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Pancreatitis is an inflammatory disease of the pancreas resulting from the 
premature activation of digestive enzymes within the pancreas. Pancreatitis 
occurs in both acute and chronic forms. During 2004–2018, a total of 6,471 
U.S. active component service members received incident diagnoses of acute 
pancreatitis (AP), for a crude overall incidence rate of 31.8 per 100,000 per-
son-years (p-yrs). Compared to their respective counterparts, overall rates of 
AP diagnoses were highest among females, those in older age groups, non-
Hispanic blacks, Army members, and those working in healthcare occupa-
tions. Crude annual rates of AP diagnoses increased by 25.5% over the 15-year 
period; this trend was driven largely by a rise in outpatient rates. Of the total 
incident cases of AP, 9.0% received a subsequent incident diagnosis of chronic 
pancreatitis (CP) during the surveillance period. Between 2004 and 2018, 
the crude overall incidence rate of CP was 4.4 per 100,000 p-yrs. Patterns of 
overall rates of CP by demographic and military characteristics were gener-
ally similar to those for AP. Crude annual rates of CP fluctuated between 3.7 
per 100,000 p-yrs and 5.7 per 100,000 p-yrs during the surveillance period, 
with no pronounced overall trend over time. To inform preventive and thera-
peutic strategies, continued research is needed to understand the factors that 
increase risk of progression from AP to CP and the importance of the interac-
tion between genetic and environmental factors in this transition.
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W H A T  A R E  T H E  N E W  F I N D I N G S ?   

This is the first MSMR report of the incidence 
of acute (AP) and chronic pancreatitis (CP) 
in the U.S. Armed Forces. Over the 15-year 
surveillance period, these relatively rare 
conditions were diagnosed in 6,471 and 893 
active component service members, respec-
tively. During the study period, approximately 
one-fifth (20.1%) of the incident AP cases 
experienced a recurrent attack of AP. A total 
of 581 (9.0%) of the AP cases received a 
subsequent incident diagnosis of CP during 
the study period.

W H A T  I S  T H E  I M P A C T  O N 
R E A D I N E S S  A N D  F O R C E  H E A L T H 
P R O T E C T I O N ?

AP and CP can significantly degrade the 
military operational capabilities of affected 
service members due to the various symp-
toms of the disorders. As a result, applicants 
for military service with a history of AP or CP 
are disqualified from service unless their AP 
was due to gallstones and was successfully 
treated by cholecystectomy. Furthermore, CP 
may result in long-term disability and predis-
poses patients to pancreatic cancer.

Pancreatitis is an inflammatory dis-
ease of the pancreas that causes 
significant morbidity and mortal-

ity worldwide.1 Located behind the stom-
ach, the pancreas is a long, flat gland that 
secretes digestive enzymes into the small 
intestine and releases insulin to regulate 
blood glucose levels. Clusters of pancre-
atic acinar cells produce inactive precur-
sors of digestive enzymes that are converted 
to active forms once they reach the small 
intestine.2 Pancreatitis results from the 
premature activation of digestive enzymes 
within the pancreas that leads to organ 
injury with or without subsequent destruc-
tion of the pancreatic acinar cell clusters.2 

Pancreatitis occurs in acute and 
chronic forms. Acute pancreatitis (AP) is 
characterized by abdominal pain, nausea, 
vomiting, and elevated levels of pancreatic 
enzymes in the blood.2 The course of AP is 

highly variable. Although AP is self-limit-
ing with supportive treatment in up to 80% 
of patients, it results in severe fulminant 
disease with extensive necrosis, systemic 
inflammation, and life-threatening multi-
organ failure in a minority of cases.3,4 

Gallstones and chronic alcohol abuse 
are the most common causes of AP.2,5 Gall-
stones account for an estimated 25 to 60% 
of AP cases in the U.S.6–9 Obstruction of the 
pancreatic duct by gallstones and the resul-
tant collection of pancreatic fluid leads to 
an inflammatory response within the pan-
creas.2,4,10 In cases with a biliary etiology, 
recurrence of AP is prevented by cholecys-
tectomy and removal of gallstones from the 
common bile duct.11 

Approximately 25 to 35% of AP cases 
in the U.S. are attributable to long-term 
excessive alcohol consumption.6–9 Limiting 
alcohol consumption or total abstinence 

from alcohol after the onset of alcohol-
related AP greatly reduces the risk of recur-
rences.11 Many of the damaging effects of 
alcohol on the pancreas are likely due to the 
direct effects of its toxic metabolites (e.g., 
acetaldehyde and fatty acid ethyl esters) on 
pancreatic cells.12 Alcohol also increases 
the permeability of pancreatic duct cells 
and alters pancreatic secretions by increas-
ing their protein content and decreasing 
their bicarbonate levels.12 The conditions 
resulting from these changes can lead to the 
formation of protein plugs that block pan-
creatic outflow.12 However, many aspects 
of the mechanisms of pancreatic injury as 
well as the environmental (e.g., cigarette 
smoking) and genetic factors that affect the 
development of AP in heavy alcohol drink-
ers are not fully understood.5,12 

Leading risk factors for AP include 
cigarette smoking,13 hypertriglyceridemia 



	 MSMR  Vol. 27  No. 10  October 2020 Page  10

(triglyceride levels above 1,000 mg/dL),14,15 
some medications,16 having undergone 
endoscopic retrograde cholangiopancrea-
tography (ERCP),17 and certain genetic risk 
profiles.18 The cause of AP is unknown in 
10 to 30% of AP cases;9 however, results 
of several studies suggest that as many as 
two-thirds of idiopathic AP cases may be 
due to biliary microlithiasis.19–21 Other 
recent evidence indicates that the major-
ity of idiopathic and recurring AP cases 
have underlying complex genetic risk 
profiles.22,23

AP is a leading gastrointestinal-related 
cause of hospitalization in the U.S. In 2014, 
AP accounted for over 275 thousand hos-
pital admissions and nearly 1.3 million 
hospital bed days.24 In the U.S. general pop-
ulation, estimates of the incidence of AP 
range from approximately 40 to 124 per 
100,000 persons, depending on the popu-
lation studied, type of data used, and the 
methods employed to identify cases.25–27 
Published data on the occurrence of AP 
among U.S. military personnel are sparse. 
One study of the incidence of AP among 
Military Health System beneficiaries hos-
pitalized between 1 October 2008 and 30 
September 2012 reported a cumulative 
incidence of approximately 25 per 100,000 
patients.28  

Chronic pancreatitis (CP) is character-
ized by recurrent or persistent abdominal 
pain caused by progressive fibrosis of the 
pancreas and destruction of acinar and islet 
cells.29 Over the long-term, the progressive 
injury to the pancreas and surrounding 
structures generally results in loss of func-
tion.29 Evidence suggests that AP, recurring 
AP, and CP are on a continuum of related 
conditions with no clear-cut clinical tran-
sition points.30–32 The mechanisms of CP 
initiation and progression are complex 
and vary depending on underlying etiol-
ogy, genetic risk profile, and environmen-
tal exposure.30–32 The majority of CP cases 
have more than 1 underlying cause; more-
over, many aspects of the mechanisms by 
which the most common etiologies (i.e., 
heavy alcohol consumption5 and ciga-
rette smoking13) cause CP remain unclear. 
The currently accepted view of CP patho-
physiology holds that, following recurrent 
acute attacks, alcohol may trigger progres-
sion to chronic pancreatitis and pancreatic 

cancer.12 Such progression may occur as a 
result of the damaging effects of alcohol’s 
metabolites on pancreatic cells; changes 
in cell signaling pathways; oxidative stress; 
activation of pancreatic stellate cells to pro-
duce fibrosis and the associated tissue dam-
age; and other mechanisms.33 Smoking is 
an independent risk factor for both AP and 
CP and evidence indicates it has synergistic 
pathogenic effects with alcohol.5,12,25 

Population-based estimates of the epi-
demiology of CP are highly variable as there 
are no universally accepted diagnostic cri-
teria for this condition.27,30 However, lim-
ited evidence suggests that the incidence 
of CP in the U.S. general population ranges 
from 4 to 32 per 100,000 persons.25,26,34  

AP and CP can significantly degrade 
the military operational capabilities of 
affected service members due to the vari-
ous symptoms of the disorders. As a result, 
histories of AP, unless due to gallstones and 
successfully treated by cholecystectomy, 
and CP are disqualifying conditions for 
entrance into the U.S. military.35

This is the first MSMR article to report 
on the incidence rates of both AP and 
CP among U.S. active component service 
members. The current analysis describes 
the incidence of both forms of pancreati-
tis during 2004–2018 by demographic and 
military characteristics, examines the age 
of onset of both AP and CP, determines the 
median number of AP attacks per affected 
individual, and identifies the proportion of 
incident AP cases that progressed to CP. 

M E T H O D S

The surveillance population consisted 
of all individuals who served in the active 
component of the U.S. Army, Navy, Air 
Force, or Marine Corps at any time between 
1 January 2004 and 31 December 2018. 
Diagnoses were ascertained from adminis
trative records of all inpatient and outpa-
tient encounters of individuals who received 
medical care in fixed (i.e., not deployed or 
at sea) medical facilities of the Military 
Health System (MHS) or civilian facilities 
in the purchased care system documented 
in the Defense Medical Surveillance Sys-
tem (DMSS). In addition, diagnoses from 

healthcare encounters of deployed service 
members were ascertained from the Theater 
Medical Data Store (TMDS), which is incor-
porated into the DMSS.

An incident case of AP was defined by 
having 1) a case-defining diagnosis (Table 
1) in the first or second diagnostic position 
of at least 1 record of an inpatient medical 
encounter, or 2) two or more outpatient or 
TMDS medical encounters occurring within 
90 days of each other (but not on the same 
day), with any of the defining diagnoses of 
AP in the first or second diagnostic posi-
tion. The selection of the latter criterion 
was informed by the results of Xiao and col-
leagues’ recent meta-analytic examination of 
the diagnostic accuracy of various case defi-
nitions for identifying AP patients.27 Results 
of this study showed that the positive predic-
tive value (PPV) associated with estimates of 
AP in studies using this criterion was higher 
(0.81) than that associated with studies that 
required the AP diagnosis appear in the pri-
mary diagnostic position (0.75).27 Cases of 
CP were defined by at least 1 inpatient or 2 or 
more outpatient or TMDS medical encoun-
ters within 12 months of each other, with 
any of the defining diagnoses of CP in the 
first or second diagnostic positions (Table 1). 
For the purposes of identifying incident AP 
and CP cases, TMDS records were treated as 
outpatient encounters.

The incidence date was the date of the 
first case-defining hospitalization or outpa-
tient medical encounter that included a diag-
nosis of AP or CP. An individual could be 
counted as a case of AP or CP once per life-
time. An individual could be considered an 
incident case of AP and subsequently con-
sidered an incident case of CP. However, if a 
case-defining diagnosis of CP occurred first, 
the case could not be considered a case of 
AP at a later time. Prevalent cases (i.e., cases 
occurring before the start of the surveillance 
period) were excluded from the incidence 
analysis, and person-time was censored at 
the time of the incident case diagnosis. Inci-
dence rates were calculated as incident AP 
or CP diagnoses per 100,000 person-years 
(p-yrs) of active component service. If a ser-
vice member had more than 1 case-defining 
AP- or CP-related encounter on the same 
day, inpatient encounters were prioritized 
over outpatient encounters, which were pri-
oritized over TMDS encounters.
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Consistent with published studies of 
AP incidence using data from electronic 
medical records, AP cases were classified 
by the presence of specific clinical etiologic 
risk factors.9,36 The number of etiologic cat-
egories for ICD-9-coded AP was limited 
to idiopathic and mixed etiology (classifi-
cation as idiopathic plus either alcohol- or 
biliary-related). ICD-10-coded AP cases 
were classified into 7 categories includ-
ing drug-induced, idiopathic, biliary, alco-
hol-induced, mixed etiology, other, and 
unspecified. The ICD diagnostic codes used 
to classify AP cases into these groupings 
are presented in Table 2. Incident CP cases 
were classified by diagnosis code into 2 cat-
egories—alcohol-induced CP or other CP 
(Table 1).

Median age at the time of case-defin-
ing diagnosis of AP was computed overall, 
by sex, and by race/ethnicity group. In addi-
tion, the number and percentage of total 
incident AP cases who underwent cho-
lecystectomy after their incident diagno-
sis of AP was determined. An incident AP 
case was considered to have undergone a 

cholecystectomy if there was an inpatient 
encounter with a procedure code (PR code) 
for cholecystectomy in any position or an 
outpatient encounter with a Current Proce-
dural Terminology (CPT) code for cholecys-
tectomy in any position (Table 3). 

Because AP is often characterized 
by later attacks that each require medical 

attention, the number of AP attacks during 
the surveillance period was determined. The 
incident AP diagnosis counted as 1 attack. A 
subsequent AP attack was defined as having 
an inpatient, outpatient, or TMDS encoun-
ter with the ICD-9 diagnosis code 577.0 or 
ICD-10 code K85.* recorded in the first or 
second diagnostic position. A subsequent 

T A B L E  1 .  ICD-9 and ICD-10 diagnostic codes used to identify cases of acute and 
chronic pancreatitis

T A B L E  2 .  Clinical etiologic risk factors and associated ICD-9/ICD-10 diagnostic codes used to categorize acute and chronic pancreatitis 
cases

ICD-9a ICD-10a

577.0   Acute pancreatitis K85.* Acute pancreatitis
K85.0*  Idiopathic acute pancreatitis
K85.1*  Biliary acute pancreatitis
K85.2*  Alcohol induced acute pancreatitis
K85.3*  Drug induced acute pancreatitis
K85.8*  Other acute pancreatitis
K85.9*  Acute pancreatitis, unspecified

577.1  Chronic pancreatitis K86.0  Alcohol-induced chronic pancreatitis
K86.1  Other chronic pancreatitis

aAn asterisk (*) indicates that any subsequent digit/character is included.
ICD, International Classification of Diseases.

Etiology grouping ICD-9 ICD-10 Code description
Biliary acute pancreatitis 574.* K80.* Calculus of the gallbladder or bile duct (cholelithiasis)

575.0 K81.0 Inflammation of the gallbladder or bile duct (acute cholecystitis) 
Chronic cholecystitis; acute cholecystitis with chronic cholecystitis; 
cholecystitis, unspecified

575.1* K81.1, K81.2, K81.9
--- K85.1* Biliary acute pancreatitis

Drug-induced acute pancreatitis --- K85.3* Drug-induced acute pancreatitis
Idiopathic acute pancreatitis 577 K85.0* Idiopathic acute pancreatitis
Alcohol-related acute 
pancreatitis

291.*, 303.*, 305.0* F10.* Mental health and behavioral health disorders due to alcohol

357.5 G62.1 Alcoholic polyneuropathy
425.5 I42.6 Alcoholic cardiomyopathy
535.3* K29.2* Alcoholic gastritis
571 K70.0 Alocholic fatty liver
571.1 K70.1* Acute alcoholic hepatitis
571.2 K70.3*, K70.2 Alcoholic cirrhosis of liver
571.3 K70.9 Alcoholic liver damage, unspecified
--- K70.4* Alcoholic hepatic failure
980 T51.* Toxic effect of ethanol
V11.3 Z71.4 Alcohol abuse counseling and surveillance
--- K85.2* Alcohol-induced acute pancreatitis

Other acute pancreatitis --- K85.8* Other acute pancreatitis
Unspecified acute pancreatitis --- K85.9 Acute pancreatitis, unspecified

aAn asterisk (*) indicates that any subsequent digit/character is included.
ICD, International Classification of Diseases.
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attack was counted once every 90 days fol-
lowing the incident AP diagnosis. 

Among those AP cases with subsequent 
case-defining CP diagnoses during the sur-
veillance period, the time between the inci-
dent AP diagnosis and the first CP diagnosis 
was calculated. Finally, the total numbers of 
inpatient and outpatient encounters with 
a case-defining AP diagnosis in the first 
diagnostic position (incident and prevalent 
cases) and the total number of unique indi-
viduals affected were computed for the 2018 
calendar year. For the number of encounters, 
only 1 encounter was counted per individual 
per day. The number of individuals affected 
by AP was the number of unique service 
members with at least 1 inpatient, outpa-
tient, or TMDS encounter with an AP diag-
nosis in the first diagnostic position during 
2018. The same procedures were employed 
to determine the total number of medical 
encounters for and total number of unique 
individuals affected by CP in 2018. 

R E S U L T S

Acute pancreatitis

Between 2004 and 2018, a total of 
6,471 active component service mem-
bers received incident diagnoses of AP, 
for a crude overall incidence rate of 31.8 
per 100,000 p-yrs (Table 4). Nearly three 
fifths (59.0%; n=3,819) of the incident AP 

diagnoses were recorded in an inpatient set-
ting; 40.2% (n=2,599) were recorded in an 
outpatient setting; and less than 1% (n=53) 
were associated with TMDS encounters 
(Table 4). 

The overall crude rate of incident AP 
diagnoses among women was 1.4 times 
that among men (42.1 per 100,000 p-yrs 
and 30.0 per 100,000 p-yrs, respectively). 
Overall rates of AP diagnoses increased 
with increasing age, with the rate among 
service members 50 years of age or older 
more than 3 times that among those in the 
youngest age group (less than 20 years) 
(Table 4). Non-Hispanic black service mem-
bers had the highest crude overall rate of 
incident AP diagnoses (35.0 per 100,000 
p-yrs) compared to those in other race/
ethnicity groups. The lowest overall rate by 
race/ethnicity group was observed among 
Asian/Pacific Islander service members 
(26.1 per 100,000 p-yrs). Across the ser-
vices, overall incidence rates of AP diag-
noses were highest among Army members 
(36.0 per 100,000 p-yrs) and lowest among 
Marine Corps members (23.7 per 100,000 
p-yrs) (Table 4). The overall rates of inci-
dent AP diagnoses among junior enlisted 
service members and junior officers were 
lower than those among their respective 
senior counterparts. The overall rate of 
incident AP diagnoses was highest among 
those working in healthcare occupations 
(39.4 per 100,000 p-yrs) and lowest among 
pilots/air crew (18.9 per 100,000 p-yrs).

T A B L E  3 .  ICD codes for cholecystectomy T A B L E  4 .  Incident cases and incidence 
rates of acute pancreatitis diagnoses 
by demographic and military char-
acteristics, active component, U.S. 
Armed Forces, 2004–2018

ICD-9a ICD-10a Description

Inpatient PR codes

51.23, 51.24 0FT44ZZ, 0FB44ZZ, 
0FB48ZZ

Laparoscopic 
cholecystectomy

51.21, 51.22 0FB40ZZ, 0FB43ZZ, 
0FT40ZZ

Open cholecystectomy

Outpatient CPT codes

47562, 47563, 47564 Laparoscopic 
cholecystectomy

47600, 47605, 47610, 
47612, 47620

Open cholecystectomy

aAn asterisk (*) indicates that any subsequent digit/character is included.
ICD, International Classification of Diseases;PR, procedure; CPT, current procedural terminology.

Total 2004–2018
No. Ratea

Total 6,471 31.8
Encounter setting

Inpatient 3,819 18.8
Outpatient 2,599 12.8
TMDS 53 0.3

Sex
Male 5,193 30.0
Female 1,278 42.1

Age group (years)
< 20 511 19.4
20–24 1,332 24.7
25–29 1,415 29.9
30–34 1,064 34.3
35–39 966 40.5
40–49 1,050 54.2
50+ 133 69.1

Race/ethnicity group
Non-Hispanic white 3,863 31.3
Non-Hispanic black 1,171 35.0
Hispanic 854 33.6
Asian/Pacific 
Islander 201 26.1

Other/unknown 382 27.9
Service

Army 2,751 36.0
Navy 1,466 29.7
Air Force 1,584 32.0
Marine Corps 670 23.7

Rank
Junior enlisted 
(E1–E4) 2,504 28.2

Senior enlisted 
(E5–E9) 3,136 39.0

Junior officer 
(O1–O3; W1-W3) 406 19.2

Senior officer 
(O4–O10; W4-W5) 425 32.0

Military occupation
Combat-specificb 854 29.4
Motor transport 215 35.2
Pilot/air crew 146 18.9
Repair/engineer 1,848 31.0
Communications/
intelligence 1,547 34.3

Healthcare 691 39.4
Other/unknown 1,170 30.4

aRate per 100,000 person-years
bInfantry/artillery/combat engineering/armor
No., number.
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Crude annual incidence rates of AP 
increased from 25.1 per 100,000 p-yrs in 
2004 to a peak of 38.2 per 100,000 p-yrs 
in 2010 after which rates decreased to 31.5 
per 100,000 p-yrs in 2018 (Figure 1). The 
2010 peak in annual rates was reflected in 
the pattern of inpatient rates of AP over 
time. Over the course of the surveillance 
period, annual rates of incident AP diag-
noses increased 25.5%. This change in AP 
rates was driven largely by a rise in outpa-
tient rates which increased from 9.2 per 
100,000 p-yrs in 2004 to 14.6 per 100,000 
p-yrs in 2018 (59.6%). Throughout the 
15-year period, annual rates of AP among 
active component service women were 
consistently higher than those among ser-
vice men (Figure 2). Rates among service 
women showed a marked increase in 2010, 
peaking at 63.0 per 100,000 p-yrs and 
then declining to 39.0 per 100,000 p-yrs 
in 2012. From 2013 onward, rates fluctu-
ated between 38.6 per 100,000 p-yrs and 
45.9 per 100,000 p-yrs. Rates among ser-
vice men increased gradually from 23.2 
per 100,000 p-yrs in 2004 to a peak of 35.4 
per 100,000 p-yrs in 2011, after which 

rates declined slightly to 29.8 per 100,000 
p-yrs in 2018. Examination of annual rates 
of incident AP diagnoses by age group 
showed that rates increased over time in 
the 2 oldest age groups, those 41 years of 
age or older and those aged 31–40 years 
(Figure 3). Annual rates of incident AP 
diagnoses among those aged 20–30 years 
increased from 20.6 per 100,000 p-yrs in 
2004 to 35.2 per 100,000 p-yrs in 2010 and 
then decreased to 23.9 per 100,000 p-yrs 
in 2018. During 2004–2018, annual rates 
were comparatively stable among service 
members under 20 years old; however, the 
annual numbers of cases were relatively 
small in this age group. No pronounced 
patterns in annual rates over time were evi-
dent by race/ethnicity group or by service.

As expected, given the 15-year span 
of the surveillance period, the majority 
(79.6%; n=5,149) of the incident AP diag-
noses were coded with ICD-9 diagnostic 
codes (data not shown). Of those AP cases 
with ICD-9 coding, slightly more than half 
(55.4%) were categorized as idiopathic AP 
and the remainder as AP of mixed etiology 
(idiopathic with biliary- or alcohol-related 

etiology) (data not shown). Of the 1,322 
incident AP diagnoses with ICD-10 cod-
ing, more than a third (37.5%) were classi-
fied as AP unspecified, followed by 23.5% 
classified as alcohol-induced, 19.6% as 
biliary, 7.4% as idiopathic AP, 7.3% as AP 
of mixed etiology, 3.4% as other AP, and 
1.3% as drug-induced AP (data not shown). 
A total of 1,149 incident AP cases (17.8%) 
underwent a subsequent cholecystectomy 
during the surveillance period (data not 
shown).

Overall, the median age at case-defin-
ing AP diagnosis was 29 years (interquar-
tile range [IQR]=24–37) (data not shown). 
Female AP cases had a younger median 
age at incident AP diagnosis than their 
male counterparts (27 years, IQR=23–34 
and 30 years, IQR=24–38, respectively) 
(data not shown). Crude comparisons of age 
at incident AP diagnosis by race/ethnicity 
group showed that Hispanics and those in 
the other/unknown race/ethnicity group 
had the youngest median ages at diagno-
sis (28 years, IQR=23–35 and 28 years, 
IQR=24–36, respectively), while Asian 
Pacific/Islanders and non-Hispanic blacks 

F I G U R E  1 .  Crude annual incidence rates of acute pancreatitis diagnoses, by setting type, active component, U.S. Armed Forces, 2004–2018
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F I G U R E  2 .  Annual incidence rates of acute pancreatitis diagnoses, by sex, active component, U.S. Armed Forces, 2004–2018

F I G U R E  3 .  Annual incidence rates of acute pancreatitis diagnoses, by age group, active component, U.S. Armed Forces, 2004–2018
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had the oldest median ages at diagnosis (32 
years, IQR=26–39 and 32 years, IQR=25–
38, respectively) (data not shown). 

Approximately four fifths (79.9%) of 
the incident cases had a single attack of 
AP during the surveillance period with 
the remaining 20.1% having had multiple 
attacks of AP (data not shown). Incident 
cases with multiple AP attacks experi-
enced an average of 3 attacks (median=2, 
IQR 2–3) during the 15-year surveillance 
period. Of the 6,471 total incident cases 
of AP, 581 (9.0%) received a subsequent 
incident diagnosis of CP during the sur-
veillance period (data not shown); among 
these cases, the median time between inci-
dent AP diagnosis and incident CP diag-
nosis was 4.6 months (IQR=1.2–16.7) 
(mean=12.7 months) (data not shown).

Among active component service 
members in 2018, a total of 661 unique 
individuals (incident and prevalent cases) 
were affected by AP (data not shown). These 
individuals contributed a total of 2,645 AP-
related medical encounters, representing 4 
medical encounters per affected individ-
ual. Slightly more than one-eighth (13.8%) 
of the total AP-related medical encounters 
in 2018 were in an inpatient setting with 
the remainder in an outpatient setting 
(85.6%) or recorded in TMDS (0.6%). In 
2018, service members affected by AP who 
had 1 or more AP-related hospitalizations 
(n=297) contributed a total of 1,572 hospi-
tal bed days (data not shown).

 
Chronic pancreatitis

During 2004–2018, a total of 893 active 
component service members received inci-
dent diagnoses of CP, for a crude overall 
incidence rate of 4.4 per 100,000 p-yrs 
(Table 5). Nearly three quarters (74.4%; 
n=664) of the incident CP diagnoses were 
recorded in an outpatient setting; approxi-
mately one quarter (25.2%; n=225) were 
recorded in an inpatient setting; and less 
than 1% (n=4) were associated with TMDS 
encounters. 

Compared to their respective coun-
terparts, the overall rates of incident CP 
diagnoses were highest among women (5.4 
per 100,000 p-yrs), senior enlisted ser-
vice members (6.0 per 100,000 p-yrs), and 
those working in healthcare occupations 

(6.9 per 100,000 p-yrs) (Table 5). Over-
all incidence rates of CP increased with 
increasing age, with service members 
aged 50 years or older having an overall 
rate more than 4 times that of those aged 
24 years or younger. Across race/ethnicity 
groups, the highest overall rate was among 
non-Hispanic black service members (5.7 
per 100,000 p-yrs) and the lowest among 
Hispanic service members (3.5 per 100,000 
p-yrs). The overall rate of CP among Army 
members was 1.8 times that of Marine 
Corps members (5.0 per 100,000 p-yrs and 
2.8 per 100,000 p-yrs, respectively).

During the 15-year surveillance 
period, crude annual incidence rates of CP 
fluctuated between 3.7 per 100,000 p-yrs 
and 5.7 per 100,000 p-yrs with no pro-
nounced overall trend over time (Figure 
4). Low case counts precluded the exami-
nation of annual incidence rates of CP 
diagnoses by demographic or military 
characteristics. 

Of the total incident cases of CP, 
36.1% had a case-defining diagnosis of 
alcohol-induced CP and 63.9% had a case-
defining diagnosis of other CP (data not 
shown). The median age at case-defining 
CP diagnosis was 32 years (IQR=26–39) 
(data not shown). Examination of the age at 
incident CP diagnosis by sex showed that 
men had a higher median age at diagnosis 
than women (33 years, IQR=27–40 and 29 
years, IQR=24–34, respectively) (data not 
shown). Crude comparisons of age at inci-
dent CP diagnosis by race/ethnicity group 
showed that non-Hispanic black service 
members had the oldest median age at 
diagnosis (35 years, IQR=28–41), while 
Asian/Pacific Islanders had the youngest 
(30 years, IQR=26–39) (data not shown).

Among active component service 
members in 2018, a total of 129 unique 
individuals (incident and prevalent cases) 
were affected by CP (data not shown). These 
individuals contributed a total of 445 CP-
related medical encounters, representing 
about 3 medical encounters per affected 
individual. The vast majority (96.2%) of 
total CP-related medical encounters in 
2018 were in outpatient settings with the 
remainder in inpatient settings (3.1%) or 
recorded in TMDS (0.7%).

T A B L E  5 .  Incident cases and incidence 
rates of chronic pancreatitis diagnoses 
by demographic and military char-
acteristics, active component, U.S. 
Armed Forces, 2004–2018

Total 2004–2018
No. Ratea

Total 893 4.4
Encounter setting

Inpatient 225 1.1
Outpatient 664 3.3
TMDS 4 0.0

Sex
Male 729 4.2
Female 164 5.4

Age group (years)
< 20 32 1.2
20–24 135 2.5
25–29 187 3.9
30–34 180 5.8
35–39 151 6.3
40–49 186 9.6
50+ 22 11.4

Race/ethnicity
Non-Hispanic white 531 4.3
Non-Hispanic black 190 5.7
Hispanic 90 3.5
Asian/Pacific Islander 31 4.0
Other/unknown 51 3.7

Service
Army 385 5.0
Navy 200 4.0
Air Force 230 4.6
Marine Corps 78 2.8

Rank
Junior enlisted 
(E1–E4) 277 3.1

Senior enlisted 
(E5–E9) 480 6.0

Junior officer 
(O1–O3; W1-W3) 74 3.5

Senior officer 
(O4–O10; W4-W5) 62 4.7

Military occupation
Combat-specifica 107 3.7
Motor transport 24 3.9
Pilot/air crew 22 2.9
Repair/engineer 246 4.1
Communications/ 
intelligence 227 5.0

Healthcare 122 6.9
Other 145 3.8

aRate per 100,000 person-years
bInfantry/artillery/combat engineering/armor
No., number.
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E D I T O R I A L  C O M M E N T

This study showed that the crude 
annual incidence rates of AP diagnoses 
increased by 25.5% over the course of the 
15-year surveillance period; this trend 
was driven largely by a rise in outpatient 
rates. To date, only 1 published U.S. study 
of adult AP incidence rates over time has 
used data from records of both hospitaliza-
tions and ambulatory visits. In their analy-
sis of commercial inpatient and outpatient 
insurance claims from 2007 through 2014, 
Sellers and colleagues found that adult 
AP incidence rates decreased from 123.7 
per 100,000 persons in 2007 to 111.2 per 
100,000 persons in 2014.26 These esti-
mates are 3 to 4 times higher than what 
was observed in the current study during 
a comparable time period. This difference 
is likely due, at least in part, to differences 
in the case definitions used (Sellers et al. 
identified case-defining ICD-9 codes in the 
first 4 diagnostic positions) and the demo-
graphic characteristics of the populations 

examined (Sellers et al.’s study population 
included more older adults [50+ years]).26 
However, the AP incidence estimate from 
Cunningham and colleagues’ study of hos-
pitalized Military Health System benefi-
ciaries (25 per 100,000 persons) and the 
inpatient rate of incident AP diagnoses 
during a comparable time period from the 
current study (range 19.6–23.8 per 100,000 
p-yrs) are relatively close in value.28  

The crude overall rate of incident 
AP diagnoses increased with increasing 
age and was higher among females than 
males. Age and sex distributions of AP 
are known to differ by etiology.25 The risk 
of AP increases progressively with age in 
both sexes, driven primarily by increas-
ing incidence of biliary and idiopathic AP 
with increasing age.25 The current find-
ings by sex are in line with other studies of 
large administrative databases and may be 
explained, at least in part, by the fact that 
risk of biliary AP is higher in women, con-
sistent with the demographic risk of gall-
stones.9,25,26 Compared to their respective 
counterparts, non-Hispanic blacks had 
the highest overall incidence rate of AP. 

The risk of hospitalization for AP in black 
patients has been reported to be 2–3 times 
greater than that of whites.7,37–39 More-
over, compared to white patients, black 
patients are noted to have a greater risk 
of readmissions after an initial episode of 
AP.40  Little is known about the reasons 
for the racial disparity in AP risk. Further 
research is needed to determine whether 
the observed differences result from 
dietary, lifestyle, genetic, or other factors.25 
Overall rates were highest among those in 
healthcare occupations and lowest among 
pilots and air crew. This finding warrants 
further analysis to examine adjusted (e.g., 
age. sex, race/ethnicity group) incidence 
rates among service members within these 
occupational categories.

Crude comparisons of the median 
age at incident AP diagnosis showed that 
service women had a younger median age 
at onset than service men. Evidence indi-
cates that median age at onset of AP var-
ies by etiology, with alcohol-related AP 
tending to have a younger age at onset 
compared to biliary AP.25 Across race/eth-
nicity groups, Hispanics and those in the 

F I G U R E  4 .  Crude annual incidence rates of chronic pancreatitis diagnoses, active component, U.S. Armed Forces, 2004–2018
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other/unknown race/ethnicity group had 
the youngest median ages at AP diagno-
sis while Asian Pacific/Islanders and non-
Hispanic blacks had the oldest median 
ages at diagnosis. However, these differ-
ences by race/ethnicity could be due, at 
least in part, to underlying differences in 
the age distributions of the groups.  

In the current study, one-fifth (20.1%) 
of the incident AP cases experienced 
multiple AP attacks during the surveil-
lance period. This finding is consistent 
with the results of a recent meta-analysis 
that reported a pooled prevalence of AP 
recurrence of 22% (95% CI: 18%–26%).30 
A similar estimate (22%) for the rate of 
readmission for primary diagnosis of AP 
was obtained by Yadav and colleagues 
using administrative information from 
the Pennsylvania Health Care Cost Con-
tainment Council (PHC4) dataset for the 
period from 1996 through 2005.39 

Of the total incident cases of AP iden-
tified in the current study, 9.0% received a 
subsequent incident diagnosis of CP dur-
ing the surveillance period. This percent-
age is similar to the pooled prevalence of 
CP in patients after their initial episode of 
AP reported by Sankaran et al. (10%; 95% 
CI: 6%–15%).30 In their analysis of com-
mercial inpatient and outpatient insurance 
claims from 2007 through 2014, Sellers 
and colleagues reported that 14.3% of inci-
dent AP cases went on to have a diagnosis 
of CP during the study period.26 

Among the AP cases who later had 
a subsequent incident CP diagnosis dur-
ing the surveillance period, the median 
time between incident AP diagnosis and 
incident CP diagnosis was 4.6 months 
(mean=12.7 months). From their study 
using PHC4 data, Yadav and colleagues 
reported a median duration from incident 
AP diagnosis to subsequent CP diagnosis 
of 10.4 months (IQR=2.6–28.9).39 How-
ever, median duration of progression dif-
fered significantly by etiology, with the 
longest duration for alcoholic AP (14.8 
months; IQR=4.3–37.8) and the short-
est for biliary AP (3.7 months; IQR=0.7–
16.9).39 The rapid progression from AP to 
CP observed in the current study could 
suggest that existing CP may have initially 
been misdiagnosed as AP.  The quanitifi-
cation of CP cases may be obscured by the 

continuum of disease between recurring 
AP and CP.

The current study documented that 
crude annual incidence rates of CP fluctu-
ated between 3.7 per 100,000 p-yrs and 5.7 
per 100,000 p-yrs during the 15-year sur-
veillance period, with no pronounced over-
all trend over time. Sellers and colleagues’ 
estimates of CP incidence decreased from 
31.7 per 100,000 persons in 2007 to 24.7 
per 100,000 persons in 2014.26 As with 
the marked difference between Sellers et 
al.’s estimates of AP incidence and those 
of the current analysis, the difference in 
CP incidence estimates is likely attribut-
able, at least in part, to differences in the 
case definitions used and the demographic 
characteristics of the populations exam-
ined. Of the few published U.S. estimates 
of CP incidence to date, the crude overall 
inpatient rate of CP observed in the cur-
rent study (1.1 per 100,000 p-yrs) is most 
similar to the crude inpatient rate of CP 
reported by Yadav et al. for the period 
from 1997 through 2006 (3.95 per 100,000 
persons).34 

Patterns of overall incidence of CP 
diagnoses were similar to those observed 
for AP in terms of age, sex, race/ethnic-
ity, and military characteristics. The dif-
ferences in overall CP incidence rates by 
age and race/ethnicity group are consis-
tent with known data.37,38 One recent study 
of patients with CP prospectively enrolled 
from 26 U.S. centers during 2000–2014 
demonstrated, that when compared with 
whites, black patients were almost twice 
as likely to receive a CP diagnosis due 
to alcohol and/or cigarette smoking and 
more likely to have a greater degree of dis-
ease-related disability.37  Further research 
is needed to establish whether any greater 
genetic susceptibility to alcohol- and/or 
tobacco-induced disease and other fea-
tures of CP is present based upon race/
ethnicity.

Most previous U.S. studies of the 
occurrence of AP over time have relied 
solely on inpatient databases.9,34,36,41,42 Hos-
pital admission with AP is common given 
concerns about worsening course of illness 
even in initially mild AP cases and a lack 
of established home management prac-
tices/approaches. Also, when “nothing by 
mouth” was the main treatment for AP, 

hospital admission was necessary. How-
ever, with the current use of early enteral 
feeding, patients with mild AP who can 
tolerate oral hydration and pain control 
may be managed in an outpatient setting.3 
Thus, estimates of AP and CP based only 
on inpatient records do not completely 
capture all individuals with these condi-
tions. This disparity may be even more 
pronounced for CP, where the manage-
ment of chronic pain and nutrition pri-
marily occur in an outpatient setting.26 An 
important strength of the current study is 
that it drew on records of inpatient and 
outpatient encounters, likely resulting in 
increased accuracy of estimates of AP and 
CP incidence rates.

There are several limitations that 
should be considered when interpreting 
the results of the current analysis. First, 
miscoding may have led to miscategori-
zation of some AP and CP cases. Recent 
studies have noted high variability in the 
reported PPV of diagnostic coding in AP 
and CP.27,43,44 In their systematic review 
and meta-analysis of pancreatitis-focused 
diagnostic accuracy studies, Xiao and col-
leagues found that the pooled PPVs for AP 
and CP were 0.7127; that is, 71% of cases 
identified in the administrative data were 
likely true cases of AP or CP.  It is impor-
tant to note that these authors reported a 
PPV of 0.81 for studies that employed a 
case definition that included qualifying 
diagnoses in the first or second diagnos-
tic position, as was done in the current 
analysis. Xiao and colleagues posited that 
the main clinical implication of the gener-
ally moderate PPVs of AP and CP (0.71) is 
that pancreatitis may be frequently over-
diagnosed.27 However, results of subgroup 
analyses by version of ICD showed that 
ICD-10 codes yielded a 10% higher PPV 
than that of ICD-9 codes.27 This improve-
ment in accuracy is partly attributable 
to improvements in diagnostic meth-
ods.45 Also, ICD-10 coding requires clas-
sification by etiology, which would likely 
require more confidence in the diagno-
sis.46 In the current analysis, the etiology 
of AP could not be appropriately catego-
rized based on ICD-9 coding alone. 

Another limitation of this study is 
that diagnoses that occurred after a ser-
vice member left service, or were paid for 
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out of pocket, were not captured. Finally, 
medical data from sites that were using 
the new electronic health record for the 
Military Health System, MHS GENE-
SIS, during 2017–2018 are not available 
in the DMSS. These sites include Naval 
Hospital Oak Harbor, Naval Hospital 
Bremerton, Air Force Medical Services 
Fairchild, and Madigan Army Medi-
cal Center. Therefore, medical encounter 
data for individuals seeking care at any of 
these facilities during 2017–2018 were not 
included in the current analysis.

As one of the only published studies 
of AP and CP incidence among U.S. active 
component service members, this study 
makes a useful contribution to the litera-
ture on temporal changes in the occurrence 
of these conditions in this population. 
Observed differences in overall incidence 
rates of AP and CP by race/ethnicity group 
and military occupation warrant further 
analysis to examine adjusted (e.g., by age, 
sex) incidence rates among service mem-
bers within these groups. Results indicat-
ing that non-Hispanic blacks have higher 
incidence of AP and CP than non-His-
panic whites are consistent with recent 
civilian literature and highlight the impor-
tance of studying a racially and ethnically 
diverse population as findings may lead to 
important insights into the etiology and 
prognosis of both forms of the disease.

The current analysis identified 6,471 
incident cases of AP among active compo-
nent service members over a 15-year sur-
veillance period. Factoring in the estimated 
PPV of the case definition employed in this 
study, about 1,230 of these cases may not 
have been true cases. Also, approximately 
four-fifths of the incident cases did not 
experience a recurrent attack of AP during 
the study period. However, any episode 
of AP experienced by a service member 
can result in significant periods of lim-
ited duty. The occurrence of CP reduces 
quality of life due to pain and inadequate 
digestion, may result in long-term disabil-
ity, and predisposes patients to pancreatic 
cancer.25 Furthermore, the management of 
AP and CP and their complications may 
impose considerable economic burden on 
the MHS. In the U.S. in 2014, AP and CP 
were associated with an estimated $2.7 bil-
lion dollars in direct costs, with hospital 

inpatient stays accounting for the majority 
of these costs.24 To inform preventive and 
therapeutic strategies, continued research 
is needed to understand the factors that 
increase risk of progression from AP to 
CP and the importance of the interaction 
between genetic and environmental fac-
tors in this transition.
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