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Childhood Pancreatitis and Risk
for Incident Diabetes in Adulthood
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OBJECTIVE

The relationship between acute pancreatitis and incident diabetes is unclear.
We assessed whether a resolved single event of acute pancreatitis in childhood
was associated with incident diabetes in adulthood.

RESEARCH DESIGN AND METHODS

A nationwide, population-based study of 1,802,110 Israeli adolescents (mean age
17.4 years [range 16-20]) who were examined before compulsory military ser-
vice between 1979 and 2008 and whose data were linked to the Israeli Na-
tional Diabetes Registry (INDR). Resolved pancreatitis was defined as a history of a
single event of acute pancreatitis with normal pancreatic function at enroliment.
Logistic regression analysis was applied.

RESULTS

Incident diabetes developed in 4.6% of subjects with resolved pancreatitis (13
of 281; none of these cases were identified as type 1 diabetes) and 2.5% among
the unexposed group (44,463 of 1,801,716). Resolved acute pancreatitis was
associated with incident diabetes with an odds ratio (OR) of 2.23 (95% ClI 1.25-
3.98) with adjustment for age, sex, and birth year. Findings persisted after fur-
ther adjustments for baseline BMI and sociodemographic confounders (OR 2.10
[95% CI 1.15-3.84]). Childhood pancreatitis was associated with a diagnosis of
diabetes at a younger age, with 92% of diabetes case subjects diagnosed before
40 years of age compared with 47% in the unexposed group (P = 0.002). The
association accentuated when the study sample was limited to individuals of
unimpaired health or normal BMI at baseline.

CONCLUSIONS

A history of acute pancreatitis in childhood with normal pancreatic function in late
adolescence is a risk factor for incident type 2 diabetes, especially at young
adulthood.

Diabetes occurs when the pancreas is unable to secrete sufficient insulin to main-
tain normal glycemia due to autoimmune inflammation, nonautoimmune inflam-
mation, infiltration, neoplasia, resection, or unknown causes (1). Whereas chronic
pancreatitis was linked to a higher risk for diabetes (2,3), acute pancreatitis may be
accompanied by transient hyperglycemia (4,5), but resolves in most patients with-
out additional recognized sequelae (6). Nevertheless, a sequela of B-cell damage that
is accompanied with an increased risk for diabetes later in life may be underap-
preciated. This possibility is becoming of growing clinical importance given a fivefold
increase in the cases of acute pancreatitis diagnosed during childhood and adoles-
cence in the past two decades, approaching the incidence in adults, that had been
primarily attributed to greater awareness among clinicians (7,8).
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In contrast to the adult population (9),
acute pancreatitis during childhood or
adolescence is usually not associated
with the metabolic syndrome, but pri-
marily attributed to obstructive bile
disease, medications, or idiopathic eti-
ologies (10-12). In 2018, a National In-
stitutes of Health—funded prospective
study of pediatric acute recurrent and
chronic pancreatitis was initiated to
characterize disease risk factors, natu-
ral history, and outcomes, including risk
for incident diabetes (13). To our knowl-
edge, there is no equivalent study
conducted on nonrecurrent acute pan-
creatitis, and it is unknown whether
history of apparently resolved pancrea-
titis increases the risk for diabetes later
in life. The long-term risk of diabetes
among patients with childhood resolved
pancreatitis that had not progressed
to diabetes in childhood is unclear and
is of importance given the key role of
gradual deterioration in (3-cell mass and
function in the pathophysiology of di-
abetes (14). In this study, we analyzed
the association between history of clin-
ically resolved acute pancreatitis and
future diabetes risk in a nationwide co-
hort of 1.8 million adolescents.

RESEARCH DESIGN AND METHODS

Study Population

Included in the study were all poten-
tial Israeli adolescent recruits who
underwent a medical examination to
assess their fitness for military service
1 year before conscription. The assess-
ment process and designation of individ-
uals to study groups are presented in
Fig. 1. The study sample included all
Israeli adolescents who were evaluated
at 16-20 years of age between 1 Janu-
ary 1979 and 31 December 2008 (n =
1,870,961). Excluded from the analy-
sis were persons with a history of di-
abetes or dysglycemia, those who died
before establishment of the Israel Na-
tional Diabetes Registry (INDR) in
2012 (as diabetes was not reported in
those who died prior to its establish-
ment), and those with missing height
or weight data given the critical role
attributed to obesity in the develop-
ment of diabetes among young adults
(15). The final study sample included
1,802,110 individuals (59% men).
The Institutional Review Board of the
Israel Defense Forces Medical Corps
approved this study and waived

the requirement for written informed
consent.

Clinical Assessment and Diagnosis of
Childhood Resolved Pancreatitis

The medical assessment performed by a
physician as part of the military enroll-
ment process included a detailed inter-
view, review of medical history and
records, and physical examination. If
this assessment revealed abnormal find-
ings or a positive medical history, the
examinee would have been referred to
appropriate tests or consultation by a
board-certified specialist to determine
his or her medical fitness.

The diagnosis of resolved acute pan-
creatitis was made by a board-certified
gastroenterologist and included cases
with a history of a single event of acute
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pancreatitis that occurred at least 1 year
prior to study enrollment and had normal
pancreatic function without any evi-
dence for chronic pancreatic sequelae.
Notably, all individuals who were classi-
fied as having a single event of acute
pancreatitis had no episodes of recurrent
pancreatitis during their mandatory mil-
itary service (2-year and 3-year period for
women and men, respectively), thereby
providing a period of at least 3 years that
was used to ascertain classification of no
more than a single event of acute pan-
creatitis. Information regarding the age
at pancreatic episode, laboratory test
results, and diagnostic imaging findings
assessed by gastroenterologists were
unavailable to us. Conscripts without a
history of childhood pancreatic disease
were assigned to the unexposed group.

Individuals age 16-20 years
Collection of sociodemographic data
Primary medical assessment included:

Pre-recruitment evaluation between 1979 and 2008 (n=1,870,961)

Review of health summary by individual’s family physician
Detailed medical interview and physical examination by a physician
Measurement of height, weight, and blood pressure

Excluded (n=68,851)
History of diabetes or dysglycemia (n=2,510)

Missing height or weight data (n=54,352)
Deaths before 2012 (n=12,732)

1,802,110 individuals

No history of childhood
pancreatic disease

n=1,801,716

History of childhood

pancreatic disease
n=394

Secondary medical evaluation included:

Medical evaluation and establishment of a diagnosis by a
gastroenterologist who confirmed that the individual had
normal pancreatic function and that individuals with history of
pancreatitis had been disease-free for more than 12 months and
without pancreatic sequelae

n=281

Resolved Pancreatitis

Chronic Pancreatic Disease
n=113

| Figure 1—Examination process and study sample buildup.
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Conscripts with two or more episodes of
acute pancreatitis, chronic pancreatitis,
or history of subtotal or partial pancre-
atectomy were collectively assigned as
having chronic pancreatic disease (n =
113). These cases were excluded
from the primary analysis and analyzed
separately.

INDR

The primary outcome of the study was
incident diabetes of any type docu-
mented in the INDR. The INDR database
is a national registry managed by the
Israel Center for Disease Control in the
Ministry of Health. Since 2012, all HMOs
that provide health care services to all
residents are requested by law to report
annually on incident and prevalent cases
of diabetes. Diabetes was defined in
cases which met one or more of the
following criteria in the previous year: 1)
glycated hemoglobin (HbA;) =6.5%
(48 mmol/mol); 2) serum glucose con-
centrations of =200 mg/dL (11.1
mmol/L) in two tests performed at an in-
terval of at least 1 month apart; and 3) three
purchases or more of glucose-lowering
medications. The sensitivity of the INDR
is 95%, and the specificity is 93%. The
latter increases to >98% for cases that
were reported in 2 separate years. While
data regarding the existence of islet
autoantibodies were unavailable, the
INDR includes data regarding the class
of glucose-lowering drugs, which were
used to define the type of diabetes.
Diabetes was classified as type 1 diabetes
in case subjects who were actively trea-
ted with short-acting insulin and met
at least one of the following criteria:
1) short-acting insulin purchase within
1 year from diabetes diagnosis; and 2)
insulin purchase without any prior his-
tory of oral glucose-lowering medication
purchase. The remaining case subjects
were classified as having type 2 diabetes.
If clinical data regarding glucose-lowering
medications were missing, patientsinthe
case group were classified as having
diabetes of uncertain type. Case subjects
with gestational diabetes mellitus are
not reported to the INDR.

The INDR database contains informa-
tion regarding date of diagnosis for pa-
tients diagnosed after 1 January 2000.
Date of diabetes diagnosis was available
for 74.4% of case subjects. Their base-
line characteristics were comparable to
those without data regarding the time of

diabetes diagnosis (Supplementary
Table 1). Medical data at enrollment
were linked to the INDR using civilian
identification number. Follow-up extended
from initial medical assessment until
31 December 2016.

Study Variables

Age at examination and year of birth
were treated as continuous variables.
Education was divided into three
groups: <10, 11, or 12 years of formal
schooling. Residential socioeconomic
status, based on locality of residence
at the time of examination, was coded
on alto 10 scale (16) and grouped into
low (1-4), medium (5-7), and high (8—10)
categories. Cognitive performance level
was assessed by general intelligence
score, which was strongly associated
with diabetes risk in a subpopulation
of this cohort (17,18) and grouped
into low (less than or equal to —1 SD),
medium (between —1SDand +15SD),and
high (greater than or equal to +1 SD)
(17). Country of origin was classified by
the examinee’s father’s country of birth
or by the grandfather’s country of birth if
the father was born in Israel (19). BMI
was calculated based on measured
height and weight (weight in kilograms
divided by height in meters squared).
The classification to BMI categories of
the U.S. Centers for Disease Control and
Prevention was applied as it was pre-
viously validated and selected by the
Israel Ministry of Health as the routine
reference for anthropometric data in
children (20). BMI was classified into
three categories: underweight (<5th
percentile), normal BMI (=5th percentile
to <85th percentile), and overweight
and obese (=85th percentile).

Statistical Analysis

Categorical variables were compared by
X or Fisher exact tests. A t test was used
to test differences in continuous varia-
bles. All tests used were two-tailed, and
P < 0.05 was considered statistically
significant. We applied logistic regression
analysis to determine the odds ratio (OR)
for diabetes in the group with resolved
pancreatitis compared with the unex-
posed population. In the prespecified
minimally adjusted model, we adjusted
for sex, birth year, and age at examina-
tion. The fully adjusted multivariable
model additionally included BMI, cogni-
tive performance level, education level,
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socioeconomic status, and country of
origin. We calculated the E-value, which
is the minimum strength of association that
an unmeasured confounder would need
to have with both the exposure and out-
come to fully account for the association
between a history of resolved pancreatitis
and incident diabetes (21,22).

Several sensitivity analyses were con-
ducted: 1) to minimize misclassification
in diabetes diagnosis, a stricter definition
of diabetes was used, in which diabetes
diagnosis was valid only if diabetes cri-
teria were fulfilled on 2 separate calendar
years; 2) to minimize confounding by
coexisting morbidities, the study sample
was restricted to individuals with un-
impaired health status (defined as lack
of chronically prescribed medical treat-
ment and absence of a history of any
chronic disease or a history of a major
operation) (23,24); 3) to better control
for adolescence obesity, analysis was
limited to individuals with normal BMI
at enrollment; and 4) to assess the
robustness of the adjusted OR of the
entire cohort, E-value was calculated
(21,22). 5) Cox proportional hazards
models were used to determine time
to diabetes diagnosis and to estimate
the hazard ratio for developing diabetes
in the group with resolved pancreatitis,
compared with the unexposed group. For
this analysis, follow-up extended from
initial medical assessment to diabetes
diagnosis, death, or 31 December 2016,
whichever came first. Individuals who
developed diabetes without a recorded
date of diagnosis (n = 11,515) were
excluded. 6) The study outcome was
set as diabetes diagnosis prior to 40 years
of age, the mean age of diagnosis in the
cohort, as well as to other age cutoffs. 7)
To account for the increasing rates of
childhood pancreatitis in recent years,
we defined an unexposed group in which
the proportions of enrollment year were
similar to that in the exposed group.

The association between examinees
with chronic pancreatic disease and in-
cident diabetes risk was determined. All
statistical analyses were conducted with
SPSS software, version 25.0 (IBM).

RESULTS

Baseline demographic and clinical char-
acteristics of 1,801,997 examinees are
presented in Table 1. Sociodemographic
characteristics were similar at initial
medical assessment, albeit the proportion
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Table 1—Baseline characteristics of the study population

No history of

History of childhood childhood pancreatic

resolved pancreatitis disease P value
Number 281 1,801,716
Age, years 17.5 = 0.6 174 = 0.4 <0.001
Male, number (%) 195 (69.4) 1,043,796 (57.9) <0.001
Female, number (%) 86 (30.6) 757,920 (42.1)
Male height, cm 174.7 = 6.6 1740 = 6.8 0.143
Female height, cm 162.6 = 6.6 162.3 = 6.1 0.593
Male BMI, kg/m? 219 + 3.7 216 + 3.4 0.224
Female BMI, kg/m2 224 + 43 21.7 £ 3.4 0.092
BMI categories, number (%)t 0.002
Underweight 24 (8.5) 123,829 (6.9)
Normal weight 204 (72.6) 1,451,498 (80.6)
Overweight and obese 53 (18.9) 226,389 (12.6)
Completed high school education, % 87 83 0.071
Residential socioeconomic status, % 0.533
Low 23 26
High 23 22
Cognitive performance level, % 0.115
Low 15 16
Medium 67 71
High 18 14
Country of origin, % <0.001
Israel 7 7
Former USSR 28 16
Asia 23 24
Africa 19 23
Europe 23 28
Ethiopia 1 1
Period of enrollment, number (%) 0.001
1979-1988 50 (17.8) 452,032 (25.1)
1989-1998 94 (33.5) 653,227 (36.3)
1999-2008 137 (48.8) 696,457 (38.7)
Unimpaired health, %% 78 81 0.71
Duration of follow-up, years§ 20.0 £ 7.8 21.6 = 8.2 0.001
Age at end of follow-up, years§ 375+ 7.9 389 *+ 8.3 0.004

Data are means = SD unless otherwise indicated. USSR, Union of Soviet Socialist Republics. TBMI
categories classified according to percentiles: underweight (<5th), normal BMI (=5th to <85th),
and overweight and obese (=85th). BMI percentiles determined by the U.S. Centers for Disease
Control and Prevention sex- and age-specific BMI range. $Unimpaired health was defined as lack of
chronically prescribed medical treatment and absence of a history of any major disease or a history
of a major operation. §Follow-up extended from initial medical assessment until 31 December

2016.

of men was higher in the resolved
pancreatitis group. Individuals with a
history of resolved pancreatitis were
more overweight and obese at adoles-
cence compared with unexposed (18.9%
vs. 12.6%; P = 0.008), but mean BMI was
statistically comparable between groups
in both men and women (P = 0.224 and
P = 0.092, respectively). Rates of un-
impaired health status at baseline were
also comparable between the study
groups (78% and 81%, respectively;
P = 0.71).

Among 1,802,110 individuals, a total of
281 (0.016%) had a history of childhood-

resolved acute pancreatitis. There were
13 (4.63%) and 44,463 (2.47%) case
subjects with incident diabetes among
those with resolved pancreatitis and the
unexposed population, respectively. A
history of childhood pancreatitis was
associated with an OR for diabetes of
2.23 (95% Cl 1.25-3.98) after adjustment
for sex, birth year, and age (Fig. 2). This
finding was consistent after further ad-
justment for baseline BMI, education
level, cognitive performance, socioeco-
nomic status, and country of origin (ad-
justed OR 2.10 [95% Cl 1.15-3.84]; P =
0.016). Results persisted when a stricter
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definition of diabetes was used (adjusted
OR2.22[95% Cl11.19-4,16]; P = 0.013) or
when the analysis was limited to indi-
viduals with unimpaired health to min-
imize confounding by coexisting illness
(adjusted OR 2.27 [95% CI 1.17-4.40]).
The risk for incident diabetes with a
history of resolved pancreatitis was ac-
centuated when only individuals with
normal BMI were included (adjusted
OR 3.09 [95% Cl 1.57-6.08]) (Fig. 2).
Of note, the observed adjusted OR
between a history of resolved pancrea-
titis and incident diabetes of the entire
cohort could be explained away by an
unmeasured confounder that was asso-
ciated with the latter both by an OR of
3.62 each, above and beyond the mea-
sured confounders, but weaker con-
founding could not do so; the ClI could
be moved to include the null by an
unmeasured confounder that was asso-
ciated with both a history of resolved
pancreatitis and incident diabetes by an
OR of at least 1.57 each, whereas weaker
confounding could not do so.

Time-to-diabetes incidence was shorter
in the resolved pancreatitis group com-
pared with the unexposed group (mean
*+SD,18.7 =5.0vs.23.2 = 7.2 years; P =
0.029) (Supplementary Table 2). Cox
proportional hazard models yielded
similar results to the logistic regres-
sion models with an adjusted hazard
ratio of 2.36 (95% ClI 1.34-4.16; P =
0.003) (Supplementary Table 2 and
Supplementary Fig. 1).

Diabetes among individuals with a his-
tory of childhood pancreatitis was di-
agnosed at a younger age compared with
diabetes incidence in the unexposed
group (mean age = SD, 36.4 *= 4.8 vs.
40.7 = 7.2 years; P = 0.037). Notably,
92% of case patients with diabetes
among individuals with a history of
childhood pancreatitis occurred before
40 years of age, compared with 47%
in the unexposed group (P = 0.002).
Accordingly, the point estimate was ac-
centuated when incident diabetes by
40 years of age was the outcome (ad-
justed OR 4.65 [95% Cl| 2.48-8.72]) (Fig. 2
and Supplementary Table 3). The differ-
ence in the age of diabetes diagnosis
persisted in a subanalysis in which the
examinees in the unexposed group en-
rolled in the study in years with similar
proportions to that of the exposed group
(mean age * SD, 36.4 = 4.8 vs. 39.9 *
7.5 years; P = 0.029). Of note, with the
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Subgroup

no. of cases/total no. of participants

Total population yinimally adjusted 13/281
Total population ,gjusted 13/275
Unimpaired health 11/214
Normal BMI" 10/198
Age <40 years at diagnosisT 11/274

Resolved Pancreatitis No Pancreatic Disease

Odds Ratio for Incident Diabetes (95% Cl) P Value
44,463/1,801,716 —e— 2.23(1.25-3.98) 0.007
43,160/1,768,100 e s | 2.10(1.15-3.84) 0.016
34,442/1,433,812 —e— 2.27 (1.17-4.40)  0.015
28,988/1,424,552 @ 3.09(1.57-6.08)  0.001
15,018/1,756,586 I L { 4.65 (2.48-8.72) <0.001

1 3 5 7 9
>

More likely in Resolved Pancreatitis
vs. No Pancreatic Disease

Figure 2—The association between history of childhood resolved pancreatitis and diabetes risk at young adulthood. Logistic regression analysis to
determine the OR for diabetes in the group with resolved pancreatitis compared with the unexposed population. Prespecified minimally adjusted model
includes sex, birth year, and age at examination. Fully adjusted multivariable model additionally includes BMI, cognitive performance level, education
level, socioeconomic status, and country of origin. Fully adjusted model was applied for unimpaired health, normal BMI, and age =40 years at diagnosis
analyses presented. *Applying both restrictions of unimpaired health and normal BMI at baseline yielded an adjusted OR of 3.41 (95% CI 1.66—7.01).
FIncluded were individuals with information on age of diagnosis. To account for those excluded because they had missing data on age of diagnosis, we
show their characteristics in a separate analysis (Supplementary Table 1).

latter unexposed group, point estimates
were similar with an adjusted OR of 2.08
(95% Cl 1.14-3.81; P = 0.017). None of
the case subjects with diabetes in the
group with resolved pancreatitis were
classified as having type 1 diabetes.

We detected 113 individuals (0.006%
of the entire cohort) with a history of
chronic pancreatic disease, of whom
9 (8%) were diagnosed with diabetes
during the follow-up period. A history
of chronic pancreatic disease was asso-
ciated with a minimally adjusted OR for
diabetes of 6.19 (95% Cl 2.93-13.08)
with a minimal OR attenuation in the
fully adjusted model (adjusted OR 5.67
[95% CI 2.62-12.25]) (Supplementary
Table 4).

CONCLUSIONS

In this nationwide population-based
study, a history of childhood resolved
acute pancreatitis without clinical or
laboratory evidence of compromised en-
docrine or exocrine pancreatic functions
in adolescence, doubled the risk for in-
cident diabetes, and was associated with
an earlier age of diabetes diagnosis in-
dependent of BMI and other confound-
ing factors. An analysis limited to those
with unimpaired health and normal BMI
at late adolescence strengthened this
association.

The etiologies of acute pancreatitis in
the pediatric age group are diverse com-
pared with adults and may include ob-
structive causes, medications, idiopathic,
systemic diseases, trauma, and viral,

metabolic, and genetic causes, in de-
scending order of frequency (10-12).
Although genetic predisposition and
metabolic factors may underlie recurrent
acute pancreatitis as well as chronic
pancreatitis, they are relatively rare in
children who suffer from a single event of
acute pancreatitis (12). Our classification
of resolved acute pancreatitis was strict
in limiting the history to no more than a
single event and assuring a minimum
disease-free period of at least 3 years,
making genetic factors or hypertriglycer-
idemia as less likely etiologies in our
cohort. While pancreatitis was coded
without a definitive etiology, most indi-
viduals who developed diabetes did not
have a chronic comorbidity or chronically
prescribed medical treatment at enroll-
ment, consistent with an idiopathic
nature.

In adults, the relationship between
acute pancreatitis and diabetes is pro-
posed to be bidirectional (9). The main
studies that evaluated acute pancreatitis
as a cause for diabetes suggested a high
prevalence of diabetes (16-54%) among
patients after acute pancreatitis (25—28)
and reported a relative high prevalence
of a history of acute pancreatitis (1.1%)
among patients with adult-onset diabe-
tes (29). Similar to our findings, two
population-based studies from Taiwan
National Health Insurance Research Da-
tabase reported hazard ratios of 2.54 and
2.15 for incident diabetes following
acute pancreatitis compared with matched
control subjects without such a diagnosis

(30,31). In children and adolescents, there is
scarce evidence linking a history of acute
pancreatitis with incident diabetes. Raman
et al. (4) reported that 4.5% of 176 children
and adolescents with acute pancreatitis
developed diabetes during hospitalization
and defined diabetes as at least a single
measurement of glucose >200 mg/dL
combined with a prescription of insulin
at hospital discharge. Notably, most pa-
tients had significant comorbidities, and
the long-term diabetes risk was not
assessed.

There are several potential mecha-
nisms that can account for the associa-
tion between resolved acute pancreatitis
and an increased risk for diabetes later in
life. It has been shown that areduction in
B-cell mass may be associated with a
higherrisk for diabetes (32). Thus, it could
be that inflammation of the exocrine
pancreas in pancreatitis collaterally dam-
ages B-cells of the endocrine islets, re-
sulting in a reduced islet mass. Clinical
resolution of acute pancreatitis as judged
by standard clinical measures may not
necessarily reflect absence of some re-
sidual damage to B-cell mass, especially
in the first years after injury. Rather, this
may manifest later in life with the co-
existence of other diabetes risk factors. In
that respect, we found that the average
age of diabetes diagnosis was younger by
4 years among those with a history of
acute pancreatitis even when adolescent
BMI was carefully controlled. This may
suggest alower capacity to overcome the
individual’s underlying degree of insulin
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resistance and that a shorter duration is
sufficient to induce B-cell failure and
hyperglycemia, supporting the hypothe-
sis that diabetes in young adulthood may
be more strongly dependent on (3-cell
failure than in those who develop type 2
diabetes later in life (15). The occurrence
of B-cell damage during somatic growth
might also reduce replication capacity of
B-cells and the number of existing islets,
asthe contribution of new islet formation
tothe overallincreasein 3-cell mass from
birth to adolescence was estimated to be
only 12% (33). Unavailability of the pre-
cise age of pancreatitis diagnosis and
its severity is one of the study limitations,
as the rate of expansion in (3-cell
mass is suggested to be higher in early
childhood compared with adoles-
cence (33). However, the higher risk
estimates for incident diabetes among
those with chronic pancreatic injury is
in line with a dose-dependent effect
of such a mechanism. In that respect,
asymptomatic undiagnosed chronic
pancreatitis may be an underrecognized
cause of diabetes (2). Elucidating the
mechanism underlying increased diabe-
tes risk following resolved acute pancre-
atitis is limited by lack of data on -cell
reserve and insulin resistance. As data
on the presence of autoantibodies were
unavailable to us, we cannot completely
exclude the possibility of misclassifica-
tion of type 1 diabetes (34). Neverthe-
less, none of our case subjects with
diabetes with a history of resolved pan-
creatitis had a concurrent autoimmune
disease at medical evaluation or were
prescribed a short-acting insulin despite
their relatively young age at diabetes
diagnosis.

Our study has several limitations. First,
as we did not have information about the
etiology and the clinical severity of pan-
creatitis and on recurrence after military
service, it is possible that the increased
risk was mediated by recurrent attacks,
which might have occurred later in adult-
hood. However, itis suggested that ~65—
85% of children with a single event of
pancreatitis do not suffer from recurrent
episodes (10,11) and that among those
with acute recurrent pancreatitis, the
median progression time to chronic pan-
creatitis is ~1 year (interquartile range
1.5 months to 2.7 years) (35). When
taking into consideration that for classi-
fication we had data available on addi-
tional incident attacks of pancreatitis

during the time interval between pre-
recruitment medical assessment and
military discharge, the possibility that
recurrent pancreatitis solely mediated
the association is unlikely. Second, life-
style data at enrollment and during
follow-up were unavailable to us such as
smoking, alcohol consumption, or phys-
ical activity. Of note, accounting for
sociodemographic background, which
was shown to strongly correlate with
lifestyle habits in our cohort (36), min-
imally changed the point estimates.
Third, data regarding the age of diabetes
diagnosis were missing for 26.6% of the
cohort. However, the baseline character-
istics of those who developed diabetes
and for whom the age at diabetes di-
agnosis was available were similar to
those without this data item, and similar
point estimates were computed when
diabetes diagnosis was limited only to
those with a date of diagnosis. Fourth, we
lacked longitudinal data on diabetes se-
verity in our study groups, and our ob-
servations are based on a relatively small
number of incident case subjects with
diabetes among those with a history of
resolved pancreatitis. Yet, results with-
stood an extensive sensitivity analyses
and were minimally affected by adjust-
ment for obesity and sociodemographic
variables, and it would be required that a
strong unknown confounder be present
to account for the association. Finally,
although our study design aimed to re-
duce previous exposure to dysglycemia,
it lacked a structured screening for glu-
cose levels. Hence, we cannot exclude
the possibility that patients with undi-
agnosed dysglycemia were included in
our study and that the onset of diabetes
may have occurred years before (37). The
strengths of our study include systematic
collection of clinical data throughout
three decades, using linkage between
two nationally representative databases,
strict definition of resolved acute pan-
creatitis, and strict control for health and
obesity status at baseline.

In conclusion, a clinically resolved sin-
gle event of acute pancreatitis is associ-
ated with anincreased risk for diabetes at
young adulthood, independent of ado-
lescent obesity or sociodemographic fac-
tors, and is associated with a younger
age of disease diagnosis. These patients
therefore may require a tighter follow-up
and aggressive control of other diabetes
risk factors. Future studies are required
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to confirm these results in other pop-
ulations and test the role of early ther-
apeutic intervention at the prediabetes
stage to prevent or delay diabetes onset.
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