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Pre-Existing Pancreatitis and Elevated Risks of COVID-19 ®

Severity and Mortality

O ver the COVID-19 pandemic, there have been
several case reports and studies describing acute
pancreatitis as a presenting symptom or manifestation of
COVID-19 disease.'* The mechanisms behind these out-
comes are still being investigated, but it has been hypoth-
esized that the binding of the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) virus to
angiotension-converting enzyme 2 in the pancreas can lead
to pancreatic injury” and the development of pancreatitis.

Furthermore, there is evidence that individuals with
concurrent pancreatitis and COVID-19 are at elevated risk of
poor outcomes. Only 2 small studies from Europe have
compared outcomes between patients with COVID-19 with
and without acute pancreatitis at the time of infection.®’
Although both studies found that patients with COVID-19
with acute pancreatitis were at higher risk of hospitaliza-
tion and mortality, the analyses were rather limited due to
the small sample sizes (N = 300-400).

As previous studies have only investigated outcomes
among individuals with pancreatitis and COVID-19 at the
same time, it is currently unknown whether an existing
history of pancreatitis before SARS-CoV-2 infection is also
associated with COVID-19 severity. Thus, we performed the
first study examining the relationship between pre-existing
pancreatitis and COVID-19 outcomes in a large and
racially/ethnically diverse retrospective cohort of patients
with COVID-19 from Kaiser Permanente Southern
California.

All patients with COVID-19 from Kaiser Permanente
Southern California who received a positive SARS-CoV-2
polymerase chain reaction laboratory test or COVID-19
diagnosis code from March 1, 2020 to February 28, 2021
were included in the study. Pancreatitis history was ascer-
tained using International Classification of Diseases
(ICD)-9/10 codes for pancreatitis at any time before the
COVID-19 diagnosis. Severe outcomes included COVID-
related hospitalization, intensive respiratory support (IRS),
and intensive care unit (ICU) admission within 30 days, and
mortality within 60 days.

We used logistic and Cox regression to assess the asso-
ciations between pancreatitis and COVID-19 outcomes. For
each outcome, we ran models for pancreatitis history (any
Vs none), pancreatitis type (single episode acute, recurrent
acute, chronic vs none), and timing since last acute
pancreatitis episode (>5 years, <5 years vs none). For
pancreatitis history, we performed subgroup analyses to
assess effect modification by age group, gender, race/
ethnicity, obesity, smoking, and alcohol use. Further details
of the methods can be found in the Supplementary
Materials.

Of 326,993 patients with COVID-19 (mean age, 45.2
years; 54.4% female), 4706 had pre-existing pancreatitis

(3299 single episode acute, 783 recurrent acute, and 624
chronic). Within 30 days after COVID-19 infection, 18,230
were hospitalized, 6942 received intensive respiratory
support, and 3251 were admitted to the ICU. Furthermore,
5255 patients died within 60 days. Rates of all outcomes
were 2-3 times higher for those with pre-existing pancre-
atitis compared with those without pancreatitis
(Supplementary Table 1).

Compared with those without pancreatitis, individuals
with pancreatitis had an increased risk of hospitalization
(odds ratio [OR], 1.23; 95% confidence interval [CI], 1.12-
1.35) and mortality (hazards ratio [HR], 1.16; 95% CI, 1.02-
1.32; Figure 1). The risk of hospitalization increased with
the progression of pancreatitis (OR, 1.16 for single episode
acute, 1.28 for recurrent acute, and 1.50 for chronic, Pyeng
< .0001). For patients with acute pancreatitis, only those
who had an episode within 5 years had elevated risks of
hospitalization (OR, 1.27; 95% CI, 1.10-1.46) and mortality
(HR, 1.25; 95% CI, 1.03-1.52). There were no associations
for intensive respiratory support and ICU, except for a
borderline significant 50% increased risk of ICU admission
(OR, 1.50; 95% CI, 1.00-2.27) for chronic pancreatitis
(Figure 1).

Furthermore, we observed stronger associations be-
tween pancreatitis history and hospitalization for those
aged 35-64 (OR, 1.39; 95% CI, 1.21-1.59) than those aged
>65 (OR, 1.10; 95% CI, 0.97-1.25; Pjnteraction < -01). The
associations for hospitalization were also more pronounced
for nonobese (OR, 1.36; 95% CI, 1.20-1.55) compared with
obese patients (OR, 1.09; 95% CI, 0.95-1.25; Piteraction
< .0001). Moreover, the association between pancreatitis
and mortality was significant among nonobese patients (HR,
1.24; 95% CI, 1.06-1.45), but not for obese patients (HR,
1.00; 95% CI, 0.80-1.24, Pinteraction < -01). We did not
observe significant effect modification across any of the
other subgroups (Supplementary Figure 1).

In this study of nearly 327,000 patients with COVID-19,
we observed that pre-existing pancreatitis was associated
with an increased risk of COVID-19-related hospitalization
and mortality. Notably, the risk of hospitalization exhibited a
dose-effect corresponding with more advanced forms of
pancreatitis, whereas the positive associations for hospital-
ization and mortality were higher for those with acute

Abbreviations used in this paper: BMI, body mass index; Cl, confidence
interval; HR, hazards ratio; ICU, intensive care unit; IRS, intensive respi-
ratory support; OR, odds ratio.
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. N Events N Non-events OR/HR (95%Cl)
History
No pancreatitis [ 17600 304687 Reference
Any pancreatitis —e— 630 4076 1.23(1.12,1.35)
Type &
No pancreatitis = A 17600 304687 Reference
Singleepisodeacute N —a 396 2903 1.16 (1.04,1.30)
Recurrentacute '@ —Aa— 116 667 1.28(1.03,1.58)
Chronic ‘g —a 118 506 1.50(1.21,1.86)
Ptrend & <0.0001
T
Timing <
No pancreatitis ] 17600 304687 Reference
Acute >5 years — 251 1750 1.11(0.96,1.28)
Acute <5years — 261 1820 1.27(1.10,1.46)
Ptrend <0.001
History
No pancreatitis ° 6720 315567 Reference
Any pancreatitis —e— 222 4484 1.01(0.88,1.17)
Type
) No_pancreatitis A 6720 315567 Reference
Single episode acute — A 145 3154 1.01(0.85,1.20)
Recurrent acute Q _ 37 746 0.92(0.65,1.30)
Chronic = — A 40 584 1.13(0.81,1.58)
Ptrend () 0.74
Timing
No pancreatitis ] 6720 315567 Reference
Acute >5years —. 89 1912 0.93(0.75,1.17)
Acute <5years —. 93 1988 1.05(0.85,1.31)
Ptrend 0.90
History
No pancreatitis ° 3136 319151 Reference
Any pancreatitis ———— 115 4591 1.06 (0.87,1.29)
Type
No pancreatitis A 3136 319151 Reference
Single episode acute —a 67 3232 0.94(0.73,1.21)
Recurrent acute =) A 22 761 1.10(0.71,1.71)
Chronic = A 26 598 150 (1.00,227)
Ptrend Y 0.16
Timing
No pancreatitis ] 3136 319151 Reference
Acute >5years —_— 41 1960 0.89(0.65,1.23)
Acute <5years —_—— 48 2033 1.06 (0.79,1.43)
Ptrend 0.96
History
No pancreatitis ° 5006 317281 Reference
Any pancreatitis —e—— 249 4457 1.16(1.02,1.32)
Type
~ Nopancreatitis > A 5006 317281 Reference
Single episode acute £ — A 158 3141 1.16(0.99,1.37)
Recurrent acute £ _ 43 740 1.14(0.84,1.54)
Chronic o —a 48 576 1.15(0.87,1.53)
Prend = 0.05
a
Timing
No pancreatitis ] 5006 317281 Reference
Acute >5years — . 100 1901 1.08(0.89,1.32)
Acute <5years —. 101 1980 1.25(1.03,1.52)
Ptrend 0.02
0.5 1.0 1.5 20 25
OR/HR (95% Cl)
e History A Type m  Timing

Figure 1. Associations between pre-existing pancreatitis history, type, and timing and (A) hospitalization, (B) intensive res-
piratory support (IRS), (C) intensive care unit (ICU) admission, and (D) mortality following COVID-19 diagnosis. All models are
adjusted for age group, gender, race/ethnicity, income, college education, Medicaid insurance status, body mass index (BMI)
category, diabetes, smoking, alcohol use, Charlson comorbidity score, and month of COVID-19 infection. Measure of asso-
ciation is OR for hospitalization, IRS, and ICU, and HR for mortality.

pancreatitis episodes within the past 5 years. Taken
together, these results suggest that individuals with more
sustained or recent injuries to the pancreas could be at
greater risk of developing severe COVID-19.

The poorer outcomes among patients with COVID-19
with pancreatitis history could possibly be related to a
pre-existing aggravated inflammatory condition. Past
studies have shown that pancreatic acinar cells release
several cytokines during acute pancreatitis, including tumor
necrosis factor alpha, interleukin (IL)6, and IL10, whereas T

cells and macrophages are heavily involved in the inflam-
matory processes of chronic pancreatitis.® There is also
evidence that patterns of cytokine elevations are similar
during severe acute pancreatitis and severe COVID-19 dis-
ease.” Because tumor necrosis factor alpha, IL6, and IL10
are involved in the cytokine storm induced by SARS-CoV-2
virus,'® the prior activation of immune cells in the pancre-
atic microenvironment could perhaps increase the risk of a
more severe inflammatory response during COVID-19
illness.
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The key strengths of this study are the large, racially/
ethnically heterogeneous cohort of patients with COVID-19
and the comprehensive data from the electronic medical
record. This provided us with sufficient power to evaluate
pancreatitis type and timing while adjusting for several
important confounders. However, we did not have infor-
mation on pancreatitis etiology, nor did we have laboratory
data on pancreatic enzymes to evaluate the severity of
pancreatitis. As our cohort only included patients up to
February 2021, we also could not examine the impact of
COVID-19 vaccines on the association between pancreatitis
and severe COVID-19.

In this first study investigating pre-existing pancreatitis
and COVID-19 severity, our findings suggest that individuals
with prior inflammatory insults to the pancreas could be at
greater risk of hospitalization and mortality. Given the
inflammation-related similarities between pancreatitis and
COVID-19, future studies should evaluate the serum levels
of inflammatory markers between patients with COVID-19
with and without pre-existing pancreatitis to further eluci-
date this relationship.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
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Supplementary Methods

Study Population

We performed a retrospective cohort study of all pa-
tients from Kaiser Permanente Southern California (KPSC)
who were diagnosed with COVID-19 from March 1, 2020 to
February 28, 2021. KPSC is a large integrated health system
with comprehensive electronic medical records that serves
more than 4.6 million members across Southern California.
The KPSC member population is representative of the
geographic Southern California region. For this study,
patients who received a positive SARS-CoV-2 polymerase
chain reaction (PCR) laboratory test or a diagnosis code
(internal KPSC codes and International Classification of
Diseases [ICD-10] codes U07.1, J80 & U07.1,]12.89 & U07.1,
J20.8 & U07.1, and J22 & U07.1) for COVID-19 were
included. We defined the index date as the date of the
earliest laboratory order for those who received a SARS-
CoV-2 PCR test and the date of the earliest COVID-19 code
for those who had diagnosis codes only.

Patients who had a diagnosis code for asymptomatic
COVID-19 disease and a negative PCR test within 2 weeks
after the diagnosis (N = 2158) were excluded to remove
potential false-positive cases. We also excluded recurrent
COVID-19 cases (N = 178), patients <18 years old (N =
59,838), nonmembers and patients with <12 months of
membership who had incomplete medical data (N =
87,733), individuals with other/unknown gender (N = 24),
and those with invalid death data (N = 43).

This study was approved by the KPSC Institutional Re-
view Board.

Pancreatitis Exposures

Pancreatitis history was ascertained using ICD-9 and
ICD-10 codes for acute (577.0, K85x) and chronic (577.1,
K86.0, K86.1) pancreatitis at any time before the COVID-19
diagnosis. Individuals were evaluated based on pancreatitis
history (any vs none) and type of pancreatitis (single
episode acute, recurrent acute, chronic vs none). Patients
with codes for acute pancreatitis were categorized as
recurrent acute if they had more than 1 acute pancreatitis
code at least 30 days apart, and as single episode acute
otherwise. Patients with codes for both acute and chronic
pancreatitis were categorized as chronic pancreatitis pa-
tients. For acute pancreatitis, we also assessed timing from
the most recent episode before COVID-19 diagnosis (split by
median time <5 years vs >5 years).

Outcomes

We defined severe COVID-19 disease using 4 outcomes
of interest: COVID-19-related hospitalization, intensive
respiratory support (IRS; eg, invasive mechanical ventila-
tion, noninvasive ventilation, high-flow mask, high-flow
nasal cannula), and ICU admission within 30 days, and all-
cause mortality within 60 days. Hospitalization, IRS, and
ICU admissions were considered COVID-19-related if there

Pancreatitis and COVID-19 1760.e1

was an associated COVID-19 diagnosis code during the
hospital encounter. Information on hospitalizations, IRS, and
ICU admissions were obtained from inpatient records and
out-of-network claims. Mortality information was ascer-
tained from inpatient and death records.

Covariates

Information on demographics (age, gender, race/
ethnicity), insurance type, and lifestyle factors (body mass
index, diabetes, smoking history, alcohol use) were obtained
from the electronic medical records. Neighborhood-level
education and income were attained from the geocoding
database. For each patient, all diagnosis codes in the past
year before COVID-19 were used to calculate the Charlson
comorbidity index.

Statistical Analysis

We used logistic regression to estimate the ORs and
95% Cls for the relationship between pancreatitis and
COVID-19-related hospitalization, IRS, and ICU admission,
and Cox regression to estimate the HRs for all-cause mor-
tality. For each outcome, we ran models for any pancrea-
titis history (any vs none), pancreatitis type (single episode
acute, recurrent acute, chronic vs none), and timing since
last acute pancreatitis episode (>5 years, <5 years vs
none). To test for trends in the associations for pancreatitis
type and timing, we also ran models with the exposures as
continuous variables coded as consecutive numbers (eg, 1,
2, 3).

All models included age group (18-34, 35-64, >65),
gender, race/ethnicity (Asian, black, Hispanic, white,
other), body mass index category (<25 kg/m? for under-
weight/normal, 25-30 kg/m? for overweight, 30-40 kg/m?
for obese, >40 kg/m? for severely obese), diabetes (yes vs
no), smoking history (current, former, never), alcohol use
(ves vs no), income (<$40,000, $40,000-$79,999,
>$80,000), college education (yes vs no), Medicaid status
(ves vs no), and Charlson comorbidity index (0, 1, >2) as
covariates. We also included month of COVID-19 infection
as an additional covariate to account for temporal changes
in testing availability and medical care for COVID-19
during the pandemic.

For pancreatitis history, we performed subgroup an-
alyses to assess effect measure modification by age
group, gender, race/ethnicity, obesity, smoking, and
alcohol use. The analyses by age group were only con-
ducted among those aged 35 and older due to the small
number of hospitalizations and deaths in those aged <35.
Heterogeneity was assessed using models with an inter-
action term for pancreatitis history and the subgroup of
interest.

To address potential reverse causation, we re-ran all
models excluding individuals who had their first pancrea-
titis code within 5 days before COVID-19 (N = 44). Results
from the sensitivity analyses were similar; therefore, we
only present results from the original analyses.

All analyses were performed using SAS 9.4 (Cary, NC).
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NEvents NNon-events OR/HR(95%Cl)

Age
35-64 —o— 249 2388 1.39(1.21,1.59)
>65 —— 364 1121 1.10(0.97,1.25)
Pinteraction <0.01
Gender
Female —Ah— 284 2494 1.18(1.03,1.35)
Male —h— 346 1582 1.28(1.13,1.46)
pinteraction 0.77
Race /ethnicity
Asian c —_— 56 225 1.05(0.76,1.44)
_ Black ,g —_— 69 317 1.24(0.93,1.66)
Hispanic 5] —a— 364 2626 1.26(1.12,1.42)
White = —a— 137 857 1.24(1.02,1.51)
Pinteraction 5= 031
Z
Obesity 2
Non-obese < —— 348 1841 136(1.20,1.55)
Obese — 282 2231 1.09 (0.95,1.25)
Pinteraction <.0001
Smoking
Never —R— 358 2681 1.27(1.12,1.43)
Ever —R— 272 1395 1.16(1.01,1.34)
Pinteraction 0.60
Alcohol
No —— 456 2516 1.25(1.12,1.40)
Yes — 161 1442 1.17(0.98,1.39)
Pinteraction 0.39
Age
35-64 —_—— 50 2587 1.22(091,1.62)
>65 —— 198 1287 1.10(0.95,1.27)
Pinteraction 0.23
Gender
Female —_—f 93 2685 1.03(0.84,1.27)
Male R — 156 1772 1.24(1.06,1.46)
Pinteraction 0.64
Race [ethnicity
Asian = 28 253 142 (0.96,2.08)
~ Black —_——— 22 364 0.89(0.57,1.37)
Hispanic =~ — 134 2856 1.26 (1.06,1.50)
White = —_—a— 63 931 1.01(0.78,1.30)
Pinteraction = 0.57
=
Obesity =
Non-obese ) 164 2025 1.24(1.06,1.45)
Obese —_— 85 2428 1.00 (0.80,1.24)
Pinteraction <0.01
Smoking
Never —R— 131 2908 1.27(1.06,1.51)
Ever —R— 118 1549 1.05(0.87,1.27)
Pinteraction 0.0
Alcohol
No —— 181 2791 1.10(0.95,1.28)
Yes —_— 64 1539 1.34(1.04,1.72)
Pinteraction 0.26
05 1.0 15 20
OR/HR (95% CI)
e Age A Gender m  Race/ethnicity

+ Obesity ® Smoking % Alcohol

Supplemental Figure 1. Associations between any prior history of pancreatitis and (A) hospitalization and (B) mortality after
COVID-19 diagnosis, stratified by subgroups. All models are adjusted for age group, gender, race/ethnicity, income, college
education, Medicaid insurance status, body mass index (BMI) category, diabetes, smoking, alcohol use, Charlson comorbidity
score, and month of COVID-19 infection. Measure of association is OR for hospitalization and HR for mortality. Heterogeneity
was assessed using models with an interaction term for the given subgroup and pancreatitis history.
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Supplementary Table 1.Cohort Characteristics of 326,993 Adult Patients With a Confirmed COVID-19 Diagnosis From March
1, 2020 to February 28, 2021, Stratified by Prior History of Pancreatitis

No pancreatitis (N = 322,287) Pancreatitis® (N = 4706) Total (N = 326,993)

Demographics

Age, mean (SD)

Age category, N (%)
18-34
35-64
>65

Gender, N (%)
Female
Male

Race/ethnicity, N (%)
Asian
Black
Hispanic
Other
White

BMI category, N (%)
Underweight/normal (<25 kg/m?)
Overweight (25-30 kg/m?)
Obese (30-40 kg/m?)
Severely obese (>40 kg/m?)
Missing

Diabetes, N (%)
No
Yes

Smoking status, N (%)
Current
Former
Never
Missing

Alcohol use, N (%)
No
Yes
Missing

Household median income, N (%)
<$40,000
$40,000-$79,999
>$80,000
Missing

College education, N (%)
No
Yes
Missing

Medicaid, N (%)
No
Yes

Charlson comorbidity score, N (%)
0
1
>2

Outcomes, N (%)°
COVID-19-related hospitalization
COVID-19—related IRS®
COVID-19-related ICU admission
Death

45.1 (16.57)

100,030 (31%)
179,924 (55.8%)
42,333 (13.1%)

175,052 (54.3%)
147,235 (45.7%)
23,318 (7.2%)

19,231 (6%)
197,262 (61.2%)
16,829 (5.2%)
65,647 (20.4%)

60,784 (18.9%)
101,202 (31.4%)
122,871 (38.1%)

30,796 (9.5%)

6634 (2.1%)

264,708 (82.1%)
57,579 (17.9%)

16,483
59,363
239,563
6878

5.1%)
18.4%)
74.3%)
2.2%)

—~ e~~~

159,086 (49.4%)
124,467 (38.6%)
38,734 (12%)

20,421
173,208
128, 643

6.3%)
53.8%)
39.9%)
5 (0%)

ST

184,297 (57.2%)
137,975 (42.8%)
15 (0%)

320,838 (99.6%)
1449 (0.4%)

223,971 (69.5%)
64,193 (19.9%)
34,123 (10.6%)

17,600
6720
3136
5006

5.5%)
2.1%)
%)

1.6%)

—~ e~
—

55.8 (16.89)

584 (12.4%)
2637 (56%)
1485 (31.6%)

2778 (59%)
1928 (41%)

281 (6%)
386 (8.2%)
2990 (63.5%)
5 (1.2%)
994 21.1%)

774 (16.4%
1415 (30.1%
1990 (42.3%

523

= = = =

(11.1%
4 (0.1%)

2541 (54.0%)
2165 (46.0%)

269 (5.7%)
1398 (29.7%)
3031 (64.4%)
8 (0.2%)

2972 (63.1%)
1603 (34.1%)
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All patient characteristics and outcome event rates were significantly different across individuals with and without a prior

history of pancreatitis (P < .0001).

@Any prior history of acute or chronic pancreatitis before COVID-19 diagnosis identified using ICD-9/10 codes (acute: 577.0,

K85x; chronic: 577.1, K86.0, K86.1)

bwithin 30 days for hospitalization, IRS, and ICU; within 60 days for death.

°Need for invasive mechanical ventilation, noninvasive ventilation, high-flow mask, or high-flow nasal cannula.
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