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ABSTRACT

Introduction: Although cases of acute chole-
cystitis, acute pancreatitis, and acute appen-
dicitis following dengue virus infections have
been documented, very few large-scale studies
have investigated the postdengue risk of these
acute abdominal conditions.
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Methods: This retrospective population-based
cohort study included all patients with labora-
tory-confirmed dengue from 2002 to 2015 in
Taiwan and 1:4 nondengue individuals mat-
ched by age, sex, area of residence, and symp-
tom onset time. Multivariate Cox proportional
hazards regression models were used to inves-
tigate the short-term (< 30 days), medium-term
(31-365 days), and long-term (> 1 year) risks of
acute cholecystitis, pancreatitis, and appen-
dicitis after dengue infection, adjusted for age,
sex, area of residence, urbanization level,
monthly income level, and comorbidities.
Bonferroni correction was used for multiple
testing; E-values were used to assess the
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robustness of the results to unmeasured

. What was learned from the study?
confounding.

Results: This study included 65,694 individuals
with dengue and 262,776 individuals without
dengue. Patients with dengue had a signifi-
cantly increased risk of acute cholecystitis (ad-
justed hazard ratio (aHR) 60.21; 95% CI
29.11-124.54; P < 0.0001, E-value =119.92)
and acute pancreatitis (aHR 17.13; 95% CI
7.66-38.29; P < 0.0001, E-value = 33.75) within
the first 30 days postinfection compared to
those without dengue, but this increased risk
was not present after that. The incidence rates
of acute cholecystitis and pancreatitis in the
first 30 days were 18.79 and 5.27 per 10,000,
respectively. No increased risk of acute appen-
dicitis was observed among patients with acute
dengue infection.

Conclusion: This study was the first large epi-
demiological study to show a significantly
increased risk of acute cholecystitis and pan-
creatitis among patients with dengue during the
acute phase of dengue infection, while no such
association was observed for acute appendicitis.
Early identification of acute cholecystitis and
pancreatitis in patients with dengue is crucial
for preventing fatal complications.

Keywords: Acute abdomen; Dengue virus;
Dengue; Acute cholecystitis; Acute
pancreatitis; Acute appendicitis; Cohort study;
Taiwan

Why carry out the study?

This population-based cohort study
included 65,694 individuals with
laboratory-confirmed dengue and 1:4
matched nondengue individuals to
investigate the risks of acute cholecystitis,
acute pancreatitis, and acute appendicitis
after dengue infection.

Patients with dengue had a significantly
increased risk of acute cholecystitis (aHR
60.21; 95% CI 29.11-124.54) and acute
pancreatitis (aHR 17.13; 95% CI
7.66-38.29) within the first 30 days
postinfection compared to those without
dengue.

No increased risk of acute appendicitis was
observed among patients with acute
dengue infection.

Early identification of acute cholecystitis
and pancreatitis in patients with dengue is
crucial for preventing fatal complications.

INTRODUCTION

For decades, arboviral diseases were thought to
have minimal impact on global mortality and
disability. However, the unprecedented emer-
gence and resurgence of arboviral diseases over
the past five decades, including dengue, Zika
virus disease, chikungunya, and yellow fever,
have changed perspectives on their influence
on global mortality and disability [1]. The
emergence of arboviral diseases is likely driven
by the triad of the modern world: urbanization,
globalization, and increased international
mobility [1]. Additionally, increased urbaniza-
tion facilitates the expansion and persistence of
Aedes mosquitoes in endemic regions, leading
to intensified endemic transmission of arbo-
viruses [2]. Dengue is one of the most important
mosquito-borne diseases in humans and is
caused by four distinct but closely related den-
gue virus (DENV) serotypes. During the past five
decades, the incidence of dengue has risen
30-fold [3]. Some 100-400 million DENV infec-
tions occur annually in 128 countries, with an
estimated population at risk of up to 3.97 bil-
lion people [4, 5].

The broad spectrum of manifestations in
dengue ranges from subclinical disease, classic
dengue fever, to severe dengue, previously
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known as dengue hemorrhagic fever (DHF) or
dengue shock syndrome (DSS) [6]. The initial
manifestations of dengue include high fever,
skin rash, headache, arthralgia, myalgia, nau-
sea, and vomiting. Some symptoms have been
identified as warning signs, which are associated
with an increased risk of progression to severe
dengue. These warning signs include abdominal
pain, persistent vomiting, clinical fluid accu-
mulation, mucosal bleeding, lethargy, restless-
ness, and hepatomegaly. Patients with warning
signs require further intensive medical care [6].

Abdominal pain is a common symptom
experienced by approximately 11.5-57% of
patients with dengue and serves as a well-
established warning sign for severe dengue
[7-9]. The most frequent causes of abdominal
pain in patients with dengue are acute hepatitis
and nonspecific pain [10-12]. Acute abdomen,
defined as the rapid onset of abdominal pain,
fever, and peritoneal signs, is much less com-
mon in patients with dengue but has been
documented in several case reports and case
series involving individuals with dengue
[13, 14]. A recent review of 9365 patients with
dengue from 22 studies revealed that 1501
(16%) of patients presented with acute abdo-
men; the most prevalent causes were acute
cholecystitis (45.4%), acute pancreatitis (7.7%),
and acute appendicitis (2.7%) [13]. However,
most patients included in this review were
hospitalized in tertiary care hospitals, which
may significantly overestimate the incidence of
acute abdomen in DENV infection as a result of
the selection bias of more severe cases. Another
limitation of these previous studies is the lack of
comparison groups to thoroughly investigate
the association between dengue and acute
abdomen.

Therefore, this population-based cohort
study aimed to investigate the risk of acute
cholecystitis, acute pancreatitis, and acute
appendicitis following DENV infections by
including all laboratory-confirmed patients
with dengue, both inpatients and outpatients,
from 2002 to 2015 in Taiwan, and comparing
them to matched nondengue individuals. Fail-
ure to promptly identify these conditions in
patients with dengue may result in life-threat-
ening complications, such as gallbladder

rupture and pancreatic necrosis. Understanding
the risk of these three conditions among
patients with dengue can increase knowledge of
potential dengue complications and assist
healthcare professionals in early recognition
and proper management [12].

METHODS

A single-payer national health insurance pro-
gram was launched in Taiwan in 1995. This
nationwide population-based cohort study was
conducted using data from the National Health
Insurance Research Database (NHIRD) in Tai-
wan, which comprises health insurance claims
data for more than 99% of the over 23 million
Taiwanese population as well as foreign
nationals who possess a valid residence permit.
It has become a valuable resource for health-
related studies in recent years [15]. Compre-
hensive healthcare information for insured
people, including demographic data (age, sex,
area of residency, and income) and clinical data
(medical diagnoses, visit dates, drugs and pro-
cedures from outpatient, inpatient, and emer-
gency departments) is available in the NHIRD.
The International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-
CM) was used in the NHIRD between 2000 and
2015, and the ICD-10-CM was introduced in
2016. To protect privacy, personal identifiers in
the database were encrypted. The NHIRD can be
linked to multiple national databases, including
registries of birth, deaths, cancers, and
reportable infectious diseases.

This study was commenced after obtaining
approval from the Institutional Review Board of
National Cheng Kung University Hospital (B-
ER-106-184). This study was performed in
accordance with the Helsinki Declaration of
1964 and its later amendments. Because the
data were deidentified and analyzed for research
purposes, the need for informed consent was
waived.

Study Population

All cases of laboratory-confirmed dengue in
Taiwan between 2002 and 2015, including
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hospitalized and outpatient cases, were identi-
fied from the Notifiable Disease Dataset of
Confirmed Cases (NDDCC), released by the
Taiwan Center for Disease Control. The criteria
for laboratory confirmation included isolation
of DENV, positive real-time reverse transcrip-
tion polymerase chain reaction, a fourfold rise
in the IgG titer in paired acute- and convales-
cent-phase samples, positive nonstructural pro-
tein 1 (NS1) testing, and detection of dengue-
specific IgM and IgG antibodies in a single
serum sample (before 2009) [16-18]. The date of
symptom onset recorded in the NDDCC was set
as the index date for each patient with dengue.
Patients with missing or invalid data or not
enrolled in the NHIRD were excluded. For each
case with dengue, four nondengue controls
were randomly selected from all beneficiaries of
Taiwan’s National Health Insurance Program by
matching on age, sex, area of residence, and the
calendar year and month of the index date. The
matched controls had the same index date as
those for their corresponding case with dengue.
Those in both the dengue and nondengue
groups who had a diagnosis of cholelithiasis
(ICD-9-CM code 574.x), other disorders of the
gallbladder (ICD-9-CM code 575.x), diseases of
the pancreas (ICD-9-CM code 577.x), and
appendicitis (ICD-9-CM code 540-542) before
the index date were excluded.

Study Outcome and Follow-up

All the study participants’ medical claim data
were obtained from the NHIRD; their mortality
records were retrieved from the Cause of Death
Database. The outcomes of this study included
acute cholecystitis, acute pancreatitis, and acute
appendicitis, which were defined by one hos-
pital admission with relevant ICD-9-CM codes
or ICD-10-CM codes (Supplemental Table 1).
We followed all the subjects from the index date
to the first date of hospital admission due to the
above outcomes, death, or the end of 2018,
whichever occurred first.

Covariates

In addition to age and sex, area of residence was
also used as a matching variable because dengue
epidemics mainly occurred in southern Taiwan,
including Tainan, Kaohsiung, and Pingtung,
while other places had only sporadic cases.
Urbanization level and monthly income level
were also considered sociodemographic vari-
ables in this study, as previously described
[17, 18]. We also considered the following
comorbidities as potential confounders: alco-
hol-related diseases, chronic obstructive pul-
monary disease (COPD), dyslipidemia, diabetes
mellitus (DM), and hypertension, which were
defined by at least three outpatient visits or one
hospital admission before the index date with
ICD-9-CM codes listed in Supplementary Mate-
rial Table 1.

Statistical Analysis

We used the standardized mean difference
(SMD) to compare the baseline characteristics
between the dengue group and the nondengue
group, and an SMD > 0.1 was considered a
meaningful difference [19]. The incidence rates
of acute cholecystitis, acute pancreatitis, and
acute appendicitis were calculated as the num-
ber of events during the follow-up period divi-
ded by the total follow-up time in person-
months. We constructed multivariate Cox pro-
portional hazards regression models to estimate
hazard ratios (HRs) and 95% confidence inter-
vals (CIs) for the abovementioned outcomes in
cases with dengue compared to nondengue
subjects, controlling for age, sex, area of resi-
dence, urbanization level, monthly income
level, and comorbidities. Proportional hazard
assumptions were examined by using log-log
survival plots. Analyses stratified by the follow-
up time were also performed to calculate the
HRs of three outcomes at different periods
(< 30days, 31-365 days, and > 365 days after
the index date) to investigate the short-term,
medium-term, and long-term risks of acute
cholecystitis, acute pancreatitis, and acute
appendicitis after DENV infection. To further
investigate whether the risk of acute abdomen
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differed between the most acute stage and the
convalescent stage, we further stratified the first
30days into < 10days and 11-30days. To
account for multiple comparisons for three dif-
ferent outcomes and analyses stratified by sex,
age, and follow-up time, a post hoc Bonferroni
correction was performed to derive an adjusted
threshold for p values. Sensitivity analyses using
subdistribution hazard models proposed by Fine
and Gray to account for the competing risk of
death were also performed [20]. In addition, we
calculated E-values to evaluate how strong the
unmeasured confounding would have to be to
negate the observed association between DENV
infection and three outcomes [21-23].

RESULTS

A total of 65,694 individuals with laboratory-
confirmed dengue and 262,776 matched indi-
viduals without dengue were included in this
study. The flow diagram to identify and select
study subjects is depicted in Fig. 1. The mean
follow-up period was 4.95 £ 3.55 years for the
dengue group and 4.95 + 3.32 years for the
nondengue group. We found that 0.53% of
patients with dengue and 0.06% of individuals
without dengue died in the first month, while
4.23% of patients with dengue and 4.86% of
nondengue individuals died during the whole
follow-up period. The baseline demographic
and clinical characteristics of the two groups are
tabulated in Table 1. Patients with dengue
seemed to reside in more urbanized areas than
nondengue subjects. Other baseline character-
istics were not significantly different between
the two groups.

The overall incidence rates of acute chole-
cystitis, acute pancreatitis, and acute appen-
dicitis were 1.44, 0.63, and 0.88 per 10,000
person-months in the dengue group and 1.06,
0.50, and 0.70 per 10,000 person-months in the
nondengue group, respectively. Multivariate
Cox proportional hazards regression models
revealed that patients with dengue had signifi-
cantly higher risks of developing acute chole-
cystitis (adjusted HR (aHR) 1.33; 95% CI
1.20-1.46; P < 0.0001, E-value = 1.99), acute
pancreatitis (aHR 1.28; 95% CI 1.11-1.48;

P =0.0009, E-value = 1.88), and acute appen-
dicitis (aHR 1.27; 95% CI 1.12-1.43; P = 0.0002,
E-value = 1.86) than nondengue subjects, after
adjusting for age, sex, area of residence, urban-
ization level, monthly income level, and
comorbidities.

To adjust for the multiple comparison prob-
lem, the Bonferroni post hoc method required a
significance level of P < 0.0013 (three different
outcomes and analyses stratified by sex (two
groups), age (five groups), and follow-up time
(five groups); total 39 tests in Tables 2 and 3).
Analyses stratified by sex and age revealed that
the risk of acute cholecystitis among patients
with dengue remained significantly higher than
that among subjects without dengue for male
participants (aHR 1.25; 95% CI 1.17-1.55;
P < 0.0001, E-value = 1.81), female participants
(@HR 1.30; 95% CI 1.13-1.49; P =0.0003,
E-value = 1.92), and those aged 0-17 years (aHR
9.22; 95% CI 2.95-28.80; P = 0.0001, E-value =

17.93) and > 65years (aHR 1.42; 95% CI
1.21-1.67; P < 0.0001, E-value = 2.19) (Table 2).
Subdistribution hazard models were used in
sensitivity analyses to account for competing
risks, and the results were similar to those
obtained from Cox regression models (Tables 2
and 3).

We further analyzed the time trend for the
risks of the three outcomes after DENV infec-
tion (Table 3). Patients with dengue had a sig-
nificantly increased risk of developing acute
cholecystitis in the first 30 days after symptom
onset (incidence rate 18.79 per 10,000 person-
months; aHR 60.21; 95% CI 29.11-124.54;
P < 0.0001, E-value = 119.92), but no increased
risk was observed after 30 days. A significantly
higher risk of developing acute pancreatitis was
also observed in the first 30 days (incidence rate
5.27 per 10,000 person-months; aHR 17.13;
95% Cl 7.66-38.29; P <0.0001, E-value =
33.75) but not thereafter. For acute appendici-
tis, the results showed no increased risk in the
first year but an increased risk after 1 year of
DENYV infection (aHR 1.32; 95% CI 1.15-1.51;
P < 0.0001, E-value = 1.97).

To further investigate the differences in
acute abdomen risk between the most acute
phase and the convalescent phase, we subdi-
vided the initial 30 days into two periods: the
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78008 confirmed dengue
cases between 1998 and
2015 in the Notifiable
Disease Dataset of
Confirmed Cases

27992154 individuals
enrolled in the National
Health Insurance
Program between 2002
and 2015

Excluded:
2810 without valid ID numbers
35 basic information missing
in the NHI Program
541 symptom onset date
recorded within 30 days
since the primary infection
627 diagnosed before 2002

73995 dengue cases
between 2002 and 2015

23410446 individuals
who had not been
confirmed or suspected
dengue cases, with valid
ID numbers and basic
information available in
the NHI program
between 2002 and 2015

Excluded:
4 with unclear death status
8297 with any diagnosis of
cholelithiasis, other
disorders of gallbladder,
diseases of pancreas, or
appendicitis before index
dates

22564018 individuals
without (1) unclear death
status; (2) any diagnosis
of cholelithiasis, other
disorders of gallbladder,
diseases of pancreas, or
appendicitis before index
dates, regardless of
whether they had
symptoms or clinical
visits on the index dates

65694 dengue cases

1:4 matched by index year
and month, sex, age, and
area of residence

262776 matched control
subjects without dengue

v

328470 participants followed up until
admission due to acute abdomen,
death, or December 31, 2018.

Fig. 1 Flow diagram of the selection of the study population
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Table 1 Demographic and clinical characteristics in den- Table 1 continued

gue and nondengue groups

Dengue Nondengue SMD
Dengue Nondengue SMD cohort cohort
cohort cohort (n = 65,694) (n = 262,776)
(n = 65,694) (n = 262,776)

Sex Dyslipidemia 12,734 (19.3) 43,737 (16.6) 0.073
Male 33,215 (50.6) 132,860 (50.6) - Hypertension 15,523 (23.6) 57,338 (21.8)  0.044
Female 32,479 (49.4) 129916 (49.4) - Data are number (%) or mean (standard deviation), unless

otherwise stated

Age (years) 43.9 (20.3) 43.9 (20.3) - SMD standardized mean difference, COPD chronic
0-17 7775 (11.8) 31,100 (11.8) 3 obstructive pulmonary disease
18-35 16,042 (24.4) 61468 (244) -

36-50 14,416 (21.9) 57,664 (21.9) - first 10days and the subsequent 11-30 days

(Table 3). In accordance with the regulations of
51-64 16431 (25.0) 65,724 (25.0) - the Health and Welfare Data Science Center of
> 65 11,030 (16.8) 44,120 (16.8) - Taiwan, the number of events was too small to

Area of residence allow data to be reported in certain instances in

order to prevent re-identification; therefore, the

Tainan 23,011 (35.0) 92,044 (35.0) - case numbers and incidence rates of acute
. B pancreatitis and appendicitis were not shown.
Kaohsiung 38979 (59.3)  159.916 (59.3) The results showed that the risk of acute
Pingtung 1645 (2.5) 6580 (2.5) - cholecystitis was highest during the first 10 days
Others 2059 (3.1) 8236 (3.1) - after symptom onset in patients with dengue
o (aHR 111.67; 95% CI 40.80-305.65; P < 0.0001,

Urbanization E-value = 222.84), and the risk dropped but

1 23,623 (36.0) 61,616 (23.5) 0.284 remained significantly higher compared to
nondengue subjects between 11 and 30 days
2 26380 (402) 85442 (325) 0161 .per infection (aHR 9.25; 95% CI 2.79-30.65;
3 13,075 (19.9) 70,804 (26.9) 0.161 P =0.0003, E-value = 17.99). The risk of acute
pancreatitis among patients with dengue was
7 2616 (40) 4914 (17.1) 0355 also highest during the first 10 days (aHR 45.65;

Income 95% CI 10.64-195.93; P < 0.0001, E-value =
Not- 12,094 (184) 45,502 (17.3) 0.029 90.8), but the aHR became statistically non-
employed significant in the convalescent stage after con-

sidering multiple comparisons (aHR 5.54;
Low 26,660 (40.6) 115,695 (44.0) 0.070 95% CI (1.66-18.44); P = 0.0053).
High 26,940 (41.0) 101,579 (38.7)  0.048

Comorbidity DISCUSSION
Alcohol- 226 (0.3) 1065 (0:4) 0010 This study demonstrated that patients with
“flawd dengue had a significantly higher risk of acute
disease cholecystitis and pancreatitis compared to
COPD 10,495 (16.0) 36,889 (14.0) 0.055 nondengue subjects, specifically in the first
Diabetes 7694 (11.7) 28,491 (10.8)  0.028 month after symptom onset. The aHRs (60.21
e and 17.13, respectively) and corresponding

E-values (119.92 and 33.75, respectively) were
very large, suggesting that the results were
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Table 2 Comparison of incidence and hazard ratio of acute abdomen between dengue and nondengue cohorts stratified by

sex and age
Acute abdomen Dengue cohort Nondengue Adjusted HR® P value®  Adjusted SHR® P value®
cohort (95% CI1Y) (95% C1°)
No. of IR* No. of IR*
events events
Acute 564 1.44 1657 1.06 1.33 < 0.0001* 1.34 < 0.0001*
cholecystitis (1.20-1.46) (1.21-1.48)
Sex
Male 291 1.48 818 1.05 1.25 < 0.0001* 1.37 < 0.0001*
(1.17-1.55) (1.19-1.57)
Female 273 1.39 839 1.07 1.30 0.0003* 1.31 0.0002*
(1.13-1.49) (1.14-1.51)
Age (years)
0-17 9 020 6 0.03 9.22 0.0001* 9.23 < 0.0001*
(2.95-28.80) (3.42-24.91)
18-35 45 047 175 045 1.02 0.8873 1.03 0.8879
(0.74-1.43) (0.74-1.43)
36-50 101 1.08 296 0.79 137 0.0069 1.38 0.0073
(1.09-1.73) (1.09-1.74)
51-64 188 1.85 584 144 123 0.0180 1.24 0.0128
(1.04-1.45) (1.05-1.48)
> 65 221 391 596 2.64 142 < 0.0001* 1.45 < 0.0001*
(121-1.67) (123-171)
Acute 250 0.63 793 0.50 1.28 0.0009* 1.30 0.0005*
pancreatitis (1.11-1.48) (1.12-1.50)
Sex
Male 131 0.67 450 0.57 1.18 0.1087 1.19 0.0852
(0.96-1.44) (0.98-1.46)
Female 119 0.60 343 0.43 1.40 0.0023 1.42 0.0016
(1.13-1.74) (1.14-1.76)
Age (years)
0-17 3 007 7 0.04 1.99 0.3505 2.00 0.3200
(0.47-8.49) (0.51-7.78)
18-35 26 027 91 024 1.14 0.5738 1.14 0.5751
(0.73-1.77) (0.73-1.78)
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Table 2 continued
Acute abdomen  Dengue cohort Nondengue cohort Adjusted HR® P value® Adjusted SHR® P value®
No. of IR* No. of ®e (95%Cr) (95% CI)
events events
36-50 50 0.53 190 0.51 1.12 (0.82-1.54) 0.4770 1.13 0.4537
(0.82-1.54)
51-64 83 0.81 244 0.60 1.31 (1.02-1.70) 0.0373 1.34 0.0280
(1.03-1.73)
> 65 88 154 261 1.15 136 (1.05-1.76) 0.0191 1.38 0.0134
(1.07-1.79)
Acute 346 0.88 1113 0.70 127 (1.12-1.43) 0.0002* 1.27 0.0002*
appendicitis (1.12-1.44)
Sex
Male 188 096 604 0.77 1.30 0.0020 1.31 0.0018
(1.10-0.1)54 (1.11-1.55)
Female 158 0.80 509 0.65 123 (1.03-1.48) 0.0250 1.24 0.0235
(1.03-1.49)
Age (years)
0-17 52 1.17 134 0.75 1.63 (1.18-2.27) 0.0035 1.63 0.0032
(1.18-2.26)
18-35 96 1.00 312 0.81 125 (0.99-1.58) 0.0607 1.25 0.0589
(0.99-1.58)
36-50 75 0.80 263 0.70 1.15 (0.89—1.50) 0.2820 1.16 0.2764
(0.89-1.50)
51-64 73 0.71 248 0.61 1.14 (0.87-1.48) 0.3496 1.14 0.3256
(0.88-1.49)
> 65 S0 0.87 156 0.69 1.40 (0.99-1.96) 0.0543 1.42 0.0480
(1.00-2.00)

‘IR = incidence rate per 10,000 person-months
*Hazard ratio adjusted for age, sex, area of residence, urbanization level, monthly income level, and comorbidities

“Subdistribution hazard ratio adjusted for age, sex, area of residence, urbanization level, monthly income level, and

comorbidities

4959% Cls were not adjusted for multiple comparisons and thus cannot be directly used for hypothesis testing or inference

“Post hoc adjustment for multiple comparisons by the Bonferroni method required a significance level of P < 0.0013
*Achieved statistical significance after Bonferroni correction for multiple comparisons (P < 0.0013)
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robust and unlikely to be caused by unmeasured
confounding. The risk of acute cholecystitis and
pancreatitis was highest during the most acute
stage (first 10 days), which is consistent with
existing literature that indicates most case
reports of acute cholecystitis and pancreatitis in
patients with dengue occur during the first week
[24-28]. However, we reported a novel finding
that patients with dengue still had an increased
risk of acute cholecystitis between 11 and
30 days after symptom onset. This might be
because some patients with more severe diseases
had a prolonged clinical course and thus still
had an increased risk of acute cholecystitis after
10 days.

Despite observing high aHRs for the correla-
tion between dengue and acute cholecystitis
and pancreatitis, we found that the incidence
rates of acute cholecystitis, acute pancreatitis,
and acute appendicitis in the first month of
DENYV infection were only 18.79, 5.27, and 1.55
per 10,000, respectively. This is consistent with
a large multicenter prospective study of 1165
hospitalized patients, which found that 11.5%
of patients with dengue fever and 21.9% of
patients with DHF had abdominal pain; how-
ever, acute cholecystitis, acute pancreatitis, and
acute appendicitis were not identified in this
study [9]. Therefore, although abdominal pain
is prevalent in patients with dengue and is
considered an important warning sign of pro-
gression to severe dengue [29], cases presenting
with acute abdomen are rare. However, the
reported risks of acute cholecystitis and acute
pancreatitis during acute DENV infection in
other literature vary widely, with ranges of
0.15-57.0% and 0.03-15.0%, respectively
[13, 30-49]. This wide range of reported risks
probably results from different selection criteria
in previous studies. For example, although most
of the studies included hospitalized patients,
some selected only cases with DHF [50], cases
with abdominal pain [31], or cases admitted to
surgical units [14]. In addition, previous studies
did not include nondengue subjects for com-
parison to investigate the association between
dengue and acute abdomen. Our study was a
population-based study including all cases of
laboratory-confirmed dengue in Taiwan from
2002 to 2015, providing an accurate estimated

risk of the three diseases after DENV infection
and unraveling the association between DENV
infection and three acute abdominal
conditions.

Acute acalculous cholecystitis and pancre-
atitis were previously reported after DENV
infection, especially in patients with DHF
[24, 25, 27, 51-54]. Detailed mechanisms of
acute cholecystitis and pancreatitis remain
unknown in the acute phase of DENV infection.
One proposed hypothesis is that direct virus
invasion triggers a cascade of events, including
local inflammation, tissue swelling, and
destruction of gall bladder and pancreatic aci-
nar cells, leading to biliary stasis and obstruc-
tion of pancreatic fluid outflow [12, 54]. Other
possible contributing factors for developing
acute cholecystitis include systemic inflamma-
tory responses, endotoxemia, secondary bacte-
rial translocation, spasms of the ampulla of
Vater,  microangiopathic = changes, and
ischemia-reperfusion injury [13, 30]. An
autoimmune response to pancreatic islet cells
triggered by DENV infection may play a role in
the development of acute pancreatitis [12].
Gallbladder wall thickening and ascites usually
resolve entirely with the recovery of acute
dengue. Surgical treatment is generally not
recommended in dengue-associated acute
cholecystitis in the absence of complications
such as gallbladder perforation [13, 54]. Identi-
fying acute cholecystitis and pancreatitis in
patients with dengue, particularly in critical
cases, can be challenging. However, it is crucial
to detect these conditions early in patients with
dengue and closely monitor potentially fatal
complications, such as gallbladder rupture and
pancreatic necrosis, to reduce mortality. Dete-
riorating biochemical indicators and clinical
decline with abdominal guarding and stiffness
can aid in diagnosis [13].

Our study investigated the risk of acute
abdomen among patients diagnosed with den-
gue. On the other hand, there have been reports
of cases initially presenting with acute abdomen
in surgical units but later diagnosed with den-
gue [14]. In a separate instance, a patient in
Germany who had contracted dengue abroad
developed acute acalculous cholecystitis,
underwent cholecystectomy, and unfortunately
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died from massive bleeding due to the initial
failure to diagnose dengue [55]. Given the
strong association between dengue and acute
cholecystitis and pancreatitis found in our
study, healthcare providers should exercise
caution and consider dengue as a potential
diagnosis when evaluating patients with acute
abdomen during dengue epidemics or when
encountering patients with relevant travel his-
tories. Misdiagnosis and unnecessary surgical
intervention can lead to poor outcomes, as
DENV infection can cause microvascular chan-
ges and coagulopathy, making surgical inter-
vention highly risky [14].

Although case reports of acute appendicitis
during acute DENV infection have been docu-
mented [13, 39, 56, 57], our study found no
significant increase in the risk of acute appen-
dicitis in the first month or first year following
DENV infection. However, we found a slightly
increased risk of acute appendicitis after 1 year
of DENV infection (aHR 1.32; P < 0.0001); the
results remained statistically significant after
adjusting for multiple comparisons, suggesting
that the results were unlikely due to type1l
error. It is difficult to explain why patients with
dengue had a long-term increased risk of
developing appendicitis in our study. Our pre-
vious study found a significantly higher risk of
leukemia after DENV infection [17]. The
appendix contains abundant lymphoid tissue,
and recent evidence suggests that it may be an
essential part of the immune system [58].
Therefore, it is possible that DENV infection has
a long-term effect on the hematolymphoid
system through certain currently unknown
mechanisms. However, the E-value in our study
was only 1.97, suggesting that unmeasured and
uncontrolled confounding might explain away
this observed association. Acute appendicitis
has also been reported after coxsackievirus,
measles virus, and cytomegalovirus infection
[59-63]. A previous study suggests that viral
infections are unlikely to be the immediate
cause of appendicitis; however, there may be
common etiological determinants, pathogenic
mechanisms, or environmental factors that
impact the incidence of both viral infections
and appendicitis [59].

The strengths of our study included the fol-
lowing. First, this study has a large number of
patients diagnosed with dengue in Taiwan,
comprising both hospitalized and outpatient
patients, which provides better generalizability
compared to many studies that only included
hospitalized patients. In addition, the outcomes
were retrieved from the national health insur-
ance database with a coverage rate of greater
than 99%. Therefore, selection bias due to dif-
ferent enrollment criteria or loss to follow-up
was unlikely. Second, corrections for multiple
testing by the Bonferroni method were per-
formed, reducing the chance of false-positive
findings. Third, sensitivity analyses using the
Fine and Gray methods to adjust for competing
risk of death showed similar results to the
original analyses. Finally, we calculated E-values
to evaluate the robustness of study findings
with respect to potential uncontrolled and
unmeasured confounding.

This study also has some limitations. First,
the NHIRD did not contain information on
some potential confounders, such as family
history, body weight, diet, and self-paid hor-
mone use, such as oral contraceptives. Second,
although all the patients were laboratory-con-
firmed, some nondengue subjects might have
been misclassified because DENV infection
might be subclinical and underreported.
Although this misclassification may occur, it is
not expected to significantly impact our results
because dengue is currently not endemic in
Taiwan, with a relatively low overall incidence
and seroprevalence [64, 65]. Third, the criteria
for laboratory confirmation of dengue before
2009 involved detecting DENV IgM or IgG in a
single serum sample, which might have led to
some misclassification due to cross-reactivity
with other similar flaviviruses. However, since
dengue is not endemic in Taiwan and the
seroprevalence was low before 2009, the mis-
classification bias should not pose a significant
issue. Fourth, the NHIRD used in this study is a
claims database used for insurance reimburse-
ments, which includes records of diagnoses,
drugs, and procedures received by all benefi-
ciaries of Taiwan’s National Health Insurance.
However, detailed medical records, such as test
results and clinical symptoms, are not available.
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Therefore, we could not classify the severity of
dengue on the basis of the 1997 or 2009 World
Health Organization (WHO) classification cri-
teria. In addition, for patients with acute
cholecystitis, acute pancreatitis, or acute
appendicitis, we only know that they had been
hospitalized during the specified period with a
discharge diagnosis of these three diseases; the
exact dates of the occurrence of the diseases
were unknown. Finally, further analyses strati-
fied by both follow-up and age groups were not
performed because the results of fewer than
three persons could not be reported to prevent
re-identification under the privacy regulation of
the Health and Welfare Data Science Center in
Taiwan.

CONCLUSION

This study revealed that patients with dengue
had a significantly increased risk of developing
acute cholecystitis and acute pancreatitis during
the initial month compared to those without
dengue but no increased risk of acute appen-
dicitis. Early detection of acute cholecystitis and
pancreatitis in patients with dengue is crucial to
prevent fatal complications.
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