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INTRODUCTION: Studies evaluating the natural history of exocrine pancreatic dysfunction (EPD) after acute pancreatitis

(AP) are sparse. This study aims to assess incidence and predictors of weight loss and gastrointestinal

(GI) symptoms suggestive of EPD 12 months after an AP episode.

METHODS: Patients enrolled in the Pancreatitis-associatedRisk of Organ Failure Study at the time of anAP episode

were included. Weight and GI symptom data were prospectively collected by self-report at enrollment

and at 3- and 12-month (windows 2–7 and 8–20) telephone follow-ups. Multivariable logistic

regressionwas used to assess factors associatedwith‡10% total bodyweight loss (EPD surrogate) at 12

months. A generalized estimating equation was used to measure each factor’s population effect (in

pounds) over 12 months after AP.

RESULTS: Follow-up at 12months in 186 patients (median age5 54 years, 46%men, 45% biliary, 65% first AP

attack) revealed weight loss ‡10% from baseline, occurring in 44 patients (24%). Risk of weight loss

increasedwith higher baseline bodymass index, previous diagnosis of diabetesmellitus, andworsening

AP severity (all P < 0.010). GI symptoms were reported in 13/31 (42%) patients at 12 months. AP

severity was independently associated with ‡10%weight loss at 12months. Over 12months, men lost

more weight than women (average 9.5 lbs); patients with severe AP lost, on average, 14 lbs.

DISCUSSION: Weight loss after AP occurs in one-quarter of patients and is associated with AP severity. EPD incidence

after AP is likely underappreciated. Further work is needed to assess EPD and potential for pancreatic

enzyme supplementation.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A468; http://links.lww.com/CTG/A469; http://links.lww.com/CTG/A470
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INTRODUCTION
Acute pancreatitis (AP) is among the top 3 gastrointestinal (GI)
reasons for hospital admission, accounting formore than 290,000
hospitalizations and costing in excess of 2.7 billion dollars an-
nually in the United States (1). It has been a common clinical
assumption that recovery from an AP episode results in complete
reconstitution of pancreatic function except in cases where
large sections of the pancreas have been destroyed by necrosis
(2). Therefore, most patients with AP who have an uneventful
clinical course without local or systemic complications have not
traditionally been followed up systematically after their discharge
from inpatient care.

Recent studies have demonstrated that a subgroup of patients
develop signs of exocrine pancreatic insufficiency (EPI) after
resolution of their AP episode (3,4), with variable incidence rates
reported from less than 24% to more than 80% (5–10). Three
meta-analyses have estimated a pooled incidence of EPI between
27% and 35% during follow-up (11–13). EPI rate varied based on
the diagnosticmethod, etiology ofAP, and length of the follow-up
after AP attack (7,8,14). In addition, severity of AP, occurrence of
pancreatic necrosis, and history of necrosectomy (all suggestive of
more extensive destruction of the gland) have been shown to
correlate with higher rates of EPI compared with mild attacks
(4,15–17). Recovery of pancreatic exocrine function can also
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occur—patients who exhibit early signs of EPI immediately after
an attack have been seen to recover at varying lengths of follow-
up (2).

Current guidelines for AP-related EPI evaluation do not exist.
The clinical diagnosis of EPI has historically been challenging in
subjects with AP, in part because there has been a lack of agree-
ment on how to make the diagnosis definitively (18). Weight loss
and GI symptoms represent the most pronounced clinical find-
ings of exocrine pancreatic dysfunction (EPD), a term that can be
used to describe a reduction of the exocrine function of the gland
even in the absence of formal EPI diagnosis. In a retrospective
analysis of anAP cohort, previous evaluation ofGI symptoms and
weight loss has been suggested as reliably reported symptoms
indicative of EPD (19). Involuntary weight loss of $10% of
normal body weight over 12 months is believed to represent
protein-energy malnutrition, a condition that is often associated
with a catabolic state, poor wound healing, and nutritional defi-
ciencies (20).

We hypothesize that after an AP episode, patients may de-
velop GI symptoms and/or clinically significant weight loss rel-
ative to baseline that are suggestive of EPD. The aims of this study
were to assess patients with AP at 3 and 12 months after their
episode as a surrogate for EPD to determine its prevalence and
evaluate which subgroups are at higher risk of developing weight
loss and symptoms suggestive of EPD.

MATERIALS AND METHODS
Patient population

The Pancreatitis-associated Risk of Organ Failure Study is a
prospective, observational study conducted at the University of
Pittsburgh Medical Center (21,22). Patients are enrolled with an
AP diagnosis meeting 2 of the 3 criteria (serum lipase $3 times
upper limit of normal, characteristic epigastric abdominal pain,
or cross-sectional imaging consistent with pancreatic in-
flammation). Exclusion criteria include a previous diagnosis of
chronic pancreatitis or suspicion of a pancreatic cancer. Enroll-
ment for this study occurred from 2012 to 2018, with the follow-
up through January 2020. Informed consent was obtained for
each subject before enrollment; ethical approval was obtained by
the University of Pittsburgh Institutional Review Board (PRO
08010374).

Data collection

Demographic data, laboratory, and radiologic data were collected
at enrollment. Baseline weight (in pounds) was self-reported and
recorded at the time of the patient interview. Presence of pre-
existing diabetes mellitus was obtained by patient interview at the
time of enrollment and confirmed with the electronic medical
record including evidence of previous hemoglobin A1c level
$6.5% or use of insulin therapy or oral hypoglycemic medica-
tions as part of the homemedication regimen. Active alcohol and
tobacco use were defined as confirmatory response to the ques-
tion(s) “Do you currently drink alcohol/smoke tobacco ciga-
rettes?” Severity of AP was defined according to the Revised
Atlanta Classification (RAC) (23).

Follow-up data including weight, new diagnosis of diabetes
mellitus (DM) or formal diagnosis of EPI by a physician, and use
of pancreatic enzyme replacement therapy (PERT)were collected
by the patient interview at 3 months (window: 2–7 months) and
12 months (window: 8–20 months) via telephone survey and by
confirmation with the electronic medical record when data were

available for review. At least 5 attempts were made to contact the
patient by telephone before they were declared lost to follow-up.
Body mass index (BMI) was calculated by using the patient’s
reported height from baseline and self-reported weight at each
follow-up time point.

GI Symptom Tracker

In February 2018, a survey to elucidate symptoms of EPD called
“GI Symptom Tracker” was added to the study protocol for
follow-up at 3 and 12months. The survey was developed through
qualitative focus group interviews of patients with knownEPI and
is undergoing ongoing psychometric evaluation for establish-
ment of validity and reliability (https://www.identifyepi.com/
content/pdf/epi-gi-symptom-tracker.pdf). It consisted of the
following question: “During the past 2 weeks, how often have you
(a) had frequent diarrhea, (b) greasy stools, (c) loose stools, (d) felt
bloated, (e) had excessive gas, (f) abdominal pain, or (g) had to
rush to the bathroom in the middle of the night”? Response
choices were as follows: (a) almost always, (b) often, (c) some-
times, or (d) never. Subjects who reported a positive response
(.never) to any of the items qualified as having symptoms
of EPD.

Statistical analysis

Significant weight loss was defined as $10% of body weight
compared with baseline. The primary outcome of the study was
the incidence of significant weight loss at 12 months after an AP
episode. Demographics, weight, BMI, etiology, active alcohol and
tobacco use, recurrent attack, severity of attack, new diagnosis of
DM or EPI, PERT, and GI symptoms of EPD were compared
between groups with and without significant weight loss.

Categorical variables were described using frequencies and
percentages. Continuous variables were presented as median and
interquartile ranges (IQRs). Univariate analysis was performed to
compare patients with andwithout significantweight loss at 3 and
12months. A backward stepwise logistic regression model (using
P. 0.20 as the significance level to exclude variables) was used in
patients who completed the follow-up at 3 and 12 months to
determine independent predictors of significant weight loss at
each of the 2 intervals. The model was adjusted for age, sex,
baseline BMI, etiology, active alcohol use, active cigarette smok-
ing, recurrence of AP, severity (as measured by RAC), total
hospital length of stay, and DM diagnosis before the AP attack. A
two-sided Cochran-Armitage test was used to evaluate the asso-
ciation between weight loss and AP severity.

A generalized estimating equation (GEE) model was created
using the geepack package (https://cran.r-project.org/web/pack-
ages/geepack/geepack.pdf) to evaluate associations of baseline
clinical factors with longitudinal changes in weight after AP.
Clinically relevant factors from the univariate analyses were in-
cluded in the initial model and removed using a reverse stepwise
process. The finalmodel was selected based on the smallest quasi-
likelihood under the independence model criterion values using
package MuMIn (https://cran.rproject.org/web/packages/
MuMIn/MuMIn.pdf) (24). The final model included sex and
severity along with 2 first-order interaction terms [(sex and time)
and (severity and time)]. Interaction between sex and severity
were not significant. Baseline patient was a female patient with
mild AP.

All statistical work was completed in R (version 3.6.2). A
P value ,0.05 was considered statistically significant.
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RESULTS

Study cohort

A total of 353 patients were initially contacted (Figure 1)—the
final study population consisted of 186 patients (males n 5 86,
46.2%) who completed the 12-month follow-up. The median
age was 54 years (IQR 39–68), and median baseline BMI was
28.0 kg/m2 (IQR 24.7–32.9). The most common AP etiology was
biliary (n 5 84, 45.2%), followed by idiopathic (n 5 26, 16.1%),
post-endoscopic retrograde cholangiopancreatography (n 5 23,
12.4%), alcohol (n5 17, 9.1%), and hypertriglyceridemia (n5 15,
8.1%). Active alcohol use was reported by 73 (39.3%) and active
tobacco by 37 (19.9%) patients. An AP episode at time of en-
rollment was the first (index) attack of pancreatitis for 121
(65.1%) and recurrent attack for 65 (34.9%) patients. Distribution
of severity of AP was mild (n 5 120, 64.5%), moderate (n 5 40,
21.5%), and severe (n 5 26, 14.0%).

At the 12-month follow-up,$10%weight losswas reported by
44 patients (23.7%). A new formal diagnosis of EPI was reported
by 11 (5.9%) patients, and 12 patients (6.5%) were using PERT. A
new diagnosis of DM was reported by 9 (4.8%) patients. Within
the subgroup of 31 patients who completed the GI Symptom
Tracker, 13 (41.9%) reported GI symptoms (Table 1).

Patients with follow-ups at 3 and 12 months

A total of 140 patients (43male, 39.8%) completed the follow-ups
at 3 and 12 months (baseline characteristics, Table 2). Of the 38

patients (27.1%) who showed $10% weight loss at the 3-month
follow-up, 16 (42.1%) regainedweight by the 12-month follow-up
and no longer met the 10% threshold. By contrast, 10 subjects
who had not met the 10% threshold at 3 months lost more weight
to reach the 10% threshold at the 12-month follow-up.

Univariate analysis of the 12-month follow-up

Compared with the 142 patients (44.4%male) without significant
weight loss, the 44 patients (52.3%men)with$10%weight loss at
12 months were more likely to have a previous diagnosis of DM
(31.8 vs 14.1, P5 0.01) or have severe disease per RAC (severe AP
in 27.3% vs 9.9%, P, 0.01). No significant differences in the rates
of weight losswere associatedwith age, AP etiology, active alcohol
or active tobacco use, first attack vs recurrence, new diagnosis of
EPI, or PERT use. In the subgroup analysis of patients who filled
out theGI SymptomTracker, no significant differencewas seen in
the proportion of patients experiencing GI symptoms of EPD
(Table 1).

Multivariable analysis

Multivariable logistic regression analysis controlling for age, BMI,
sex, previous diagnosis of DM, etiology, active alcohol and
smoking, first vs recurrent AP, AP severity, and total length of
stay showed AP severity as the only significant independent
predictor of $10% weight loss at the 12-month follow-up
(Table 3).

Figure 1. Study enrollment.
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Table1. Demographiccharacteristicsof theAPcohort stratifiedbyweight lossof‡10%ofbaselinebodyweightat12monthsafter studyenrollment

Variable Weight loss <10% (n5 142) Weight loss ‡10% (n5 44) Total (n5 186) P

Age, median (IQR) 53 (38–67) 59.5 (42.8–70.2) 54 (39–68) 0.13

Baseline BMI, median (IQR) 27.6 (24.2–31.2) 31.9 (27.1–37.0) 28 (24.7–32.9) ,0.01

Sex (male), n (%) 63 (44.4) 23 (52.3) 86 (46.2) 0.46

Race, n (%)

Caucasian 129 (90.8) 39 (88.6) 168 (90.3)

African American 12 (8.5) 4 (9.1) 16 (8.6)

Other 1 (0.7) 1 (2.3) 2 (1.1) 0.20

Etiology, n (%)

Biliary 57 (40.1) 27 (61.4) 84 (45.2)

Idiopathic 25 (17.6) 5 (9.8) 26 (16.1)

Post-ERCP 20 (17.5) 3 (6.8) 23 (12.4)

EtOH 14 (9.9) 3 (6.8) 17 (9.1)

Other 14 (9.9) 3 (6.8) 17 (9.1)

HTG 12 (8.5) 3 (6.8) 15 (8.1) 0.27

Active alcohol, n (%)

No 85 (59.9) 28 (63.6) 113 (60.8)

Yes 57 (40.1) 16 (36.4) 73 (39.2) 0.76

Active smoking, n (%)

No 112 (78.9) 37 (84.1) 149 (80.1)

Yes 30 (21.1) 7 (15.9) 37 (19.9) 0.55

AP, n (%)

First (index) attack 95 (66.9) 26 (59.1) 121 (65.1)

RAP 47 (33.1) 18 (40.9) 65 (34.9) 0.48

RAC

Mild 99 (69.7) 21 (47.7) 120 (64.5)

Moderate 29 (20.4) 11 (25.0) 40 (21.5)

Severe 14 (9.9) 12 (27.3) 26 (14.0) ,0.01

Total LOS, median (IQR) 7.0 (4.0–12.0) 8.0 (5.0–17.0) 0.08

Previous DM diagnosis, n (%)

No 122 (85.9) 30 (68.2) 152 (81.7)

Yes 20 (14.1) 14 (31.8) 34 (18.3) 0.01

New DM diagnosis, n (%)

No 135 (95.1) 42 (95.5) 177 (95.7)

Yes 7 (4.9) 2 (4.5) 9 (4.8) 1.0

New diagnosis of EPI, n (%)

No 135 (95.1) 40 (90.9) 175 (94.1)

Yes 7 (4.9) 4 (9.1) 11 (5.9) 0.49

Taking pancreatic enzymes, n (%)

No 135 (95.1) 39 (88.6) 174 (93.5)

Yes 7 (4.9) 5 (11.4) 12 (6.5) 0.23

GI symptoms of EPI,a n (%)

No 16 (59.3) 2 (50.0) 18 (58.1)

Yes 11 (40.7) 2 (50.0) 13 (41.9) 1.0

AP, acute pancreatitis; BMI, body mass index; DM, diabetes mellitus; EPI, exocrine pancreatic insufficiency; ERCP, endoscopic retrograde; EtOH, alcohol;
GI, gastrointestinal; HTG, hypertriglyceridemia; IQR, interquartile range; LOS, length of stay; post-ERCP, post-endoscopic retrograde cholangiopancreatography;
RAC, Revised Atlanta Criteria; RAP, recurrent acute pancreatitis.
Bold values represent statistically significant findings.
an 5 31 who completed the questionnaire from a cohort of 186 patients.
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Modeling of weight changes after AP

In a GEE model with baseline patient represented by a female
patient withmildAP, themodel revealed thatmen lost on average
9.5 lbs more than women at the 12-month follow-up (P, 0.015).
In the samemodel, patients with moderate AP lost on average 9.5
lbs at 3 months but recovered to a loss of 4.4 lbs at the 12-month
follow-up. Patients with severe AP, by comparison, lost on av-
erage 24.2 lbs at 3months and 14.19 lbs at 12months after the AP
episodes (all P, 0.05, Table 4).

Patients with the follow-up at 3 months

In the cohort of patients who followed up at 3 months (n 5 228
total, 98 [43%] men; baseline characteristics in Supplementary
Table 1, see Supplementary Digital Content 1, http://links.lww.
com/CTG/A468), 80 patients (35%) reported $10% weight loss
from baseline. New DM was reported by 15 patients (6.6%), and
new diagnosis of EPI was reported by 17 patients (7.5%), with a
total of 19 patients (8.3) using PERT. Higher BMI and previous
DMdiagnosis were independently associatedwithweight loss at 3

Table 2. Univariate analysis of factors associated with weight loss at 12 months in patients with follow-ups at both 3 and 12 months

Variable Level Weight loss <10% (n 5 108) Weight loss ‡10% (n 5 32) Total (n 5 140) P

Age Median (IQR) 56.5 (42.5–68.0) 61.5 (46.2–71.5) 57.5 (43.8–69.2) 0.14

BMI Median (IQR) 27.6 (24.2–31.3) 32.8 (27.8–36.1) 28.5 (24.7–33.5) ,0.01

Sex Male 43 (39.8) 16 (50.0) 59 (42.1) 0.41

Race Caucasian 100 (92.6) 27 (87.1) 127 (91.4)

African American 8 (7.4) 4 (12.9) 12 (8.6) 0.55

Unknown 0 1 1

Etiology Biliary 51 (47.2) 18 (56.2) 69 (49.3)

Idiopathic 15 (13.9) 5 (15.6) 20 (14.3)

Post-ERCP 13 (12.0) 3 (9.4) 16 (11.4)

Other 12 (11.1) 2 (6.2) 14 (10.0)

HTG 9 (8.3) 1 (3.1) 10 (7.1)

Alcohol 8 (7.4) 3 (9.4) 11 (7.9) 0.81

Active alcohol No 64 (59.3) 23 (71.9) 87 (62.1)

Yes 44 (40.7) 9 (28.1) 53 (37.9) 0.28

Active smoking No 84 (77.8) 26 (81.2) 110 (78.6)

Yes 24 (22.2) 6 (18.8) 30 (21.4) 0.86

RAC Mild 76 (70.4) 15 (46.9) 91 (65.0)

Moderate 23 (21.3) 9 (28.1) 32 (22.9)

Severe 9 (8.3) 8 (25.0) 17 (12.1) 0.02

AP First attack 77 (71.3) 20 (62.5) 95 (67.9)

RAP 31 (28.7) 12 (37.5) 43 (30.7) 0.39

Total LOS Median (IQR) 7.0 (5.0–10.0) 8.5 (4.0–17.0) 7.0 (4.0–12.0) 0.16

Previous diagnosis DM No 92 (85.2) 23 (71.9) 115 (82.1)

Yes 16 (14.8) 9 (28.1) 25 (17.9) 0.14

New diagnosis DM No 102 (94.4) 29 (90.6) 131 (93.6)

Yes 6 (5.6) 3 (9.4) 9 (6.4) 0.72

Diagnosis of EPI No 104 (96.3) 28 (87.5) 132 (94.3)

Yes 4 (3.7) 4 (12.5) 8 (5.7) 0.13

Taking pancreatic enzymes No 103 (95.4) 27 (84.4) 130 (92.9)

Yes 5 (4.6) 5 (15.6) 10 (7.1) 0.09

GI symptoms of EPIa No 21 (53.8) 4 (66.7) 25 (55.6)

Yes 18 (46.2) 2 (33.3) 20 (44.4) 0.88

AP, acute pancreatitis; BMI, body mass index; DM, diabetes mellitus; EPI, exocrine pancreatic insufficiency; GI, gastrointestinal; HTG, hypertriglyceridemia;
IQR, interquartile range; LOS, length of stay; RAC, Revised Atlanta Criteria; RAP, recurrent acute pancreatitis.
Statistically significant values are represented in bold.
an 5 45 who completed the questionnaire at 12 months from a cohort of 140 patients.
P values are for univariate analysis comparing the groups with and without $10% total body weight loss at 12 months after AP attack.
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months, but not at 12 months. Within the 46 patients who
completed the GI Symptom Tracker, 7 patients (15.2%) reported
GI symptoms of EPD. Univariate analysis and multivariable lo-
gistic regression revealed overall similar results (see Supple-
mentary Tables 1 to 3, Supplementary Digital Contents 1 to 3,
http://links.lww.com/CTG/A468, http://links.lww.com/CTG/
A469, and 3 http://links.lww.com/CTG/A470) to the primary
outcomes of the study measured at the 12-month follow up.

DISCUSSION
In this prospective analysis of a large cohort of patients with AP, we
demonstrated that 24% experienced significant weight loss at 12
monthsafter anAPepisode.Of thosewho lostweightduring thefirst 3
months after anAP episode,.40% returned to baseline at 12months
and approximately 25%whohad$10%weight loss at 12months had
not experienced this by 3 months. The GEE model further revealed
that men lost on average 9.5 lbs more than women at the 12-month
follow-up. Although subsets of patients may experience separate tra-
jectories of EPD symptoms, severity of AP was the only independent
predictor of$10% weight loss at the 12-month follow-up.

Weight loss and GI symptoms remain the most frequent
clinical manifestations of EPD and represent a good screening
mechanism for providers concerned about its occurrence in the
months after AP attack. The lack of agreement on a definitive
method for diagnosis of EPI in subjects with AP, and the
cumbersome and changing nature of available diagnostic testing
for EPI have created major barriers to accurate and timely di-
agnosis (18,19,25). The gold standard for EPI diagnosis—
duodenal aspiration after IV secretin administration—is ex-
pensive, logistically challenging, and largely unavailable in
clinical practice (26). Indirect testing such as the 72-hour fecal
fat collection is highly sensitive but not specific for EPI and is
cumbersome for both the patient and the researcher and
therefore uncommonly used. Fecal elastase-1 (FE-1) has become
widely used in outpatient clinics; however, despite high sensi-
tivity and specificity in moderate and severe EPI, it remains
unreliable in mild EPI (27–31). Furthermore, FE-1 testing
should be obtained while the patient is eating a normal diet. In
the acute inpatient setting, it is unlikely that patients who have

just experienced an attack of AP are back to eating their normal
diet. For these reasons FE-1, although widely used, is a test with
significant limitations.

In AP, the natural history of EPI remains ill defined. In
chronic pancreatitis (CP), EPI is a well-described phenome-
non, but its prevalence varies widely, with estimates ranging
from 21 to 94% of patients and increasing with disease dura-
tion (32–35). Expert opinion has suggested that EPI manifes-
tation in CP occurs after approximately 90% of endogenous
pancreatic enzyme secretion is lost (36). EPI symptoms have
been shown to improve in CP clinical trials with PERT (37–39).
EPI after pancreatic surgery has also been described and per-
protocol analysis of a recent postpancreaticoduodenectomy
cohort of 164 patients showed a significant difference in
weight at 3 months postoperatively with weight gain in those
treated with PERT and weight loss in those treated with pla-
cebo (40).

The findings of our study of EPD after AP are consistent
with the previous estimates of EPI burden after AP and con-
firm the idea that subgroups of patients experience weight loss
suggestive of EPD at different points after their attack
(11–13,41). One group of patients experienced early weight
loss at 3 months and then recovered by 12 months, whereas
another maintained their weight through 3 months then lost
weight by 12 months. Higher BMI and previous DM diagnosis
were independently associated with weight loss at 3 months,
but not at 12 months, suggesting that something about these
characteristics (more rapid loss of excess body fat or poorer
control of diabetes in the weeks after AP attack) may result in
rapid weight loss with eventual recovery. Certain subsets of
patients may benefit from PERT therapy or more in-
dividualized nutritional plans at different points after their
attack of AP.

The low index of suspicion for EPD after AP may lead to
misdiagnosis of true EPI, underdiagnosis, delay of treatment,
and adverse consequences of the patients’ nutritional health.
Patients with AP and subsequent EPI have been found to de-
velop micronutrient deficiencies, e.g., vitamin D, iron, folic
acid, and vitamin B12 (10). It remains unclear after AP when

Table 3. Multivariable analysis of independent predictors of

weight loss of ‡10% of total body weight at 12 months compared

with baseline

Adjusted OR 95% CI P

Age 1.03 1.00–1.05 ,0.031

BMI 1.05 1.00–1.11 0.049

Moderate AP (by RAC) 2.12 0.84–5.26 0.105

Severe AP (by RAC) 5.40 1.94–15.56 0.001

RAP 2.08 0.93–4.70 0.075

Previous DM 2.16 0.85–5.41 0.100

AP, acute pancreatitis; BMI, body mass index; CI, confidence interval; DM,
diabetes mellitus; OR, odds ratio; RAC, Revised Atlanta Criteria; RAP, recurrent
acute pancreatitis.
Statistically significant values are represented in bold.
All variables included are those that remained in the model (P, 0.20) through
backward stepwise logistic regression.

Table 4. Generalized estimating equations model assessing the

impact of factors on weight change over time

Estimates 95% confidence interval P

Baseline weight 174.62 163.18 to 186.07 ,0.001

Male sex 47.6 30.24 to 64.97 ,0.001

Time: 3 mo 22.75 26.17 to 0.67 0.115

Time: 12 mo 0.57 24.10 to 5.23 0.812

Male sex 3 3 mo 24.54 29.84 to 0.77 0.094

Male sex 3 12 mo 29.56 217.29 to 21.82 0.015

Moderate AP3 3 mo 29.54 215.02 to 24.07 0.001

Moderate AP3 12 mo 24.44 211.64 to 2.75 0.226

Severe AP 3 3 mo 224.17 236.16 to212.19 ,0.001

Severe AP 3 12 mo 214.19 224.76 to 20.91 0.036

AP, acute pancreatitis.
Statistically significant values are represented in bold.
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exactly EPI requires PERT intervention—during the acute
phase, immediately after resolution of AP, or long after its
resolution. There is a dearth of clinical trial evidence showing
PERT benefit in this population nor any guidelines on optimal
frequency or dose of PERT in patients with AP. To date, there is
only one small double-blinded clinical trial in approximately 50
patients of PERT during the refeeding period of AP (42). This
study showed improved quality of life compared with placebo
but was limited by the small number of patients and short study
duration. The study also showed a less severe weight loss in
PERT-treated patients, but this difference did not reach sta-
tistical significance. In a separate observational study using a
survey completed 24–36 months after an episode of severe AP,
76% of patients reported having unintentional weight loss and
ongoing GI symptoms, including abdominal pain and frequent
diarrhea, and 20% of patients required regular PERT (9). This
study was limited by the inclusion of only patients with severe
AP, which represent a minority of all subjects with AP. In our
study, the incidence of EPI diagnoses and PERT therapy were
assessed by the patient report, but whether the diagnosis was
made and therapy started because of weight loss or to prevent
weight loss was unknown. Additional trials are needed to de-
termine the optimal dose and timing of PERT therapy after an
attack of AP.

Weight loss after APmay also be related to the development
of pancreatic cancer. Approximately 10% of new pancreatic
cancer diagnoses may first manifest with an episode of AP (43).
An increased risk of pancreatic cancer has been associated with
a previous diagnosis of AP after 5 years of follow-up in a large
cohort study based on administrative data (44). Chronic
pancreatitis is a known independent risk factor for pancreatic
cancer (45,46). In patients who develop diabetes, the risk of
pancreatic cancer is even higher when combined with either
form of pancreatitis (47). In the cohort of patients initially
invited to participate in our study, 5 patients developed pan-
creatic cancer and one developed distal cholangiocarcinoma
during the follow-up. Of the patients who developed cancer, 2
who developed pancreatic cancer completed the 3-month
follow-up (before cancer diagnosis)—one had $10% weight
loss and one did not. All subjects who developed cancer were
lost to follow up by the 12-month time point. Microbiome
alterations after AP have also been proposed to influence EPD,
although additional work on this link needs to be performed to
understand mechanisms of microbiota influence on abdomi-
nal symptoms and weight loss after AP (48).

There are several limitations of this study. The follow-up
response rate at 3 months was 228/366 (62.3%), 12 months was
186/353 (52.7%), and both time points was 140/353 (39.7%).
Completion of the follow-up for all patients at both time points
was optimized by the wide follow-up windows, but we ac-
knowledge the presence of potential bias toward patients
motivated to participate because of continued symptoms.
Barriers to follow-up included patient interval death (related
or unrelated to AP), inability to participate in phone survey
(placement in nursing homes without personal telephone or
inability to hear questions over phone), and unwillingness to
participate. It is further noted that patients with AP with al-
cohol etiology followed up at lower rates—they were originally
15.8% of the eligible cohort for follow-up, but only made up
9.1% of the 12-month cohort. Weight data were obtained by
the patient report throughout the study for consistency.

Although the collection directly from patients has the potential
to introduce error, it also allows for timely reporting from
patients in their natural environment, which is rare and im-
portant data to obtain for patients who have experienced mild
or uncomplicated AP. Given that weight loss is an easy-to-
establish sign of malnutrition and in this study cohort is likely
due to EPD, a threshold of$10% from baseline was chosen to
allow for less severe weight loss, which might be impacted by
the factors of residual abdominal pain and loss of appetite.
Given the high level of our chosen weight loss threshold, pa-
tients with less severe weight loss due to EPD may not be
detected; we suspect that the actual degree of EPD in our pa-
tient population may be higher than estimated. A formal di-
agnosis of CP was not able to be evaluated in patients who
exhibited EPD symptoms because of the limitations of tele-
phone follow-ups. The GI Symptom Tracker was introduced at
a later phase in the study; thus, it was only applied in a sub-
group of the cohort. Finally, we did not examine the use of
pancreatic enzymes as a predictor of weight loss. In-
terpretation of an independent association with weight loss
was not possible because PERTmay be prescribed by providers
for either prevention or therapy.

In a longitudinal cohort of patients followed after an AP
attack, approximately 24% experienced weight loss of $10%
from baseline at the 12-month follow-up time point to which
EPD was a likely contributor. Increasing AP severity was in-
dependently associated with greater risk of weight loss at 12
months. A GEE model showed that men were likely to lose 9.5
lbs more than women at 12months after AP attack, that patients
with moderate AP lost a moderate amount of weight (9.5 lbs at 3
and 4.4 lbs at 12 months), and that patient with severe AP lost
the most significant weight (24.2 lbs at 3 months and 14.2 lbs at
12 months). Large prospective trials collecting stool and nutri-
tional data at predefined time intervals post-AP are needed to
assess the natural history and prevalence of EPD, as well as
potential for PERT intervention.
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Study Highlights

WHAT IS KNOWN

3 Patients can experience gastrointestinal (GI) symptoms and
digestive symptoms after an episode of acute pancreatitis
(AP).

3 The incidence and risk factors for significant weight loss and
GI symptoms after AP is unknown.

WHAT IS NEW HERE

3 Significant weight loss of$10% of baseline weight occurs in
approximately 24% of patients after AP.

3 GI symptoms suggestive of exocrine pancreatic dysfunction
(EPD) occur in approximately 42% of patients after AP.

3 Severity of AP is an independent predictor of significant
weight loss after AP.

TRANSLATIONAL IMPACT

3 Detection of post-AP EPD may be enhanced by simple
screening with weight loss and assessment of new GI
symptoms before confirmation with diagnostic testing.

3 Increased rate of diagnosis of post-AP EPD may improve the
patients’ health in the year after AP.
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