
UCSF
UC San Francisco Previously Published Works

Title
Risk Factors Associated With Pediatric Acute Recurrent and Chronic Pancreatitis: Lessons 
From INSPPIRE.

Permalink
https://escholarship.org/uc/item/558019pv

Journal
JAMA pediatrics, 170(6)

ISSN
2168-6203

Authors
Kumar, Soma
Ooi, Chee Y
Werlin, Steven
et al.

Publication Date
2016-06-01

DOI
10.1001/jamapediatrics.2015.4955
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/558019pv
https://escholarship.org/uc/item/558019pv#author
https://escholarship.org
http://www.cdlib.org/


Copyright 2016 American Medical Association. All rights reserved.

Risk Factors Associated With Pediatric Acute Recurrent
and Chronic Pancreatitis
Lessons From INSPPIRE
Soma Kumar, MD; Chee Y. Ooi, MBBS, PhD; Steven Werlin, MD; Maisam Abu-El-Haija, MD; Bradley Barth, MD;
Melena D. Bellin, MD; Peter R. Durie, MD; Douglas S. Fishman, MD; Steven D. Freedman, MD, PhD;
Cheryl Gariepy, MD; Matthew J. Giefer, MD; Tanja Gonska, MD; Melvin B. Heyman, MD, MPH; Ryan Himes, MD;
Sohail Z. Husain, MD; Tom K. Lin, MD; Mark E. Lowe, MD, PhD; Veronique Morinville, MD;
Joseph J. Palermo, MD, PhD; John F. Pohl, MD; Sarah Jane Schwarzenberg, MD; David Troendle, MD;
Michael Wilschanski, MD; M. Bridget Zimmerman, PhD; Aliye Uc, MD

IMPORTANCE Pediatric acute recurrent pancreatitis (ARP) and chronic pancreatitis (CP) are
poorly understood.

OBJECTIVE To characterize and identify risk factors associated with ARP and CP in childhood.

DESIGN, SETTING, AND PARTICIPANTS A multinational cross-sectional study of children with
ARP or CP at the time of enrollment to the INSPPIRE (International Study Group of Pediatric
Pancreatitis: In Search for a Cure) study at participant institutions of the INSPPIRE
Consortium. From August 22, 2012, to February 8, 2015, 155 children with ARP and 146 with
CP (aged �19 years) were enrolled. Their demographic and clinical information was entered
into the REDCap (Research Electronic Data Capture) database at the 15 centers. Differences
were analyzed using 2-sample t test or Wilcoxon rank sum test for continuous variables and
Pearson χ2 test or Fisher exact test for categorical variables. Disease burden variables (pain
variables, hospital/emergency department visits, missed school days) were compared using
Wilcoxon rank sum test.

MAIN OUTCOMES AND MEASURES Demographic characteristics, risk factors, abdominal pain,
and disease burden.

RESULTS A total of 301 children were enrolled (mean [SD] age, 11.9 [4.5] years; 172 [57%]
female); 155 had ARP and 146 had CP. The majority of children with CP (123 of 146 [84%])
reported prior recurrent episodes of acute pancreatitis. Sex distribution was similar between
the groups (57% female in both). Hispanic children were less likely to have CP than ARP (17%
vs 28%, respectively; odds ratio [OR] = 0.51; 95% CI, 0.29-0.92; P = .02). At least 1 gene
mutation in pancreatitis-related genes was found in 48% of patients with ARP vs 73% of
patients with CP (P < .001). Children with PRSS1 or SPINK1 mutations were more likely to
present with CP compared with ARP (PRSS1: OR = 4.20; 95% CI, 2.14-8.22; P < .001; and
SPINK1: OR = 2.30; 95% CI, 1.03-5.13; P = .04). Obstructive risk factors did not differ between
children with ARP or CP (33% in both the ARP and CP groups), but toxic/metabolic risk
factors were more common in children with ARP (21% overall; 26% in the ARP group and 15%
in the CP group; OR = 0.55; 95% CI, 0.31-0.99; P = .046). Pancreatitis-related abdominal pain
was a major symptom in 81% of children with ARP or CP within the last year. The disease
burden was greater in the CP group compared with the ARP group (more emergency
department visits, hospitalizations, and medical, endoscopic, and surgical interventions).

CONCLUSIONS AND RELEVANCE Genetic mutations are common in both ARP and CP. Ethnicity
and mutations in PRSS1 or SPINK1 may influence the development of CP. The high disease
burden in pediatric CP underscores the importance of identifying predisposing factors for
progression of ARP to CP in children.
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A cute recurrent pancreatitis (ARP) and chronic pancre-
atitis (CP) are poorly understood conditions of
childhood.1 Single-center studies estimate that 9% to

35% of children with acute pancreatitis (AP) have recurrent
episodes,2-5 and the incidence of CP is approximately 0.5 per
100 000 persons per year in young adults.6,7

Factors that predispose children to recurrent episodes of
AP and progression from ARP to CP are unknown. Although
alcohol use and smoking have long been recognized as major
risk factors for ARP and CP in adults,8 they are uncommon in
the pediatric age group. Recent single-center studies have iden-
tified several genetic risk factors in children with ARP or
CP,4,5,9-14 including mutations in the following genes: cystic
fibrosis transmembrane conductance regulator (CFTR), cat-
ionic trypsinogen (PRSS1), pancreatic secretory trypsin inhibi-
tor (SPINK1), chymotrypsin C (CTRC), and carboxypeptidase
1 (CPA1). Other risk factors include obstructive, traumatic, in-
fectious, and metabolic causes.15,16

Most of our current knowledge on ARP and CP comes from
studies in adults. Because the etiologies of these diseases dif-
fer greatly between children and adults, applying the knowl-
edge on the natural history and management of these dis-
eases from adults to children may be inappropriate. The
international, multicenter INSPPIRE (International Study Group
of Pediatric Pancreatitis: In Search for a Cure) Consortium was
created to address this issue by collecting data on the largest
group of pediatric patients with ARP or CP to date.10,17 We have
recently reported that genetic and obstructive factors are com-
mon in children with CP and that the associated disease bur-
den is substantial.10

In this study, we analyzed the demographic and clinical
characteristics of children with ARP and CP with the goal of
identifying the risk factors and disease burden.

Methods
Study Design and Participants
In this cross-sectional study from 15 institutions, demo-
graphic and clinical data were collected in patient/parent and
physician questionnaires on children who fulfilled the crite-
ria for ARP or CP and were aged 19 years or younger at the time
of enrollment.10,17 Acute recurrent pancreatitis was defined as
2 episodes of AP along with resolution of pain (≥1 month be-
tween episodes) or as normalization of pancreatic enzyme lev-
els and resolution of pain between episodes irrespective of time
interval.1 Diagnosis of CP required at least 1 of the following:
(1) abdominal pain plus imaging findings suggestive of chronic
pancreatic damage; (2) exocrine pancreatic insufficiency and
imaging findings suggestive of chronic pancreatic damage; or
(3) endocrine pancreatic insufficiency and imaging findings
suggestive of chronic pancreatic damage.1 Information was en-
tered into the REDCap (Research Electronic Data Capture) da-
tabase from August 22, 2012, to February 8, 2015, and repre-
sented baseline information of the INSPPIRE cohort. All centers
obtained institutional review board approval or the equiva-
lent for their country. Written informed consent and/or as-
sent was obtained from all parents and children. Seventy-six

of the patients with CP were described in a previous study.10

We included patients with cystic fibrosis if they were pancre-
atic sufficient and having recurrent episodes of AP.

Statistical Analysis
Summary statistics were presented as mean with standard de-
viation, median with interquartile range (IQR), or frequency
count with percentage. Patient characteristics, risk factors, and
clinical variables were compared between ARP and CP using
2-sample t test or Wilcoxon rank sum test for continuous vari-
ables and using Pearson χ2 test or Fisher exact test for cat-
egorical variables. The results from these statistical tests were
reported as difference of means or medians and as odds ratio
(OR), respectively, with corresponding 95% confidence inter-
val and P value. P < .05 was considered statistically signifi-
cant. Statistical analysis was performed using SAS version 9.4
statistical software (SAS Institute, Inc).

Results
Patient Characteristics
Of the 301 patients in the INSPPIRE database (mean [SD] age,
11.9 [4.5] years; 172 [57%] female), 155 patients met the crite-
ria for ARP and 146 for CP. Demographic characteristics of these
patients are shown in Table 1, and their distribution across
INSPPIRE centers is given in eTable 1 in the Supplement. Sex
distribution was similar between the groups (57% female in
both), and the majority of participants were white (81% in the
ARP group and 80% in the CP group). Hispanic children were
less likely to have CP than ARP (17% vs 28%, respectively;
OR = 0.51; 95% CI, 0.29-0.92). Children with CP tended to be
older at the time of first diagnosis of pancreatitis compared with
those who had ARP, but the difference was not statistically sig-
nificant (mean [SD] age, 10.2 [4.5] vs 9.1 [5.0] years, respec-
tively; mean difference, 1.1 years; 95% CI, −0.1 to 2.3; P = .08).
Of the 146 children with CP, 123 (84%) had documented prior
episodes of ARP. The date of first AP episode and the date of
CP diagnosis used to calculate time for progressing from ARP
to CP were available in 76 of these 123 patients; the median time
was 1 year (IQR, 1.5 months to 2.7 years; range, 0-14.3 years).

Family history of AP was similar between the groups, but pa-
tients with CP were more likely than those with ARP to have a

Key Points
Question What are the risk factors and disease burden of acute
recurrent pancreatitis and chronic pancreatitis in children?

Findings In this cross-sectional study of children with acute
recurrent pancreatitis and chronic pancreatitis, pancreatitis-
associated gene mutations were the most common risk factor.
Children with chronic pancreatitis were mostly of non-Hispanic
ethnicity, had PRSS1 or SPINK1 mutations, and had higher disease
burden than those with acute recurrent pancreatitis.

Meaning The high disease burden in pediatric chronic pancreatitis
underscores the importance of identifying predisposing factors for
development of chronic pancreatitis in children.
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family history of CP (36% vs 16%, respectively; OR = 3.12; 95%
CI, 1.70-5.73; P < .001). Chronic pancreatitis was less common
in Hispanic patients than in non-Hispanic patients (OR = 0.51;
95% CI, 0.29-0.92; P = .02) (eTable 2 in the Supplement).

Risk Factors
Risk factors were divided into 4 categories: genetic (CFTR,
SPINK1, PRSS1, CTRC), obstructive, toxic/metabolic, and au-
toimmune. At least 1 risk factor was identified in 111 patients
with ARP (72%) and 125 patients with CP (86%). The most com-
mon risk factors for development of ARP or CP were genetic
and obstructive (Table 2).

At least 1 gene mutation in pancreatitis-related genes was
found in 49 of 102 patients with ARP (48%) and 86 of 118 pa-
tients with CP (73%) (P < .001). Of the 53 patients with ARP in

whom no mutations were identified, 18 were screened for 2
or fewer gene mutations. Of the 32 patients with CP who had
no identified mutations, 6 were tested for fewer than 3 gene
mutations.

The most common mutation identified in ARP was in CFTR
(30 of 89 patients [34%]), and the most common mutation iden-
tified in CP was in PRSS1 (50 of 108 patients [46%]). Six chil-
dren in the ARP group and 2 in the CP group had cystic fibro-
sis as determined by 2 CFTR disease-causing mutations and/or
abnormal sweat chloride level. Children with PRSS1 or SPINK1
mutations were more likely to present with CP compared with
ARP (PRSS1: OR = 4.20; 95% CI, 2.14-8.22; P < .001; and
SPINK1: OR = 2.30; 95% CI, 1.03-5.13; P = .04).

Some children had more than 1 genetic risk factor. In chil-
dren who had 3 or more genes tested, 8 of 84 patients with ARP

Table 2. Risk Factors for ARP vs CP in Childrena

Risk Factor

No./Sample Size, No. (%)
OR (95% CI)
of CP

ARP
(n = 155)

CP
(n = 146)

Genetic 49/102 (48) 86/118 (73) 2.91 (1.66-5.10)

CFTR 30/89 (34) 24/104 (23) 0.59 (0.31-1.11)

PRSS1 15/88 (17) 50/108 (46) 4.20 (2.14-8.22)

SPINK1 10/78 (13) 25/99 (25) 2.30 (1.03-5.13)

CTRC 5/48 (10) 4/73 (5) 0.50 (0.09-2.47)

Obstructive 50/152 (33) 47/144 (33) 0.99 (0.61-1.61)

Pancreas divisum 13/146 (9) 22/140 (16) 1.91 (0.92-3.95)

Gallstones 9/147 (6) 6/139 (4) 0.69 (0.24-2.00)

Pancreaticobiliary malunion 7/146 (5) 6/139 (4) 0.90 (0.29-2.73)

Biliary cyst 5/148 (3) 2/141 (1) 0.41 (0.04-2.57)

Sphincter of Oddi dysfunction 5/144 (3) 2/139 (1) 0.41 (0.04-2.54)

Annular pancreas 3/148 (2) 1/141 (1) 0.35 (0.01-4.37)

Autoimmune 16/112 (14) 14/108 (13) 0.89 (0.41-1.93)

Toxic/metabolic 39/152 (26) 22/137 (16) 0.55 (0.31-0.99)

Medications 19/108 (18) 4/87 (5) 0.23 (0.07-0.69)

Passive smoking exposure 12/140 (9) 12/129 (9) 1.09 (0.47-2.53)

Hypertriglyceridemia 9/104 (9) 2/78 (3) 0.28 (0.03-1.41)

Chronic kidney disease 3/111 (3) 1/91 (1) 0.40 (0.01-5.10)

Alcohol use 2/150 (1) 5/137 (4) 2.80 (0.45-29.80)

Active smoking 1/150 (1) 3/137 (2) 3.34 (0.26-176.27)

Abbreviations: ARP, acute recurrent
pancreatitis; CP, chronic pancreatitis;
OR, odds ratio.
a The differences in sample sizes

between rows reflect available data
for these parameters.

Table 1. Demographic Characteristicsa

Characteristic
ARP
(n = 155)

CP
(n = 146)

OR or Mean Difference
(95% CI)

Female, No. (%) 88 (57) 84 (57) 1.03 (0.65 to 1.63)b

Age, mean (SD), y

At enrollment 11.3 (4.8) 12.6 (4.2) 1.3 (0.3 to 2.3)c

At diagnosis 9.1 (5.0) 10.2 (4.5) 1.1 (−0.1 to 2.3)c

Hispanic, No./sample size, No. (%) 41/145 (28) 22/131 (17) 0.51 (0.29 to 0.92)b

Race, No. (%) (n = 138) (n = 127)

White 112 (81) 102 (80)

0.94 (0.51 to 1.74)d

Multiracial 12 (9) 8 (6)

African American 5 (4) 5 (4)

Asian 7 (5) 7 (6)

Other 2 (1) 5 (4)

BMI percentile, mean (SD) 65.1 (33.6) 60.3 (30.6) −4.8 (−12.2 to 2.5)c

Abbreviations: ARP, acute recurrent
pancreatitis; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
CP, chronic pancreatitis;
OR, odds ratio.
a The differences in sample sizes

between rows reflect available data
for these parameters.

b Value is expressed as OR (95% CI)
of CP.

c Value is expressed as mean
difference (95% CI) for CP minus
ARP.

d Value is expressed as OR (95% CI) of
CP for white.
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(10%) and 17 of 112 patients with CP (15%) had more than 1 ge-
netic risk factor. A combination of CFTR and SPINK1 muta-
tions was most common (found in 5 children with ARP and 9
with CP).

Obstructive risk factors were found in 33% of patients and
toxic/metabolic factors were found in 21% (Table 2). Pancreas di-
visum (PD) was present in 13 of 146 children with ARP (9%) and
22 of 140 children with CP (16%). It was less frequent with PRSS1
mutations (eTable 3 in the Supplement). Obstructive and auto-
immuneriskfactorswerenotsignificantlydifferentbetweenchil-
dren with ARP and those with CP. Children with CP as compared
with those with ARP less commonly had toxic/metabolic factors
(22 of 137 children with CP [16%] vs 39 of 152 children with ARP
[26%]; OR = 0.55; 95% CI, 0.31-0.99; P = .046) and specifically
medications (ie, azathioprine sodium and 6-mercaptopurine; 4
of 87 children with CP [5%] vs 19 of 108 children with ARP [18%];
OR = 0.23; 95% CI, 0.07-0.69; P = .005). Alcohol use (1%) and
cigarette smoking (4%) were uncommon in pediatric ARP or CP.
Sixteen of 112 children with ARP (14%) and 14 of 108 children with
CP (13%) were diagnosed as having autoimmune pancreatitis
(AIP). Only 1 child with CP had an elevated IgG4 level, consistent
with type 1 AIP.

Children with ARP or CP often had multiple risk factors. At
least 1 risk factor was identified in 111 of 155 patients with ARP
(72%), and 47 of 155 (30%) had multiple risk factors from differ-
ent categories present. In the remaining 44 patients with ARP,
only 8 were evaluated for all 4 genes and other risk factors. Of
the 146 patients with CP, at least 1 risk factor was identified in 125
(86%), and 40 (27%) had multiple risk factors present. In the re-
maining 21 patients with CP, only 4 tested negative for all 4 ge-
netic risk factors as well as other risk factors.

Burden of Disease
Pancreatitis-related abdominal pain was a major symptom in
81% of children with ARP or CP within the last year. The pain
was mostly episodic in both groups (Table 3). Although con-
stant and episodic pain scores were slightly higher in CP, the
differences were not significant. The numbers of emergency
department (ED) visits and hospitalizations were higher in pa-
tients with CP compared with ARP (lifelong ED visits: median
[IQR], 4.5 [1-10] vs 2 [1-4], respectively; median difference, 2.5
visits; 95% CI, 1.4-3.6; P < .001; lifelong hospitalizations: me-
dian [IQR], 4 [1-8] vs 2 [1-4], respectively; median difference,
2.0; 95% CI, 1.0-3.0; P < .001), but no differences were found

Table 3. Disease Burden of ARP or CP in Childrena

Factor
ARP
(n = 155)

CP
(n = 146)

OR or Median Difference
(95% CI)

Pattern of abdominal pain, No. (%) (n = 142) (n = 127)

No abdominal pain 18 (13) 17 (13)

1.50 (0.89 to 2.51)b

Usually pain free; episodes of mild to moderate pain 21 (15) 19 (15)

Constant mild to moderate pain 7 (5) 4 (3)

Usually pain free; episodes of severe pain 57 (40) 39 (31)

Constant mild to moderate pain plus episodes
of severe pain

31 (22) 40 (32)

Constant severe pain 8 (6) 6 (6)

Constant pain score (n = 134) (n = 116)

Median (IQR) [range] 0 (0-0) [0-100] 0 (0-15) [0-99]

With any level of constant pain, No. (%) 27 (20) 30 (26) 1.38 (0.76 to 2.50)c

Episodic pain score n = 128 n = 113

Median (IQR) [range] 61 (0-82.5) [0-100] 70 (37-89) [0-100] 9.0 (−0.5 to 18.5)d

With any level of episodic pain, No. (%) 92 (72) 89 (79)

ED visits, No.

Lifelong (n = 129) (n = 114)

Median (IQR) [range] 2 (1-4) [0-30] 4.5 (1-10) [0-300] 2.5 (1.4 to 3.6)d

Past year (n = 130) (n = 108)

Median (IQR) [range] 1.5 (1-2) [0-12] 2 (0-3) [0-20] 0.5 (−0.2 to 1.2)d

Hospitalizations, No.

Lifelong (n = 133) (n = 117)

Median (IQR) [range] 2 (1-4) [0-30] 4 (1-8) [0-300] 2.0 (1.0 to 3.0)d

Past year (n = 132) (n = 111)

Median (IQR) [range] 1 (1-2) [0-9] 1 (0-3) [0-23] 0 (−0.7 to 0.7)d

Missed school in past mo, d (n = 117) (n = 103)

Median (IQR) [range] 0 (0-5) [0-31] 2 (0-6) [0-40] 2 (0.2 to 3.8)d

Abbreviations: ARP, acute recurrent pancreatitis; CP, chronic pancreatitis;
ED, emergency department; IQR, interquartile range; OR, odds ratio.
a The differences in sample sizes between rows reflect available data for these

parameters.

b Value is expressed as OR (95% CI) for constant severe pain.
c Value is expressed as OR (95% CI) for any constant pain.
d Value is expressed as median difference (95% CI) for CP minus ARP.
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between groups for ED visits and hospitalizations within the
past year (Table 3). Children with CP missed a median of 2 days
(IQR, 0-6 days) of school in the past month, whereas the me-
dian was 0 days (IQR, 0-5 days) for children with ARP; how-
ever, the difference was not statistically significant (median
difference, 2 days; 95% CI, 0.2-3.8).

Table 4 summarizes all imaging studies performed on chil-
dren with ARP or CP. Overall, imaging studies were more fre-
quently ordered for CP compared with ARP. Magnetic retro-
grade cholangiopancreatography was the most commonly used
imaging modality; some children with CP had endoscopic ret-
rograde cholangiopancreatography performed up to 9 times
since their diagnosis. As expected, children with ARP had find-
ings consistent with AP (pancreas enlargement, focal AP, in-

flammatory changes) compared with children with CP, who had
evidence of persistent pancreatic injury (atrophy; calcifica-
tions; ductal irregularities, obstruction, dilatation, or stones;
abnormal side branches).

Children with CP were more likely to receive medical, en-
doscopic, and surgical therapies compared with those who had
ARP (Table 5). Medical therapy primarily consisted of pain
medications and pancreatic enzymes. Acetaminophen and
ibuprofen were the leading pain medications for ARP, while
patients with CP used acetaminophen and hydrocodone bi-
tartrate for pain. Therapeutic endoscopic retrograde cholan-
giopancreatography was performed in only 14% of children
with ARP compared with 68% of those with CP. The most com-
mon type of surgery for pediatric ARP was cholecystectomy:

Table 4. Imaging Findings in ARP and CP in Childrena

Imaging

No./Sample Size, No. (%)
OR (95% CI)
of CP

ARP
(n = 155)

CP
(n = 146)

Imaging studies, No. (%)

ERCP 25 (16) 97 (66) 10.29 (5.95-17.82)

Times performed, No.b

1 20 66

2 3 18

3 0 6

≥4 2 7

CT 65 (42) 88 (60) 2.10 (1.33-3.33)

MRI only 40 (26) 52 (36) 1.59 (0.97-2.61)

MRCP 90 (58) 111 (76) 2.29 (1.39-3.76)

EUS 4 (3) 27 (18) 8.56 (2.92-25.15)

Findings on CT and MRI

Focal acute pancreatitis 19/96 (20) 18/123 (15) 0.65 (0.34-1.41)

Inflammatory changes 41/98 (42) 48/124 (39) 0.88 (0.51-1.51)

Gland enlargement 35/98 (36) 19/124 (15) 0.33 (0.17-0.62)

Pancreatic atrophy 6/101 (6) 47/123 (38) 9.79 (3.97-24.12)

Calcifications 0/99 17/123 (14) 32.70 (1.94-551.00)c

Duct irregularities 11/102 (11) 67/122 (55) 10.08 (4.90-20.71)

Pancreatic duct dilatation 9/101 (9) 74/122 (61) 15.76 (7.26-34.20)

Lesions in the pancreas 1/103 (1) 7/127 (6) 5.95 (0.74-270.74)

Gallstones or sludge 5/100 (5) 9/124 (7) 1.49 (0.48-4.59)

Intrahepatic biliary dilatation 8/98 (8) 15/124 (12) 1.58 (0.63-3.82)

Evidence for liver disease 7/101 (7) 8/122 (7) 0.94 (0.33-2.69)

Findings on CT, MRI, MRCP, and ERCP

Pancreatic duct obstruction or stricture 3/110 (3) 39/135 (29) 14.49 (4.34-48.41)

CBD stricture in intrapancreatic portion 4/125 (3) 7/142 (5) 1.57 (0.45-5.49)

Dilated CBD 13/126 (10) 35/143 (24) 2.82 (1.41-5.61)

CBD stone 7/126 (6) 11/143 (8) 1.42 (0.53-3.77)

Findings on CT, MRI, and EUS

Peripancreatic inflammation or fat stranding 31/97 (32) 47/121 (39) 1.35 (0.77-2.37)

Findings on CT, MRI, MRCP, ERCP, and EUS

Cysts or pseudocysts 9/129 (7) 28/142 (20) 3.27 (1.48-7.24)

Findings on MRCP and ERCP

Abnormal main pancreatic duct 16/92 (17) 97/130 (75) 13.96 (7.16-27.24)

Abnormal side branches 4/92 (4) 56/123 (46) 18.39 (6.35-53.23)

Intraductal filling defects or calculi 1/92 (1) 36/126 (29) 36.40 (4.89-271.19)

Pancreas divisum 11/92 (12) 19/126 (15) 1.31 (0.59-2.90)

Abbreviations: ARP, acute recurrent
pancreatitis; CBD, common bile duct;
CP, chronic pancreatitis;
CT, computed tomography;
ERCP, endoscopic retrograde
cholangiopancreatography;
EUS, endoscopic ultrasonography;
MRCP, magnetic retrograde
cholangiopancreatography;
MRI, magnetic resonance imaging;
OR, odds ratio.
a Imaging findings include results

from all studies combined. The
differences in sample sizes between
rows reflect available data for these
parameters.

b The range of number of times ERCP
was performed for a patient was 1 to
7 for children in the ARP group and 1
to 9 for those in the CP group.

c The OR was computed based on the
logit estimate that used a correction
of 0.5 in every cell.
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8 were performed for pain, 3 for recurrent episodes of AP, and
1 for both pain and recurrent episodes of AP. Pain did not re-
solve after cholecystectomy (0 of 9 patients); recurrent pan-
creatitis resolved in 2 of 4 patients. Lateral pancreaticojeju-
nostomy, partial pancreatectomy, total pancreatectomy or islet
cell autotransplantation, and celiac plexus block were exclu-
sively performed in CP.

Discussion
This international, multicenter study is the largest character-
ized cohort of children with ARP and CP and, to our knowl-
edge, it is the first observational study comparing a large num-
ber of children with ARP vs children with CP. Most children with
CP described a history of ARP and tended to be older at the time
of diagnosis compared with children with ARP, suggesting that
ARP and CP are a disease continuum. A large proportion of chil-
dren with ARP or CP had multiple risk factors, suggesting the
multifactorial nature of these conditions. The clustering of
PRSS1 or SPINK1 mutations in children with CP raises the pos-
sibility that these gene mutations are important risk factors for
progression from ARP to CP in the pediatric population. The
disease burden was higher in CP compared with ARP, suggest-
ing the importance of identifying early interventions to pre-
vent or delay progression from ARP to CP.

Among the risk factors analyzed, an underlying genetic pre-
disposition was most commonly found in our patients, al-
most 50% in ARP and approaching 75% in CP. Our findings
agree with previous reports showing genetic mutations as com-

mon risk factors in children with ARP or CP.9,12,14,18,19 We may
be underestimating the impact of gene mutations as risk fac-
tors for ARP or CP because we do not have analysis of the most
commonly tested genes (PRSS1, CFTR, SPINK1, CTRC) for ev-
ery patient in the database, as gene testing for INSPPIRE pa-
tients was at the physician’s discretion. Some of the newly dis-
covered pancreatitis susceptibility genes also were not tested,
as tests for them were not commercially available (CPA1,
CLDN2, CEL, CEL-HYB).11,20-22

To our knowledge, the natural history of pediatric pan-
creatitis has not been systematically investigated in children.
Most of the data in adults that support progression of ARP to
CP come from hereditary pancreatitis populations.23,24 In-
deed, pancreatitis follows a severe course in patients with
PRSS1 mutations (particularly R122H and N29I) with first epi-
sodes by approximately 10 years of age and progression to CP
within the subsequent decade. Our findings support the hy-
pothesis that PRSS1 is involved in progression from ARP to CP
in children as well.

The role of SPINK1 mutations as a cause of pancreatitis is
debated because these mutations can be found in 1% to 3% of
the general population. We report a higher percentage of
SPINK1 mutations in the INSPPIRE cohort (13% of those with
ARP; 25% of those with CP). Similarly, SPINK1 N34S muta-
tions have been found in approximately 25% of children with
ARP or CP, a higher percentage compared with the general
population.12,19,25 In addition, people with SPINK1 mutations
are more prone to ARP or CP if mutations in other pancreatitis-
relevant genes are also present (ie, PRSS1, CFTR, CTRC), with
up to 900-fold increased risk by having both CFTR and SPINK1

Table 5. Treatments for ARP and CP in Childrena

Treatment

No./Sample Size, No. (%)
OR (95% CI)
of CP

ARP
(n = 155)

CP
(n = 146)

Medications

Pain medications 41/115 (36) 62/109 (57) 2.38 (1.39-4.08)

Medical therapies 44/149 (30) 101/140 (72) 6.18 (3.71-10.29)

Pancreatic enzymes 32/149 (21) 82/139 (59) 5.26 (3.14-8.82)

Vitamins or antioxidants 12/145 (8) 20/134 (15) 1.94 (0.91-4.15)

Steroids 0/143 8/135 (6) 19.13 (1.09-334.81)b

Octreotide 2/147 (1) 5/135 (4) 2.79 (0.45-29.65)

Endoscopic procedures

Any ERCP 21/152 (14) 96/142 (68) 13.02 (7.29-23.34)

Biliary sphincterotomy 11/151 (7) 36/136 (26) 4.58 (2.23-9.44)

Pancreatic duct stent 6/151 (4) 60/137 (44) 18.83 (7.78-45.56)

Biliary stent 2/151 (1) 11/138 (8) 6.45 (1.40-29.65)

Pancreatic duct stone removal 1/151 (1) 30/137 (22) 42.06 (5.65-313.17)

Surgical procedures

Surgical therapies 18/149 (12) 53/143 (37) 4.29 (2.36-7.80)

Cholecystectomy 15/148 (10) 28/143 (20) 2.16 (1.10-4.24)

Celiac plexus block 0/149 4/142 (3) 9.71 (0.52-182.09)b

Cyst or pseudocyst operation 3/149 (2) 5/142 (4) 1.78 (0.42-7.57)

Lateral pancreaticojejunostomy 0/149 13/142 (9) 31.17 (1.83-529.49)b

Partial pancreatectomy 0/149 2/142 (1) 5.32 (0.25-111.79)b

Total pancreatectomy or islet cell
autotransplantation

0/148 29/143 (20) 76.52 (4.63-1265.67)b

Abbreviations: ARP, acute recurrent
pancreatitis; CP, chronic pancreatitis;
ERCP, endoscopic retrograde
cholangiopancreatography; OR, odds
ratio.
a The differences in sample sizes

between rows reflect available data
for these parameters.

b The OR was computed based on the
logit estimate that used a correction
of 0.5 in every cell.
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mutations.26-28 In our cohort, CFTR and SPINK1 mutations were
commonly associated. Taken together, SPINK1 mutations
(alone or in combination with other risk factors) may be play-
ing a role in pediatric ARP and CP development.

We found PD in 9% to 16% of children with ARP and CP,
similar to the frequency found in autopsy studies (5%-10%).29

It was associated with decreased frequency in children with
PRSS1 mutations. Most studies reporting association of PD with
ARP or CP, similar to this study, are based on symptomatic pa-
tients who had imaging studies done for the evaluation of pan-
creatitis. The involvement of PD in the pathogenesis of ARP
or CP needs to be further studied.

We found that a large subset of children with ARP or CP
had more than 1 identifiable risk factor, including patients with
more than 1 risk factor in a single category (genetic factors) and
patients with a combination of factors across categories. Our
observations are consistent with previous studies suggesting
that the pathogenesis of ARP or CP is multifactorial.

We observed that most of the children with ARP and CP were
white and CP was less common in patients with Hispanic ethnic-
ity. This is likely due to genetic mutations found in white indi-
viduals and not referral bias in our study. In a recent analysis of
2largenationaldatabasesthatincludedmorethan1.5millionhos-
pitalizedUSchildren,CPwasalsofoundmorecommonlyinwhite
patients.30 The possible reduced risk noted in our pediatric His-
panic population may be explained by the lower prevalence of
PRSS1 and SPINK1 mutations in this group.

Most of the children in our study reported pancreatitis-
related pain within the previous year; the pain was chronic in
one-third of the patients. The disease burden was higher in the
CP group compared with the ARP group (significantly more ED
visits and hospitalizations; significantly more medical, endo-
scopic, and surgical therapies; and more missed school days).
Pancreatitis causes a serious burden on the health care
system, with AP being the top gastrointestinal cause for ad-
mission in adults.31 With increasing incidence of AP in
childhood,32,33 we expect that the disease burden in our co-
hort is substantial.

We were surprised by the large number of children with
AIP in our cohort. The diagnosis of AIP in the medical litera-
ture is limited to few case reports.34 As previously reported,

most children with AIP in our study had type 2. Our future goal
is to develop diagnostic and therapeutic criteria for pediatric
AIP. These guidelines will be aimed to better phenotype chil-
dren in our database as well as to bring a unifying definition
to this disease.

Our study has several limitations. The prevalence of ge-
netic predisposing factors was underestimated because not ev-
ery patient underwent genetic testing and when they did, it
was not always complete. Newly identified pancreatitis-
associated genes could not be identified in our population, as
tests are not commercially available. Moving forward, we plan
to test INSPPIRE patients for all pancreatitis-relevant genes.
While we acknowledge a potential referral bias from large re-
ferral centers in our study, we note that a center that per-
formed most islet cell transplants (University of Minnesota)
contributed approximately 10% to our cohort (eTable 1 in the
Supplement). The analysis of children with ARP or CP was done
at the time of enrollment; therefore, assessment of risk
factors could not be done over time as children progressed from
ARP to CP. Nevertheless, the large number of well-
phenotyped patients with ARP or CP allowed us to compare
the characteristics of these children. Our study is underpow-
ered to study the role of cholecystectomy on relieving recur-
rent disease. Prospective data collection is more likely to shed
light on this question. Through a prospective registry of lon-
gitudinal clinical data, INSPPIRE aims to determine the natu-
ral course of pediatric ARP and CP and identify risk factors for
the progression to CP.

Conclusions
Pancreatitis-associated gene mutations are the most com-
mon risk factors in children with ARP or CP, and multiple risk
factors are usually coexistent. The socioeconomic burden of
disease is significant given the presence of pain, health care
visits, and number of diagnostic tests performed. Further work
will focus on analyzing the impact of genetic and other risk fac-
tors on the natural history of pediatric pancreatitis and its se-
quelae and developing a standardized approach to the evalu-
ation of children with ARP or CP.

ARTICLE INFORMATION

Accepted for Publication: December 24, 2015.

Published Online: April 11, 2016.
doi:10.1001/jamapediatrics.2015.4955.

Author Affiliations: Nationwide Children’s
Hospital, Columbus, Ohio (Kumar, Gariepy);
University of New South Wales, Sydney Children’s
Hospital Randwick, Sydney, Australia (Ooi); Medical
College of Wisconsin, Milwaukee (Werlin);
Cincinnati Children’s Hospital Medical Center,
Cincinnati, Ohio (Abu-El-Haija, Lin, Palermo);
University of Texas Southwestern Medical School,
Dallas (Barth, Troendle); University of Minnesota
Masonic Children’s Hospital, Minneapolis (Bellin,
Schwarzenberg); Hospital for Sick Children,
Toronto, Ontario, Canada (Durie, Gonska); Baylor
College of Medicine, Houston, Texas (Fishman,
Himes); Harvard Medical School, Boston,

Massachusetts (Freedman); Seattle Children’s
Hospital, Seattle, Washington (Giefer); University of
California, San Francisco (Heyman); Children’s
Hospital of Pittsburgh, Pittsburgh, Pennsylvania
(Husain, Lowe); Montreal Children’s Hospital,
McGill University, Montreal, Quebec, Canada
(Morinville); University of Utah, Salt Lake City
(Pohl); Hadassah Hebrew University Hospital,
Jerusalem, Israel (Wilschanski); University of Iowa
Children’s Hospital, Iowa City (Zimmerman, Uc).

Author Contributions: Drs Kumar, Ooi, and Werlin
contributed equally to the manuscript. Drs
Zimmerman and Uc had full access to all of the data
in the study and take responsibility for the integrity
of the data and the accuracy of the data analysis.
Study concept and design: Ooi, Werlin, Abu-El-Haija,
Bellin, Durie, Fishman, Freedman, Giefer, Gonska,
Heyman, Husain, Lin, Lowe, Morinville, Pohl,
Schwarzenberg, Wilschanski, Uc.

Acquisition, analysis, or interpretation of data:
Kumar, Ooi, Werlin, Barth, Bellin, Fishman,
Freedman, Gariepy, Giefer, Heyman, Himes, Lin,
Lowe, Morinville, Palermo, Schwarzenberg,
Troendle, Wilschanski, Zimmerman, Uc.
Drafting of the manuscript: Kumar, Ooi, Werlin,
Freedman, Lin, Wilschanski, Uc.
Critical revision of the manuscript for important
intellectual content: Ooi, Abu-El-Haija, Barth, Bellin,
Durie, Fishman, Freedman, Gariepy, Giefer, Gonska,
Heyman, Himes, Husain, Lin, Lowe, Morinville,
Palermo, Pohl, Schwarzenberg, Troendle,
Wilschanski, Zimmerman, Uc.
Statistical analysis: Ooi, Zimmerman, Uc.
Obtained funding: Gariepy, Morinville, Uc.
Administrative, technical, or material support:
Abu-El-Haija, Barth, Giefer, Gonska, Heyman,
Himes, Morinville, Pohl, Troendle, Uc.

Pediatric Acute Recurrent and Chronic Pancreatitis Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics Published online April 11, 2016 E7

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwork.com/ by a UCSF LIBRARY User  on 04/26/2016

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.4955&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.4955
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2015.4955&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.4955
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.4955


Copyright 2016 American Medical Association. All rights reserved.

Study supervision: Durie, Freedman, Heyman,
Husain, Lowe, Schwarzenberg, Uc.

Conflict of Interest Disclosures: Dr Fishman
reported serving as a consultant to Pentax Medical
Imaging, Cook Medical, and Norgine
Pharmaceuticals and serving as a contributor to
UpToDate. Dr Gonska reported receiving research
funding from Vertex Pharmaceuticals, Al Qamra Inc,
Glaxo Smith Kline Inc, Pfizer, and Cystic Fibrosis
Foundation Therapeutics. Dr Heyman reported
serving as editor of the Journal of Pediatric
Gastroenterology and Nutrition. Dr Lin reported
serving as associate editor of the Journal of
Pediatric Gastroenterology and Nutrition. Dr Lowe
reported serving as a consultant to Nordmark
Arzneimittel GmbH & Co KG. Dr Pohl reported
serving on the editorial board of Practical
Gastroenterology and serving as a speaker’s bureau
member for Medical Education Resources, Inc. Dr
Schwarzenberg reported serving as a consultant to
the Cystic Fibrosis Foundation. No other disclosures
were reported.

Funding/Support: This work was supported by
grants DK096327 (Dr Uc) and DK108334 (Dr Uc)
and Clinical and Translational Science Award UL1
TR000442 from the National Institutes of Health.

Role of the Funder/Sponsor: The funder had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

REFERENCES

1. Morinville VD, Husain SZ, Bai H, et al; INSPPIRE
Group. Definitions of pediatric pancreatitis and
survey of present clinical practices. J Pediatr
Gastroenterol Nutr. 2012;55(3):261-265.

2. Park A, Latif SU, Shah AU, et al. Changing referral
trends of acute pancreatitis in children: a 12-year
single-center analysis. J Pediatr Gastroenterol Nutr.
2009;49(3):316-322.

3. Werlin SL, Kugathasan S, Frautschy BC.
Pancreatitis in children. J Pediatr Gastroenterol Nutr.
2003;37(5):591-595.

4. Sánchez-Ramírez CA, Larrosa-Haro A,
Flores-Martínez S, Sánchez-Corona J, Villa-Gómez
A, Macías-Rosales R. Acute and recurrent
pancreatitis in children: etiological factors. Acta
Paediatr. 2007;96(4):534-537.

5. Minen F, De Cunto A, Martelossi S, Ventura A.
Acute and recurrent pancreatitis in children:
exploring etiological factors. Scand J Gastroenterol.
2012;47(12):1501-1504.

6. Yadav D, Timmons L, Benson JT, Dierkhising RA,
Chari ST. Incidence, prevalence, and survival of
chronic pancreatitis: a population-based study. Am
J Gastroenterol. 2011;106(12):2192-2199.

7. Spanier B, Bruno MJ, Dijkgraaf MG. Incidence
and mortality of acute and chronic pancreatitis in
the Netherlands: a nationwide record-linked cohort

study for the years 1995-2005. World J Gastroenterol.
2013;19(20):3018-3026.

8. Coté GA, Yadav D, Slivka A, et al; North American
Pancreatitis Study Group. Alcohol and smoking as
risk factors in an epidemiology study of patients
with chronic pancreatitis. Clin Gastroenterol Hepatol.
2011;9(3):266-273.

9. Lucidi V, Alghisi F, Dall’Oglio L, et al. The etiology
of acute recurrent pancreatitis in children:
a challenge for pediatricians. Pancreas. 2011;40(4):
517-521.

10. Schwarzenberg SJ, Bellin M, Husain SZ, et al.
Pediatric chronic pancreatitis is associated with
genetic risk factors and substantial disease burden.
J Pediatr. 2015;166(4):890-896, e1.

11. Witt H, Beer S, Rosendahl J, et al. Variants in
CPA1 are strongly associated with early onset
chronic pancreatitis. Nat Genet. 2013;45(10):
1216-1220.

12. Sobczyńska-Tomaszewska A, Bak D, Oralewska
B, et al. Analysis of CFTR, SPINK1, PRSS1 and AAT
mutations in children with acute or chronic
pancreatitis. J Pediatr Gastroenterol Nutr. 2006;43
(3):299-306.

13. Witt H. Gene mutations in children with chronic
pancreatitis. Pancreatology. 2001;1(5):432-438.

14. Werlin S, Konikoff FM, Halpern Z, et al. Genetic
and electrophysiological characteristics of recurrent
acute pancreatitis. J Pediatr Gastroenterol Nutr.
2015;60(5):675-679.

15. Bai HX, Lowe ME, Husain SZ. What have we
learned about acute pancreatitis in children?
J Pediatr Gastroenterol Nutr. 2011;52(3):262-270.

16. Coffey MJ, Nightingale S, Ooi CY. Predicting a
biliary aetiology in paediatric acute pancreatitis.
Arch Dis Child. 2013;98(12):965-969.

17. Morinville VD, Lowe ME, Ahuja M, et al. Design
and implementation of INSPPIRE. J Pediatr
Gastroenterol Nutr. 2014;59(3):360-364.

18. Lee YJ, Kim KM, Choi JH, Lee BH, Kim GH, Yoo
HW. High incidence of PRSS1 and SPINK1 mutations
in Korean children with acute recurrent and chronic
pancreatitis. J Pediatr Gastroenterol Nutr. 2011;52
(4):478-481.

19. Sultan M, Werlin S, Venkatasubramani N.
Genetic prevalence and characteristics in children
with recurrent pancreatitis. J Pediatr Gastroenterol
Nutr. 2012;54(5):645-650.

20. Derikx MH, Kovacs P, Scholz M, et al;
PanEuropean Working Group on Alcoholic Chronic
Pancreatitis Members and Collaborators.
Polymorphisms at PRSS1-PRSS2 and CLDN2-MORC4
loci associate with alcoholic and non-alcoholic
chronic pancreatitis in a European replication study.
Gut. 2015;64(9):1426-1433.

21. Fjeld K, Weiss FU, Lasher D, et al. A recombined
allele of the lipase gene CEL and its pseudogene
CELP confers susceptibility to chronic pancreatitis.
Nat Genet. 2015;47(5):518-522.

22. Ragvin A, Fjeld K, Weiss FU, et al. The number
of tandem repeats in the carboxyl-ester lipase (CEL)
gene as a risk factor in alcoholic and idiopathic
chronic pancreatitis. Pancreatology. 2013;13(1):
29-32.

23. Whitcomb DC. Genetic risk factors for
pancreatic disorders. Gastroenterology. 2013;144
(6):1292-1302.

24. Gorry MC, Gabbaizedeh D, Furey W, et al.
Mutations in the cationic trypsinogen gene are
associated with recurrent acute and chronic
pancreatitis. Gastroenterology. 1997;113(4):
1063-1068.

25. Witt H, Luck W, Hennies HC, et al. Mutations in
the gene encoding the serine protease inhibitor,
Kazal type 1 are associated with chronic
pancreatitis. Nat Genet. 2000;25(2):213-216.

26. Audrézet MP, Chen JM, Le Maréchal C, et al.
Determination of the relative contribution of three
genes—the cystic fibrosis transmembrane
conductance regulator gene, the cationic
trypsinogen gene, and the pancreatic secretory
trypsin inhibitor gene—to the etiology of idiopathic
chronic pancreatitis. Eur J Hum Genet. 2002;10(2):
100-106.

27. Schneider A, Larusch J, Sun X, et al. Combined
bicarbonate conductance-impairing variants in
CFTR and SPINK1 variants are associated with
chronic pancreatitis in patients without cystic
fibrosis. Gastroenterology. 2011;140(1):162-171.

28. Noone PG, Zhou Z, Silverman LM, Jowell PS,
Knowles MR, Cohn JA. Cystic fibrosis gene
mutations and pancreatitis risk: relation to
epithelial ion transport and trypsin inhibitor gene
mutations. Gastroenterology. 2001;121(6):1310-1319.

29. MacCarty RL, Stephens DH, Brown AL Jr,
Carlson HC. Retrograde pancreatography in
autopsy specimens. Am J Roentgenol Radium Ther
Nucl Med. 1975;123(2):359-366.

30. Pant C, Sferra TJ. Emergency department visits
and hospitalizations in children with chronic
pancreatitis in the United States. J Pediatr
Gastroenterol Nutr. 2015;61(5):568-570.

31. Yadav D, Lowenfels AB. The epidemiology of
pancreatitis and pancreatic cancer. Gastroenterology.
2013;144(6):1252-1261.

32. Lopez MJ. The changing incidence of acute
pancreatitis in children: a single-institution
perspective. J Pediatr. 2002;140(5):622-624.

33. Pant C, Deshpande A, Sferra TJ, Gilroy R,
Olyaee M. Emergency department visits for acute
pancreatitis in children: results from the
Nationwide Emergency Department Sample
2006-2011. J Investig Med. 2015;63(4):646-648.

34. Zen Y, Grammatikopoulos T, Hadzic N.
Autoimmune pancreatitis in children: insights into
the diagnostic challenge. J Pediatr Gastroenterol Nutr.
2014;59(5):e42-e45.

Research Original Investigation Pediatric Acute Recurrent and Chronic Pancreatitis

E8 JAMA Pediatrics Published online April 11, 2016 (Reprinted) jamapediatrics.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archpedi.jamanetwork.com/ by a UCSF LIBRARY User  on 04/26/2016

http://www.ncbi.nlm.nih.gov/pubmed/22357117
http://www.ncbi.nlm.nih.gov/pubmed/22357117
http://www.ncbi.nlm.nih.gov/pubmed/19503003
http://www.ncbi.nlm.nih.gov/pubmed/19503003
http://www.ncbi.nlm.nih.gov/pubmed/14581803
http://www.ncbi.nlm.nih.gov/pubmed/14581803
http://www.ncbi.nlm.nih.gov/pubmed/17306005
http://www.ncbi.nlm.nih.gov/pubmed/17306005
http://www.ncbi.nlm.nih.gov/pubmed/23016884
http://www.ncbi.nlm.nih.gov/pubmed/23016884
http://www.ncbi.nlm.nih.gov/pubmed/21946280
http://www.ncbi.nlm.nih.gov/pubmed/21946280
http://www.ncbi.nlm.nih.gov/pubmed/23716981
http://www.ncbi.nlm.nih.gov/pubmed/23716981
http://www.ncbi.nlm.nih.gov/pubmed/21029787
http://www.ncbi.nlm.nih.gov/pubmed/21029787
http://www.ncbi.nlm.nih.gov/pubmed/21499205
http://www.ncbi.nlm.nih.gov/pubmed/21499205
http://www.ncbi.nlm.nih.gov/pubmed/25556020
http://www.ncbi.nlm.nih.gov/pubmed/23955596
http://www.ncbi.nlm.nih.gov/pubmed/23955596
http://www.ncbi.nlm.nih.gov/pubmed/16954950
http://www.ncbi.nlm.nih.gov/pubmed/16954950
http://www.ncbi.nlm.nih.gov/pubmed/12120220
http://www.ncbi.nlm.nih.gov/pubmed/25383785
http://www.ncbi.nlm.nih.gov/pubmed/25383785
http://www.ncbi.nlm.nih.gov/pubmed/21336157
http://www.ncbi.nlm.nih.gov/pubmed/24013807
http://www.ncbi.nlm.nih.gov/pubmed/24824361
http://www.ncbi.nlm.nih.gov/pubmed/24824361
http://www.ncbi.nlm.nih.gov/pubmed/21415673
http://www.ncbi.nlm.nih.gov/pubmed/21415673
http://www.ncbi.nlm.nih.gov/pubmed/22094894
http://www.ncbi.nlm.nih.gov/pubmed/22094894
http://www.ncbi.nlm.nih.gov/pubmed/25253127
http://www.ncbi.nlm.nih.gov/pubmed/25774637
http://www.ncbi.nlm.nih.gov/pubmed/23395566
http://www.ncbi.nlm.nih.gov/pubmed/23395566
http://www.ncbi.nlm.nih.gov/pubmed/23622139
http://www.ncbi.nlm.nih.gov/pubmed/23622139
http://www.ncbi.nlm.nih.gov/pubmed/9322498
http://www.ncbi.nlm.nih.gov/pubmed/9322498
http://www.ncbi.nlm.nih.gov/pubmed/10835640
http://www.ncbi.nlm.nih.gov/pubmed/11938439
http://www.ncbi.nlm.nih.gov/pubmed/11938439
http://www.ncbi.nlm.nih.gov/pubmed/20977904
http://www.ncbi.nlm.nih.gov/pubmed/11729110
http://www.ncbi.nlm.nih.gov/pubmed/1115312
http://www.ncbi.nlm.nih.gov/pubmed/1115312
http://www.ncbi.nlm.nih.gov/pubmed/26111296
http://www.ncbi.nlm.nih.gov/pubmed/26111296
http://www.ncbi.nlm.nih.gov/pubmed/23622135
http://www.ncbi.nlm.nih.gov/pubmed/23622135
http://www.ncbi.nlm.nih.gov/pubmed/12032533
http://www.ncbi.nlm.nih.gov/pubmed/25654293
http://www.ncbi.nlm.nih.gov/pubmed/25347159
http://www.ncbi.nlm.nih.gov/pubmed/25347159
http://www.jamapediatrics.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2015.4955



