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Holistic management of pancreatitis means that gastro-
enterologists in the 21st Century should think beyond
improving in-hospital outcomes of pancreatitis alone. In
particular, there is considerable room for optimizing the
management of new-onset diabetes, exocrine pancreatic
insufficiency, and other metabolic sequelae of pancrea-
titis. The present article provides state-of-the-art infor-
mation on classification, terminology, and burden of the
common sequelae of pancreatitis. A high-risk group of
patients with pancreatitis is identified, which is posi-
tioned to benefit the most from the metabolic sequelae
surveillance program introduced in this article. The pro-
gram involves continuous follow-up after pancreatitis
diagnosis, with the focus on early identification of new-
onset diabetes after pancreatitis and exocrine pancre-
atic insufficiency. The metabolic sequelae surveillance
program is scalable and has the potential to reduce the
burden of pancreatitis through tertiary prevention in the
decades to come.

Keywords: Acute Pancreatitis; Chronic Pancreatitis; Surveillance
Program; New-Onset Diabetes; Exocrine Pancreatic Insuffi-
ciency; Osteoporosis; Sarcopenia; Dyslipidemia.

P ancreatitis as a disease entity was established in the
second half of the 19th Century and there have been
several major advances in knowledge. These advances, each
corresponding to a pancreatitis zeitgeist (ie, the intellectual
climate of an era that facilitates scientific progress), have led
to where the disease stands in the first quarter of the 21st
Century. With a global incidence of ~35 cases per 100,000
person-years for acute pancreatitis and ~10 cases per
100,000 person-years for chronic pancreatitis, acute and
chronic pancreatitis are among the most common diseases
in routine gastroenterology practice worldwide."”* The
improved management of pancreatitis over the past few
decades, including the growing availability of high-
resolution imaging, incremental innovations in endoscopy,
and gradual abandonment of open surgery, has contributed
to the current lowest in-hospital mortality from pancreatitis
on record.”* However, the mortality trough has likely been
reached because there is no specific treatment on the ho-
rizon that would realistically be able to target the patho-
genesis of pancreatitis in humans in the foreseeable
future.* Although a further decrease in deaths from
pancreatitis is not expected, the overall burden of
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pancreatitis can still be meaningfully reduced if the focus of
pancreatitis management is expanded beyond the classical
secondary prevention (ie, application of effective in-
terventions early in the course of disease with a view to
reducing mortality during hospitalization). In particular,
tertiary prevention of pancreatitis - aimed at minimizing the
development (or effects) of its sequelae after hospital
discharge - is poised to become a cornerstone of pancrea-
titis management in the decades to come.” The unmet need
for gastroenterologists to be aware of pancreatitis confer-
ring long-term risks of new-onset diabetes, exocrine insuf-
ficiency, and other metabolic sequelae formed the basis for
the present article.

New-Onset Diabetes After Pancreatitis

Terminology and Classification

New-onset diabetes after pancreatitis (NODAP) is
defined as diabetes developed in a previously nondiabetic
patient with a history of acute pancreatitis or chronic
pancreatitis. NODAP is a unified umbrella term and, hence,
covers not only diabetes after common pancreatitis etiol-
ogies but also diabetes secondary to relatively uncommon
entities, such as hereditary pancreatitis, autoimmune
pancreatitis, and fibrocalculous pancreatopathy (also
referred to as tropical calcific pancreatitis).” Diabetes sec-
ondary to disconnected pancreatic duct syndrome (that
sometimes develops during acute necrotizing pancreatitis)
is covered by the term NODAP too.®

Identification of NODAP involves the following principal
steps (Figure 1). First, the nondiabetic status of a patient
with a history of pancreatitis should be confirmed based on
the absence of diabetes diagnosis (of any recognized type)
in medical records or no recorded changes of lifestyle and
use of glucose-lowering medications (for the purpose of
treating diabetes) before pancreatitis diagnosis.” Patient

Abbreviations used in this paper: BMI, body mass index; BMD, bone
mineral density; EPD, exocrine pancreatic dysfunction; EPI, exocrine
pancreatic insufficiency; HR, hazard ratio; MSSP, metabolic sequelae
surveillance program; NODAP, new-onset diabetes after pancreatitis;
NOPAP, new-onset prediabetes after pancreatitis; OR, odds ratio; PPDM,
postpancreatitis diabetes mellitus.
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Suspected PPDM (NODAP)*:

« Dx of acute pancreatitis or chronic pancreatitis

* HbA1c = 6.5% (48 mmol/mol) and/or FPG = 126
mg/dL (7.0 mmol/L)

lYes

Prior to pancreatitis Dx:

+» Type 2 diabetes
* Type 1 diabetes

- Secondary diabetes
(eg, drug-induced diabetes)

* Dx of diabetes
- Use of antidiabetic medications**

lUnknown (no)

» Undiagnosed diabetes prior
to pancreatitis

« Stress-induced hyperglycemia
« latrogenic hyperglycemia****

* HbA1c = 6.5% (48 mmol/mol)
* FPG = 126 mg/dL (7.0 mmol/L)

lUnknown (no)

PPDM Dx:

* HbA1c = 6.5% (48 mmol/mol) and/or FPG = 126
mg/dL (7.0 mmol/L) more than 3 months after
pancreatitis Dx

¢ PPDMsIubtypes ¢

Post-chronic
pancreatitis diabetes
mellitus (PPDM-C)

Post-acute pancreatitis
diabetes mellitus
(PPDM-A)

Figure 1. Operational guideline for the identification of NODAP and PPDM. *In the context of the present guideline, if a patient
with diabetes with no proof of pre-existing diabetes mellitus does not have glycated hemoglobin and/or fasting plasma
glucose data available (or these values are inconclusive due to, for example, chronic disorders interfering with the accuracy of
measurements) before and/or within 3 months of pancreatitis Dx, the recommended term is PPDM. If a patient with diabetes
with no proof of pre-existing diabetes mellitus has glycated hemoglobin and/or fasting plasma glucose data available before
and/or within 3 months of pancreatitis Dx, the recommended term is NODAP. In other words, the absence of laboratory
evidence of diabetes before pancreatitis is equated to a normal result in the case of PPDM whereas the presence of a normal
laboratory result is required in the case of NODAP. Although NODAP represents the “pure” population of patients with incident
diabetes secondary to pancreatitis, PPDM covers a broader population of patients with diabetes and allows for a degree of
“contamination” (because sometimes there can be not enough data available to rule out pre-existing undiagnosed diabetes or
other scenarios when prevalent cases of diabetes cannot be ruled out with certainty). These stipulations for the use of the term
NODAP are generally met in prospective studies whereas the term PPDM may often be appropriately used in retrospective
studies. **Use of antidiabetic medications for the purpose of managing conditions other than diabetes (eg, cardiovascular
diseases, chronic kidney disease, or polycystic ovary syndrome) before pancreatitis Dx does not preclude the possibility of
having PPDM (NODAP). ***Glycated hemoglobin 6.5% (48 mmol/mol) during hospitalization for pancreatitis or shortly there-
after signifies undiagnosed diabetes before pancreatitis and, therefore, rules out NODAP Dx. Fasting plasma glucose >126
mg/dL (7.0 mmol/L) during hospitalization for pancreatitis in a patient without pre-existing diabetes mellitus signifies stress-
induced hyperglycemia or iatrogenic hyperglycemia (and, therefore, rules out NODAP Dx), unless it persists beyond 3
months after pancreatitis Dx or NODAP Dx is established based on meeting the glycated hemoglobin criterion beyond 3
months after pancreatitis Dx (Table 1). ***latrogenic hyperglycemia develops in a patient without pre-existing diabetes
(diagnosed or undiagnosed) as a result of in-hospital management of pancreatitis (eg, intravenous infusion of dextrose or use
of parenteral nutrition). Dx, diagnosis; FPG, fasting plasma glucose; HbA1c, glycated hemoglobin; NODAP, new-onset dia-
betes after pancreatitis; PPDM, postpancreatitis diabetes mellitus.

self-report alone is not sufficient. It is acknowledged that
occasionally patients who had symptoms suggestive of

chronic pancreatitis) in a patient who was later diagnosed
with new-onset diabetes is not sufficient to meet the NODAP

pancreatitis for years later present with diabetes at the time
of first formal chronic pancreatitis diagnosis. On the other
hand, it is known that sometimes chronic pancreatitis
can be painless (or even asymptomatic).” Therefore, the
operational guideline is pragmatic and based on the date of
pancreatitis diagnosis in relation to the date of diabetes
diagnosis. In particular, symptoms of abnormal exocrine
function of the pancreas (without a formal diagnosis of

criteria. Second, biochemical diagnostic criteria should be
used to rule out undiagnosed pre-existing diabetes.'’ This is
important because undiagnosed pre-existing diabetes con-
tributes approximately one third to the prevalence of dia-
betes in patients hospitalized for acute pancreatitis
(determined based on glycated hemoglobin within 72 hours
of hospitalization)."" Fasting (or random) plasma glucose
during hospitalization for pancreatitis should not be used
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for ruling out pre-existing diabetes because of a high fre-
quency of transient stress-induced hyperglycemia and iat-
rogenic hyperglycemia (after intravenous glucose infusion
or administration of parenteral nutrition) in this pop-
ulation.’>"** Nevertheless, hyperglycemia first identified
during hospitalization for pancreatitis may persist long after
hospital discharge and, therefore, herald NODAP. The diag-
nosis of NODAP is established no earlier than 3 months after
diagnosis of pancreatitis based on the thresholds for gly-
cated hemoglobin and/or fasting plasma glucose advocated
by the American Diabetes Association (Table 1).° The cor-
responding presequela - new-onset prediabetes after
pancreatitis (Figure 2) - is also diagnosed based on the
American Diabetes Association thresholds (Table 1).” As an
operational means of defining the most uniform group of
people, diabetes diagnosed within 3 months after pancre-
atitis rules out the diagnosis of NODAP. This is because
levels of glycated hemoglobin reflect average plasma
glucose over the preceding 2-3 months and because dis-
regarding the 3-month lag period leads to a markedly
inflated risk of diabetes (adjusted hazard ratios 5.9 and 2.5
within and beyond 3 months after pancreatitis, respec-
tively).>'® This guideline (Figure 1) has been used in
numerous independent original studies from various re-
gions of the world and has consistently met the logical
expectations based on pathophysiology (eg, diabetes sec-
ondary to chronic pancreatitis requires more insulin than
type 2 diabetes, diabetes secondary to chronic pancreatitis
has more comorbidities as well as requires more pancre-
atic enzyme replacement therapy in comparison with dia-
betes secondary to acute pancreatitis, and higher
frequency of hypoglycemia in diabetes secondary to

Gastroenterology Vol. 165, Iss. 5

pancreatitis than type 2 diabetes)."®?° The use of the
criteria outlined in the guideline (Figure 1) has also facil-
itated a meaningful comparison of findings from different
centers,”*" which is essential for accelerating progress in
this highly multidisciplinary field.

Although not every patient with increased blood glucose
in the setting of pancreatitis has NODAP, a given individual
with diabetes cannot have simultaneously more than one
diagnosis of a specific type of diabetes.” This is analogous to
increased blood pressure; the same patient cannot simul-
taneously have both primary (essential) hypertension and
secondary hypertension (due to a specific cause such as
pheochromocytoma, thyroid disease, or Cushing syndrome).
Although type 2 diabetes is the most common type of dia-
betes and primary hypertension is the most common type of
arterial hypertension, both are basically diagnoses of
exclusion.” It follows that healthcare professionals should
be aware of secondary diseases and, in particular, identify a
specific cause of diabetes (NODAP in the case of gastroen-
terologists).”’ Furthermore, taking into account that in-
dividuals with secondary hypertension are often initially
diagnosed with primary hypertension, it is possible that
patients with NODAP are initially labeled as having type 2
diabetes (eg, when a history of pancreatitis in the individual
with diabetes is not considered or missed).?*** Another
caveat gastroenterologists should be aware of is that the
term “type 3c diabetes,” sometimes used in the past, is a
misnomer and its use has never been ratified by any (inter)
national professional body in the field of diabetology.” The
reasons for the confusion were described in detail else-
where and the use of this term is discouraged.” The term
“diabetes of the exocrine pancreas” is a modern

Table 1.Diagnostic Criteria for the Main Metabolic Sequelae and Presequelae of Pancreatitis

NODAP? EPI® Osteoporosis®
Sequelae Glycated hemoglobin >6.5% (48 mmol/mol) Coefficient of fat absorption Bone mineral density T score
Fasting plasma glucose >126 mg/dL (7.0 mmol/L) <93% <-25
NOPAP EPD Osteopenia
Presequelae  Glycated hemoglobin 5.7-6.4% (39-47 mmol/mol) Fecal elastase <200 ug/g Bone mineral density T score

Fasting plasma glucose 100-125 mg/dL
(5.6-6.9 mmol/L)

between —1 and —2.5

@According to the guideline (Figure 1), establishing the Dx of NODAP (and by extension NOPAP) during and/or within 3 mo of
pancreatitis Dx is not recommended. This does not rule out the possibility of initially identifying an abnormal level of fasting
plasma glucose during and/or within 3 mo of pancreatitis Dx that subsequently forms the basis for diagnosing NODAP or
NOPAP. Meeting the diagnostic criteria for NODAP or NOPAP requires 2 abnormal test results on simultaneous or consecutive
testing (when there is no unequivocal hyperglycemia). Both glycated hemoglobin and fasting plasma glucose should be
measured on a fresh, never frozen, sample. Glycated hemoglobin should be measured using a method certified by the National
Glycohaemoglobin Standardization Program and standardized to the Diabetes Control and Complications Trial reference
assay. Point-of-care devices should not be used for diagnosing NODAP or NOPAP. Fasting plasma glucose should be
measured after no calorie intake for at least 8 h.

bpatients who meet the criteria for both EPI and EPD should be labeled as EPI only. Fecal elastase should not be measured in
liquid stool because of the high risk of a false-negative result.

°Fragility fractures are deemed to represent underlying osteoporosis, regardless of bone mineral density T score.

EPD, exocrine pancreatic dysfunction; EPI, exocrine pancreatic insufficiency; NODAP, new-onset diabetes after pancreatitis;
NOPAP, new-onset prediabetes after pancreatitis.
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Cause Presequela Sequela
| NOPAP }—»’ NODAP ‘
Pancreatitis EPD }—»‘ EPI ‘

| Osteopenia }—»l Osteoporosisl

Figure 2.Main metabolic presequelae and sequelae of
pancreatitis. Presequelae are precursors of sequelae. Once
the criteria for a metabolic sequela have been met (Table 1),
the patient with pancreatitis should not be labeled as having
the corresponding presequela. EPD, exocrine pancreatic
dysfunction; EPI, exocrine pancreatic insufficiency; NODAP,
new-onset diabetes after pancreatitis; NOPAP, new-onset
prediabetes after pancreatitis.

recommended blanket term for diabetes in the setting of
diseases of the exocrine pancreas.” The term “post-
pancreatitis diabetes mellitus” (PPDM) is adopted to
describe a subtype of “diabetes of the exocrine pancreas”
that encompasses patients with pancreatitis in whom estab-
lishing pre-existing diabetes mellitus is unclear (eg, incom-
plete laboratory data to evaluate the biochemical diagnostic
criteria) and, therefore, the absence of proof of diabetes
before pancreatitis is taken to mean that the diabetes is
incident (by contrast, NODAP requires the presence of proof
of not fulfilling the biochemical diagnostic criteria for diabetes
mellitus before pancreatitis).”* This scenario is common in
retrospective studies, in particular, population-based in-
vestigations that use large administrative databases.'”*%**
PPDM is subdivided into PPDM-A and PPDM-C when acute
pancreatitis and chronic pancreatitis, respectively, underlie
the diabetes (Figure 1).

Although this dichotomy is useful for operationalizing
the guideline in the clinic and research setting, limitations of
using categorical variables as proxies for continuous phe-
nomena are appreciated. From the pathogenetic point of
view alone, PPDM is best seen as a continuous spectrum:
diabetes secondary to first attack of non-necrotizing acute
pancreatitis lies at one end of the spectrum whereas dia-
betes secondary to end-stage chronic pancreatitis lies at the
other end.”" The primary driving forces are grossly different
- overwhelming insulin resistance (and the resulting
compensatory hyperinsulinemia) in the case of the former
and critical loss of 8 cells in the case of the latter.?*2¢
Hence, the pharmacologic management of the 2 subtypes
of PPDM is markedly different.?”?® At the same time, the
key drivers of new-onset diabetes in less polar cases of
pancreatitis (eg, diabetes secondary to recurrent acute
pancreatitis or early chronic pancreatitis) are not as clear
cut. They typically include various degrees of impairment in
both insulin sensitivity and @-cell function.?”*° The core
pathologic signatures of this change in insulin traits are
sustained low-grade inflammation, deranged lipid meta-
bolism, and dysfunction of the pancreas-gut-brain axis.>’~3*

Metabolic Sequelae of Pancreatitis 1125

Burden of Sequela

The high frequency of PPDM-C has long been appreci-
ated.”® A 2019 meta-analysis aggregated data from 15
cross-sectional and retrospective cohort studies published
between 1981 and 2018.°° The study found that the pooled
incidence of PPDM-C was 30%. Furthermore, there was the
following relationship between incidence of PPDM and time
since chronic pancreatitis diagnosis: 15% within 3 years
after chronic pancreatitis, 31% in 3-5 years after chronic
pancreatitis, and 33% in more than 5 years after chronic
pancreatitis.®®> A 2019 population-based study from New
Zealand (as part of the COSMOS program) found that, in
comparison with type 2 diabetes, PPDM-C was associated
with significantly higher all-cause mortality (adjusted haz-
ard ratio [HR], 1.3).*° This was independently confirmed in
a 2022 population-based study from Denmark (adjusted HR,
1.5; Figure 3) and a 2022 population-based study from
South Korea (adjusted odds ratio [OR], 1.4)."”*” Further-
more, the study from Denmark found that PPDM-C, as
compared with type 2 diabetes, was associated with a
significantly higher risk of severe hypoglycemia (adjusted
HR, 5.3).>” An increased risk of hypoglycemia (adjusted OR,
1.9) in PPDM-C vs type 2 diabetes was also reported in the
previously mentioned study from South Korea."” In addi-
tion, that study showed that PPDM-C influenced the devel-
opment of microvascular complications - diabetic
neuropathy, nephropathy, and retinopathy - with up to 1.5
times higher risks in comparison with type 2 diabetes."”
Also, PPDM-C was associated with a significantly higher
risk of developing psychiatric disorders (adjusted HR, 3.0)
than chronic pancreatitis without diabetes, with the cumu-
lative incidence of these disorders in patients with PPDM-C
being 9.2%.°®* A 2021 population-based COSMOS study
investigated cause-specific mortality and observed much
higher cancer mortality, but not vascular or nonvascular
noncancer mortality, in PPDM-C.*>° The analysis of site-
specific cancer mortality found significantly higher risks of

1004

Type 2 diabetes

----- PPDM-A
PPDM-C

Cumulative all-cause mortality (%)

0 2 4 6 8 10 12 14 16 18
Time from diabetes diagnosis (years)

Figure 3. All-cause mortality in the subtypes of PPDM as
compared with tyfe 2 diabetes mellitus. Data are derived
from Olesen et al.*’
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pancreatic cancer (adjusted HR, 3.8) and colon cancer
(adjusted HR, 2.1).*°

The high frequency of PPDM-A after a single attack of
(mild) acute pancreatitis has gained attention only during
the past decade.”® A 2015 population-based study from
Taiwan showed a much higher risk of diabetes in people
who had an attack of acute pancreatitis than those who did
not (adjusted HR, 2.5)."> Notably, this held true even when
the analysis was constrained to people with mild acute
pancreatitis only.”> A 2020 population-based study from
Israel similarly demonstrated an increased risk of diabetes
in people who had an attack of acute pancreatitis than those
who did not (adjusted HR, 2.1).*" The LACERTA project (as
part of the COSMOS program) - the first prospective lon-
gitudinal cohort study of unselected patients after an attack
of acute pancreatitis that investigated glycemia at multiple
time points and standardized intervals during follow-up -
reported in 2020 the cumulative incidence of NODAP during
the first 2 years after an attack of acute pancreatitis.*” It
increased notably from 3% at 6 months to 7% at 12 months,
9% at 18 months, and 11% at 24 months of follow-up. The
study also found that severity of acute pancreatitis was not
predictive of NODAP.*? A 2019 population-based COSMOS
study demonstrated that PPDM-A was associated with a
significantly higher risk of developing psychiatric disorders
(adjusted HR, 7.1) than acute pancreatitis without dia-
betes.*® Given that the same study also found that recurrent
acute pancreatitis and severe acute pancreatitis led to
higher incidence of psychiatric disorders,*® it remains to be
investigated whether these characteristics of acute pancre-
atitis might contribute to the risk of psychiatric disorders in
PPDM-A. A 2022 population-based study from Denmark
showed that, in comparison with type 2 diabetes, PPDM-A
was associated with significantly higher all-cause mortality
(adjusted HR, 1.3; Figure 3).*” A 2022 population-based
study from South Korea reported similar findings
(adjusted OR, 1.8)."” PPDM-A was associated with a signif-
icantly higher risk of severe hypoglycemia (adjusted HR,
2.9) in the study from Denmark and hypoglycemia (adjusted
OR, 1.9) in the study from South Korea.'’”” A 2019
population-based COSMOS study found that, when
compared with type 2 diabetes, PPDM-A was associated
with increased mortality from cancer, infectious diseases,
and gastrointestinal diseases.*®

The combined burden of PPDM-C and PPDM-A was also
investigated in nationwide population-based studies.”***
The incidence of PPDM was remarkably similar - 8 per
100,000 general population per year - in New Zealand and
Denmark.”*** The mean time to new-onset diabetes was 56
months shorter in patients after a single attack of pancre-
atitis in comparison with those from the general population
(who had no history of pancreatitis).”’ Remaining life ex-
pectancy was much lower in young and middle-aged adults
with PPDM than those with type 2 diabetes.>’ Moreover,
patients with PPDM had a significantly younger mean age at
death than those with type 2 diabetes.*® Modelling of future
incidence of PPDM with the use of a time series approach
estimated the average annual growth of 2.8%, reaching the

Gastroenterology Vol. 165, Iss. 5

incidence of 14 per 100,000 general population per year by
2050.** Also, the total years of life lost due to premature
death in patients with PPDM was projected to increase by
the year 2050, with the average annual growth of 3.2%."*

At-Risk Patients

Numerous high-quality studies during the past decade
have challenged the restrictive and ossified view of NODAP
in the past as diabetes caused only by massive destruction
of (8 cells in the pancreas (due to extensive pancreatic ne-
crosis or fibrosis).?"*° Evidence has started to emerge that
other pancreatitis-related characteristics may predispose to
developing NODAP, although confirmatory studies are
warranted for some of the risk factors discussed later in this
article. A 2022 LACERTA study prospectively showed, for
the first time, that glucose variability during hospitalization
for acute pancreatitis accurately predicted the development
of NODAP during follow-up.*” Specifically, high glycemic
lability index (calculated as the squared difference between
2 consecutive glucose measurements divided by the time
between the measurements) during the first 72 hours after
hospital admission for acute pancreatitis significantly
increased the adjusted odds of developing NODAP by 13.7
times in the ensuing 24 months. At the same time, hyper-
glycemia at hospital admission was a much less accurate
predictor of NODAP (adjusted OR, 2.2).*° A 2015
population-based study from Taiwan showed that patients
with 2 or more attacks of acute pancreatitis had a signifi-
cantly higher risk of PPDM (adjusted OR, 1.9) in comparison
with those who had 1 attack.*® A 2021 population-based
COSMOS study investigated the association between recur-
rent attacks of mild acute pancreatitis (and other biliary
events) before cholecystectomy and the risk of PPDM.*” It
found that 3 or more recurrences were associated with the
highest risk (adjusted HR, 2.8) of PPDM, followed by 2 re-
currences (adjusted HR, 2.0). By contrast, 1 recurrence was
not significantly associated with the risk of PPDM.*’
Severity of acute pancreatitis was consistently shown not
to be associated with PPDM in both population-based and
clinical studies.'®*****® Etiology of acute pancreatitis
cannot be accurately ascertained in administrative data-
bases and, therefore, there are no robust population-based
studies on its association with PPDM risk.>"*° However, a
meta-analysis of clinical studies found no significant differ-
ence between alcohol-related and biliary etiologies of acute
pancreatitis in terms of risk of PPDM.*’ The previously
mentioned meta-analysis also found that severity of acute
pancreatitis did not affect the risk of PPDM.*°

When it comes to patients with chronic pancreatitis,
several large retrospective studies consistently showed on
multivariable analyses that pancreatic calcifications were
associated with diabetes.”’°° They were identified as an
independent risk factor for diabetes among patients with
pancreatitis in studies from France (risk ratio, 3.2),°° the
United States (OR, 2.6),Sl Sweden (HR, 2.4),52 India (OR,
2.3),° China (HR, 2.3),°* Scandinavia (OR, 1.5),°° and Japan
(risk ratio, 1.3).°° Pancreatic calcifications were also
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significantly associated with NODAP (adjusted HR, 2.0) in a
time-to-event analysis.”® Furthermore, change in glycated
hemoglobin during a 6-month period differed significantly
(in multivariable analysis) between patients with pancrea-
titis with pancreatic calcifications and those without them,
with a marked increase in glycated hemoglobin observed
only in patients with calcifications.”” These findings justify
designating pancreatic calcifications (that are not deemed to
be vascular) as a major risk factor for NODAP. Pancreatic
calcifications develop in the setting of high intracellular
calcium levels as a result of alkaline hydrolysis of nones-
terified fatty acids in the pancreas.”® The predominant local
source of the latter is intrapancreatic fat deposition, the key
role of which in pancreatitis and its sequelae has been
highlighted in the PANDORA (PANcreatic Diseases Origi-
nating from intRa-pancreatic fAt) hypothesis.”

Several patient-related characteristics are also associ-
ated with higher risk of PPDM. A 2021 cross-sectional study
from Denmark, based on a prospectively maintained regis-
try of more than 5000 well-phenotyped people with new-
onset diabetes, showed that individuals with PPDM had
significantly lower both general (as evidenced by body mass
index [BMI]) and central (as evidenced by the waist-to-hip
ratio) adiposity in comparison with type 2 diabetes in-
dividuals.®® This finding was consistent with earlier
population-based  studies.”**"  Specificall, a 2017
population-based study from the United Kingdom showed
that, when compared with type 2 diabetes, a significantly
higher proportion of PPDM-A was lean (adjusted OR, 1.6)
and a significantly lower proportion was obese (adjusted
OR, 0.8).23 Furthermore, a 2020 study from Israel demon-
strated a stronger risk of PPDM (adjusted OR, 3.1) when the
overall cohort was constrained to individuals with normal
BML*! Another modifiable risk factor associated with PPDM
is tobacco smoking. A multinational 2005 retrospective
cohort study of patients with chronic pancreatitis found that
smoking significantly increased the risk of developing PPDM
(HR, 2.3) and this association was not materially affected by
levels of alcohol consumption.®” Similarly, tobacco smoking
(but not alcohol consumption) was significantly associated
with PPDM (HR, 2.9) in a 2011 study of patients with
chronic pancreatitis from China.>* Also, a 2023 study of
chronic pancreatitis patients from the United States did not
find alcohol etiology to be associated with a higher risk of
PPDM.”" A 2021 study of patients with chronic pancreatitis
from India showed smoking to be significantly associated
with higher cumulative probability of developing NODAP
(adjusted HR, 2.4) as well as earlier onset of NODAP in a
time-to-event analysis.”® In a 2019 study from the United
States, change in $-cell function (as evidenced by circulating
levels of C-peptide) during a 6-month period was signifi-
cantly different between acute and chronic pancreatitis
patients with vs without tobacco smoking.”” A significant
decrease of §-cell function was observed only in patients
with pancreatitis who were tobacco smokers. Moreover, a
dose-dependent effect of tobacco smoking was found among
smokers as greater number of pack-years was significantly
associated with more rapid decrease in C-peptide.”” Given
that the study population was limited to patients who
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underwent total pancreatectomy with islet auto-
transplantation and there were no controls without
pancreatitis by design,”’ it remains to be investigated
whether the effect of smoking on (-cell function is inde-
pendent of pancreatitis. The previously mentioned findings
are generally in line with the results of a 2014 compre-
hensive COSMOS meta-analysis that identified tobacco
smoking, but not alcohol consumption, as the strongest
modifiable risk factor for diseases of the pancreas.®?

Nonmodifiable (demographic) factors may also predis-
pose to NODAP. Young and early middle-aged adults have a
higher age-specific risk for PPDM than type 2 diabetes
(although it is acknowledged that both types of diabetes are
generally less common in these age groups in comparison
with late middle-aged and older adults). A 2017 population-
based study from the UK showed that individuals aged 20-
29 had the highest age-specific risk for PPDM (OR, 4.2),
followed by those aged 30-39 (OR, 1.7).%* Similarly, a 2020
population-based study from Israel demonstrated that in-
dividuals younger than 40 years had the highest age-specific
risk for PPDM (adjusted OR, 4.6).*! In a 2021 population-
based COSMOS study, individuals with PPDM younger
than 45 years of age had significantly higher age-specific all-
cause mortality than those with type 2 diabetes (adjusted
HR, 2.1) and type 1 diabetes (adjusted HR, 2.9).%° The
strongest demographic factor is sex, with men being
consistently shown to be disproportionately affected by
PPDM. A 2015 population-based study from Taiwan showed
that, while women had a 1.6 times higher risk of PPDM, the
risk was 3.2 times higher for men."” This difference was
statistically significant (P < .001)."> A 2023 cohort study
from the United States found that men had a 2.5 times
higher risk of PPDM than women (P < .001).”" Male sex was
also associated with a greater risk of PPDM than type 2
diabetes in COSMOS (OR, 1.4),(’3 Korean (OR, 1.2),17 and
Danish (risk ratio 1.2)** population-based studies.

Exocrine Pancreatic Insufficiency

Terminology and Classification

Exocrine pancreatic insufficiency (EPI) refers to a con-
dition in which pancreatic secretion into the intestinal
lumen is grossly inadequate for facilitating digestion. The
main clinical signs of EPI are steatorrhea (oily and foul-
smelling stool) and weight loss, which typically occur with
~90% loss of exocrine pancreatic function.”* The corre-
sponding presequela is exocrine pancreatic dysfunction
(EPD) - a condition wherein pancreatic secretion into the
duodenum is decreased below physiological level, yet not
causing clinically overt maldigestion (Figure 2). The crite-
rion standard for steatorrhea - the principal manifestation
of EPI - is the coefficient of fat absorption that is <93%
during a 72-hour fecal fat test (corresponding to >7 g of
fecal fat excretion per 24 hours in a patient with 100 g of
dietary fat intake per day; Table 1). This is the only criterion
accepted by the American Food and Drug Administration
and the European Medicines Agency for determining effi-
cacy of pancreatic enzyme replacement therapy in clinical
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trials.’>®® However, the 72-hour fecal fat test is rarely
performed in the clinic because it is labor-intensive and
time-consuming. It follows that the assessment of exocrine
function often relies on indirect tests, with the fecal elastase
test currently being the most widely available tool. Different
thresholds for normal exocrine pancreatic function have
been investigated for this test, with levels <200 ug/g being
the most frequently used in compliance with the “intended
use” label (Table 1). It is worth noting that this threshold
has relatively low specificity and, therefore, an abnormal
level of fecal elastase may have a relatively high false-
positive rate.” The same patient cannot simultaneously
have both EPI and EPD, with the priority given to EPI (if a
patient meets the criteria for both EPI and EPD) (Table 1).

Burden of Sequela

EPI is a common metabolic sequela of chronic pancrea-
titis, which develops in many patients as the disease pro-
gresses. The prevalence of EPI and EPD is ~50% in modern
cross-sectional studies.®®®? In earlier longitudinal cohort
studies, the cumulative incidence of EPI and EPD was
~80% after 25 years from chronic pancreatitis diag-
nosis.”’”’? In a 2018 prospective longitudinal cohort study
from Spain, including 430 patients with chronic pancreatitis
followed up for a median of 8.6 years, EPI and EPD were
identified as an independent risk factor for all-cause mor-
tality (HR, 2.6).”° The mechanisms linking EPI and EPD with
excess mortality are incompletely understood. However,
emerging evidence shows a link between exocrine function
of the pancreas and intestinal dysbiosis, which in turn is
associated with changes in glucometabolic pathways and
sustained low-grade inflammation.”*”® Such alterations may
contribute to the increased risk of cardiovascular diseases
and cancer observed in patients with pancreatitis.”®”’
Nutrient deficiencies secondary to EPI and malabsorption
may also be implicated.”*”%”?

In contrast to chronic pancreatitis, EPI and EPD in the
context of acute pancreatitis have been less appreciated in
the clinic. However, evidence from several meta-analyses
during the past decade showed that the prevalence of EPI
and EPD during first attack of acute pancreatitis is ~60%,
decreasing to ~30% after 36 months.®’"®* The risk of
developing EPI or EPD is not constrained to patients with
extensive pancreatic necrosis, as almost half of patients with
mild acute pancreatitis had EPI or EPD and one fifth of these

patients had persisting EPI or EPD during long-term follow-

up.2

At-Risk Patients

In patients with chronic pancreatitis, pancreatic cal-
cifications were identified as a key pancreatitis-related
risk factor for EPI and EPD.”%’#%? In addition, surgical
or endoscopic interventions may be associated with
their presence, although the findings are inconsistent.
Some studies found a beneficial effect of pancreatic duct
decompression on exocrine pancreatic function whereas
others did not®* It is conceivable that pancreatic
resection leads to EPI or EPD due to acinar cell loss and
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this may be further accelerated by postprandial asyn-
chrony between gastric emptying and exocrine pancre-
atic secretion (eg, after pancreaticoduodenectomy).®”
Patient-related (modifiable) risk factors for EPI and
EPD include smoking and excessive alcohol consump-
tion. In earlier retrospective cohort studies, patients
with alcohol-related chronic pancreatitis were at high
risk of EPI and EPD compared with patients with other
etiologies.m‘72 However, in recent cohort studies, the
association between excessive alcohol consumption and
exocrine function was not evident when controlling for
smoking. In contrast, smoking was an independent risk
factor for EPI and EPD.°*®>%¢ Specifically, tobacco
smoking (HR, 1.6), but not alcohol consumption, was an
independent risk factor for EPI after onset of chronic
pancreatitis in a 2022 prospective cohort study from
China.”” Similarly, a 2022 retrospective cohort study of
patients with chronic pancreatitis from Scandinavia
found that tobacco smoking was independently associ-
ated (OR, 1.5) with EPD whereas alcohol consumption
was not.%® Also, smoking cessation (but not abstinence
from alcohol) within 1 year of diagnosing chronic
pancreatitis considerably reduced the risk of developing
pancreatic calcifications during follow-up.®” These ob-
servations suggest that earlier studies investigating the
impact of alcohol on exocrine pancreatic function might
have been subject to confounding by smoking. Among
the nonmodifiable (demographic) factors, male sex is
most strongly linked with EPI and EPD. The previously
mentioned study from China showed that men with
chronic pancreatitis had a 1.8 times higher risk of
developing EPI than women.®” In the nationwide
COSMOS cohort of patients with chronic pancreatitis and
acute pancreatitis, men were more likely to have EPD
than women (OR, 1.5).%%

In meta-analyses of small single-center studies, an
approximately 2 times increase in the prevalence of EPD
was observed in patients with acute pancreatitis with severe
vs mild course of disease, and its prevalence was highest in
the presence of pancreatic necrosis.””** A 2014 COSMOS
meta-analysis, pooling data from 8 cross-sectional studies,
found that EPI and EPD were observed in 40% of patients
with PPDM or prediabetes after acute pancreatitis.®’ How-
ever, the prevalence of concomitant derangements in both
exocrine and endocrine functions decreased over time since
diagnosis of pancreatitis, suggesting that exocrine pancre-
atic function may recover in some patients.?’ A 2021
population-based COSMOS cohort study showed that pa-
tients with EPD after first attack of acute pancreatitis were
at an increased risk of PPDM (adjusted HR, 4.8).%% This held
true even in patients after mild acute pancreatitis alone
(adjusted HR, 4.6). Importantly, the study used a 1-year lag
period between diagnosing EPD and PPDM to minimize the
possibility of reverse causality.”® The mechanism linking
abnormal exocrine pancreatic function and diabetes is not
necessarily constrained to mechanical destruction of § cells
in the pancreas but may also involve changes in the
composition of gut microbiota and luminal pH (particularly
in the duodenum due to reduced secretion of bicarbonate by
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the pancreas), short-chain fatty acids (through the anerobic
fermentation of indigested polysaccharides), iron meta-
bolism, and bile acids signaling (through fibroblast growth
factor 19 that has downstream insulin-like effects).”*#7-%1

Osteoporosis

Terminology and Classification

Osteoporosis is a condition characterized by low bone
mass, increase in bone fragility, and susceptibility to frac-
ture.”” The corresponding presequela is osteopenia - low
bone mineral density (BMD; Figure 2). The diagnostic
criteria for osteoporosis and osteopenia are based on dual-
energy X-ray absorptiometry. These criteria use standard
deviation scores of BMD related to peak bone mass in
healthy young adults (BMD T score) (Table 1).”° However,
the usefulness of BMD as a clinical indicator of osteoporosis
is limited because BMD is only one of several risk factors for
osteoporosis-related fractures. Indeed, most fragility frac-
tures (ie, fractures resulting from low-energy trauma, such
as a fall from standing height or less) occur in individuals
with BMD values greater than the threshold for osteopo-
rosis. Therefore, fragility fractures in the spine or hip are
considered osteoporosis-defining fractures irrespective of
BMD.”?

Burden of Sequela

In a 2014 meta-analysis of 10 small single-center
studies, the prevalence of osteoporosis in patients with
chronic pancreatitis was 23% whereas 40% of patients had
osteopenia.”’* In a 2018 multinational study of patients with
chronic pancreatitis, the prevalence of osteoporosis was
22% and 42% of patients had osteopenia.”” Comparable
estimates were reported in a 2022 multicenter study from
the United States: 17% of patients with chronic pancreatitis
had osteoporosis and 39% had osteopenia.’® Taken
together, these data indicate that approximately 1 of 5 pa-
tients with chronic pancreatitis has osteoporosis, and more
than half of patients have a bone mass less than normal.
Three large cohort studies investigated the risk of fragility
fractures in chronic pancreatitis.”” %% A tertiary center study
from the United States reported a significantly increased
risk of fracture (OR, 2.4) in patients with chronic pancrea-
titis, compared with age, sex, and race-matched controls.””
Notably, the fracture risk in chronic pancreatitis was
similar to or higher than the fracture risk observed in other
malabsorptive gastrointestinal diseases such as Crohn’s
disease and celiac disease.”” In population-based studies the
risk of fragility fracture was approximately 2 times higher in
patients with chronic pancreatitis compared with matched
controls.”®?? By contrast with the wealth of studies on bone
health in patients with chronic pancreatitis, there is a
paucity of research in patients with acute pancreatitis. In a
population-based study from Taiwan, the risk of osteopo-
rosis was greater in patients with first attack of acute
pancreatitis compared with matched controls (HR, 1.3), with
a further heightened risk in patients with recurrent attacks
of acute pancreatitis.m0
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At-Risk Patients

EPI and EPD were associated with low bone mass in 5
studies in the previously mentioned 2014 meta-analysis.””
The mechanism linking abnormal exocrine pancreatic
function and osteoporosis was thought in the past to be
primarily related to malabsorption of micronutrients
(including calcium and vitamin D). However, a 2016 meta-
analysis did not find supportive evidence of significantly
lower vitamin D levels in patients with chronic pancreatitis
compared with controls."”" Although this observation may
be related to the difficulties of measuring and comparing
vitamin D levels across studies, it could also indicate that
the risk of low bone mass in chronic pancreatitis is driven
by mediators beyond those related to malabsorption.****%3
For example, diabetes and hypogonadism (possibly related
to the use of opioids) have been associated with low bone
mass in patients with pancreatitis.'’*'°® The high risk of
osteoporosis may also be linked to a sustained low-grade
inflammation, which in turn leads to increased bone
reabsorption.'’®

Other Metabolic Sequelae

Sarcopenia is a progressive and generalized skeletal
muscle disorder characterized by impaired muscle function
and decreased muscle mass. Muscle function is typically
quantified using hand grip strength or chair stand test
whereas muscle mass is typically quantified using bioelec-
trical impedance, dual-energy X-ray absorptiometry,
computed tomography, or magnetic resonance imaging.'"’
The 2019 European consensus guidelines on sarcopenia
underline the importance of muscle strength as the key
criterion for the diagnosis because it is recognized that
muscle strength is better than muscle mass in predicting
adverse clinical outcomes.'’® However, most studies on
sarcopenia in patients with pancreatitis have been based
solely on assessment of muscle mass. In a 2022 meta-
analysis, the pooled prevalence of sarcopenia in patients
with chronic pancreatitis was 32%.'°’ The highest estimates
were reported in studies of hospitalized patients (as
opposed to outpatients) and in studies based exclusively on
estimation of muscle mass without concomitant assessment
of muscle function.'°***° Some of the included patients with
sarcopenia had a BMI in the obese range (ie, sarcopenic
obesity)."*>*" In a 2020 COSMOS study, first attack of acute
pancreatitis, recurrent acute pancreatitis, and chronic
pancreatitis were significantly associated with progressively
increased sarcopenia.’'? This finding was independent of
age, sex, body fat distribution, physical activity, tobacco
smoking, alcohol consumption, comorbidities, and exocrine
and endocrine functions of the pancreas.''? Several risk
factors are implicated in the development of sarcopenia,
some of which are patient-related (eg, advanced age and
physical inactivity) whereas others are pancreatitis-related
(eg, EPI).*7 11113 Hyperleptinemia might be a mechanism
underlying the observed associations because circulating
levels of leptin (but not other major cytokines such as
interleukin-6, tumor necrosis factor-, and C-C motif che-
mokine ligand 2) were significantly inversely associated
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with sarcopenia in patients with pancreatitis.** The impact
of sarcopenia on clinical outcomes in patients with
pancreatitis is just beginning to be investigated. In a 2019
study that followed patients with chronic pancreatitis dur-
ing a 12-month period, sarcopenia was associated with
reduced life quality, increased hospitalization rates, and
excess mortality."'" Sarcopenia was associated with a poor
islet yield in a 2020 study of patients undergoing total
pancreatectomy with islet auto-transplantation for chronic
pancreatitis.114 In a 2020 COSMOS study, sarcopenia in
patients after pancreatitis was significantly associated with
the presence of diabetes.''® Furthermore, sarcopenia was
associated with increased skeletal muscle fat deposition and
decreased insulin sensitivity in these patients.""”

Dyslipidemia can also develop after an attack of
pancreatitis. Although the causative link between dyslipi-
demia (in particular, hypertriglyceridemia) and risk of acute
pancreatitis has been well known since the 19th Century,
derangements of lipid metabolism after an attack of acute
pancreatitis have been scarcely investigated to date. A 1974
study showed that nearly three quarters of patients had
elevated fasting levels of triglycerides several months after
clinical resolution of acute pancreatitis (assumed to be
alcohol-related).’'® Fasting levels of total cholesterol and
phospoholipids were within the reference range in most
patients after an attack of acute pancreatitis in that study,
yet significantly higher in comparison with controls. A 1985
study demonstrated that one quarter of patients had
elevated fasting levels of triglycerides several months after
clinical resolution of an attack of acute pancreatitis (mainly,
biliary).""” Furthermore, postprandial serum triglyceride
levels were significantly higher for up to 24 hours after a
high-fat meal in patients after an attack of acute pancreatitis
than in controls, suggesting a decreased clearance of tri-
glycerides from the circulation after an oral fat load. In both
of the previously mentioned studies, derangements of lipid
metabolism were not attributed to hyperchylomicronemia.
A 2017 cross-sectional COSMOS study of patients after an
attack of acute pancreatitis found that those with PPDM or
prediabetes had significantly higher fasting levels of tri-
glycerides and glycerol after hospital discharge in compar-
ison with normoglycemic patients, consistently in all
adjusted models.''® However, the standard lipid panel
measured at the time of hospitalization for acute pancrea-
titis was not significantly associated with the development
of NODAP during follow-up in a 2020 prospective longitu-
dinal LACERTA study.*” In patients with definite chronic
pancreatitis from Scandinavia, a 2020 retrospective cohort
study identified hypertriglyceridemia as an independent
risk factor (OR, 4.4) for diabetes.”®

Gout in patients after first attack of acute pancreatitis
was investigated in a 2020 population-based COSMOS study,
with the cumulative incidence of gout in this population
being 2.2%.""" The study found that patients with PPDM
were at a 1.9 times significantly higher risk for gout in the
overall cohort. In the subgroup analysis stratified by sex,
women with PPDM were at a 2.7 times significantly higher
risk for gout whereas men did not have a significantly
increased risk of gout. Patients with PPDM had a higher
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cumulative incidence of gout compared with patients with
pancreatitis without PPDM; the highest risk was observed 6
years after first attack of acute pancreatitis.""’

Metabolic Sequelae Surveillance

Program

The high long-term burden of metabolic sequelae of
pancreatitis highlighted in this article justifies surveillance
of patients with pancreatitis. Pancreatic cancer surveillance
in high-risk individuals began to be developed at the turn of
the 21st Century and is widespread now.'*’ There is now
accumulating evidence that metabolic sequelae of pancrea-
titis should be afforded the same considerations. A mass
surveillance of all patients with pancreatitis at regular in-
tervals would, in theory, identify 100% of individuals who
develop NODAP, EPI, and other sequelae at some stage in
their lives. However, given that patients with pancreatitis
are common, a surveillance program used indiscriminately
is unlikely to be cost-effective and practical. Therefore, it is
recommended that, in assessing the probability of devel-
oping an incident metabolic sequela, patients with pancre-
atitis are stratified into high-risk and low-risk groups based
on certain criteria (Figure 4). The evidence is clear in regard
to the associations between metabolic sequelae and
pancreatic calcifications (after ruling out the possibility that
calcifications are in blood vessels), tobacco smoking, and
male sex. It is conceivable that other strong risk factors
could be identified in the future.

Patients who fall into the high-risk group are eligible for
the metabolic sequelae surveillance program (MSSP).
Because the time-frame and order in which NODAP and EPI
develop vary considerably from patient to patient,”’ the
MSSP focuses on the 2 sequelae simultaneously. The start of
surveillance is recommended at 6 months after pancreatitis
diagnosis to enable identification of metabolic sequelae (or
presequelae) in a timely manner (Figure 2). This is based on
the findings of a 2020 prospective longitudinal LACERTA
study where one fifth of patients with pancreatitis had new-
onset prediabetes after pancreatitis or NODAP at 6 months
of follow-up.** Earlier commencement of surveillance is not
recommended to prevent the exhaustion of clinical re-
sources due to premature enrollment of a large number of
patients with transient hyperglycemia during the course of
pancreatitis.'>*' Furthermore, overdiagnosis of metabolic
sequelae of pancreatitis (eg, when an abnormal parameter
of diabetes is initially identified during hospitalization for
pancreatitis but the NODAP criteria are not met until the
first MSSP visit) may lead to overtreatment, absence of
improvement in metabolic outcomes, as well as patient’s
psychological stress.”" It is important that all patients with
pancreatitis eligible for the MSSP have their glycated he-
moglobin and fecal elastase measured during hospitalization
(or initial outpatient clinic visit) to confirm that metabolic
abnormalities detected during follow-up are new-onset.
Subsequent surveillance during the initial period of MSSP
is to be conducted on an annual basis (Figure 4). Patients
with NODAP or EPI are to be referred to multidisciplinary
review (involving, in addition to gastroenterologists,
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Figure 4. The MSSP in high-risk patients with pancreatitis. The present guideline applies to patients with pancreatitis with no
pre-existing diabetes mellitus and exocrine pancreatic insufficiency. High-risk patients suitable for the MSSP are those with at
least 1 major risk factor (pancreatic calcifications, providing that these are not in pancreatic blood vessels) or 2 minor risk
factors (male sex, current tobacco smoker). Months refers to the time since Dx of first attack of pancreatitis. Only minimum
guideline for the MSSP is presented with a view to facilitating its widespread adoption. Specialized pancreas centers may have

an enhanced surveillance program.

endocrinologists, primary care physicians, dietitians, radi-
ologists, and surgeons) of their cases for personalized care
planning. Because NODAP and EPI are intricately linked,
detection (and management) of one of them opens a win-
dow of opportunity for preventing the other during ongoing
follow-up. Furthermore, given that the development of
osteoporosis and other metabolic sequelae described in this
article is strongly influenced by NODAP and EP], the burden
of the former can be reduced by identifying derangements
in pancreatic endocrine and exocrine functions early.

Conclusions

The continuous expansion of knowledge about
pancreatitis has put the spotlight in the 21st Century on
the long-term consequences of this disease, the incidence
of which is projected to increase.** Although NODAP, EP],
and other metabolic sequelae taken together have a heavy
burden, each of them alone is avoidable in principle. A
shift in the pancreatitis zeitgeist is anticipated in the
upcoming decades, wherein patients with even an un-
eventful first attack of pancreatitis may undergo long-
term surveillance after hospital discharge. The content
and timeframe of the MSSP will require revision as new
high-quality evidence becomes available. It is now time to
accumulate experience from different parts of the world
on the use of the MSSP in comparing outcomes of pa-
tients between different healthcare settings and evaluating
the effects of interventions.

References

1. Xiao AY, Tan ML, Wu LM, et al. Global incidence and
mortality of pancreatic diseases: a systematic review,
meta-analysis, and meta-regression of population-
based cohort studies. Lancet Gastroenterol Hepatol
2016;1:45-55.

2.Sankaran SJ, Xiao AY, Wu LM, et al. Frequency of pro-
gression from acute to chronic pancreatitis and risk
factors: a meta-analysis. Gastroenterology 2015;
149:1490-1500.

3.Petrov MS, Shanbhag S, Chakraborty M, et al. Organ
failure and infection of pancreatic necrosis as de-
terminants of mortality in patients with acute pancrea-
titis. Gastroenterology 2010;139:813-820.

4.Lankisch PG. Treatment of acute pancreatitis: an
attempted historical review. Pancreatology 2010;
10:134-141.

5. Stigliano S, Sternby H, de Madaria E, et al. Early man-
agement of acute pancreatitis: a review of the best evi-
dence. Dig Liver Dis 2017;49:585-594.

6. Petrov MS, Yadav D. Global epidemiology and holistic
prevention of pancreatitis. Nat Rev Gastroenterol Hep-
atol 2019;16:175-184.

7.Petrov MS, Basina M. Diagnosing and classifying dia-
betes in diseases of the exocrine pancreas. Eur J
Endocrinol 2021;184:R151-R163.

8. Thiruvengadam NR, Forde KA, Miranda J, et al.
Disconnected pancreatic duct syndrome: pancreatitis of
the disconnected pancreas and its role in the

-
5
e

AND PERSPECTIVES



http://refhub.elsevier.com/S0016-5085(23)04878-3/sref1
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref1
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref1
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref1
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref1
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref1
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref2
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref2
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref2
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref2
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref2
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref3
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref3
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref3
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref3
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref3
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref4
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref4
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref4
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref4
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref5
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref5
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref5
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref5
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref6
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref6
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref6
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref6
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref7
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref7
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref7
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref7
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref8
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref8
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref8

B
i
(-}
)
m 3
H s
» =
- m
ms
=U’
=
m
w

1132 Petrov and Olesen

development of diabetes mellitus. Clin Transl Gastro-
enterol 2022;13:e00457.

9. Bhullar FA, Faghih M, Akshintala VS, et al. Prevalence of
primary painless chronic pancreatitis: a systematic re-
view and meta-analysis. Pancreatology 2022;22:20-29.

10.Goodger R, Singaram K, Petrov MS. Prevalence of
chronic metabolic comorbidities in acute pancreatitis
and its impact on early gastrointestinal symptoms during
hospitalization: a prospective cohort study. Biomed Hub
2021;6:111-117.

11.Huang J, Shen Q, Tang W, et al. The clinical significance
of serum HbA1c to diagnose diabetes mellitus during
acute pancreatitis. Expert Rev Gastroenterol Hepatol
2023;17:385-394.

12.Jivanji CJ, Asrani VM, Windsor JA, et al. New onset
diabetes after acute and critical illness: a systematic
review. Mayo Clin Proc 2017;92:762-773.

18.Petrov MS, Whelan K. Comparison of complications
attributable to enteral and parenteral nutrition in severe
acute pancreatitis: a systematic review and meta-anal-
ysis. Br J Nutr 2010;103:1287-1295.

14.Petrov MS, Zagainov VE. Influence of enteral versus
parenteral nutrition on blood glucose control in acute
pancreatitis: a systematic review. Clin Nutr 2007;
26:514-523.

15.Shen HN, Yang CC, Chang YH, et al. Risk of diabetes
mellitus after first-attack acute pancreatitis: a national
population-based study. Am J Gastroenterol 2015;
110:1698-1706.

16.Cho J, Scragg R, Pandol SJ, et al. Antidiabetic medi-
cations and mortality risk in individuals with pancreatic
cancer-related diabetes and postpancreatitis diabetes: a
nationwide cohort study. Diabetes Care 2019;
42:1675-1683.

17.Lee N, Park SJ, Kang D, et al. Characteristics and clinical
course of diabetes of the exocrine pancreas: a nation-
wide population-based cohort study. Diabetes Care
2022;45:1141-1150.

18. Shivaprasad C, Gautham K, Shah K, et al. Continuous
glucose monitoring for the detection of hypoglycemia in
patients with diabetes of the exocrine pancreas.
J Diabetes Sci Technol 2021;15:1313-1319.

19. Wicks MM, Barr EL, Maple-Brown L. Pancreatitis and
post-pancreatitis diabetes in Central Australia. Intern
Med J 2023;53:568-576.

20.Cho J, Scragg R, Petrov MS. Use of insulin and the risk
of progression of pancreatitis: a population-based
cohort study. Clin Pharmacol Ther 2020;107:580-587.

21.Petrov MS. Post-pancreatitis diabetes mellitus: prime
time for secondary disease. Eur J Endocrinol 2021;
184:R137-R149.

22.Viggers R, Jensen MH, Laursen HV, et al. Glucose-
lowering therapy in patients with postpancreatitis dia-
betes mellitus: a nationwide population-based cohort
study. Diabetes Care 2021;44:2045-2052.

23.Woodmansey C, McGovern AP, McCullough KA, et al.
Incidence, demographics, and clinical characteristics of
diabetes of the exocrine pancreas (type 3c): a retro-
spective  cohort study. Diabetes Care 2017;
40:1486-1493.

Gastroenterology Vol. 165, Iss. 5

24.Bharmal SH, Kimita W, Ko J, et al. Pancreatic and gut
hormones as predictors of new-onset prediabetes after
non-necrotising acute pancreatitis: a prospective lon-
gitudinal cohort study. Endocr Connect 2021;
10:715-724.

25.Ko J, Skudder-Hill L, Cho J, et al. The relationship be-
tween abdominal fat phenotypes and insulin resistance
in non-obese individuals after acute pancreatitis. Nutri-
ents 2020;12:2883.

26. Goodarzi MO, Petrov MS, Andersen DK, et al. Diabetes
in chronic pancreatitis: risk factors and natural history.
Curr Opin Gastroenterol 2021;37:526-531.

27.Petrov MS. Post-pancreatitis diabetes mellitus: investi-
gational drugs in preclinical and clinical development
and therapeutic implications. Expert Opin Investig Drugs
2021;30:737-747.

28.Goodarzi MO, Petrov MS. Diabetes of the exocrine
pancreas: implications for pharmacological manage-
ment. Drugs 2023;83:1077-1090.

29. Petrov MS. Panorama of mediators in postpancreatitis
diabetes mellitus. Curr Opin Gastroenterol 2020;
36:443-451.

30. Bharmal SH, Kimita W, Ko J, et al. Cytokine signature for
predicting new-onset prediabetes after acute pancrea-
titis: a prospective longitudinal cohort study. Cytokine
2022;150:155768.

31. Kimita W, Bharmal SH, Ko J, et al. Identifying endotypes
of individuals after an attack of pancreatitis based on
unsupervised machine learning of multiplex cytokine
profiles. Transl Res 2023;251:54-62.

32. Gillies NA, Pendharkar SA, Singh RG, et al. Fasting levels
of insulin and amylin after acute pancreatitis are asso-
ciated with pro-inflammatory cytokines. Arch Physiol
Biochem 2017;123:238-248.

33. Skudder-Hill L, Sequeira IR, Cho J, et al. Fat distribution
within the pancreas according to diabetes status and
insulin traits. Diabetes 2022;71:1182-1192.

34.Bharmal SH, Ko J, Kimita W, et al. Factors affecting the
circulating levels of oxyntomodulin in health and after
acute pancreatitis. Pancreas 2022;51:774-783.

35.Zhu X, Liu D, Wei Q, et al. New-onset diabetes mellitus
after chronic pancreatitis diagnosis: a systematic review
and meta-analysis. Pancreas 2019;48:868-875.

36.Cho J, Scragg R, Petrov MS. Risk of mortality and
hospitalization after postpancreatitis diabetes mellitus vs
type 2 diabetes mellitus: a population-based matched
cohort study. Am J Gastroenterol 2019;114:804-812.

37.0lesen SS, Viggers R, Drewes AM, et al. Risk of major
adverse cardiovascular events, severe hypoglycemia,
and all-cause mortality in postpancreatitis diabetes
mellitus versus type 2 diabetes: a nationwide population-
based cohort study. Diabetes Care 2022;45:1326-1334.

38.Cho J, Walia M, Scragg R, et al. Frequency and risk
factors for mental disorders following pancreatitis: a
nationwide cohort study. Curr Med Res Opin 2019;
35:1157-1164.

39.Cho J, Pandol SJ, Petrov MS. Risk of cause-specific
death, its sex and age differences, and life expectancy
in postpancreatitis diabetes mellitus. Acta Diabetol 2021;
58:797-807.


http://refhub.elsevier.com/S0016-5085(23)04878-3/sref8
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref8
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref9
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref9
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref9
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref9
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref10
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref10
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref10
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref10
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref10
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref10
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref11
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref11
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref11
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref11
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref11
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref12
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref12
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref12
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref12
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref13
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref13
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref13
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref13
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref13
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref14
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref14
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref14
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref14
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref14
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref15
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref15
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref15
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref15
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref15
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref16
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref16
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref16
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref16
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref16
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref16
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref17
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref17
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref17
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref17
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref17
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref18
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref18
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref18
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref18
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref18
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref19
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref19
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref19
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref19
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref20
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref20
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref20
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref20
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref21
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref21
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref21
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref21
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref22
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref22
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref22
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref22
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref22
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref23
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref23
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref23
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref23
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref23
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref23
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref24
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref24
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref24
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref24
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref24
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref24
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref25
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref25
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref25
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref25
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref26
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref26
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref26
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref26
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref27
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref27
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref27
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref27
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref27
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref28
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref28
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref28
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref28
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref29
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref29
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref29
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref29
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref30
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref30
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref30
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref30
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref31
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref31
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref31
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref31
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref31
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref32
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref32
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref32
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref32
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref32
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref33
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref33
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref33
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref33
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref34
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref34
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref34
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref34
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref35
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref35
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref35
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref35
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref36
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref36
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref36
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref36
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref36
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref37
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref37
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref37
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref37
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref37
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref37
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref38
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref38
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref38
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref38
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref38
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref39
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref39
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref39
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref39
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref39

November 2023

40.Das SL, Singh PP, Phillips AR, et al. Newly diagnosed
diabetes mellitus after acute pancreatitis: a sys-
tematic review and meta-analysis. Gut 2014;
63:818-831.

41.Bendor CD, Bardugo A, Zucker |, et al. Childhood
pancreatitis and risk for incident diabetes in adulthood.
Diabetes Care 2020;43:145-151.

42.Bharmal SH, Cho J, Alarcon Ramos GC, et al. Trajec-
tories of glycaemia following acute pancreatitis: a pro-
spective longitudinal cohort study with 24 months
follow-up. J Gastroenterol 2020;55:775-788.

43.Pendharkar SA, Mathew J, Zhao J, et al. Ethnic and
geographic variations in the incidence of pancreatitis
and post-pancreatitis diabetes mellitus in New Zealand:
a nationwide population-based study. N Z Med J 2017;
130:55-68.

44.Cho J, Petrov MS. Pancreatitis, pancreatic cancer, and
their metabolic sequelae: projected burden to 2050. Clin
Transl Gastroenterol 2020;11:e00251.

45.Bharmal SH, Cho J, Ko J, et al. Glucose variability during
the early course of acute pancreatitis predicts two-year
probability of new-onset diabetes: a prospective longi-
tudinal cohort study. United Eur Gastroenterol J 2022;
10:179-189.

46.Ho TW, Wu JM, Kuo TG, et al. Change of both endocrine
and exocrine insufficiencies after acute pancreatitis in
non-diabetic patients: a nationwide population based
study. Medicine 2015;94:e1123.

47.Cho J, Scragg R, Petrov MS. The influence of chole-
cystectomy and recurrent biliary events on the risk of
post-pancreatitis diabetes mellitus: a nationwide cohort
study in patients with first attack of acute pancreatitis.
HPB 2021;23:937-944.

48.Zhang J, Lv Y, Hou J, et al. Machine learning for post-
acute pancreatitis diabetes mellitus prediction and
personalized treatment recommendations. Sci Rep
2023;13:4857.

49. Xiao AY, Tan ML, Plana MN, et al. The use of Interna-
tional Classification of Diseases codes to identify
patients with pancreatitis: a systematic review and meta-
analysis of diagnostic accuracy studies. Clin Transl
Gastroenterol 2018;9:191.

50. Malka D, Hammel P, Sauvanet A, et al. Risk factors for
diabetes mellitus in chronic pancreatitis. Gastroenter-
ology 2000;119:1324-1332.

51.Jeon C, Hart PA, Li L, et al. Development of a clinical
prediction model for diabetes in chronic pancreatitis: the
PREDICT3c study. Diabetes Care 2023;46:46-55.

52.Dugic A, Hagstrém H, Dahlman |, et al. Post-pancreatitis
diabetes mellitus is common in chronic pancreatitis and
is associated with adverse outcomes. United Eur Gas-
troenterol J 2023;11:79-91.

53. Aslam M, Jagtap N, Karyampudi A, et al. Risk factors for
development of endocrine insufficiency in chronic
pancreatitis. Pancreatology 2021;21:15-20.

54.Wang W, Guo Y, Liao Z, et al. Occurrence of and risk
factors for diabetes mellitus in Chinese patients with
chronic pancreatitis. Pancreas 2011;40:206-212.

55.0lesen SS, Poulsen JL, Novovic S, et al. Multiple risk
factors for diabetes mellitus in patients with chronic

Metabolic Sequelae of Pancreatitis 1133

pancreatitis: a multicentre study of 1117 cases. United
Eur Gastroenterol J 2020;8:453-461.

56.1to T, Otsuki M, Itoi T, et al. Pancreatic diabetes in a
follow-up survey of chronic pancreatitis in Japan.
J Gastroenterol 2007;42:291-297.

57.Gutama BW, Yang Y, Beilman GJ, et al. Risk factors
associated with progression toward endocrine insuffi-
ciency in chronic pancreatitis. Pancreas 2019;
48:1160-1166.

58.Petrov MS, Taylor R. Intra-pancreatic fat deposition:
bringing hidden fat to the fore. Nat Rev Gastroenterol
Hepatol 2022;19:153-168.

59. Petrov MS. Fatty change of the pancreas: the Pandora’s
box of pancreatology. Lancet Gastroenterol Hepatol
2023;8:671-682.

60. Olesen SS, Svane HM, Nicolaisen SK, et al. Clinical and
biochemical characteristics of postpancreatitis diabetes
mellitus: a cross-sectional study from the Danish
nationwide DD2 cohort. J Diabetes 2021;13:960-974.

61.Maisonneuve P, Lowenfels AB, Miullhaupt B, et al.
Cigarette smoking accelerates progression of alcoholic
chronic pancreatitis. Gut 2005;54:510-514.

62. Alsamarrai A, Das SL, Windsor JA, et al. Factors that
affect risk for pancreatic disease in the general popula-
tion: a systematic review and meta-analysis of pro-
spective cohort studies. Clin Gastroenterol Hepatol
2014;12:1635-1644.

63.Cho J, Scragg R, Petrov MS. Postpancreatitis diabetes
confers higher risk for pancreatic cancer than type 2
diabetes: results from a nationwide cancer registry.
Diabetes Care 2020;43:2106-2112.

64.DiMagno EP, Go VL, Summerskill WH. Relations be-
tween pancreatic enzyme ouputs and malabsorption in
severe pancreatic insufficiency. N Engl J Med 1973;
288:813-815.

65.L6hr JM, Dominguez-Munoz E, Rosendahl J, et al.
United European Gastroenterology evidence-based
guidelines for the diagnosis and therapy of chronic
pancreatitis (HaPanEU). United Eur Gastroenterol J
2017;5:153-199.

66. de la Iglesia-Garcia D, Huang W, Szatmary P, et al. Ef-
ficacy of pancreatic enzyme replacement therapy in
chronic pancreatitis: systematic review and meta-anal-
ysis. Gut 2017;66:1354-1355.

67.Vanga RR, Tansel A, Sidig S, et al. Diagnostic perfor-
mance of measurement of fecal elastase-1 in detection
of exocrine pancreatic insufficiency: systematic review
and meta-analysis. Clin Gastroenterol Hepatol 2018;
16:1220-1228.

68.Zhan W, Akshintala V, Greer PJ, et al. Low serum tryp-
sinogen levels in chronic pancreatitis: correlation with
parenchymal loss, exocrine pancreatic insufficiency, and
diabetes but not CT-based Cambridge severity scores
for fibrosis. Pancreatology 2020;20:1368-1378.

69. Olesen SS, Poulsen JL, Drewes AM, et al. The Scandi-
navian Baltic Pancreatic Club (SBPC) database: design,
rationale and characterisation of the study cohort. Scand
J Gastroenterol 2017;52:909-915.

70.Layer P, Yamamoto H, Kalthoff L, et al. The different
courses of early- and late-onset idiopathic and alcoholic

[%)
=
u
=]
ul
]

AND PERSPECTIVES



http://refhub.elsevier.com/S0016-5085(23)04878-3/sref40
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref40
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref40
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref40
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref40
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref41
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref41
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref41
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref41
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref42
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref42
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref42
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref42
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref42
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref43
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref43
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref43
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref43
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref43
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref43
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref44
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref44
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref44
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref45
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref45
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref45
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref45
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref45
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref45
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref46
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref46
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref46
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref46
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref47
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref47
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref47
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref47
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref47
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref47
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref48
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref48
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref48
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref48
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref49
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref49
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref49
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref49
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref49
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref50
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref50
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref50
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref50
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref51
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref51
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref51
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref51
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref52
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref52
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref52
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref52
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref52
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref53
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref53
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref53
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref53
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref54
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref54
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref54
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref54
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref55
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref55
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref55
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref55
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref55
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref56
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref56
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref56
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref56
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref57
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref57
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref57
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref57
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref57
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref58
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref58
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref58
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref58
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref59
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref59
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref59
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref59
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref60
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref60
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref60
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref60
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref60
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref61
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref61
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref61
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref61
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref62
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref62
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref62
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref62
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref62
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref62
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref63
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref63
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref63
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref63
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref63
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref64
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref64
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref64
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref64
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref64
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref65
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref65
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref65
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref65
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref65
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref65
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref66
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref66
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref66
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref66
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref66
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref67
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref67
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref67
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref67
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref67
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref67
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref68
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref68
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref68
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref68
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref68
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref68
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref69
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref69
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref69
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref69
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref69
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref70
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref70

B
i
(-}
)
m 3
H s
» =
- m
ms
=U’
=
m
w

1134 Petrov and Olesen

chronic pancreatitis.
107:1481-1487.

71.Ammann RW, Akovbiantz A, Largiader F, et al. Course
and outcome of chronic pancreatitis. Longitudinal study
of a mixed medical-surgical series of 245 patients.
Gastroenterology 1984;86:820-828.

72. Ammann RW, Buehler H, Muench R, et al. Differences in
the natural history of idiopathic (nonalcoholic) and
alcoholic chronic pancreatitis. A comparative long-term
study of 287 patients. Pancreas 1987;2:368-377.

73.de la Iglesia-Garcia D, Vallejo-Senra N, Iglesias-Garcia J,
et al. Increased risk of mortality associated with
pancreatic exocrine insufficiency in patients with chronic
pancreatitis. J Clin Gastroenterol 2018;52:e63-e72.

74.Petrov MS. Metabolic trifecta after pancreatitis: exocrine
pancreatic dysfunction, altered gut microbiota, and new-
onset diabetes. Clin Trans| Gastroenterol 2019;10:e00086.

75.Thomas RM, Jobin C. Microbiota in pancreatic health
and disease: the next frontier in microbiome research.
Nat Rev Gastroenterol Hepatol 2020;17:53-64.

76.Bang UC, Benfield T, Hyldstrup L, et al. Mortality, can-
cer, and comorbidities associated with chronic pancre-
atitis: a Danish nationwide matched-cohort study.
Gastroenterology 2014;146:989-994.

77.de la Iglesia-Garcia D, Vallejo-Senra N, Lopez-Lopez A,
et al. Pancreatic exocrine insufficiency and cardiovas-
cular risk in patients with chronic pancreatitis: a pro-
spective, longitudinal cohort study. J Gastroenterol
Hepatol 2019;34:277-283.

78. Norbitt CF, Kimita W, Bharmal SH, et al. Relationship
between habitual intake of vitamins and new-onset
prediabetes/diabetes after acute pancreatitis. Nutrients
2022;14:1480.

79. Norbitt CF, Kimita W, Ko J, et al. Associations of habitual
mineral intake with new-onset prediabetes/diabetes after
acute pancreatitis. Nutrients 2021;13:3978.

80.Das SL, Kennedy JI, Murphy R, et al. Relationship be-
tween the exocrine and endocrine pancreas after acute
pancreatitis. World J Gastroenterol 2014;
20:17196-17205.

81.Hollemans RA, Hallensleben ND, Mager DJ, et al.
Pancreatic exocrine insufficiency following acute
pancreatitis: systematic review and study level meta-
analysis. Pancreatology 2018;18:253-262.

82.Huang W, de la Iglesia-Garcia D, Baston-Rey |, et al.
Exocrine pancreatic insufficiency following acute
pancreatitis: systematic review and meta-analysis. Dig
Dis Sci 2019;64:1985-2005.

83.0lesen SS, Ngjgaard C, Poulsen JL, et al. Chronic
pancreatitis is characterized by distinct complication
clusters that associate with etiological risk factors. Am J
Gastroenterol 2019;114:656-664.

84. Ahmed Ali U, Pahlplatz JM, Nealon WH, et al. Endo-
scopic or surgical intervention for painful obstructive
chronic pancreatitis. Cochrane Database Syst Rev 2015;
2015:CD007884.

85.Ru N, Xu XN, Cao Y, et al. The impacts of genetic and
environmental factors on the progression of chronic
pancreatitis.  Clin  Gastroenterol Hepatol 2022;
20:e1378-e1387.

Gastroenterology 1994;

Gastroenterology Vol. 165, Iss. 5

86. Erchinger F, Engjom T, Dimcevski G, et al. Exocrine
pancreas insufficiency in chronic pancreatitis — risk
factors and associations with complications. A multi-
centre study of 1869 patients. Pancreatology 2022;
22:374-380.

87.Talamini G, Bassi C, Falconi M, et al. Smoking cessation
at the clinical onset of chronic pancreatitis and risk of
pancreatic calcifications. Pancreas 2007;35:320-326.

88.Cho J, Scragg R, Pandol SJ, et al. Exocrine pancreatic
dysfunction increases the risk of new-onset diabetes
mellitus: results of a nationwide cohort study. Clin Transl
Sci 2021;14:170-178.

89. Pietzner M, Budde K, Ruhlemann M, et al. Exocrine
pancreatic function modulates plasma metabolites
through changes in gut microbiota composition. J Clin
Endocrinol Metab 2021;106:e2290-e2298.

90. Kimita W, Petrov MS. Iron metabolism and the exocrine
pancreas. Clin Chim Acta 2020;511:167-176.

91.Kimita W, Ko J, Li X, et al. Associations between iron
homeostasis and pancreatic enzymes after an attack of
pancreatitis. Pancreas 2022;51:1277-1283.

92. Compston JE, McClung MR, Leslie WD. Osteoporosis.
Lancet 2019;393:364-376.

93. Kanis JA. Assessment of fracture risk and its application
to screening for postmenopausal osteoporosis: synopsis
of a WHO report. WHO Study Group. Osteoporos Int
1994;4:368-381.

94.Duggan SN, Smyth ND, Murphy A, et al. High prevalence
of osteoporosis in patients with chronic pancreatitis: a
systematic review and meta-analysis. Clin Gastroenterol
Hepatol 2014;12:219-228.

95. Stigliano S, Waldthaler A, Martinez-Moneo E, et al. Vi-
tamins D and K as factors associated with osteopathy in
chronic pancreatitis: a prospective multicentre study (P-
BONE Study). Clin Transl Gastroenterol 2018;9:e197.

96. Hart PA, Yadav D, Li L, et al. High prevalence of oste-
opathy in chronic pancreatitis: a cross-sectional analysis
from the PROCEED study. Clin Gastroenterol Hepatol
2022;20:2005-2013.

97.Tignor AS, Wu BU, Whitlock TL, et al. High prevalence of
low-trauma fracture in chronic pancreatitis. Am J Gas-
troenterol 2010;105:2680-2686.

98.Bang UC, Benfield T, Bendtsen F, et al. The risk of
fractures among patients with cirrhosis or chronic
pancreatitis.  Clin  Gastroenterol Hepatol 2014;
12:320-326.

99.Munigala S, Agarwal B, Gelrud A, et al. Chronic
pancreatitis and fracture: a retrospective, population-
based veterans administration study. Pancreas 2016;
45:355-361.

100.Lin SY, Hsu WH, Lin CC, et al. Effect of acute pancre-
atitis on the risk of developing osteoporosis: a nation-
wide cohort study. PLoS One 2017;12:e0179358.

101.Hoogenboom SA, Lekkerkerker SJ, Fockens P, et al.
Systematic review and meta-analysis on the prevalence
of vitamin D deficiency in patients with chronic pancre-
atitis. Pancreatology 2016;16:800-806.

102.Olesen SS, Poulsen JL, Vestergaard P, et al. Vitamin-D
deficiency in patients with chronic pancreatitis — preva-
lence and pitfalls. Pancreatology 2017;17:22-23.


http://refhub.elsevier.com/S0016-5085(23)04878-3/sref70
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref70
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref70
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref71
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref71
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref71
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref71
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref71
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref72
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref72
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref72
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref72
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref72
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref73
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref73
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref73
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref73
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref73
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref74
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref74
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref74
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref75
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref75
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref75
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref75
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref76
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref76
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref76
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref76
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref76
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref77
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref77
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref77
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref77
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref77
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref77
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref78
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref78
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref78
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref78
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref79
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref79
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref79
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref80
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref80
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref80
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref80
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref80
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref81
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref81
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref81
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref81
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref81
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref82
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref82
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref82
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref82
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref82
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref83
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref83
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref83
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref83
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref83
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref84
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref84
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref84
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref84
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref85
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref85
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref85
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref85
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref85
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref86
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref86
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref86
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref86
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref86
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref86
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref86
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref87
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref87
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref87
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref87
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref88
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref88
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref88
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref88
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref88
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref89
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref89
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref89
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref89
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref89
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref90
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref90
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref90
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref91
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref91
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref91
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref91
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref92
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref92
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref92
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref93
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref93
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref93
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref93
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref93
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref94
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref94
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref94
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref94
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref94
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref95
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref95
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref95
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref95
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref96
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref96
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref96
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref96
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref96
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref97
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref97
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref97
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref97
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref98
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref98
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref98
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref98
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref98
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref99
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref99
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref99
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref99
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref99
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref100
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref100
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref100
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref0s
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref0s
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref0s
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref0s
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref0s
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref102
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref102
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref102
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref102
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref102

November 2023

108. Joker-Jensen H, Mathiasen AS, Kahler M, et al. Micro-
nutrient deficits in patients with chronic pancreatitis:
prevalence, risk factors and pitfalls. Eur J Gastroenterol
Hepatol 2020;32:1328-1334.

104. Hofbauer LC, Busse B, Eastell R, et al. Bone fragility in
diabetes: novel concepts and clinical implications. Lan-
cet Diabetes Endocrinol 2022;10:207-220.

105.Gupta N, Singh S, Vargas L, et al. Prevalence of low
bone density and comorbid hypogonadism in patients
with chronic pancreatitis. Pancreas 2019;48:387-395.

106. Duggan SN, Purcell C, Kilbane M, et al. An association
between abnormal bone turnover, systemic inflamma-
tion, and osteoporosis in patients with chronic pancre-
atitis: a case-matched study. Am J Gastroenterol 2015;
110:336-345.

107.Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet 2019;
393:2636-2646.

108. Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia:
revised European consensus on definition and diag-
nosis. Age Ageing 2019;48:16-31.

109. Bundred J, Thakkar RG, Pandanaboyana S. Systematic
review of sarcopenia in chronic pancreatitis: prevalence,
impact on surgical outcomes, and survival. Expert Rev
Gastroenterol Hepatol 2022;16:665-672.

110.Kuan LL, Dennison AR, Garcea G. Prevalence and
impact of sarcopenia in chronic pancreatitis: a review of
the literature. World J Surg 2021;45:590-597.

111.Olesen SS, Buyulkuslu A, Kehler M, et al. Sarcopenia
associates with increased hospitalization rates and
reduced survival in patients with chronic pancreatitis.
Pancreatology 2019;19:245-251.

112. Modesto AE, Stuart CE, Cho J, et al. Psoas muscle size
as a magnetic resonance imaging biomarker of pro-
gression of pancreatitis. Eur Radiol 2020;30:2902-2911.

113.Petrov MS. Skeletal muscle: a new piece in the
pancreatitis puzzle. United Eur Gastroenterol J 2019;
7:1283-1284.

114. Trikudanathan G, Feussom G, Teigen L, et al. Pre-
operative sarcopenia predicts low islet cell vyield
following total pancreatectomy with islet

Metabolic Sequelae of Pancreatitis 1135

autotransplantation for chronic
J Gastrointest Surg 2020;24:2423-2430.

115. Modesto EA, Ko J, Stuart CE, et al. Reduced skeletal
muscle volume and increased skeletal muscle fat
deposition characterize diabetes in individuals after
pancreatitis: a magnetic resonance imaging study. Dis-
eases 2020;8:25.

116.Cameron JL, Capuzzi DM, Zuidema GD, et al. Acute
pancreatitis with hyperlipemia. Evidence for a persistent
defect in lipid metabolism. Am J Med 1974;56:482-487.

117.Guzman S, Nervi F, Llanos O, et al. Impaired lipid
clearance in patients with previous acute pancreatitis.
Gut 1985;26:888-891.

118. Gillies NA, Pendharkar SA, Singh RG, et al. Lipid meta-
bolism in patients with chronic hyperglycemia after an
episode of acute pancreatitis. Diabetes Metab Syndr
2017;11(Suppl 1):S233-S241.

119. Cho J, Dalbeth N, Petrov MS. Bidirectional relationship
between gout and diabetes mellitus in individuals after
acute pancreatitis: a nationwide cohort study.
J Rheumatol 2020;47:917-923.

120. Petrov MS. When to stop surveillance: pancreatic cysts.
Am J Gastroenterol 2023;118:440-442.

pancreatitis.

Received November 20, 2022. Accepted July 24, 2023.

Correspondence

Address correspondence to: Max Petrov, MD, MPH, PhD, University of
Auckland, Room 2006, Building 507, Auckland 1023, New Zealand. e-mail:
max.petrov@gmail.com.

CRediT Authorship Contributions
Maxim S. Petrov, MD, MPH, PhD (Conceptualization: Lead; Methodology:
Equal).

Seren S. Olesen, MD, PhD (Conceptualization: Supporting; Methodology:
Equal).

Conflicts of interest
The authors disclose no conflicts.

Funding

Maxim S. Petrov is the Principal Investigator of the COSMOS program.
COSMOS is supported by the Royal Society of New Zealand (Rutherford
Discovery Fellowship to Maxim S. Petrov).

(7]
5
B
e

AND PERSPECTIVES



http://refhub.elsevier.com/S0016-5085(23)04878-3/sref103
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref103
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref103
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref103
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref103
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref104
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref104
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref104
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref104
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref105
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref105
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref105
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref105
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref106
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref106
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref106
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref106
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref106
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref106
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref107
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref107
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref107
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref108
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref108
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref108
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref108
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref109
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref109
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref109
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref109
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref109
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref110
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref110
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref110
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref110
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref111
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref111
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref111
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref111
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref111
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref112
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref112
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref112
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref112
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref113
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref113
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref113
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref113
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref114
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref114
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref114
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref114
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref114
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref114
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref115
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref115
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref115
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref115
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref115
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref116
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref116
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref116
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref116
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref117
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref117
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref117
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref117
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref118
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref118
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref118
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref118
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref118
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref119
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref119
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref119
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref119
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref119
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref120
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref120
http://refhub.elsevier.com/S0016-5085(23)04878-3/sref120
mailto:max.petrov@gmail.com

	Metabolic Sequelae: The Pancreatitis Zeitgeist of the 21st Century
	New-Onset Diabetes After Pancreatitis
	Terminology and Classification
	Burden of Sequela
	At-Risk Patients

	Exocrine Pancreatic Insufficiency
	Terminology and Classification
	Burden of Sequela
	At-Risk Patients

	Osteoporosis
	Terminology and Classification
	Burden of Sequela
	At-Risk Patients

	Other Metabolic Sequelae
	Metabolic Sequelae Surveillance Program
	Conclusions
	References
	CRediT Authorship Contributions


