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Abstract

The prevalence of obesity has seen a global increase in the past decades, escalating to one of the major epidemiological
challenges today. Global economic growth has caused changes in dietary and physical activity patterns fueling obesity across
age, gender, and income groups. The implications are many, as obesity has been associated with numerous serious health
conditions, ultimately affecting morbidity and mortality. There is a growing recognition of the risk a high body mass index
confers on the development and outcome of several malignancies, including pancreatic cancer. Pancreatic cancer is a highly
lethal disease with exceptionally poor outcome, with incidences rising worldwide. Due to vague symptoms and no screening
recommendations, a vast majority of patients are diagnosed at late stages, with already advanced disease and no opportunity
for surgical intervention. Obesity mediates risk for pancreatic cancer through insufficiently understood mechanisms, possibly
including inflammation and hormonal misbalance. As excess abdominal adiposity is among the few modifiable risk factors
for pancreatic cancer onset, enduring weight loss could manifest an effective preventive measure. Lifestyle modifications
on a population level aimed to reduce obesity could also scale down the grim pancreatic cancer rates. In cases when these
measures alone are insufficiently effective, bariatric surgery can be an advantageous alternative. Extremely obese patients
exhibit many health benefits following bariatric surgery along with weight loss, consequently reducing the chances of pan-
creatic cancer, especially if additionally adopting healthy lifestyle habits.
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Introduction

Obesity and pancreatic cancer are posing a considerable
health burden across the globe, with alarming incidences
that show no sign of dropping. As obesity results from an
imbalance between calorie consumption and expenditure,
while pancreatic cancer arises from malignant transforma-
tion of pancreatic cells, the link between the two was long
overlooked, and they were viewed as unrelated medical
conditions. However, new emerging evidence is bringing
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together a different picture. Chronic obesity has far-reaching
consequences depicted in its many comorbidities, pancreatic
cancer probably being the most lethal one. Evidence inte-
grated from different fields, including prospective epidemio-
logical studies, animal models and pre-clinical studies reveal
a close relationship between obesity and pancreatic cancer,
making it apparent that a trans-disciplinary approach is a
key to comprehend this link. It is crucial to understand the
biological and non-biological factors standing behind the
rising incidences of these conditions to enable healthcare
providers to implement more effective preventive strate-
gies. Therefore this review was aimed to shed light on the
interconnection between obesity and pancreatic cancer on a
population scale, but also the physiological mechanisms by
which obesity supports pancreatic cancer advancement. We
also consider the possibility that weight loss, either through
lifestyle modifications or bariatric surgery, could be the most
sensible approach for pancreatic cancer prevention in the
obese population at risk.
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Epidemiology of obesity

Obesity is a metabolic syndrome that poses a major con-
temporary clinical and healthcare challenge. It is a com-
plex and multifactorial condition arising from an interplay
between genetic, epigenetic, and environmental factors
epitomized by the accumulation of excess adipose tissue.
Obesity is highly heritable, and it varies by age, sex, and
race-ethnicity [1]. The rapid economic development of the
modern world accompanied by urbanization has resulted in
profound lifestyle changes, both in nutrition and physical
activity levels, which have led obesity to be considered a
worldwide epidemic. It is a forerunner and a major risk
factor for a wide range of pathological conditions includ-
ing type 2 diabetes, cardiovascular disease, and depres-
sion, but is also associated with increased risk of several
malignancies [2]. It is estimated that between 4% and 7%
of all diagnosed cancers are attributable to obesity [3].

The most commonly used criterion for determining obe-
sity is the body mass index (BMI). BMI is calculated as
the ratio between the person’s weight, expressed in kilo-
grams, and height, expressed in square meters. According
to the World Health Organization, a BMI of or 30 kg/m?
or greater is defined as obesity.

Available data from the World Health Organization
indicate that in 2016 39% of adults aged 18 years and over
were overweight and 13% obese [4]. Current trends predict
that by 2030 nearly 40% of the world’s adult population
will be overweight and about 20% obese [5]. Estimates of
obesity in the Western world indicate a rising trend since
the middle of the twentieth century, with significant differ-
ences between racial, ethnic, and socioeconomic groups.
Data from America indicate a prevalence of obesity of
about 35% with a somewhat higher rate between Hispanics
(43%) and African Americans (48%) [2]. Europe displays
more modest statistics of about 17%, with higher rates
in southern regions like Spain and Italy, but also Eastern
Europe [6]. These variations could be traced to dispropor-
tional genetic susceptibility between ethnicities or local
populations, but socioeconomic disparities may also play
a prominent role. Nations going through economic transi-
tions and/or with a lower average income are in general
exposed to inexpensive low-quality food with high-calorie
content additionally influencing obesity risk. Gender is
also an independent risk factor, as women develop sig-
nificantly higher BMI than men [7]. It also appears that
women are inclined to develop obesity later in life [8].
Data from regions outside of the US and Europe are lim-
ited. A study from China demonstrated that in a period
between 1993 and 2009 obesity saw a steady rise, dou-
bling in women and almost quadrupling in men [9]. Data
acquired by the International Obesity Task Force show
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rising trends also in Central and South America, as well
as sub-Saharan Africa [10]. In sum, the past decades of
research have provided evidence that the prevalence of
obesity rises over time in most countries with very few
exceptions. According to the Global Database on BMI,
trends of obesity saw a decline only in Denmark and Saudi
Arabia in men, and Denmark, Ireland, Saudi Arabia, and
Finland in women [11].

Epidemiology of pancreatic cancer

Pancreatic cancer has an extremely poor prognosis and sur-
vival rate. The estimated 5-year survival rate ranges between
2 and 9% [12, 13]. The Global Cancer Observatory (GLO-
BOCAN) reports indicate a similar number of cases and
deaths caused by pancreatic cancer in 2018, making it one
of the most lethal malignancies in the world [14]. It is the
seventh leading cause of cancer death in both males and
females. The highest rates are reported in the US, Europe,
and Australia, while the lowest are in Middle Africa and
South—Central Asia. It is the 4th lethal cause of cancer death
in America and the 6th in Europe [15]. The incidence is
higher in blacks than whites and slightly higher in men than
women [15]. The most important risk factor that repeatedly
comes up in all epidemiological studies is a history of smok-
ing as it increases the risk of pancreatic cancer by 75% [16].
Other predisposing factors include positive family history,
diabetes, pancreatitis, obesity, alcohol abuse, and inactivity
[12, 17, 18]. Based on trends from European Union pancre-
atic cancer is anticipated to supersede breast cancer as the
third lead cause of cancer death, given that breast cancer rate
will continue to decline [19]. The incidence rates increase
with age, with almost 90% of affected diagnosed after the
age of 55 [20]. Although surgical resection significantly
improves prognosis, most pancreatic cancer patients are
diagnosed at late stages of disease with local advancement
disease or metastatic spreading and only a small portion of
patients is considered to be surgical candidates. Only about
20% of patients are presented with localized disease at diag-
nosis [21].

Epidemiology of obesity associated with pancreatic
cancer

It has long been recognized that obesity-related condi-
tions increase the risk of several malignancies including
pancreatic cancer. As mentioned earlier, obesity along
with smoking is one of the very few modifiable risk fac-
tors that increase the likelihood of developing pancreatic
cancer. There is a wealth of literature including pooled
and meta-analyses that well document this link [22-27]. A
recent study used Mendelian randomization analysis on data
obtained from genome-wide association studies to assess the
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significance of a range of metabolic factors on pancreatic
cancer risk. The analysis singled out only BMI and fasting
insulin levels, but not type 2 diabetes or dyslipidemia to be
causally associated with an increased risk of pancreatic can-
cer [28]. In 2011, a study was conducted by Parkin et al. [29]
which assessed that around 12% of all pancreatic cancers
could be attributed to elevated body mass index. Another
cohort study estimated that women with a BMI>27.5 had
a 20-37% higher risk of acquiring this condition [30]. In a
joint analysis conducted by London Imperial College and
the University of Leads similar prediction was made for both
men and women emphasizing an even higher risk for persons
with a BMI over 35 [31]. The American Cancer Society also
associated the increased BMI with mortality from the cancer
of the pancreas in both men and woman. Obese participants
also had, on average, an earlier onset of the disease as well
as worse survival rates [32].

It is worthy to note that several studies underlined the
importance of the location of the excess adipose tissue. It
appears that persons who carry the majority of fatty tissue
in the abdominal region are 70% more likely to develop pan-
creatic cancer compared to those who bear it around the hips
[33]. It is estimated that a 10 cm increase in waist circumfer-
ence enhances the pancreatic cancer risk by about 11%. Two
independent studies assessed the impact of central adiposity
on pancreatic cancer development. They concluded that hip
circumference and waist circumference alone were not asso-
ciated with pancreatic cancer risk. However, a high waist-
to-hip ratio was correlated with a 20-30% increased risk
[22, 23]. Finally, results of a pooled analysis conducted on
1,564,218 participants demonstrated that high waist circum-
ference and high waist-to-hip ratio correlate with increased
pancreatic ductal adenocarcinoma (PDAC) mortality regard-
less of BMI [22]. This association was even stronger if the
onset of obesity was acquired relatively early, between the
ages of 18 and 21. These findings highlight the prominent
role of visceral fat in the disease process [34].

That said, it is worthy to look back on the current epide-
miological status of central adiposity per se. A recent study
evaluated the prevalence of central adiposity in five high-
income and five low-income countries in men and woman
separately. The results showed a higher prevalence of cen-
tral adiposity in low-income countries, reaching as much as
74% in Mexico and 68.9% in South Asia, while high-income
countries like the US demonstrated a lower prevalence of
54%, Canada 35%, and Germany 33.9%. Data also indi-
cated a higher prevalence in women than men regardless of
income [35].

Mechanism of obesity and pancreatic cancer

Molecular mechanisms and signaling pathways contributing
to clinical events that lead to pancreatic cancer are poorly

understood, but it seems likely that multiple biological pro-
cesses may be involved (Fig. 1) [36].

One explanation argues that the expansion of adipose tis-
sue causes the accumulation of connective tissue, or desmo-
plasia which in turn promotes the survival and movement
of malignant cells [37]. The desmoplasia is composed of
extracellular matrix proteins, pancreatic stellate cells, and
immune cells, making it a metabolically active tissue that
secretes an abundance of cytokines and growth factors and
promotes cancer growth. Desmoplasia causes changes in
overall tissue structure, along with accompanying intersti-
tial fluid pressure, thereby also contributing to chemoresist-
ance. The role of desmoplasia in pancreatic cancer is still
a matter of ongoing research. However, data suggest that
obesity plays an important part. For example, a study on
patients suffering from pancreatic ductal carcinoma (PDAC)
revealed elevated desmoplasia only in obese patients. A
comprehensive study conducted by Incio et al., encompassed
both mouse models and human subjects to effectively dem-
onstrate the mechanism by which obesity impacts PDAC
through desmoplasia aggregation. The authors argue that
adipocyte-induced inflammation activates pancreatic stel-
late cells and tumor-associated neutrophils causing desmo-
plasia formation. Desmoplasia mechanically compresses
local blood vessels impairing drug delivery, inducing local
hypoxia and promoting tumor advancement [37].

Another proposed mechanism underpinning the role of
obesity on pancreatic cancer progression implicates the
overproduction of circulating insulin by obese individuals
[38]. Hyperinsulinemia causes a rise in insulin growth fac-
tor (IGF)-1 which, after binding with its receptor, or the
insulin-like growth factor receptor (IGFR), activates the
mTOR, PI3K, and MAPK pathways. These are well-known
pathways in cancer biology that promote cell proliferation
and angiogenesis and inhibit apoptosis, thus fueling cancer
growth. Many studies have repeatedly associated pancreatic
cancer risk with markers of elevated glucose levels.

Increased food consumption by obese individuals often
combined with poor dietary habits also increment the con-
sumer’s exposure to carcinogens. Although the published
studies have been somewhat inconsistent, a meta-analysis
encompassing 11 studies recognized an association between
pancreatic cancer incidence and processed meat consump-
tion, meat fried or grilled at high temperatures and preserved
food [39]. Nitrites are commonly used additives in most
processed meat products that have been positively associ-
ated with risk of pancreatic cancer in both men and women.
Processed meat may also contain other potent carcinogens
like N-nitroso compounds [40]. An animal model study
conducted by Risch et al. demonstrated the effect of these
compounds on pancreatic cancer formation [41].

Apart from adipocytes, the adipose tissue consists of
a myriad of different metabolically active cell types like
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Fig.1 Molecular mechanisms linking obesity to pancreatic cancer initiation and progression (Reproduced with permission from [36])

immune cells, fibroblasts, endothelial cells, and stem/pro-
genitor cells. The production of adipokines like leptin and
cytokines like TNF-alpha and interleukin-6 by the adipose
tissue may also play a role in susceptibility to pancreatic
cancer [42]. Obese individuals express ten times higher
leptin levels, which activate the Notch pathway signaling
many tumors, including PDAC [43]. The disturbance of
balance between these finely tuned pro-inflammatory and
anti-inflammatory biologically active molecules cause modi-
fications in tissue microenvironment which in turn exhibit
their effects on cell proliferation, apoptosis, cell invasion,
and angiogenesis.

Obesity also induces local hypoxia which causes the over-
expression of vascular endothelial growth factor (VEGF).
Persons with high BMI are reported to display higher levels
of VEGF [44]. Although published data are not entirely con-
sistent, as an angiogenic factor, increased VEGF levels could
play a role in tumor progression and growth.

Further evidence on the aftermaths of obesity comes from
a mouse model of pancreatic cancer. When fed with normal
chow, only 10% of mice developed pancreatic neoplasia,
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while when these mice were placed on a high-fat, high-
calorie diet and became obese, about 45% of ductal cells
developed neoplastic transformations [45].

Apart from the impact obesity displays on pancreatic can-
cer development, it has also been shown that excess body
weight was correlated with reduced responses to chemo-
therapy in patients suffering from PDAC. However, the link
between obesity and pancreatic cancer is further compli-
cated as the manifestation of previously described pathways
is highly dependent on the individual genetic background
and exposure to various environmental factors.

Bariatric surgery effect on pancreatic cancer

There are only a handful of reports and case studies elab-
orating on the effects of physical activity on pancreatic
cancer management. Most authors report positive effects
of orderly exercise attributing them mostly to neovascu-
larization rather than weight loss [46, 47]. An ongoing
randomized control trial named PancFit currently recruits
128 participants to address this question more thoroughly.
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However, due to harsh symptoms, most pancreatic cancer
patients find it difficult to tolerate a regular exercise sched-
ule. As weight loss can be difficult to achieve and maintain
for these patients during their medical treatment, bariatric
surgery may prove to be a more effective approach [48].

Bariatric surgery includes a number of surgical pro-
cedures that facilitate enduring weight loss in severely
obese patients when exercise and diet fail to produce sat-
isfying effects. Forms of bariatric surgery reported sub-
stantial weight loss even after a 20-year follow-up [49].
A study conducted in Sweden recruited more than 4000
obese patients, 2010 of them subjected to bariatric surgery,
and 2036 controls. After a 10-year follow-up, the bariat-
ric surgery group was associated with a 40% lower inci-
dence of malignancies associated with obesity compared
to the control group [50]. A similar study was carried out
in Utah, with nearly 8000 gastric bypass surgery patients
and a comparable number of controls. After a follow-up
period of 7 years, researchers reported a 60% reduction in
cancer mortality in the bariatric surgery cohort [51]. These
promising results suggest that pancreatic patients may also
benefit from bariatric surgery.

A study from Canada reported that 0.1% of surgery
patients developed pancreatic cancer, compared to 0.33%
in the control group [52]. A study from 2016 on patients
suffering from severe obesity (BMI > 40 kg/m?) showed a
significantly lower risk of PDAC in patients who under-
went bariatric surgery compared to the control group [53].
In addition to this, patients who underwent bariatric sur-
gery also have many health benefits like reduction of tissue
inflammation and insulin resistance, a decrease of inflam-
matory markers like C-reactive protein and interleukin-6.
However, apart from these advantages, the effect of bariat-
ric surgery on pancreatic cancer risk is a matter of debate.
Possibly due to limited sample sizes and short follow-up
periods, a number of published retrospective studies failed
to provide evidence that bariatric surgery decreases pan-
creatic cancer risk. At present, credible studies establish-
ing the effects of bariatric surgery on pancreatic cancer
prevention or outcome are still lacking. Prospective mul-
ticenter studies with a large number of patients and long-
term follow-ups should be undertaken in future to obtain
more convincing results.

Meanwhile, the effectiveness of bariatric surgery can be
evaluated using animal pancreatic cancer models. A recent
study by He et al. [54] demonstrated that gastric bypass
surgery prevents the occurrence of pancreatic cell acinar
carcinoma in mice genetically engineered to recapitulate
human pancreatic neoplasia. An earlier study on a Goto-
Kakizaki rat model reported antidiabetic effects of gas-
tric bypass surgery, but also signs of improved pancreatic
functions like p-cell functional recovery [55].

Conclusion

Pancreatic cancer is an exceptionally aggressive malig-
nancy portrayed by very poor prognosis and low survival
rates. Although the incidence varies across regions and
ethnicities, it typically affects the elderly population of
developed countries. Due to vague symptoms and no
current screening recommendations, the illness is usu-
ally diagnosed at late stages, when surgical removal is no
longer an option. Low responsiveness to radiotherapy and
chemotherapy additionally afflicts treatment and outcome.
Therefore, there is a critical need to pinpoint the causes
of susceptibility to pancreatic cancer and to concentrate
future efforts on finding adequate preventive strategies.

Available epidemiologic studies have revealed many
potential predisposing factors to pancreatic cancer. A
smaller portion of affected subjects report a positive fam-
ily history or bear an underlying germline disorder. The
majority of patients, however, disclose unfavorable life-
style habits. Smoking, poor diet and lack of physical activ-
ity, along with their chronic aftermaths like obesity and
diabetes enhance the chances of pancreatic cancer devel-
opment. Obesity is of particular interest, as it is a princi-
pally preventable trait, yet it affects a significant portion
of the world’s population today. The global upward trend
it has seen in the past decades can be attributed to lifestyle
changes that accompany rapid industrialization and eco-
nomic growth. The contemporary way of life, portrayed by
increased consumption of processed food and insufficient
physical activity, both during working hours and leisure
time, skyrocketed obesity into a global epidemic.

This opens up the possibility that lifestyle interven-
tions could reduce pancreatic cancer risk. A diet low in
saturated fat and sugars along with regular exercise on a
population scale could be a useful prevention strategy that
would ultimately scale down pancreatic cancer incidence.
A strong confirmation for this proposition comes from a
study on more than 48,000 postmenopausal women that
were randomly selected to be placed on a low-fat diet or
maintain their previous dietary routine. Over the course of
7 years, a low-fat dietary intervention significantly reduced
pancreatic cancer incidence [56]. What remains uncertain
is to what extent could weight loss influence the course of
the disease after the diagnosis of illness had been made.

The clinical utility of bariatric surgery in pancreatic
cancer management is also an open question. Available
data clearly show a multitude of health benefits for bari-
atric surgery patients, including reduced levels of most
markers of elevated glucose levels. Follow-up studies
report significant reductions both in incidence and mor-
tality of obesity-related cancers. Research on pancreatic
cancer is still scarce but promising. Future studies should
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be designed to overcome the challenges of investigating
pancreatic cancer and ultimately address the question of
applicability of bariatric surgery in pancreatic cancer
treatment.

Pancreatic cancer and obesity are posing a growing health
burden across the globe. The identification of new modifi-
able factors that mediate risk for these conditions is also of
importance and may play a prominent role in constructing
effective preventive strategies in the future.
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