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Abstract

Background: Excess body weight (EBW) is a risk factor for
various acute and chronic conditions. Conversely, the “obe-
sity paradox” suggests a protective effect of higher body
weight on some disease outcomes. This article discusses
the role of EBW along the disease continuum of pancreatitis
and pancreatic cancer (PC) in terms of incidence and out-
come. Summary: Comparison of findings is hampered by
the use of different methods to assess EBW. Nevertheless, in
acute pancreatitis (AP) and PC, EBW, especially visceral obe-
sity, presents a distinct risk factor and predictor of a nega-
tive outcome. Findings of a protective effect likely result
from nonconsideration of fat distribution or other con-
founders. Regarding chronic pancreatitis (CP), few studies
indicate lower incidence and a better outcome with higher
body mass. However, there is insufficient evidence to con-
firm the existence of an obesity paradox. The precise mech-
anisms of how EBW affects the disease continuum require
further elucidation but both common and disease-specific
effects seem involved. Key Messages: EBW is associated
with higher incidence and a negative outcome in AP and
PC. The association with CP is less conclusive. Thus, main-
taining normal weight is advisable at any stage of the dis-

ease continuum. © 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Excess body weight (EBW) generally implies an exces-
sive accumulation of body fat, resulting from prolonged
positive energy balance, that is, energy intake exceeding
expenditure. If not halted, this gain of body fat initially
leads to the development of overweight, and eventually
obesity, which has been a pandemic-scale health problem
for decades [1]. Although in the past it has been contro-
versially discussed whether obesity is a chronic condition
in itself [2], there is consensus that both overweight and
obesity increase the risk of numerous noncommunicable
diseases, most prominently metabolic and cardiovascular
diseases as well as various types of cancer [3].

Justas EBW has been a constantly growing health-care
issue, also the global burden of pancreatic diseases has
increased over the past decades [4, 5]. In this context,
acute pancreatitis (AP) presents the most common pan-
creatic disease, while pancreatic cancer (PC) is the most
lethal one [6]. Clinical data accumulated from human
studies confirm that AP, recurrent AP, and chronic pan-
creatitis (CP) form a disease continuum [7, 8]. Likewise,
CP is a well-established risk factor of PC [9, 10]. Because
of the parallel trends in prevalence and the established
role of overweight and obesity as risk factors for numer-
ous conditions, EBW presumably also increases the risk
and worsens the outcome in these pancreatic diseases.
However, in the past, the existence of a phenomenon
termed “obesity paradox,” that is, obesity exerting a pro-
tective effect on an outcome in several chronic and acute
diseases, has been proposed. Since then, it has been con-
troversially discussed whether the obesity paradox is real
or simply a product of residual confounding [11]. There-
fore, assessing the role of EBW in the continuum of pan-
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creatic diseases is highly attractive. What are the effects in
terms of incidence and outcomes and what are the under-
lying mechanisms? Addressing these questions, this re-
view summarizes evidence for the role of EBW in AP, CP,
and PC, respectively.

Measures of EBW

Some methodological considerations regarding as-
sessment of EBW are indicated as employment of differ-
ent methods can hamper comparison of findings between
studies. Beyond this, interpretation of results might be
different depending on what method was employed and
which disease was investigated.

There is no definitive answer to the question how to
best measure EBW. Several methods exist, and all have
their strengths and limitations [12, 13]. Arguably, body
mass index (BMI) is the best-established metric as it can
be easily assessed, even in large-scale studies, and has
been proven as a reliable predictor of adverse outcomes
related to EBW in many investigations. By definition,
BMI between 25.0 and 30.0 kg/m? indicates overweight
and values greater than 30.0 kg/m? qualify as obesity.
Yet, for Asian populations, lower cutoff points, that is,
23.0 and 27.5 kg/mz, have been identified to reflect in-
creased risk and high risk of EBW, respectively [14].
Other than the issue of defining appropriate cutoff
points for specific populations, BMI falls short by not
accounting for body composition or fat distribution. In
case of the latter, especially abdominal or, more precise-
ly, visceral fat has been linked to chronic diseases [15-
17] and adverse outcomes in acute medical conditions
[18, 19]. Thus, for more specific assessment, supplemen-
tal anthropometric measures, that is, waist circumfer-
ence (WC) or waist-to-hip ratio, which have shown an
additional predicative value for various diseases [20, 21],
are frequently employed in large-scale studies. However,
these methods do not provide a quantitative measure of
body fat reserves. Although there are noninvasive meth-
ods for such assessments, for example, bioelectrical im-
pedance analysis or hydrostatic weighing, these tech-
niques have limitations which hinder their usage in larg-
er study settings. Furthermore, none of these methods
captures fat distribution in terms of visceral obesity [22].
In contrast, imaging modalities, such as dual-energy X-
ray absorptiometry, computed tomography, or magnet-
ic resonance imaging, measure both quantity and distri-
bution of body fat. However, as imaging modalities also
have their limitations, for instance, exposure to radia-
tion, requirement of highly trained operators, or high
costs, only recently they are used more frequently out-
side clinical settings [13, 22].
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Acute Pancreatitis

The most common causes of AP are gallstones and al-
cohol abuse, accounting for approximately 60-80% of all
cases [23]. In the remaining cases, actual causes often re-
main unknown. Hypertriglyceridemia and certain medi-
cations, including drugs used for the treatment of meta-
bolic diseases, for example, diabetes mellitus, are consid-
ered potential triggers of AP [24]. As associations with
overweight and or obesity have been shown for all these
factors, it is a key question whether EBW is an indepen-
dent risk factor for AP.

While in the past contradictory findings have been re-
ported on the association of BMI and risk of AP [25-32],
higher WC has been consistently associated with an in-
creased risk [27, 29]. A recent meta-analysis [33] showed
that both BMI and WC are associated with an increased
risk of AP in a dose-response-related manner, with a risk
elevation of 18% per 5-unit increment in BMI and 36%
per 10 cm increase in WC. While in case of WC, the as-
sociation was linear, for BMI, a nonlinear association
with a steeper risk increase when BMI exceeded 30 kg/m?
was found.

With regard to the AP outcome, the relation with EBW
is more complex. Several meta-analyses confirm obesity
based on BMI as a relevant prognostic factor for local and
systemic complications [34-38] as well as severity and
mortality in AP [34-39]. According to the most recent
meta-analysis [39], obese patients have a 3.6-fold risk of
severe AP and a 2.9-fold mortality risk. Two meta-analy-
ses [36, 39] also addressed overweight as a risk factor. Al-
though a higher risk of local complications and mortality
was found than in normal-weight patients, the strength
of these associations was weaker than for obesity.

In contrast, findings from studies that applied multi-
variate analysis suggest that EBW may not necessarily be
an independent predictor of outcome [40-44]. Findings
of an individual patient data meta-analysis [45] corrobo-
rate these findings. After adjustment for confounding
variables, an independent association of obesity was only
seen with development of organ and multiple organ fail-
ure but neither with local nor systemic complications nor
mortality.

Although these findings question BMI as a suitable pa-
rameter to reflect the risks inherent to EBW in AP, they
do not support the concept of an obesity paradox either.
Evidence for the existence of such phenomenon is scarce
anyway. As of today, only few studies [46-48] have sug-
gested that an obesity paradox may exist in AP. In fact,
this may be true under certain conditions. Several studies
[49-52] showed visceral fat to be a stronger predictor of
severe AP than BMI. Assuming that excessive visceral fat
causes negative outcomes in AP, high BMI, in the absence
of abdominal obesity, could exert a protective effect. The
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Fig. 1. Biochemical mechanisms of how EBW affects pathogenesis and outcome in AP, CP, and PC. AP, acute
pancreatitis; CP, chronic pancreatitis; PC, pancreatic cancer; EBW, excess body weight.

fair correlation between BMI and visceral fat might ex-
plain the association between obesity based on BMI and
negative outcomes in AP seen in large population-based
studies and meta-analyses.

Chronic Pancreatitis

The number of studies investigating the association of
EBW with the incidence of CP is very limited. A recent
meta-analysis of prospective studies [33] found that a
5-unit increase in BMI lowered the risk of CP by 22%.
Because only 2 studies [27, 28] were included in this anal-
ysis, with one [27] showing only a trend for this associa-
tion, this finding should be considered with caution. Also,
despite prospective study designs, it cannot be ruled out
that reduced body weight at baseline might be the result
of an early form of CP rather than a risk factor for disease.

Regarding the disease outcome, EBW may also have a
protective effect, which is suggested for that reason alone
that malnutrition, associated with increased morbidity and
mortality, in CP is common and still challenging to treat
[53]. However, there are only a few studies to actually sup-
port this hypothesis. For instance, a cohort study with a
30-year follow-up [54] found that CP patients with a BMI

Excess Body Weight and Pancreatic
Disease

>25 kg/m?* had a 40% lower mortality rate than patients
with BMI <20 kg/m?% In another study [55], BMI >23
kg/m? was associated with higher islet yields and better
clinical outcomes in autologous islet cell transplantation.
Last, a prospective investigation in pediatric patients [56]
showed that overweight or obese children with CP were
less likely to undergo medical or endoscopic treatment, de-
velop exocrine pancreatic insufficiency, and require total
pancreatectomy with islet autotransplantation. Despite
these findings and the lack of data revealing an association
of EBW with negative outcomes or mortality, there is in-
sufficient evidence to confirm an obesity paradox in CP.

Pancreatic Cancer

The role of EBW in the development of PC presents as
a clear-cut case. Several meta-analyses [57-59] and large
pooled analyses [60-62] showed a dose-dependent asso-
ciation between BMI and PC risk, with a risk increase of
approximately 10% per 5-unit increment in BMI. Among
studies that also looked at anthropometric parameters,
significant associations were found with WC [57] and
waist-to-hip ratio [61, 62], especially in women, indicat-
ing a relevance of body fat distribution.
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With respect to mortality, the association between
EBW and PC is less conclusive. A recent meta-analysis
[63] indicated that EBW at diagnosis or before PC surgery
is not associated with survival. On the other hand, the
same study found a dose-response relationship between
adult BMI and mortality resulting in an 11% higher mor-
tality risk per 5-unit increase in BMI. These findings
could be explained by the rapid progression of PC accom-
panied by drastic weight loss commonly occurring before
diagnosis or surgery. Unfortunately, weight loss as a con-
founding factor has not been included in the studies look-
ing at BMI at diagnosis or before surgery. Another study
[64] also investigated the effect of body fat distribution
but found no association for either BMI or visceral fat
with overall survival. For now, the effect of EBW on out-
come in PC remains unclear. Despite its consuming char-
acter, so far, there is no evidence for the existence of an
obesity paradox in PC.

Mechanisms

The mechanisms of how EBW effect pathogenesis and
outcome in pancreatic diseases are still not fully under-
stood. The most commonly proposed biochemical mech-
anisms are associated with an excessive accumulation of
both visceral and intra-pancreatic fat (shown in Fig. 1).
Low-grade inflammation and immune dysfunction medi-
ated by adipokines, both locally and systematically, is like-
ly to contribute to the pathogenesis of all 3 diseases [65].
Moreover, especially in AP, increased lipolysis seems to
account for adverse outcomes by setting free unsaturated
fatty acids that potentiate necrosis and worsen local and
systemic inflammation [66] mediated by a storm of cyto-
kines, predominantly IL-6, IL-8, and IL-10 [67]. Diet-in-
duced visceral fat unsaturation has therefore recently been
suggested as a driver of AP severity and potential explana-
tion for an obesity paradox [68]. By contrast, in CP, intra-
pancreatic adipocytes are surrounded by fibrotic tissue,
which limits lipolysis and, thus, ameliorates severity of
acute exacerbations in CP [69]. This could at least par-
tially explain the observation of an improved outcome in
patients with EBW. Last, especially in PC, hormonal ef-
fects of adipose tissue seem to be involved in pathogenesis.
Obesity and BMI have been associated with increased lev-
els of insulin and insulin-like growth factor 1, which may
promote pancreatic carcinogenesis by modulation of cell
proliferation, apoptosis, and angiogenesis [70]. In addi-
tion, also leptin, primarily synthesized in adipocytes, has
been found to enhance the invasion of PC through an in-
crease in matrix metalloproteinase-13 production [71].
Pancreatic steatosis, resulting from progressive fatty infil-
tration, may also contribute to carcinogenesis by tissue
remodeling and fibroinflammatory reactions [72].
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Overall, the observed associations of EBW with both
AP and PC suggest similar mechanisms caused by EBW
that include the induction of a pro-inflammatory micro-
environment in both diseases. Although CP is a known
risk factor of PC, there are only a relatively small number
of CP patients who eventually develop PC, which may
explain that pathogenic factors for cancer development
are different to chronic inflammation. However, ac-
knowledging the lack of convincing mechanistic explana-
tions, the alleged inverse association between EBW and
CP should be considered even more cautiously.

Conclusion

The role of EBW along the continuum of pancreatic
diseases is ambiguous. For AP and PC, there is convinc-
ing evidence that EBW, especially in the form of visceral
obesity, increases risk and worsens the outcome. Con-
versely, limited data on CP suggest a protective effect.
The precise mechanisms of how EBW impacts pancre-
atic disease require further investigation, but there seem
to be both common and disease-specific effects. To re-
duce the risk of progression, prevention should start at
the earliest stage of disease. Therefore, maintaining nor-
mal-weight stands as a recommendation that is univer-
sally applicable along the continuum of pancreatic dis-
ease.
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