are able to assess causation, are needed to establish whether
interventions that modify obesity or hypothesized obesity-related mechanisms, alter
pancreatic cancer development, risk and prognosis.
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HR hazard ratio

HCA heterocyclic amines

IGFBP insulin growth-factor binding-proteins

IGF insulin growth-factor

IL interleukin

NHANES National Health and Nutrition Examination Survey

OR odds ratio

PanScan The Pancreatic cancer Cohort Consortium

PAHs polycyclic aromatic hydrocarbons

RR relative risk

TNF tumor necrosis factor

VEGF vascular endothelial growth factor

WHR waist to hip ratio
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