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ORIGINAL ARTICLE

Factors Associated With the Development of Diabetes Mellitus
Following a First Episode of Acute Pancreatitis
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ABSTRACT

Aim To determine the prevalence and risk factors of new-onset diabetes mellitus in patients after a first episode of acute pancreatitis.
Methods A retrospective study design was used. Patients diagnosed with a first episode of acute pancreatitis in the emergency department
ofatertiary medical centerin 2010-2016 were followed for the occurrence of diabetes mellitus. Clinical data were collected from the medical
records and compared between patients with and without a subsequent diagnosis of diabetes. Results Of 500 patients who presented
with a first episode of acute pancreatitis during the study period, 41 (8.2%) were subsequently diagnosed with diabetes and 29 (5.6%),
with pre-diabetes, and 312 (62.4%) had normal glucose levels; the remainder had pre-existing diabetes. Mean duration of follow-up was
6.7+3.1 years, and mean interval between diagnoses was 1.46+1.4 years. Compared to the patients with normal glucose levels, the diabetes
group was characterized by older age (64+17 years vs. 54+21 years, p<0.01) and higher blood pressure values (systolic: 147+21 mmHg
vs.131+23 mmHg, p<0.01; diastolic: 83+15 mmHg vs.74+13 mmHg, p=0.013) at presentation to the emergency department, higher score
on the Bedside Index for Severity in Acute Pancreatitis (BISAP; 1.22+0.85 vs. 0.88+0.87, p=0.02), and higher rate of non-biliary pancreatitis
(45% vs. 26.8%, p=0.02). Conclusions Risk factors for the development of diabetes after a first episode of acute pancreatitis include high
blood pressure, high BISAP score, and non-biliary etiology. These findings in patients who present to the emergency department with
acute pancreatitis should alert the clinician to the need for close monitoring for diabetes.

INTRODUCTION pancreatitis DM owing to impaired removal of insulin
from the circulation [4]. Another large-scale cohort study

Exocrine pancreatic disease is known to be associated . " .
p found that after an episode of pancreatitis, the risk of DM

with the onset of diabetes mellitus (DM), classified as

type 3c [1]. Ewald et al [2], found that of 1868 subjects
diagnosed with DM, 172 (9.2%) had type 3c. The etiology
of type 3c DM was chronic pancreatitis in 78.5% of cases,
hereditary hemochromatosis in 7%, pancreatic cancer in
8%, and cystic fibrosis in 4%. Interestingly, the study did
not address acute pancreatitis. According to the recent
meta-analysis of Das et al. [3], including 936 patients
with new-onset DM after an episode of acute pancreatitis,
the pooled prevalence of DM was 23%, rising to 40%
when prediabetes (pre-DM) was present prior to the
pancreatitis.

The pathophysiology of DM following acute pancreatitis
is poorly understood, and research is scarce. One study
of 83 patients after an episode of acute pancreatitis
found that 36% had abnormal glucose metabolism [4].
Insulin resistance was significantly associated with post-
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doubled [5].

Risk factors affecting the association between acute
pancreatitis and subsequent DM have not been identified.
The aim of the present study was to determine the
prevalence of DM in patients after a first episode of acute
pancreatitis and to identify risk factors for its development.

METHODS
Patients and Setting

A retrospective cohort design was used. The database
of the emergency department of a tertiary university-
affiliated medical center was screened for patients aged
18 years or more who presented with a first episode of
acute pancreatitis in 2010-2016. The diagnosis of acute
pancreatitis was based on the presence of two of the
following three criteria [6, 7] acute onset of persistent,
severe, epigastric pain, often radiating to the back; serum
lipase or amylase levels at least 3 times the upper limit of
normal; characteristic findings of acute pancreatitis on
computed tomography or magnetic resonance imaging.
Patients with recurrent acute pancreatitis were excluded.
Biliary pancreatitis was defined as pancreatitis with
evidence of gallstone disease on any imaging modality
[8]; alcoholic pancreatitis was defined as pancreatitis
with a clinical history of alcohol abuse; and drug-induced
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pancreatitis was defined as pancreatitis associated with
the use of class 1a drugs, as defined by Badalov et al. [9].
The pancreatitis was attributed to hypertriglyceridemia
when admission triglyceride levels were more than 1000
mg/dL [8].

Patients in whom DM was diagnosed on follow-up
after the acute pancreatitis episode were identified.
The diagnosis of DM was based on accepted clinical
criteria[10]: fasting plasma glucose >126 mg/dL (7.0
mmol/L) or 2-hour plasma glucose >200 mg/dL (11.1
mmol/L) during an oral glucose tolerance test (performed
with a glucose load containing the equivalent of 75 gram
anhydrous glucose dissolved in water) or HbA1C >6.5%
(48 mmol/mol) or random plasma glucose levels >200
mg/dL (11.1 mmol/L) in a patient with classic symptoms
of hyperglycemia or hyperglycemic crisis. The diagnosis
of pre-DM was based on the following clinical criterial0:
fasting plasma glucose 100-125 mg/dL or 2-hour plasma
glucose level 140-199 mg/dL or HbAlc 5.7-6.4%.

Study Procedure

The cohort was divided into four groups: diagnosis of
DM prior to onset of acute pancreatitis; diagnosis of DM
after the episode of acute pancreatitis; diagnosis of pre-DM
after the episode of acute pancreatitis; and normal glucose
level throughout hospitalization for acute pancreatitis and
follow-up. Clinical and laboratory data recorded during
and after the index hospitalization period, both in-hospital
and in the community setting, were collected from the
medical files. The DM/pre-DM groups were compared
with the normal-glucose group for age (>60 years), sex
distribution, and vital signs in the emergency department
(ED) and other clinical and laboratory parameters
evaluated on presentation to the ED and during the first
24 hours thereafter. For evaluate the severity of AP we
used the Bedside Index for Severity in Acute Pancreatitis
(BISAP) [11], which includes: blood urea nitrogen (>25
mg/dL to >8.9 mmol/L) - 1 point, Glasgow coma score
(<15) - 1 point, evidence of systemic inflammatory
response syndrome - (SIRS is present when two or more
of the following are found: 1) Temperature <36°C or >38°C
2) Respirations >20/min or PaCO2 <32 mmHg 3) Heart rate
>90/min 4) WBC <4,000/mm(3) or WBC >12,000/mm(3)
or more than 10% bands found on blood )- 1 point, evidence
of pleural effusion on chest X ray - 1 points.

BISAP score predicts mortality - score of 0 to 2 Points:
Lower mortality (<2 %) and score of 3 to 5 points: higher
mortality (>15 %) [11].

Other parameters included etiology of the pancreatitis,
length of hospitalization, intensive care unit admission,
and mortality. If data were unclear or missing, the patient
was contacted by telephone.

Statistical Analysis

The statistical analysis was generated using Statistical
Analysis Software (SAS, version 9.4). Continuous variables
are presented as mean and standard deviation, and
categorical variables as number and percent. Continuous
variables were compared between groups with Student
t-test, and categorical variables were compared with
Fischer exact test. A general linear model (GLM) was
used for multivariate analysis. Two-sided p values
<0.05 were considered statistically significant. As only
patients with detailed information were included in
the study, we did not account for invalid or missing
information. For comparison of multiple groups, we
used ANOVA calculation.

RESULTS

The study cohort consisted of 500 patients who
presented with acute pancreatitis. They included 41
(8.2%) patients subsequently diagnosed with DM, 29
(5.6%) patients subsequently diagnosed with pre-
diabetes, and 312 (62.4%) patients with normal glucose
levels before and after the acute episode; the remaining
118 (23.6%) patients had a pre-existing diagnosis of DM.
The demographic characteristics of the groups are shown
in Table 1. The mean duration of follow-up was 6.7+3.1
years, and the mean interval from diagnosis of acute
pancreatitis to diagnosis of DM was 1.46+1.4 years.

The patients with newly diagnosed post-pancreatitis
DM were significantly older than the patients with normal
glucose levels (64+15 years vs. 54+21 years p<0.01), and
they had a significantly higher BISAP score (1.22+0.85
vs. 0.88+0.87, p=0.02) (Figure 1). The BISAP score was
also significantly higher in the pre-DM group compared
to the normal-glucose group (1.21+0.87 vs. 0.88+0.87,
p<0.01). Although gallstones were the most common
cause of pancreatitis overall (Table 2), non-biliary causes
were significantly more common in the post-DM group

Table 1. Epidemiological characteristics of patients with a first episode of acute pancreatitis by presence/absence of diabetes mellitus.

Characteristics Total cohort Preexisting DM
(N=500) (n=118)

Age (years), mean+SD 57+20 63.9+14.5

Sex (male), n (%) 262 (52%) 72 (61%)

BISAP score, meantSD 0.96+0.88 1.03+0.85

SIRS score >2, n(%) 127 (25%) 30 (25.4%)

ICU admission, n(%) 9 (1.8%) 1 (0.85%)

LOS (days), mean+SD 5+4.7 4.9+3.8

Hospital mortality, n(%) 7 (1.4%) 1 (0.85%)

Post-AP DM

Post-AP pre-DM Normal glucose

(n=41) (n=29) (n=312) Pvalue*
64+15 64+17 54421 <0.01

23 (56%) 13 (45%) 154 (49%) 0.7
1.22+0.85 1.21%-0.9 0.88+0.87 0.02

12 (29%) 9(31%) 76 (24%) 0.56

2 (4.9%) 1(1.6%) 5 (3.4%) 0.26
5:7.2 525 5:4.6 0.82
1(2.5%) 0 5 (3.4%) 03

AP acute pancreatitis; BISAP bedside index of severity in acute pancreatitis; DM diabetes mellitus; ICU intensive care unit; LOS length of hospital stay; SIRS

systemic inflammatory response syndrome

*Post-AP DM group vs normal-glucose group
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than in the group with normal glucose levels (45% vs.
26.8%, p=0.02). None of the other clinical parameters or
laboratory tests performed during or after hospitalization
was found to be associated with the post-pancreatitis
development of DM or pre-DM.

The patients’ vital signs at presentation to the
emergency department for acute pancreatitis are shown
in Table 3. Compared to the normal-glucose group, the
patients subsequently diagnosed with DM had significantly
higher values of systolic blood pressure (147+21 mmHg
vs. 131£23 mmHg, p<0.01) and diastolic blood pressure
(8315 mmHg vs. 74+13 mmHg, p=0.013).

Multivariate analysis of the combined effects of sex,
age, BISAP score, and etiology of pancreatitis yielded a
significant interaction between age (p=0.06) and BISAP
score (p=0.08) with post-pancreatitis DM /pre-DM.

DISCUSSION

The aim of the present study was to evaluate the rate
and risk factors of DM diagnosed after a first episode of
acute pancreatitis in a large cohort of patients presenting
to the emergency department over a 5-year period. Given
thatacute pancreatitis may resultin the destruction of some
pancreatic tissue, the subsequent occurrence of diabetes
is not unexpected. However, it has been demonstrated
that DM following acute pancreatitis is associated
with hyperinsulinemia [6], which suggests that acute
pancreatitis and insulin resistance/hyperinsulinemia may
have a common underlying mechanism.

Our analysis yielded an 8.2% rate of DM among patients
with acute pancreatitis, which rose to 13.6% with the
inclusion of patients with pre-DM. Interestingly, we found
that pancreatitis due to causes other than biliary disease
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Figure 1. The BISAP score for patients with AP.
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Table 2. Vital signs of patients at presentation to the emergency department for acute pancreatitis by presence/absence of diabetes mellitus.

Vital sign Total cohort Preexisting DM
(N=500) (n=118)

Heart rate (bpm), mean+SD 80+17 83+18

SBP (mmHg), mean+SD 136+24 139+24

DBP (mmHg), mean+SD 76+14 76+14

Temperature (°C), mean+SD 36.7+0.5 36.7+0.6

Post-AP DM Post-AP pre-  Normal glucose P value*
(n=41) DM (n=29) (n=312)

80+17 80+12 79+17 0.88
147+21 147+31 131423 <0.01
83+£15 79+19 74+13 0.013
36.7+0.33 36.7+0.6 36.8+0.5 0.76

AP acute pancreatitis; DBP, diastolic blood pressure; DM diabetes mellitus; SBP systolic blood pressure;

*Post-AP DM group vs. normal-glucose group

Note: together, non-biliary causes of pancreatitis were significantly more common in the post-DM group than the normal-glucose group (45% vs. 26.8%,

p=0.02).

Table 3. Etiology of acute pancreatitis in patients subsequently diagnosed with diabetes mellitus and patients with normal glucose levels.

Etiology of AP
Biliary, n (%)
Cholecystectomy during f-u 10 (91%)
Alcohol, n (%) 1(2.4%)
Trauma, n (%) 0
13(31.7%)
Malignancy, n (%) 2(4%)
Anatomy, n (%) 0
Unknown, n (%)* 14(34.15%)

AP acute pancreatitis; DM diabetes mellitus; f-u follow-up

Post-AP DM (n=41)
11 (26.8%)

Drugs, n (%)

*Including autoimmune and hyper-IgG4
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Normal glucose (n=312) P value
141 (45%) 0.024
138 (98%)

11(3.5%) 0.95
2(0.6%) 0.83
70(22.4%) 0.44
7(2%) 0.25
3(0.9%) 0.99
78(25%) 0.4

289



JOP. ] Pancreas (Online) 2018 Nov 30; 19(6):287-290.

was significantly more common in the patients who
acquired DM or pre-DM than in the patients with normal
glucose levels. Although DM is considered a risk factor for
the development of gallstones [12], none of the patients
in the DM/pre-DM groups was so diagnosed before the
pancreatitis episode. Therefore, it is possible that acute
pancreatitis due to causes other than gallstones results in
more extensive damage to beta cells. An analysis of insulin
levels by cause of acute pancreatitis was beyond the scope
of this study.

The patients who acquired DM after acute pancreatitis
had a significantly higher blood pressure at presentation
than patients with normal glucose levels. Of course,
a single elevated blood pressure measurement in the
emergency department does not establish a diagnosis of
hypertension. However, a previous study of patients with
gallstones reported that a significant proportion of those
found to have elevated blood pressure at the emergency
department visit acquired hypertension during follow-up
[13]. Thus, it is possible that increased blood pressure in
the emergency department signifies a tendency toward
hypertension, with hypertension being associated with
the development of DM or pre-DM as part of the metabolic
syndrome.

The BISAP score is an easy-to-use validated tool for
the assessment of the severity of acute pancreatitis, and it
is amenable for use in the emergency department setting
[14]. In the present study, a higher BISAP score was
significantly associated with the development of DM. This
finding suggests that patients presenting to the emergency
department with more severe acute pancreatitis are at
particularly high risk of the later development of DM.
They should therefore be carefully monitored so DM can
be diagnosed at an early stage, thereby preventing or
delaying its complications. It is noteworthy that the major
factor found to affect the association between BISAP score
and diabetes development was patient age.

This study is limited by the retrospective design.
Furthermore, the cohort was restricted to patients with a
first episode of acute pancreatitis, and the conclusions may
not be generalizable to patients with recurrent disease. As
the glucose tolerance test was not performed routinely in
all patients following the diagnosis of acute pancreatitis,
the incidence of DM may have been underestimated. The
severity and complications of DM were not evaluated.

CONCLUSIONS

According to the findings in the present study, about
8% of patients diagnosed with acute pancreatitis in the
emergency room will go on to acquire DM. Several clinical
variables are associated with the development of DM in this
setting, including elevated blood pressure at presentation

for acute pancreatitis, a non-biliary etiology of the
pancreatitis, and a high BISAP score. Clinician awareness
of these factors, particularly the BISAP score, may help
them identify patients at risk for the future development
of DM.
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