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Abstract. Yao J, Sun J, Ebrahimi F, Bergman D,

Green PHR, Lebwohl B, et al. Long-term risk of

acute pancreatitis in patients with celiac disease: A

nationwide population-based cohort study. J Intern
Med. 2026;1–14.

Background. Large-scale studies on the association

between celiac disease (CeD) and acute pancreati-

tis (AP) are scarce.

Objectives. To investigate the long-term risks of inci-

dent and recurrent AP in patients with CeD.

Methods. Through the Swedish nationwide

histopathology cohort Epidemiology Strengthened

by Histopathology Reports in Sweden, we col-

lected data on biopsy-confirmed CeD diagnosed

between 1969 and 2023 (n = 57,221) and matched

them with general population reference individuals

(n = 279,126) by birth year, sex, calendar year, and

county. Cox regression estimated average adjusted

hazard ratios (aHRs) for incident and recurrent

AP over time, whereas flexible parametric survival

models assessed time-varying incident risks.

Results. During a median follow-up of 15.5 years,

incident AP occurred in 549 patients with CeD

(incidence rate [IR]: 58.7/100,000 person-years),

and 1732 reference individuals (IR: 37.8). The

multivariable-adjusted hazard for incident AP was
consistently increased in patients with CeD com-

pared with reference individuals (aHR = 1.42 [95%

confidence intervals {CI}: 1.28–1.58]), resulting in

one extra incident AP event per 185 CeD patients

during the first 25 years after diagnosis. Increased

incident risks were observed for gallstone- and

non-gallstone-related AP, and severe AP, but not

alcohol-related AP. Conversely, in study partici-

pants who had survived a first AP episode, CeD

was not associated with an increased risk for recur-
rent AP (aHR = 0.85 [0.67–1.08]). Sensitivity analy-

ses, including a sibling comparison, confirmed the

main findings.

Conclusion. CeD is linked to a moderately increased

long-term risk of incident AP, but not to recur-

rent AP after the first episode. Clinicians should be

aware of this increased risk and counsel patients

with CeD on AP risk factors.

Keywords: acute pancreatitis, celiac disease, cohort,

nationwide

Abbreviations: AP, acute pancreatitis; ATC, Anatom-

ical Therapeutic Chemical; CeD, celiac disease;

CI, confidence interval; ESPRESSO, Epidemiol-

ogy Strengthened by Histopathology Reports in

Sweden; ICD, International Classification of Dis-

eases; LISA, the Swedish Longitudinal Integrated

Database for Health Insurance and Labour Mar-

ket Studies; NPR, National Patient Register; PPV,

positive predictive value; SNOMED, Systematized

Nomenclature of Medicine; TPR, Total Population

Register; VA, villus atrophy
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Introduction

Celiac disease (CeD) is an autoimmune condition

that affects genetically susceptible individuals,

with a global prevalence of around 1% [1, 2].

Individuals with CeD develop small intestinal

villus atrophy (VA) and inflammation upon gluten

exposure and therefore require lifelong adherence

to a gluten-free diet [1]. Owing to shared genetic

predispositions and immunological pathways, as

well as the psychosocial and nutritional impli-

cations associated with disease management,

CeD is linked to a spectrum of complications

within and beyond the small intestine [1]. Acute

pancreatitis (AP) is a potentially lethal condition

characterized by sudden inflammation of the pan-

creatic parenchyma and peripancreatic tissues,

most commonly presenting with severe upper

abdominal pain [3]. Gallstones and alcohol are

the leading causes of AP, whereas autoimmune

conditions, gene aberrations, and medications

are also among its risk factors [3]. Following a

first AP episode, one meta-analysis has summa-

rized that about 22% of patients will experience

recurrent AP, whereas 10% will develop chronic

pancreatitis [4].

To date, only six (including one abstract) multi-

centre or population-based studies have examined

the association between CeD and AP (summa-

rized in Table S1) [5–10]. Although a positive

association has been consistently reported, these

studies have several limitations, including out-

dated data (i.e., follow-up ended some 10−20

years ago) [7–9], short follow-up (i.e., median

5 and 10 years for any pancreatitis in the two

studies with available information) [8, 9] and

selection of reference individuals from healthcare

databases that may have led to risk underestima-

tion [5–7, 10]. Moreover, existing studies have not

investigated the risk of recurrent AP in patients

with CeD, despite a notable co-occurrence in

a case series study conducted almost 30 years

ago [11].

Using up-to-date cohort data capturing diagnoses

through 2023 for CeD and August 2024 for AP,

we conducted a population-based cohort study

to investigate the long-term risk of AP in patients

with CeD. We hypothesized that CeD is associated

with an increased risk for incident AP and its

recurrence. In addition, we also assessed whether

persistent VA in CeD conferred a higher risk for

AP compared to mucosal healing.

Methods

Data sources

This study was based on the ESPRESSO (Epidemi-

ology Strengthened by Histopathology Reports

in Sweden) cohort, which collects gastrointesti-

nal histopathology reports from all 28 pathology

departments in Sweden from 1965 and updated

through 2023 [12]. The ESPRESSO cohort con-

tains information on the date, anatomic location,

and morphology (by the Swedish version of the

Systematized Nomenclature of Medicine system)

of the histopathology reports [12].

Individuals from ESPRESSO are linked with

nationwide registers through the unique personal

identity number [13]. The Swedish National Patient

Register (NPR) contains data on diagnoses, proce-

dures and deaths from inpatient care (commenced

in 1964 and became nationwide since 1987) and

specialized outpatient care (since 2001) [14]. A

2011 review summarized that inpatient records in

the NPR were correct for 85%−95% of diagnoses

and 90%−97% of procedures [15]; a later valida-

tion estimated median positive predictive values

(PPVs) of 84% for diagnoses and 97% for proce-

dures across inpatient and outpatient records

[14]. Both primary and secondary diagnoses were

considered for relevant outcomes and disease his-

tory. We also used data from the Swedish Cancer

Register (commenced in 1958, covering >96%

incident cancer cases) and the Prescribed Drug

Register (contains data on prescribed medications

since 1 July 2005) [16, 17].

Patients with CeD and comparison groups

Patients with biopsy-confirmed CeD between 1969

and 2023 were identified from ESPRESSO, using

VA (Marsh 3) in the duodenum or jejunum as our

CeD definition (see Table S2 for relevant codes)

[12]. This algorithm has a PPV of ≥95% [18, 19].

For patients with CeD, the index date was the date

of their first biopsy, indicating duodenal/jejunal

VA (i.e., the date of CeD diagnosis).

We matched each patient with CeD with up to five

general population reference individuals from the

Total Population Register (TPR) by sex, birth year,

year of the index date and county of residence [13].

For reference individuals, the index date was the

date of them being matched.

Exclusion criteria are detailed in Table S3.

Briefly, we excluded individuals with diagnoses or

2 © 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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prescriptions indicating any preceding pancreatic

condition or cystic fibrosis, or those with proce-

dures in the pancreas or cholecystectomy before

the index date.

Persistent VA and mucosal healing

Among included patients with CeD, we identi-

fied those who had a follow-up biopsy between 6

months and 5 years after the index date. These

patients were defined as having persistent VA

(Marsh 3) or mucosal healing (Marsh 0−2) in the

follow-up biopsy. The index date for these patients

was the date of their follow-up biopsy, and the

same exclusions as for the main comparison were

applied.

Follow-up and outcome ascertainment

The primary outcome was any incident AP identi-

fied from the NPR (previous validation showed that

83% of AP diagnoses were definitive and 15% were

probable [20]). Secondary outcomes included AP

of different aetiologies (including gallstone-related,

non-gallstone-related and alcohol-related AP),

severe AP, and recurrent AP (defined in Fig. S1

and Table S4a).

Follow-up started from the index date and ended

at the date when criteria for each outcome were

fulfilled, or the earliest occurrence of (a) an inci-

dent diagnosis of pancreatic cancer or chronic

pancreatitis (to avoid misclassifying acute flare-up

as AP), (b) death, (c) emigration or (d) the study end

(31 August 2024). Reference individuals were cen-

sored and reclassified into the patient group at the

date of CeD diagnosis. When investigating the risk

of non-gallstone-related AP, individuals were addi-

tionally censored with incident gallstone-related

diagnoses or procedures.

In the main analysis, an AP episode began with

admission to AP-related specialized care and ended

at discharge (i.e., presumed date of remission).

Individuals were at risk for a subsequent episode

starting 90 days after discharge, following the AGA

[the American Gastroenterological Association]

guideline [21]. Gallstone-related AP was defined as

(a) any incident diagnosis of biliary pancreatitis

or (b) any gallstone-related diagnosis or procedure

ever before incident AP or<90 days after discharge.

Incident AP records that did not meet these crite-

ria at 90 days of discharge were defined as non-

gallstone-related. Alcohol-related AP was defined

as non-gallstone-related, non-drug-induced AP

preceded by diagnostic or medication codes indi-

cating heavy alcohol consumption [22].

Severe AP was a composite outcome comprising

(a) ≥14 days of hospitalization for AP, (b) receipt

of a diagnostic or procedural code implying a

complicated episode, (c) or all-cause death <90

days of discharge for AP. Recurrent AP was treated

as a recurrent event. Among individuals who had

survived the first episode, subsequent episodes of

AP were identified iteratively if they occurred ≥90

days after discharge from the most recent episode,

up to the occurrence of any censoring events.

Records occurring <90 days were considered part

of the same episode [21].

Covariates

Several covariates, in addition to matching vari-

ables, were adjusted for. First, educational attain-

ment (0−9, 10−12, ≥13 years, or ‘missing’), a

proxy for socioeconomic status, was ascertained

from LISA (the Swedish Longitudinal Integrated

Database for Health Insurance and Labour Market

Studies) (education data were correct for 85% of

individuals in LISA) [23]. For those <22 years at

the index date, we took the highest educational

attainment of the individual or their parents.

Second, country of birth (Nordics [Sweden, Den-

mark, Finland, Norway and Iceland] or others)

was collected from the TPR [24]. Third, number of

specialized healthcare visits 6−24 months before

the index date (0, 1, 2−3 or ≥4), a proxy indicat-

ing healthcare-seeking frequency, was retrieved

from the NPR. Lastly, we included a dichotomous

covariate for the presence of any autoimmune

disease before the index date (see Table S4a for

related codes).

Statistical analyses

Time since the index date was the underlying time

scale. We reported absolute risks of the investi-

gated outcomes with both unadjusted incidence

rates (IRs) and their between-group differences,

as well as the standardized (covariate-adjusted)

cumulative incidence [25].

Adjusted hazard ratios (aHRs) were estimated

with Cox proportional hazards models for relative

risks. The proportional hazards assumption was

tested using Schoenfeld residuals-based test, with

its violation observed in some models. Therefore,

the resulting HR was a summary of averaged

HRs across follow-up time [26]. To capture the

© 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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time-varying effect of CeD, we also presented the

standardized cumulative incidence and adjusted

HRs over follow-up time, using flexible parametric

survival models [25, 27]. Risk estimates were

presented with 95% confidence intervals (CIs).

Adjusted HRs and standardized cumulative inci-

dence were estimated using two models. Model

1 adjusted for the matching variables, including

sex, birth year, year of the index date and county

of residence. Model 2 further adjusted for edu-

cational attainment, country of birth, number

of specialized healthcare visits and autoimmune

disease history. When comparing between patients

with VA and those with mucosal healing, the

duration of CeD diagnosis at the date of follow-up

biopsy was additionally adjusted for.

When investigating the risk of any recurrent AP,

we first described its frequency among individuals

who were at risk after the first AP episode. Then,

a Prentice-Williams-Peterson-counting process

data structure was applied for its relative risk

while accounting for the dependency between

recurrent episodes (i.e., individuals were at risk of

a new AP episode only after a previous attack) and

the changing baseline hazards [3, 28]. We only

considered the first three recurrence episodes for

statistical power [28]. Within-individual correla-

tions were corrected with the clustered sandwich

estimators [27]. In this data structure, follow-up

restarted at 90 days after discharge from the most

recent AP, and covariates for the survival model

were updated [27, 28].

Subgroup and sensitivity analyses

We estimated the risks of incident AP by age at

index date (<18, 18 to <40, 40 to <60, ≥60 years),

sex, country of birth, calendar period at index

date (1969−1989, 1990−2001, 2002−2011 and

2012−2023), educational attainment, and history

of metabolic-related diseases (i.e., hypertension,

diabetes mellitus, obesity, dyslipidaemia), autoim-

mune diseases, heavy alcohol consumption and

chronic obstructive pulmonary disease diagnosed

≥40 years (as a proxy for heavy smoking [29], see

Table S4a for related codes).

The following sensitivity analyses were con-

ducted. First, we applied alternative time intervals

for certain secondary outcomes. This included

shortening the risk intervals for gallstone- or

non-gallstone-related AP and for all-cause death

(severe AP component) from 90 to 30 days after

discharge, and defining the date of remission as

the last discharge date in a series of AP-related

specialized care occurring <90 days apart. Results

from this sensitivity analysis were presented with

corresponding secondary outcomes.

Second, to account for possible intra-familial con-

founding [2, 3], we conducted a sibling compar-

ison. CeD-free full siblings of patients with CeD

were identified from the Swedish Multi-Generation

Register (a TPR component) as a comparison group

and followed from the date of their sibling’s CeD

diagnosis [24]. A family identifier was included in

addition to the multivariable model covariates in

the main analysis. Third, we used logistic regres-

sion to investigate whether CeD was also positively

associated with prior AP. Fourth, we restricted the

analyses to those with educational attainment data

(after 1990) to further address its potential con-

founding [23]. Fifth, we excluded the first follow-

up year to ascertain the temporal relationship

between CeD and AP. Sixth, to eliminate the poten-

tial impact of the COVID-19 pandemic on the risk

of AP in the general population, we changed the

study end to 31 December 2019 [30]. Finally, some

medications for refractory CeD may be positively

linked to AP [31–33]. To rule out their potential

impact, we restricted our analyses to individuals

who had an index date from January 2006 onward

(i.e., 6 months after the start of the Prescribed

Drug Register to exclude prevalent users) and

were naïve to any or each of steroids, mesalamine

and immunosuppressants at the index date. Indi-

viduals were also censored when receiving the

listed prescriptions (see Table S4b for relevant

codes) [17].

Data analyses and visualizations were conducted

in Stata (version 18.0; StataCorp LP) and R ver-

sion 4.3.1. A two-sided p ≤ 0.05 was considered

statistically significant.

Ethics

This study was approved by the Stockholm Ethics

Review Board (2014/1287-31/4, 2018/972-32

and 2022-05774-02). Individual informed consent

was waived as the study was register-based.

Results

We included 57,221 patients diagnosed with

biopsy-confirmed CeD between 1969 and 2023 and

279,126 matched reference individuals from the

4 © 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Fig. 1 Standardized cumulative incidence (top) and hazard ratio (bottom) for acute pancreatitis in patients with celiac disease
compared with their matched reference individuals (in lines), both with 95% confidence interval (in ribbons). The hazard ratio
and standardized cumulative incidence were estimated with the flexible parametric survival model while being adjusted for
covariates in model 2. CI, confidence interval; AP, acute pancreatitis; HR, hazard ratio.

general population (see Fig. S2 for individual selec-

tion). Among patients with CeD, the median age at

diagnosis was 28.4 years, 62.3% were female, and

30.8% were diagnosed since 2012. Other charac-

teristics of patients with CeD and reference indi-

viduals, including educational attainment, number

of healthcare visits and disease history, were sum-

marized in Table 1. Some 34.4% of patients were

followed for ≥20 years.

Primary outcome: any incident AP

During follow-up (15.5 years in median), AP devel-

oped in 549 patients with CeD (IR: 58.7 per

100,000 person-years) and 1732 reference individ-

uals (IR: 37.8). This corresponded to an average HR

of 1.42 [95%CI: 1.28–1.58] in patients with CeD

compared with reference individuals after multi-

variable adjustment (Table 2). The HR for any AP

was highest immediately after CeD diagnosis, fell

to 1.5 around Year 3 but stayed above 1.3 through

Year 25 after diagnosis, resulting in a 25-year dif-

ference in standardized cumulative incidence of

0.54% (0.36%–0.72%) (Fig. 1 and Table S5).

Patients with CeD had increased absolute and rel-

ative risks for any incident AP across adults, both

sexes and those diagnosed after 1990 (Table S6).

Higher HR estimates were observed in individu-

als with low (0−9 years) education (aHR = 1.88

[1.47–2.41], Pinteraction = 0.03) and those with

prior diagnoses or medications indicating heavy

alcohol consumption (aHR = 3.79 [1.75–8.23],

Pinteraction < 0.001). The associations persisted in

individuals with no history of metabolic-related

diseases or autoimmune diseases.

Secondary outcomes: incident AP by aetiology and

severe AP

In patients with CeD, absolute and relative

risks were significantly elevated for non-gallstone-

related AP (IR: 27.3 vs. 16.3 per 100,000 person-

years; aHR = 1.49 [1.27–1.74]) and gallstone-

related AP (IR: 27.8 vs. 19.6; aHR = 1.34 [1.16–

1.55]), but not for alcohol-related AP (IR: 5.0 vs.

3.8; aHR = 1.20 [0.85–1.70], Table 2). The tem-

poral patterns of HR differed by aetiology: For

non-gallstone-related AP, the highest HR emerged

instantly after diagnosis but steadily decreased,

with the hazard increase becoming statistically

non-significant from around Years 17−19 post

CeD diagnosis. Conversely, the increased hazard

for gallstone-related AP rose to a significant level

from Year 5, peaked around Years 10−11, and

remained significant until Year 25. The HR esti-

mate for non-gallstone-related AP was surpassed

by gallstone-related AP from around Year 8 onward

(Fig. 1).

CeD was associated with a 60% increased hazard

for severe AP (95%CI: 1.25–2.04; composed of hos-

pitalization ≥14 days or with severe complications,

or mortality <90 days of discharge), although the

© 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.

Journal of Internal Medicine, 2026, 0; 1–14

5

 1
3

6
5

2
7

9
6

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/jo

im
.7

0
0

7
4

 b
y

 U
N

IV
E

R
S

IT
Y

 O
F

 S
H

E
F

F
IE

L
D

, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [1
7

/0
2

/2
0

2
6

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



AP in patients with CeD / J. Yao et al.

Table 1. Characteristics of patients with CeD and their matched reference individuals, n (%).

Patients with CeD References

N 57,221 279,126

Age at index date, yearsa

Mean ± SD 32.2 ± 24.7 31.5 ± 24.3

Median (IQR) 28.4 (9.6–52.3) 27.4 (9.2–51.1)

<18 22,005 (38.5%) 109,844 (39.4%)

18 to <40 13,731 (24.0%) 67,827 (24.3%)

40 to <60 11,237 (19.6%) 54,401 (19.5%)

≥60 10,248 (17.9%) 47,054 (16.9%)

Female 35,629 (62.3%) 173,907 (62.3%)

Born in Nordic countriesb 54,236 (94.8%) 251,139 (90.0%)

Calendar period at index date

1969–1989 3302 (5.8%) 16,160 (5.8%)

1990–2001 16,380 (28.6%) 79,703 (28.6%)

2002–2011 19,942 (34.9%) 97,326 (34.9%)

2012–2023 17,597 (30.8%) 85,937 (30.8%)

Educational attainment, years

0–9 7701 (13.5%) 40,284 (14.4%)

10–12 22,499 (39.3%) 111,104 (39.8%)

≥13 24,262 (42.4%) 113,706 (40.7%)

Missing 2759 (4.8%) 14,032 (5.0%)

Number of healthcare visitsc

0 36,188 (63.2%) 207,031 (74.2%)

1 8778 (15.3%) 35,023 (12.5%)

2–3 6480 (11.3%) 22,051 (7.9%)

≥4 5775 (10.1%) 15,021 (5.4%)

History of metabolic-related diseasesd 7854 (13.7%) 26,505 (9.5%)

Hypertension 4679 (8.2%) 19,877 (7.1%)

Diabetes 3214 (5.6%) 6638 (2.4%)

Obesity 484 (0.8%) 2876 (1.0%)

Dyslipidaemia 2633 (4.6%) 10,928 (3.9%)

History of autoimmune diseasesd 6241 (10.9%) 8233 (2.9%)

History of heavy alcohol consumptiond 922 (1.6%) 5037 (1.8%)

History of COPD ≥40 yearsd,e 371 (0.6%) 1393 (0.5%)

Follow-up time, years

Mean ± SD 16.3 ± 9.6 16.4 ± 9.6

Median (IQR) 15.5 (8.5–23.0) 15.5 (8.5–23.2)

0–0.9 1026 (1.8%) 3856 (1.4%)

1–4.9 6585 (11.5%) 32,996 (11.8%)

5–9.9 9798 (17.1%) 47,597 (17.1%)

10–19.9 20,129 (35.2%) 98,087 (35.1%)

≥20 19,683 (34.4%) 96,590 (34.6%)

Abbreviations: CeD, celiac disease; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; SD, standard

deviation.
aDate of CeD-indicative biopsy for patients with CeD and date of selection for reference individuals.
bNordic countries: Sweden, Denmark, Finland, Norway and Iceland.
cBetween 2 years and 6 months before the date of index date.
dCodes for disease histories are listed in Table S4.
eProxy for heavy smoking [29].

6 © 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Table 2. Incident AP in patients with CeD and their matched reference individuals.

No. of events (IR, per

100,000 person-years) IR difference (95%CI), per

100,000 person-years

HR (95%CI)

Patients References Model 1a Model 2b

Primary outcome

Any APc 549 (58.7) 1732 (37.8) 20.9 (15.7–26.1) 1.54 (1.39–1.70) 1.42 (1.28–1.58)

Secondary outcomes

Gallstone-related AP 260 (27.8) 898 (19.6) 8.2 (4.6–11.8) 1.40 (1.21–1.61) 1.34 (1.16–1.55)

Non-gallstone-

related

AP

255 (27.3) 746 (16.3) 11.0 (7.4–14.5) 1.70 (1.47–1.97) 1.49 (1.27–1.74)

Alcohol-related AP 47 (5.0) 173 (3.8) 1.3 (−0.3 to 2.8) 1.32 (0.95–1.83) 1.20 (0.85–1.70)

Severe AP 107 (11.4) 298 (6.5) 4.9 (2.6–7.2) 1.78 (1.41–2.24) 1.60 (1.25–2.04)

Recurrent APd, among

507 patients with

CeD and 1588

reference individuals

who were at risk

after the first

episode

99 (2632.7) 345 (2910.1) −277.4 (−880.1 to 325.3) 0.88 (0.70–1.11) 0.85 (0.67–1.08)

Abbreviations: AP, acute pancreatitis; CeD, celiac disease; CI, confidence interval; HR, hazard ratio; IR, incidence rate.
aModel 1: conditioned on the matching variables (birth year, sex, county of residence and calendar year of index date).
bModel 2: Model 1 and further adjusted for country of birth, educational attainment, number of healthcare visits between

2 years and 6 months before the index date, and the history of autoimmune diseases.
cEvent numbers for gallstone-related and non-gallstone-related AP did not add up to that for any AP. There are two

potential reasons: First, individuals with incident non-gallstone-related AP were still at risk for later gallstone-related

AP; second, some individuals, although still at risk for both types of AP (e.g., an individuals with incident idiopathic AP

[ICD-10: K850] but no history of gallstone-related diagnoses or procedures), may be censored due to incident diagnosis

of pancreatic cancer or chronic pancreatitis, death, emigration, study end or incident diagnosis of celiac disease (for

reference individuals) within 90 days of charge from incident AP diagnosis.
dRestricted to the first three recurrence episodes for statistical power.

absolute risk excess was low (IR: 11.4 vs. 6.5).

Subgroup analysis results for AP of different aeti-

ologies and severe AP were shown in Table S7.

The associations with these secondary outcomes,

except for alcohol-related AP, were strongest

among individuals with low education, although

Pinteraction did not reach statistical significance. His-
tory of heavy alcohol consumption significantly

strengthened the associations of CeD with non-

gallstone-related AP, alcohol-related AP and severe

AP.

Secondary outcome: recurrent AP

Up to the study end, a total of 104 AP episodes

recurred in patients with CeD (n = 507) and 375

in reference individuals (n = 1588) who were at

risk for recurrent AP (Table S8). These patients

with CeD had a median age of 62.2 years and were

55.2% female. Among them, the median follow-up

for the second AP episode was 4.5 years. Metabolic-
related diseases were less common in patients

with CeD compared to reference individuals (51.9%

vs. 53.7%). When following up for all recurrent

AP episodes, the frequency of censoring events in

patients with CeD was 3.4% for chronic pancre-

atitis (vs. 3.3% in reference individuals), 1.4% for

pancreatic cancer (vs. 0.4% in reference individ-

uals), and 30.0% for death (vs. 26.1% in refer-

ence individuals). The risk for any recurrent AP

(based on the first three recurrence episodes) was

not higher in patients with CeD in either abso-

lute or relative terms (IR: 2632.7 vs. 2910.1 per

100,000 person-years; aHR = 0.85 [0.67–1.08],

Table 1).

The associations of CeD with AP of different aeti-

ologies and severe AP, as well as with recurrent AP,

were not markedly affected by varied time intervals

© 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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in their definitions (see Fig. S3 for graphic defini-

tions and results in Table S9).

Impact of persistent VA on AP risk

We identified 15,965 patients with CeD who under-

went a follow-up biopsy between 6 months and 5

years after diagnosis. Among them, 4099 patients

(25.7%) had persistent VA (Table S10). Compared

with patients showing mucosal healing, those

with persistent VA were about 19 years older (in

median), more often male, and had a lower edu-

cational attainment. Patients with persistent VA

showed a higher absolute risk for any AP (IR: 88.1

vs. 57.1 per 100,000 person-years), but no excess

in its hazard (aHR = 0.92 [0.66–1.27]) after mul-

tivariable adjustment. The two patient groups did

not significantly differ in absolute or relative risks

for AP of any aetiology or severe AP (Table S11).

Sensitivity analyses

We compared 40,256 patients with CeD with their

69,439 CeD-free full siblings (baseline character-

istics in Table S12). Consistent with the general

population comparison, patients with CeD had

increased hazards for any AP (aHR = 1.30 [1.10–

1.53]; specifically for non-gallstone-related AP:

aHR = 1.32 [1.03–1.70]) and severe AP (aHR = 1.85

[1.16–2.94], and the association between CeD

and alcohol-related AP remained non-significant

(aHR = 1.21 [0.67–2.19]). However, the hazard for

gallstone-related AP was no longer significantly ele-

vated in patients with CeD in the sibling compari-

son (aHR = 1.19 [0.94–1.50]; Table S13).

The odds for any AP, non-gallstone-related AP and

severe AP were also increased before CeD diagnosis

(Table S14).

Restricting analyses to individuals with available

educational attainment data, excluding the first

follow-up year, and ending follow-up before the

COVID-19 pandemic yielded similar results to the

main analysis. In analyses restricted to individuals

naïve to any or each of steroids, mesalamine and

immunosuppressants (index date 2006−2023), the

association between CeD and any AP was atten-

uated (Table S15). Hazard ratio estimates ranged

between 1.16 and 1.23, lower than those observed

in patients diagnosed from 2006 onward (see Table

S15 footnotes), and the association became non-

significant in some analyses. CeD also showed

reduced associations with AP of all investigated

aetiologies and with severe AP (Table S15 foot-

notes). Only the positive association with non-

gallstone-related AP remained significant.

Discussion

This Swedish nationwide cohort study found a 42%

increase in average relative risk for any incident

AP in patients with biopsy-confirmed CeD. The HR

estimate plateaued between 1.3 and 1.5 from the

third year and onward after CeD diagnosis, leading

to one extra event of incident AP per 185 patients

during the first 25 years. The association was even

stronger in patients with low educational attain-

ment and those with a history of heavy alcohol con-

sumption.

The positive association remained in sensitivity

analyses that accounted for potential residual con-

founding from shared familial risk factors and edu-

cational attainment, as well as risk inflation due to

coincidental detection of the two conditions when

investigating upper abdominal pain or increased

diagnostic work-ups at the time of CeD diagno-

sis (via exclusion of the first follow-up year). How-

ever, the association with any AP was notably

attenuated in individuals naïve to potentially AP-

inducing medications for refractory CeD, including

steroids, mesalamine and immunosuppressants

[31–33]. Research accounting for indication bias is

needed to disentangle these medications’ influence

in the CeD−AP association.

The persistent risk elevation for any AP was pri-

marily driven by non-gallstone-related AP during

the initial follow-up (aHR estimate: 1.49), with

gallstone-related AP becoming the main driver from

around Year 8 onward (aHR estimate: 1.34). This

shift, reflecting varied temporal patterns of these

two outcomes (Fig. 1), may be explained by differ-

ential risk patterns among patients diagnosed <18

years. As paediatric patients age during follow-up,

the relative risk for gallstone-related AP is expected

to increase, whereas that for non-gallstone-related

AP may decrease (Table S7). In contrast, no sig-

nificant association with alcohol-related AP was

observed throughout follow-up. Patients with CeD

also had a higher relative risk of experiencing a

severe attack during the first AP episode (aHR esti-

mate: 1.60), but no increased risk for subsequent

recurrent AP (aHR estimate: 0.85). In addition,

mucosal healing during follow-up did not protect

patients from any incident AP (persistent VA vs.

mucosal healing, aHR estimate: 0.92).

8 © 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Comparison with earlier literature

We are aware of four studies on incident AP fol-

lowing a CeD diagnosis (see Table S1) [5, 6, 8, 9].

Consistent with earlier findings, we observed a

heightened risk for any AP in patients with CeD

[5, 6, 9] and a stronger association with non-

gallstone-related AP compared to that related to

gallstone [5, 6, 8]. However, relative risk estimates

in this study were lower for two main potential

reasons. First, the longer follow-up gave less

inflated risk estimates as more individuals con-

tributed person-years beyond the peak HR (Fig. 1).

Second, the additional exclusion of individuals

with pancreatic cancer and chronic pancreatitis

before and during follow-up may have also reduced

the risk estimates, given the two- and three-fold

increased risks of these two conditions in patients

with CeD [8, 34].

In this study, among individuals who survived their

first AP episode and remained free from chronic

pancreatitis or pancreatic cancer within 90 days

after discharge, the risk for AP recurrence was not

elevated in patients with CeD compared to refer-

ence individuals. This was opposed to the positive

association suggested by Patel et al., who observed

10 recurrent AP out of 12 CeD patients investi-

gated for Sphincter of Oddi dysfunction [11]. The

same study has postulated that papillary stenosis

may predispose CeD to recurrent AP [11]. How-

ever, that study had limitations inherent to its

case series design, including selection bias (i.e.,

observed patients were referred to a single gas-

troenterology centre with a higher risk of an AP

history) and lack of a comparison group. The null

association in this study may have several expla-

nations. First, despite possible pathological sus-

ceptibility, patients with CeD may have received

better preventive measures against recurrent AP,

including a more frequent healthcare contact, par-

ticularly with the gastroenterologists after a remis-

sion of the first episode. Relatedly, physicians

may be more cautious when prescribing poten-

tially AP-inducing medications, with better knowl-

edge of these patients’ medical histories. Sec-

ond, the lower prevalence of metabolic risk fac-

tors, such as obesity and diabetes in patients with

CeD (Table S8), may have compensated the risk

for recurrent AP [3]. Nevertheless, selection bias

is possible, as patients with CeD had more fre-

quent censoring due to incident pancreatic can-

cer or death, leaving a healthier subset at risk

for recurrence. In addition, in the selected popu-

lation that survived the first AP episode, immune

dysfunction may have contributed disproportion-

ally to the initial event among patients with CeD,

whereas reference individuals were more likely to

have stronger recurrence-prone aetiologies, such

as alcohol abuse and smoking [3].

Potential mechanisms

CeDmay contribute to both the initiation of AP (i.e.,

acinar cell damage) and its subsequent inflam-

mation, although we could only speculate about

underlying mechanisms because they are beyond

our study scope. Patients with CeD may be predis-

posed to gallstone formation due to reduced gall-

bladder motility, potentially resulting from dysreg-

ulated cholecystokinin signalling in VA [35, 36].

In addition, a case-series study noted increased

hepatic cholesterol secretion in patients with CeD,

and resulting supersaturation of primary bile acids

may exacerbate the risk for gallstone-induced aci-

nar damage [35, 37].

CeD may also be linked to acinar damage by

non-gallstone-related causes such as medications

and infections. The AP-inducing role of steroids,

mesalamine and immunosuppressants was impli-

cated by the risk attenuation in medication-

naïve analyses (Table S15). However, there is

potential influence of indication bias as patients

naïve to these medications may have had a

lower prevalence of refractory CeD or comor-

bidities, such as inflammatory bowel disease

(also treated with these medications [31, 32],

and independently associated with both CeD

and AP [38, 39]). Although we cannot rule out

this possibility, research has specifically linked

the CeD-predisposing HLA variant DQ2.2 to

immunosuppressant-induced AP [40, 41], suggest-

ing a genetically mediated association. Infections

may also play a role. Although viral, bacterial and

protozoal infections are rare causes of AP [3], the

higher risk of severe infections in CeD supports

their potential contribution [42].

Inflammation that follows acinar damage can

be perpetuated in the presence of dysfunctional

intestinal barrier and aberrant immune responses

in CeD. Damaged acinar cells trigger innate

immune responses that lead to increased intesti-

nal permeability, translocation of commensal

bacteria, and macrophage-regulated adaptive

immune response [43, 44]. This process may be

amplified in CeD due to pre-existing intestinal

© 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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barrier impairment [45]. CeD also shares patho-

logical features with AP, including increased pro-

inflammatory cytokines such as type I interferon

and interleukin-6, which can sustain pancreatic

inflammation [41, 43]. Moreover, both bacterial

translocation and interleukin-6 may be involved in

systemic inflammation and organ failure that com-

plicate AP, leading to CeD patients’ susceptibility

to a severe episode [44–46].

Notably, although prolonged impairment in chole-

cystokinin signalling and intestinal barrier func-

tion may elevate the AP risk [35, 41], this study

observed no excess risk in patients with persistent

VA compared to those showing mucosal healing in

the follow-up biopsy. More severe malabsorption

in the persistent VA group, potentially leading to

a lower prevalence of metabolic risk factors (e.g.,

hypercalcemia and obesity) [1, 3], may offset the

risk for AP. In addition, the first follow-up biopsy

may not perfectly predict long-term mucosal sta-

tus, and subsequent changes in these two groups

may also explain the lack of significant difference

[47].

Strengths and limitations

The population-based design of this study was

enabled by two key factors. First,we used a nation-

wide histopathology cohort and a highly accu-

rate algorithm (PPV≥95%) to identify CeD [18, 19],

reducing selection bias. Second, Sweden’s univer-

sally accessible healthcare and nationwide regis-

ters provided prospectively collected, high-quality

demographic and healthcare data [13, 48]. These

enabled a virtually complete follow-up of over

57,000 patients with biopsy-confirmed CeD. The

sample size and comprehensiveness provided high

statistical power and information to explore AP risk

by aetiology, severity and recurrence, and across

informative subgroups. The long follow-up (with

over 34% of patients followed for ≥20 years) was

especially valuable, given the large age gap between

CeD diagnosis (i.e., median 28 years, Table 1) and

AP onset in the general population (i.e., median 62

years) [49]. Information bias was further mitigated

by the high validity of International Classification

of Diseases codes used to identify AP (PPV = 98%

for definitive and probable cases) [20].

There are also limitations. First, the serology-

based approach became an option for diagnosing

CeD in Sweden since 2012 for children and 2020

for adults [50, 51]. Therefore, despite our nation-

wide coverage of biopsy-confirmed CeD, we have

missed cases that were diagnosed solely via serol-

ogy. Although HR estimates before and after 2012

were largely similar (Tables S6 and S7), future

research incorporating serology-confirmed cases

with longer follow-up in the post-serology era is

warranted. Second, we could not rule out undi-

agnosed CeD cases in reference individuals; their

presence may have diluted the association with AP.

Third, although diagnoses of AP in the Swedish

NPR have a high overall PPV [20], their under-

lying aetiologies are often not established during

the initial admission, with 65%−71% (=125/192

to 110/156) of AP records during 2007 coded as

‘AP, unspecified’ [20]. To improve sensitivity for

detecting gallstone-related AP, we introduced a 90-

day post-discharge risk time. This approach has

been used in several peer-reviewed studies [49, 52],

with the only difference being that their additional

risk time was counted from admission. Despite the

nuance, the validity of our adapted definition was

supported by comparable IRs in the reference indi-

viduals with those reported in the general popula-

tion (see detailed comparison in Table S7 footnotes)

[49]. Nevertheless, the misclassification of AP aeti-

ologies could not be excluded. For example, some

gallstone-related diagnoses or procedures (part of

the algorithm to identify gallstone-related AP) may

have been missed before the NPR became nation-

wide (in 1987) or had outpatient (in 2001) cover-

age. If such under-ascertainment were more com-

mon among CeD patients given their proposed

pathological susceptibility to gallstones [35], the

association with gallstone-related AP would have

been underestimated. Fourth, the Prescribed Drug

Register does not contain treatment indications,

impeding attribution of medication use [17]. Fur-

ther research is needed to disentangle the effect of

medications for refractory CeD from the condition

per se in the observed association.

Fifth, we lacked detailed data on lifestyle and

metabolic risk factors for AP, such as alcohol

abuse, smoking and obesity [3]. Although we used

diagnostic or medication records as proxies, under-

reporting remains. Sixth, the impact of a gluten-

free diet could not be directly determined in the

absence of the dietary data. In this study, mucosal

healing in the follow-up biopsy was used as a proxy

for dietary adherence [53]. However, this proxy has

limitations as it may not reflect long-term adher-

ence [54], and mucosal healing is possible, albeit

rarely, in cases with rather poor adherence [47].

Seventh, over 90% of included individuals were

10 © 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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born in the Nordic countries, where the popula-

tion has a high genetic susceptibility for CeD but

the underlying Caucasian predominance implies

a low ethnic predisposition for AP [2, 3]. Caution

should therefore be placed when extrapolating the

relative and absolute risk estimates to other pop-

ulations, particularly those with different ethnic

compositions. Finally,mechanisms linking CeD to

AP could not be ascertained in this observational

study, and the observed association should not be

interpreted as causal.

Implications

The rising global incidence of AP urges measures

from its primary prevention to mitigation of its

adverse impact [3]. In this study, we demonstrate

that patients with CeD would benefit more from

lifestyle modifications and clinical prudence than

the general population in reducing AP risk. For

patients with CeD, dietary counselling to ensure

a nutritionally balanced gluten-free diet and cau-

tious use of AP-inducing medications are particu-

larly relevant. In addition, the potential symptom

overlap between the two conditions, such as acute

upper abdominal pain, underscores clinical vigi-

lance to facilitate early detection of AP and to pre-

vent its severe progression as well as subsequent

complications.

In conclusion, we found amoderate (aHR 1.42), but

persistent (>25 years), increased risk for incident

AP in patients with CeD. However, the risk of recur-

rent AP after a first episode was not elevated in

CeD. Clinicians treating patients with CeD should

be aware of the heightened incident risk of AP and

counsel patients on its risk factors.

Author contributions

Study concept and design: Jialu Yao, Jiangwei

Sun, Jonas F. Ludvigsson, Fahim Ebrahimi, David

Bergman, Peter H. R. Green, Daniel A. Leffler,

David S. Sanders, Benjamin Lebwohl, Björn Lind-

kvist and Miroslav Vujasinovic. Acquisition of data:

Jonas F. Ludvigsson. Drafting of the manuscript:

Jialu Yao and Jonas F. Ludvigsson. Interpretation

of data and critical revision of the manuscript for

important intellectual content: Jialu Yao, Jiangwei

Sun, Jonas F. Ludvigsson, Fahim Ebrahimi, David

Bergman, Peter H. R. Green, Daniel A. Leffler,

David S. Sanders, Benjamin Lebwohl, Björn Lind-

kvist and Miroslav Vujasinovic. Statistical analy-

sis: Jialu Yao. Funding acquisition: Jonas F. Lud-

vigsson. Administrative, technical, or material sup-

port: Jonas F. Ludvigsson. Guarantors: Jialu Yao

and Jonas F. Ludvigsson have directly accessed

and verified the underlying data reported in the

manuscript and take responsibility for the integrity

of the data, the accuracy of the data analysis, and

the decision to submit the manuscript.

Disclosure

The funders 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.

Conflicts of interest statement

All authors have completed the ICMJE uniform

disclosure form and declare: Fahim Ebrahimi

has served as an advisory board member for

Boehringer Ingelheim. Daniel A. Leffler receives

a salary as an employee of Chugai Pharmaceu-

ticals and owns stock in this company. Jonas

F. Ludvigsson has coordinated a study on behalf

of the Swedish IBD quality register (SWIBREG).

That study received funding from Janssen Cor-

poration. Jonas F. Ludvigsson has also received

financial support from MSD developing a paper

reviewing national healthcare registers in China.

Jonas F. Ludvigsson also has a research collabo-

ration on celiac disease with Takeda. Björn Lind-

kvist has received speaker’s honoraria from All

About Meetings and Mediahuset. Miroslav Vujasi-

novic receives lecture fees from Abbott, Viatris,

Nordmark Pharma, and Amgen. Miroslav Vujasi-

novic is also an advisory board member of Abbott

and Amgen. The other authors report no disclo-

sures relevant to the manuscript.

Funding information

European Crohn’s and Colitis Organisation (to

Jiangwei Sun); the Swedish Society for Medical

Research (to Jiangwei Sun, Grant number: PG-23-

0315-H-02) and Takeda (to Jonas F. Ludvigsson)

Data availability statement

The data set cannot be shared directly under

current legislation for data protection and must

be requested directly from the respective registry

holders, Statistics Sweden (information@scb.se)

and the Swedish National Board of Health and

Welfare (registerservice@socialstyrelsen.se), after

approval by the Swedish Ethical Review Authority.

© 2026 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.

Journal of Internal Medicine, 2026, 0; 1–14

11

 1
3

6
5

2
7

9
6

, 0
, D

o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/d

o
i/1

0
.1

1
1

1
/jo

im
.7

0
0

7
4

 b
y

 U
N

IV
E

R
S

IT
Y

 O
F

 S
H

E
F

F
IE

L
D

, W
iley

 O
n

lin
e L

ib
rary

 o
n

 [1
7

/0
2

/2
0

2
6

]. S
ee th

e T
erm

s an
d

 C
o

n
d

itio
n

s (h
ttp

s://o
n

lin
elib

rary
.w

iley
.co

m
/term

s-an
d

-co
n

d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p

licab
le C

reativ
e C

o
m

m
o

n
s L

icen
se



AP in patients with CeD / J. Yao et al.

References

1 Ludvigsson JF, Yao J, Lebwohl B, Green PHR, Yuan S, Leffler

DA. Coeliac disease: complications and comorbidities. Nat

Rev Gastroenterol Hepatol. 2025;22:252–64.

2 Makharia GK, Singh P, Catassi C, Sanders DS, Leffler D, Ali

RAR, et al. The global burden of coeliac disease: opportunities

and challenges. Nat Rev Gastroenterol Hepatol. 2022;19:313–

27.

3 Trikudanathan G, Yazici C, Evans Phillips A, Forsmark CE.

Diagnosis and management of acute pancreatitis. Gastroen-

terology. 2024;167:673–88.

4 Sankaran SJ, Xiao AY, Wu LM, Windsor JA, Forsmark CE,

Petrov MS. Frequency of progression from acute to chronic

pancreatitis and risk factors: a meta-analysis. Gastroenterol-

ogy. 2015;149:1490–500.e1.

5 Krishnan A, Teran D, Mukherjee D. Risk of incident pan-

creatitis in patients with celiac disease: A population-based

matched retrospective cohort study. World J Clin Cases.

2025;13:112965.

6 Alkhayyat M, Saleh MA, Abureesh M, Khoudari G, Qapaja T,

Mansoor E, et al. The risk of acute and chronic pancreatitis

in celiac disease. Dig Dis Sci. 2021;66:2691–99.

7 Osagiede O, Lukens FJ, Wijarnpreecha K, Corral JE,

Raimondo M, Kroner PT. Acute pancreatitis in celiac disease:

has the inpatient prevalence changed and is it associated with

worse outcomes? Pancreas. 2020;49:1202–06.

8 Sadr-Azodi O, Sanders DS, Murray JA, Ludvigsson JF.

Patients with celiac disease have an increased risk for pan-

creatitis. Clin Gastroenterol Hepatol. 2012;10:1136–42.e3.

9 Ludvigsson JF, Montgomery SM, Ekbom A. Risk of pancreati-

tis in 14,000 individuals with celiac disease. Clin Gastroen-

terol Hepatol. 2007;5:1347–53.

10 Krishnan A, Patel R, Hadi Y, Singh S, Thakkar S. [Abstract]

S95 increased risk of pancreatitis, pancreatic cancer, and

mortality in patients with celiac disease. Am J Gastroenterol.

2022;117:e70–71.

11 Patel RS, Johlin FC, Jr., Murray JA. Celiac disease and recur-

rent pancreatitis. Gastrointest Endosc. 1999;50:823–27.

12 Ludvigsson JF, Lashkariani M. Cohort update: ESPRESSO

(Epidemiology Strengthened by Histopathology Reports in

Sweden). Clin Epidemiol. 2025;17:193–96.

13 Ludvigsson JF, Almqvist C, Bonamy A-KE, Ljung R,

Michaëlsson K, NeoviusM, et al. Registers of the Swedish total

population and their use inmedical research. Eur J Epidemiol.

2016;31:125–36.

14 Everhov AH, Frisell T, Osooli M, Brooke HL, Carlsen HK,

Modig K, et al. Diagnostic accuracy in the Swedish national

patient register: a review including diagnoses in the outpa-

tient register. Eur J Epidemiol. 2025;40:359–69.

15 Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim

J-L, Reuterwall C, et al. External review and validation of

the Swedish national inpatient register. BMC Public Health.

2011;11:450.

16 Barlow L, Westergren K, Holmberg L, Talbäck M. The com-

pleteness of the Swedish Cancer Register—a sample survey

for year 1998. Acta Oncol. 2009;48:27–33.

17 Wettermark B, Hammar N, Michaelfored C, Leimanis

A, Otterblad Olausson P, Bergman U, et al. The new

Swedish Prescribed Drug Register—opportunities for phar-

macoepidemiological research and experience from the first

six months. Pharmacoepidemiol Drug Saf. 2007;16:726–

35.

18 Ludvigsson JF, Brandt L, Montgomery SM, Granath F, Ekbom

A. Validation study of villous atrophy and small intestinal

inflammation in Swedish biopsy registers. BMCGastroenterol.

2009;9:19.

19 Lebwohl B, Green PHR, Söderling J, Roelstraete B,

Ludvigsson JF. Association between celiac disease and mor-

tality risk in a Swedish population. JAMA. 2020;323:1277–

85.

20 Razavi D, Ljung R, Lu Y, Andren-Sandberg A, Lindblad M.

Reliability of acute pancreatitis diagnosis coding in a National

Patient Register: a validation study in Sweden. Pancreatology.

2011;11:525–32.

21 Strand DS, Law RJ, Yang D, Elmunzer BJ. AGA clinical prac-

tice update on the endoscopic approach to recurrent acute

and chronic pancreatitis: expert review. Gastroenterology.

2022;163:1107–14.

22 Bergman D, Hagstrom H, Capusan AJ, Mårild K, Nyberg

F, Sundquist K, et al. Incidence of ICD-based diagnoses of

alcohol-related disorders and diseases from Swedish nation-

wide registers and suggestions for coding. Clin Epidemiol.

2020;12:1433–42.

23 Ludvigsson JF, Svedberg P, Olén O, Bruze G, Neovius M. The

longitudinal integrated database for health insurance and

labour market studies (LISA) and its use in medical research.

Eur J Epidemiol. 2019;34:423–37.

24 Ekbom A. The Swedish multi-generation register. Methods

Mol Biol. 2011;675:215–20.

25 Hinchliffe SR, Lambert PC. Flexible parametric modelling

of cause-specific hazards to estimate cumulative incidence

functions. BMC Med Res Methodol. 2013;13:13.

26 Stensrud MJ, Hernan MA. Why test for proportional hazards?

JAMA. 2020;323:1401–02.

27 Royston P, Lambert PC. Flexible parametric survival analysis

using Stata: beyond the Cox model. College Station, TX: Stata

Press; 2011.

28 Amorim LD, Cai J. Modelling recurrent events: a tutorial

for analysis in epidemiology. Int J Epidemiol. 2015;44:324–

33.

29 Ludvigsson JF, Inghammar M, Ekberg M, Egesten A. A

nationwide cohort study of the risk of chronic obstruc-

tive pulmonary disease in coeliac disease. J Intern Med.

2012;271:481–9.

30 Ramos-Casals M, Brito-Zeron P, Mariette X. Systemic and

organ-specific immune-related manifestations of COVID-19.

Nat Rev Rheumatol. 2021;17:315–32.

31 Wintzell V, Svanstrom H, Olen O, Melbye M, Ludvigsson JF,

Pasternak B. Association between use of azathioprine and

risk of acute pancreatitis in children with inflammatory bowel

disease: a Swedish-Danish nationwide cohort study. Lancet

Child Adolesc Health. 2019;3:158–65.

32 Green PHR, Paski S, Ko CW, Rubio-Tapia A. AGA clinical

practice update on management of refractory celiac disease:

expert review. Gastroenterology. 2022;163:1461–69.

33 Meczker A, Hanak L, Parniczky A, Szentesi A, Erőss B, Hegyi
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