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Objective: This study aimed to assess the chemopreventive effect of
ursodeoxycholic acid (UDCA) against COVID-19 and to analyze infection risk
factors, symptoms, and recovery in outpatients with UDCA exposure.

Methods: The study enrolled outpatients prescribed UDCA from the Second
Affiliated Hospital of ChongqingMedical University, China, between 01 July 2022,
and 31 December 2022. Data on demographics, comorbidities, and drug
combinations were collected using electronic medical records. COVID-19
infection, symptoms, severity, prognosis, vaccinations, and UDCA
administration were surveyed by telephone interviews. UDCA non-users
served as controls and were matched in a 1:2 ratio with UDCA users using
propensity score matching with the nearest neighbor algorithm. Infection rates,
symptomatology, severity, and prognosis were compared between matched and
control cohorts, and risk factors and infection and recovery symptoms were
analyzed in UDCA-exposed outpatients.

Results: UDCA-exposed outpatients (n = 778, 74.8%) and matched UDCA users
(n = 95, 74.2%) showed significantly lower SARS-CoV-2 infection rates than
control patients (n = 59, 92.2%) (p < 0.05). The matched UDCA group exhibited
substantially lower fever, cough, sore throat, and fatigue rates than controls (p <
0.05). Participants with UDCA exposure generally experienced mild symptoms,
while those without UDCA had moderate symptoms. The matched UDCA group
also had significantly shorter durations of fever and cough (p < 0.05). Risk factors
such as age over 60, less than 1month of UDCA administration, diabetes mellitus,
and coronary artery disease significantly increased SARS-CoV-2 infection rates
(p < 0.05), while smoking led to a decrease (p < 0.05). Hypertension was
associated with a prolonged COVID-19 recovery (p < 0.05), while smoking,
vaccination, and fatty liver disease were associated with shorter recovery
periods (p < 0.05). The main symptoms in the full UDCA cohort were fever,
cough, and sore throat, with fatigue, cough, and hyposthenia being the most
persistent.

OPEN ACCESS

EDITED BY

Adrian Oo,
National University of Singapore, Singapore

REVIEWED BY

Shusen Sun,
Western New England University, United States
Zhi-Yao He,
Sichuan University, China
Fengjun Sun,
Army Medical University, China

*CORRESPONDENCE

Mingli Peng,
peng_mingli@hospital.cqmu.edu.cn

Peng Hu,
hupengcq@hospital.cqmu.edu.cn

RECEIVED 04 February 2024
ACCEPTED 02 July 2024
PUBLISHED 31 July 2024

CITATION

Li D, Fang Q, Chen Z, Tang J, Tang H, Cai N,
Qiu K, Zhu M, Yang X, Yang L, Yang Y, Huang Y,
Lei X, Zhang H, Lin Q, MaoQ, Xu T, Li Y, Zheng Y,
Peng M and Hu P (2024), Evaluating the
protective effectiveness and risk factors of
ursodeoxycholic acid on COVID-19
among outpatients.
Front. Pharmacol. 15:1381830.
doi: 10.3389/fphar.2024.1381830

COPYRIGHT

© 2024 Li, Fang, Chen, Tang, Tang, Cai, Qiu,
Zhu, Yang, Yang, Yang, Huang, Lei, Zhang, Lin,
Mao, Xu, Li, Zheng, Peng and Hu. This is an
open-access article distributed under the terms
of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in
other forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology frontiersin.org01

TYPE Original Research
PUBLISHED 31 July 2024
DOI 10.3389/fphar.2024.1381830

https://www.frontiersin.org/articles/10.3389/fphar.2024.1381830/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1381830/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1381830/full
https://www.frontiersin.org/articles/10.3389/fphar.2024.1381830/full
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2024.1381830&domain=pdf&date_stamp=2024-07-31
mailto:peng_mingli@hospital.cqmu.edu.cn
mailto:peng_mingli@hospital.cqmu.edu.cn
mailto:hupengcq@hospital.cqmu.edu.cn
mailto:hupengcq@hospital.cqmu.edu.cn
https://doi.org/10.3389/fphar.2024.1381830
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2024.1381830


Conclusion: UDCA demonstrated chemopreventive effect against SARS-CoV-2 in
outpatients by significantly reducing infection incidence and mitigating COVID-19
symptoms, severity, and recovery duration. Old age, short UDCA course, and
comorbidities such as diabetes mellitus and CAD increased infection rates, while
hypertension prolonged recovery. Smoking, vaccination, and fatty liver disease
reduced infection rates and shortened recovery. UDCA had minimal impact on
symptom types. Larger and longer-term clinical studies are needed further to
assess UDCA’s effectiveness in COVID-19 prevention or treatment.
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Introduction

Despite the World Health Organization (WHO) officially
declaring the end of the COVID-19 pandemic, the threat posed
by SARS-CoV-2 to human health continues. The virus and its
new variants, including the recently identified “Pirola” or
BA.2.86 variant, have resurfaced sporadically in various
countries, exhibiting a high incidence trend (Contini et al.,
2023; Lippi et al., 2023; Pagani et al., 2023). First detected in
Denmark in late July 2023, this variant, characterized by
numerous mutations that aid immune evasion, has emerged
in several countries, raising concerns about a new pandemic
wave (Looi, 2023; Mahase, 2023). However, vaccines may be less
effective against Omicron BA.1 and BA.2 variants, especially in
immunocompromised patients (John et al., 2021; John et al.,
2022; John et al., 2023a; Ferreira and John, 2023). Consequently,
there is an increasing demand for effective medications to
prevent and mitigate severe COVID-19 cases.

Research and development of COVID-19 therapeutics have
focused on creating new drugs and repurposing existing ones.
However, adverse reactions limit their application in specific
patient groups. For example, remdesivir, known to cause
transaminase elevations, is less suitable for patients with
chronic liver disease (Zampino et al., 2020). Nirmatrelvir/
ritonavir, while generally low risk for hepatotoxicity, is
contraindicated in patients with decompensated cirrhosis
(Wong et al., 2023). Although effective against earlier variants,
monoclonal antibodies face challenges in administration and
cost, and their efficacy is reduced with newer variants such as
BA.Q.1 (Wang et al., 2022). Thus, the urgent need for new, safe,
effective, easily administered, affordable therapies must
still be met.

Recent studies have highlighted angiotensin-converting enzyme
2 (ACE2) modulators and the farnesoid X receptor (FXR) as
potential COVID-19 targets (Gaziano et al., 2021). Inhibition of
FXR, through compounds such as z-guggulsterone and
ursodeoxycholic acid (UDCA), down-regulates ACE2 in various
tissues (Brevini et al., 2023). In particular, UDCA exposure has been
associated with improved clinical outcomes in liver transplant
recipients and patients with chronic liver disease after SARS-
CoV-2 infection (Brevini et al., 2023). A larger cohort study also
found that UDCA exposure is associated with reduced incidence and
severity of COVID-19 in cirrhosis patients (John et al., 2023b).
However, based on limited or specific cohorts, these findings require
further research to establish UDCA’s chemopreventive effects

against SARS-CoV-2 in a broader population. Reports on risk
factors and symptoms of COVID-19 in outpatients exposed to
UDCA are also scarce.

This study investigates the correlation between UDCA usage
and COVID-19 treatment effects, including infection occurrence,
symptomatology, disease severity, and prognosis, while identifying
possible risk factors and symptoms in outpatients
exposed to UDCA.

Methods

Study design

This retrospective cohort study was conducted at the Second
Affiliated Hospital of Chongqing Medical University, China,
from 01 July 2022 to 31 December 2022. The study analyzed
three cohorts: the full UDCA-exposure group (patients who took
daily UDCA), the matched UDCA-exposure group, and the
UDCA non-exposure group (patients who did not take daily
UDCA). Matching was conducted by propensity score matching
(PSM). Outpatients prescribed UDCA were identified and
screened. Exclusion criteria were patients who 1) refused to
participate in the telephone survey, 2) lost of follow-up, 3)
had death not related to COVID-19, 4) had incomplete
information, and 5) documented SARS-CoV-2 infection before
the initiation of UDCA administration. The UDCA capsule
(250 mg) produced by Losan Pharma GmbH (Neuenburg,
Germany) and the UDCA tablet (50 mg) produced by
Shanghai Pukang Pharmaceutical Co. (Shanghai, China) were
prescribed. The study was approved by the Institutional Review
Board of The Second Affiliated Hospital of Chongqing Medical
University (approval number: 97/2023) on 26 May 2023.

Data collection

Demographic characteristics, including age, sex, body mass
index (BMI), social history, diagnosis, comorbidities, and
medications, were collected from the electronic medical record
system. Telephone follow-up surveys were conducted according
to a standard questionnaire (Supplementary Table S1), from
08 February 2023 to 12 March 2023, with subjects to collect
information on COVID-19 infections, symptoms, severity,
prognosis, vaccination, and the use of UDCA.
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Primary outcome

The primary outcome was SARS-CoV-2 infection, determined
by positive results of the SARS-CoV-2 nucleic acid and antigen test.

Secondary outcome

Secondary outcomes were the assessment of COVID-19
symptoms, severity, and prognosis.

Propensity score matching

The PSM method was utilized to reduce confounding bias
between groups. This involved using logistic regression with
UDCA exposure as the dependent variable and various relevant
covariates as independent variables to estimate propensity scores.
These covariates included age, sex, BMI, smoking and alcohol habits,
vaccination status, hepatobiliary diseases, and comorbidities.
Matching was performed using a 1:2 nearest neighbor method,
aligning each person in the UDCA non-exposure group with two
in the UDCA-exposed group based on closest propensity
score values.

Statistical analysis

Continuous variables are represented as medians (interquartile
range, IQR), and p-values were calculated using the Wilcoxon test.
Categorical variables are presented as percentages (%). The p-values
were calculated using Pearson’s chi-square (for total sample size n ≥
40, and all expected frequencies E ≥ 5), Yates’ corrected chi-square
(for n ≥ 40 with any 1 ≤ E < 5), or Fisher’s exact test (for n < 40, or
E < 1). Logistic regression analysis was used to identify potential risk
factors influencing SARS-CoV-2 infection in patients exposed to
UDCA, and the results are presented as odds ratios (ORs) and 95%
confidence intervals (CIs). The potential risk factors for COVID-19
and the recovery time in UDCA-exposed patients were determined
using Cox proportional hazards regression, with the results
represented as hazard ratios (HRs) and 95% CIs. Statistical
analyses were conducted using SPSS (version 26), and graphs
were created using GraphPad Prism (version 8.0.2) or Origin (for
other symptoms and long-term symptoms radial bar graphs)
(version 2021). A p-value of <0.05 was considered statistically
significant.

Results

The characteristics of the patient cohorts

A total of 1,757 outpatients were prescribed UDCA. Of these,
653 individuals (37.2%) were excluded: 325 refused follow-up,
246 lost follow-up, 38 died from non-COVID-related illnesses,
28 had incomplete information, and 16 had contracted COVID-
19 before taking UDCA. Among the 1,104 eligible patients,
1,040 took daily UDCA and were categorized into the full

UDCA-exposure group. In the remaining 64 patients (3.6%),
46 were unwilling to take the medication, 9 forgot to pick up the
medicine, 6 forgot to take the drug, and 3 had unclear reasons. They
formed the UDCA non-exposure group.

Table 1 details the demographic and clinical characteristics of
the full UDCA-exposure group. The median age was 56 years (IQR:
47–66 years), with women comprising 63.8%. The median BMI was
22.5 kg/m2 (IQR: 20.6–24.8). Smokers made up 13.8% of the group
(n = 143), and alcohol consumers 8.8% (n = 91). A significant
majority, 76.6% (n = 797), were vaccinated, and 52.4% (n = 545)
received booster vaccinations. A total of 21.3% (n = 222) of the
patients were fully vaccinated, having received two doses of an
inactivated vaccine, three doses of a recombinant protein/subunit
vaccine, or one dose of an adenovirus vector vaccine. UDCA was
prescribed primarily for cirrhosis patients (50.6%, n = 526), and
42.7% (n = 444) had at least three liver diseases. The most common
comorbidity observed was diabetes (24.4%, n = 254). The most
common co-medications were antivirals (15.9%, n = 165),
glucocorticoids (11.2%, n = 116), and immunosuppressants
(8.8%, n = 92). The prescribed daily dose of UDCA ranged from
5 to 10 mg/kg. However, a small subset of users, 4.7% (n = 49),
altered their UDCA dose, and the actual daily doses of UDCA
ranged from 5 to 20 mg/kg. These patients were considered as non-
adherence to UDCA.

These 64 patients with UDCA non-exposure were used as
controls and matched in a 1:2 ratio with 128 patients within the
full UDCA-exposure group. All demographic and clinical variables
were well matched in the matched arms, as shown in Table 2.

Influence of UDCA exposure on the SARS-
CoV-2 infection rate

In the full UDCA-exposure group (n = 1,040), 74.8% (n = 778)
contracted SARS-CoV-2 during the study period. In the UDCA-
exposure matched cohort (n = 128), the infection rate was 74.2%
(n = 95). In contrast, in the UDCA non-exposure group, the
infection rate was significantly higher at 92.2% (59/64). This rate
was significantly higher than both the full UDCA-exposure group
(92.2% vs. 74.8%, p = 0.002) and the matched UDCA-exposure
group (92.2% vs. 74.2%, p = 0.003), as illustrated in Figure 1A.

Impact of UDCA exposure on COVID-
19 symptoms

In the full and matched UDCA-exposure groups, COVID-19
symptoms were observed in 97.0% (n = 755) and 97.9% (n = 93) of
the patients, respectively. This compares to a 100.0% symptom
occurrence (n = 59) in the UDCA non-exposure group (Figure 1B).

When analyzing specific COVID-19 symptoms, the matched
UDCA-exposure group exhibited significantly lower instances of fever
(67.7% vs. 83.1%, p = 0.037), cough (59.1% vs. 79.7%, p = 0.009), sore
throat (33.3% vs. 78.0%, p < 0.001), and fatigue (37.6% vs. 54.2%, p =
0.045) compared to the UDCA non-exposure group (Figure 1C).

In the full UDCA-exposure cohort (n = 1,040), the ten most
common symptoms were fever (66.6%, n = 503), cough (61.7%, n =
466), sore throat (37.6%, n = 284), muscle or joint pain (37.2%, n =
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TABLE 1 Baseline characteristics of UDCA-exposure group.

Characteristics n = 1,040 Percentage (%)

Demographics Age, median (IQR) 56.0 (47.0, 66.0)

<60 646 62.1

≥60 394 37.9

Sex

Female 664 63.8

Male 376 36.2

BMI, median (IQR) 22.5 (20.6, 24.8)

<18.5 73 7.0

18.5–23.9 598 57.5

≥24.0 369 35.5

Smoking

Non-smoker 897 86.3

Smoker 143 13.8

Drinking

Non-drinker 949 91.3

Drinker 91 8.8

Vaccination situation

No vaccination 243 23.4

Incomplete vaccination 30 2.9

Complete vaccination 222 21.3

Booster vaccination 545 52.4

Hepatobiliary diseases Cirrhosis 526 50.6

Hepatic insufficiency 376 36.2

AIH 353 33.9

Cholestasis 310 29.8

Hepatobiliary diseases PBC 279 26.8

Viral hepatitis 178 17.1

Cholelithiasis 167 16.1

Fatty liver 77 7.4

DILI 73 7.0

Jaundice 66 6.3

Hepatoma 57 5.5

Number of disease

1 273 26.3

2 323 31.1

>2 444 42.7

Comorbidities Hypertension 153 14.7

Diabetes 254 24.4

(Continued on following page)
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281), expectoration (37.2%, n = 281), fatigue (35.9%, n = 271),
headache (29.5%, n = 223), anorexia (24.9%, n = 188), hyposthenia
(16.6%, n = 125), and runny nose (11.8%, n = 89) (Figure 1D).

Additional symptoms affected respiratory, sensory, gastrointestinal,
skin-muscular, and neural systems, including rhinorrhea, hypogeusia,
diarrhea, and chills (Figure 1E). In particular, 74 participants reported
experiencing at least 20 persistent COVID-19 symptoms over an
average duration of 65.0 days (range: 60.0–74.0), with the most
common being fatigue, cough, hyposthenia, muscle/joint pain, and
dizziness, in that order (Figure 1F).

Relationship between UDCA exposure and
COVID-19 severity

The severity of COVID-19-induced symptoms was assessed
using a scale of 0–10. The patients were classified as
asymptomatic with a severity rating of 0, experiencing mild
symptoms with ratings of 1–3, moderate symptoms with ratings
of 4–6, and severe symptoms with a rating of 7 or higher. Most

participants with UDCA exposure reported mild symptoms, with
severity scores ranging from 2 to 3 out of 10, in both the full and the
matched UDCA-exposure groups. Common symptoms in this
category included expectoration, hyposthenia, sore throat, and
cough (Figures 2A, B). In contrast, individuals in the UDCA non-
exposure group tended to experiencemoremoderate symptoms, with
severity scores between 4 and 5. These included anorexia, fever,
cough, muscle or joint pain, and hyposthenia (Figure 2C).

Correlation between UDCA exposure and
the duration of COVID-19 symptoms

The duration of symptoms was calculated from the first report of
a symptom until the return to a state of no symptoms. Among the
top ten most frequent symptoms, the matched UDCA-exposure
group exhibited a significantly shorter duration of fever (p = 0.003)
and cough (p = 0.011) compared to the UDCA non-exposure
group. Although there were no significant differences in the
duration of other symptoms between the two groups, most

TABLE 1 (Continued) Baseline characteristics of UDCA-exposure group.

Characteristics n = 1,040 Percentage (%)

Osteoporosis 114 11.0

AID 97 9.3

Hyperlipidemia 87 8.4

Pneumonia 84 8.1

CAD 124 11.9

Cancer 33 3.2

Number of comorbidity

0 476 45.8

1 305 29.3

>1 259 24.9

Drug combinations Antiviral 165 15.9

Glucocorticoid 116 11.2

Immunosuppressant 92 8.8

Drug combinations Statin 46 4.4

Spironolactone 46 4.4

CCB 41 3.9

ARB 35 3.4

Prophylactic druga 35 3.4

Number of drug

0 629 60.5

1 279 26.8

>1 132 12.7

aProphylactic drugs include Thymalfasin, Thymopentin, Human Immunoglobulin (pH4), and Huoxiangzhengqi liquid.

UDCA, ursodeoxycholic acid; BMI, body mass index; AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; DILI, drug induced liver injury; CAD, coronary artery disease; AID,

autoimmune disease; CCB, calcium channel blockers; ARB, angiotensin receptor blocker.
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TABLE 2 Baseline characteristics of the matched cohorts.

Characteristics UDCA-exposure
group (full
sample)

Matched UDCA-
exposure group
(matched sample)

Non-UDCA
exposure
group

p-value (full vs.
No exposure)

p-value (matched
vs. No exposure)

(n = 1,040) (n = 128) (n = 64)

Demographics, n (%)

Age, median (IQR) 56.0 (47.0, 66.0) 53 (40.0,66.0) 54.5 (38.3, 62.3) 0.268 0.813

<60 646 (62.1) 85 (66.4) 40 (62.5) 0.951 0.592

≥60 394 (37.9) 43 (33.6) 24 (37.5)

Sex 0.221 0.918

male 376 (36.2) 55 (43.0) 28 (43.8)

female 664 (63.8) 73 (57.0) 36 (56.3)

BMI 0.040 0.126

<18.5 73 (7.0) 12 (9.4) 10 (15.6)

18.5–23.9 598 (57.5) 85 (66.4) 33 (51.6)

≥24.0 369 (35.5) 31 (24.2) 21 (32.8)

Smoking 143 (13.8) 29 (22.7) 17 (26.6) 0.005 0.550

Drinking 91 (8.8) 13 (10.2) 6 (9.4) 0.864 0.864

Vaccination 797 (76.6) 49 (38.3) 18 (28.1) <0.001 0.164

Hepatobiliary diseases, n (%)

Cirrhosis 526 (50.6) 29 (22.7) 10 (15.63) <0.001 0.254

Hepatic insufficiency 376 (36.2) 44 (34.4) 18 (28.13) 0.193 0.383

AIH 353 (33.9) 17 (13.3) 7 (10.94) <0.001 0.643

Cholestasis 310 (29.8) 47 (36.7) 25 (39.06) 0.118 0.752

PBC 279 (26.8) 3 (2.3) 1 (1.56) <0.001 1.000

Viral hepatitis 178 (17.1) 26 (20.3) 10 (15.63) 0.758 0.433

Cholelithiasis 167 (16.1) 20 (15.6) 12 (18.75) 0.571 0.584

Fatty liver 77 (7.4) 7 (5.5) 4 (6.25) 0.923 1.000

DILI 73 (7.0) 12 (9.4) 7 (10.94) 0.241 0.733

Jaundice 66 (6.3) 5 (3.9) 2 (3.13) 0.440 1.000

Hepatoma 57 (5.5) 4 (3.1) 2 (3.13) 0.598 1.000

Comorbidities, n (%)

Hypertension 153 (14.7) 9 (7.0) 4 (6.25) 0.090 1.000

Diabetes 254 (24.4) 2 (1.6) 2 (3.13) <0.001 0.858

Osteoporosis 114 (11.0) 6 (4.7) 3 (4.69) 0.170 1.000

AID 97 (9.3) 7 (5.5) 2 (3.13) 0.144 0.717

Hyperlipidemia 87 (8.4) 14 (10.9) 6 (9.38) 0.778 0.933

Pneumonia 84 (8.1) 0 (0.0) 0 (0.00) 0.012

CAD 124 (11.9) 6 (4.7) 3 (4.69) 0.119 1.000

Cancer 33 (3.2) 2 (1.6) 1 (1.56) 0.726 1.000

Values are median (IQR) or number (percentage). P values were calculated by the chi-square test, Yates’s correction for continuity or Fisher’s exact test. Bold values signifies p < 0.05. UDCA,

ursodeoxycholic acid; BMI, body mass index; AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; DILI, drug induced liver injury; CAD, coronary artery disease; AID, autoimmune

disease; CCB, calcium channel blockers; ARB, angiotensin receptor blocker.
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FIGURE 1
Comparative analysis of SARS-CoV-2 infection and COVID-19 symptoms in UDCA-exposed and non-exposed cohorts. (A) Infection rate comparison: This
panel shows the infection rates of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) across three groups: the full UDCA-exposure cohort, the
matched UDCA-exposure cohort, and the UDCA non-exposure cohort. (B)Overall symptom rate in COVID-19: This graph illustrates the total symptom rate of
novel coronavirus disease (COVID-19) in infected patients. (C)Main symptomproportions inmatched cohorts: This section depicts the proportions ofmain
COVID-19-induced symptoms in both matched UDCA-exposure and UDCA non-exposure cohorts. (D) Main symptoms in full UDCA-exposure cohort: This
panel details themain symptomsofCOVID-19observed in the full UDCA-exposure group. (E)Other symptoms in full UDCA-exposure cohort: This graphoutlines
additional, less common symptoms ofCOVID-19 found in the full UDCA-exposure group. (F)Persistent symptoms in full UDCA-exposure cohort: This part of the
figure shows the persistent symptoms of COVID-19 experienced by participants in the full UDCA-exposure cohort. Statistical significance: A p-value of less than
0.05 was considered statistically significant. * denotes p < 0.05, ** indicates p < 0.01, *** signifies p < 0.001, and ns represents non-significant results (p > 0.05).
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symptoms tended to have a prolonged recovery period in the UDCA
non-exposure group (Figure 2D).

Risk factors for SARS-CoV-2 infection in
patients with UDCA exposure

In analyzing the risk factors for SARS-CoV-2 infection among
UDCA-exposure individuals, different trends emerged based on age,
smoking habits, duration of UDCA use, and other comorbidities. In
the population over 60 years old, univariate analysis did not reveal
significant differences in COVID-19 prevalence compared to those
under 60 years of age (OR 1.34, 95% CI 1.00–1.80, p = 0.051).
However, a significant increase of 45% was observed in infection risk
in multivariate analysis (OR 1.45, 95% CI 1.02–2.04, p = 0.037).

Interestingly, smoking was associated with a 38.0% reduction in
infection risk in univariate analysis (OR 0.62, 95% CI 0.43–0.91, p =
0.014), but this association was not significant in multivariate analysis
(OR 0.75, 95% CI 0.44–1.27, p = 0.288). Patients who received UDCA
for less than 1 month had a 3.92-fold increase in infection risk in
univariate analysis (OR 3.92, 95% CI 2.62–5.86, p < 0.001), and a 4.51-

fold increase in multivariate analysis (OR 4.51, 95% CI 5.45–6.91, p <
0.001) compared to those who received UDCA for more than 1 month.

Our findings indicated a weak association between the etiologies of
liver disease and SARS-CoV-2 infection. However, specific
comorbidities, such as diabetes mellitus and coronary artery disease
(CAD), were significantly associated with an increased risk of viral
infection in both univariate (diabetes: OR 1.83, 95% CI 1.28–2.63, p =
0.001; CAD: OR 2.68, 95% CI 1.53–4.49, p = 0.001) and multivariate
analysis (diabetes: OR 2.28, 95%CI 1.24–4.19, p = 0.008; CAD: OR 3.65,
95%CI 1.74–7.63, p = 0.001). Additionally, factors such as adherence to
UDCA, vaccination status, and drug combination were not significantly
associated with SARS-CoV-2 infection. Details are shown in Table 3.

Risk factors influencing COVID-19 duration
in patients with UDCA exposure

The duration of COVID-19 was calculated from the date of the first
positive nucleic acid or antigen test result to the date of the first negative
result. Among the 213 participants confirmed to have seroconverted
through test results and exposed to UDCA, various factors influenced

FIGURE 2
Analysis of COVID-19 symptom severity and duration in UDCA-exposed and non-exposed groups. (A) Severity in full UDCA-exposure group: This
panel illustrates the severity of main symptoms induced by novel coronavirus disease (COVID-19) in the full UDCA-exposure group. (B) Severity in
matched UDCA-exposure group: This section depicts the severity of main COVID-19 symptoms in the matched UDCA-exposure group. (C) Severity in
UDCA non-exposure group: This graph shows the severity of main COVID-19 symptoms in the UDCA non-exposure group. (D) Duration of
symptoms in matched groups: This part of the figure compares the duration of main COVID-19 symptoms between the matched UDCA-exposure and
UDCA non-exposure groups. Statistical significance: A p-value of less than 0.05 was considered statistically significant. In the figure, * denotes p <
0.05 and ** indicates p < 0.01.
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TABLE 3 Analysis of risk factors for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection with ursodeoxycholic acid (UDCA) exposure
(n = 1,040).

Characteristics Non-infection Infection Univariate analysis Multivariate analysis

(n = 262) (n = 778) OR 95%CI p-value OR 95%CI p-value

Demographics, n (%)

Age, median (IQR) 55.0 (46.0, 65.0) 56.0 (48.0, 66.3) 0.327

Age (≥60) 86 (32.8) 308 (39.6) 1.34 1.00–1.80 0.051 1.45 1.02–2.04 0.037

Sex (female) 155 (59.2) 509 (65.4) 1.31 0.98–1.74 0.068 1.23 0.82–1.85 0.326

BMI 0.732 0.653

<18.5 (vs. 18.5–23.9) 17 (6.5) 56 (7.2) 1.07 0.61–1.91 0.808 1.04 0.55–1.94 0.913

≥24.0 (vs. 18.5–23.9) 98 (37.4) 271 (34.8) 0.90 0.67–1.21 0.493 0.86 0.62–1.19 0.357

Smoking 48 (18.3) 95 (12.2) 0.62 0.43–0.91 0.014 0.75 0.44–1.27 0.288

Drinking 28 (10.7) 63 (8.1) 0.74 0.47–1.18 0.201 0.99 0.54–1.81 0.975

Vaccination situation (vs. 0) 0.345 0.188

Incomplete vaccination 10 (3.8) 20 (2.6) 0.73 0.33–1.64 0.447 0.85 0.36–2.03 0.714

Complete vaccination 47 (17.9) 175 (22.5) 1.36 0.89–2.09 0.161 1.59 0.98–2.56 0.058

Booster vaccination 140 (53.4) 405 (52.1) 1.06 0.75–1.49 0.754 1.09 0.73–1.62 0.678

UDCA status, n (%)

Compliance (UDCA dosage) 248 (94.7) 743 (95.5) 1.20 0.61–2.22 0.577 1.08 0.45–2.18 0.823

UDCA course (<1 month) 31 (11.8) 268 (34.4) 3.92 2.62–5.86 <0.001 4.51 5.45–6.92 <0.001

Hepatobiliary diseases, n (%)

Cirrhosis 131 (50.0) 395 (50.8) 1.03 0.78–1.37 0.829 0.93 0.57–1.52 0.779

Hepatic insufficiency 94 (35.9) 282 (36.2) 1.02 0.76–1.36 0.914 1.07 0.68–1.66 0.775

AIH 79 (30.2) 274 (35.2) 1.26 0.93–1.70 0.135 1.20 0.76–1.90 0.442

Cholestasis 88 (33.6) 222 (28.5) 0.79 0.59–1.07 0.122 0.69 0.45–1.05 0.084

PBC 64 (24.4) 215 (27.6) 1.181 0.86–1.63 0.311 1.13 0.67–1.91 0.65

Viral hepatitis 39 (14.9) 139 (17.9) 1.24 0.85–1.83 0.269 1.28 0.59–2.78 0.541

Cholelithiasis 39 (14.9) 128 (16.5) 1.13 0.76–1.66 0.550 1.12 0.67–1.86 0.674

Fatty liver 20 (7.6) 57 (7.3) 0.96 0.56–1.63 0.870 0.86 0.45–1.66 0.661

DILI 16 (6.1) 57 (7.3) 1.22 0.69–2.16 0.504 1.22 0.63–2.35 0.561

Jaundice 19 (7.3) 47 (6.0) 0.82 0.47–1.43 0.487 0.73 0.37–1.44 0.361

Hepatoma 14 (5.3) 43 (5.5) 1.04 0.56–1.93 0.910 1.00 0.46–2.15 0.998

Number of disease 0.122 0.323

2 (vs. 1) 93 (35.5) 230 (29.6) 0.85 0.59–1.23 0.390 0.87 0.51–1.48 0.605

>2 (vs. 1) 99 (37.8) 345 (44.3) 1.20 0.85–1.71 0.306 1.25 0.51–3.07 0.623

Comorbidities, n (%)

Hypertension 47 (17.9) 106 (13.6) 0.72 0.50–1.05 0.089 0.71 0.37–1.39 0.323

Diabetes 44 (16.8) 210 (26.0) 1.83 1.28–2.63 0.001 2.28 1.24–4.19 0.008

Osteoporosis 34 (13.0) 80 (10.3) 0.77 0.50–1.18 0.228 0.90 0.46–1.77 0.753

AID 26 (9.9) 71 (9.1) 0.91 0.57–1.46 0.701 1.23 0.59–2.56 0.583

(Continued on following page)
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the duration of their illness. In the smoker population, a reduction in the
duration of COVID-19 was observed, with a 63.0% reduction in
univariate analysis (HR 1.63, 95% CI 1.06–2.51, p = 0.026) and a
97.0% reduction in multivariate analysis (HR 1.97, 95% CI 1.10–3.53,
p = 0.023). Participants who had complete vaccinations showed a 69.0%
reduction in the duration of clinical symptoms (HR 1.69, 95% CI
1.10–2.58, p = 0.017), and those with booster vaccinations showed a
56.0% reduction (HR 1.56, 95% CI 1.11–2.19, p = 0.010). The specific
information of vaccinations was shown in Supplementary Table S2.
Additionally, fatty liver was associated with a shortened recovery period
(HR 1.89, 95% CI 1.07–3.33, p = 0.028). In contrast, patients with
comorbidities such as hypertension experienced a significant extension
in their recovery period (HR 0.61, 95% CI 0.42–0.89, p = 0.010). Details
are shown in Table 4.

Discussion

Chemopreventive effectiveness of UDCA

This retrospective study analyzed 1,040 outpatients prescribed
with UDCA, marking the first investigation into UDCA’s

association with the development of COVID-19, including
infection, symptoms, severity, and prognosis. Our results indicate
that UDCA use is associated with a significantly lower incidence of
SARS-CoV-2 infection in both the full UDCA-exposure group and a
matched UDCA-exposure group, compared to a control group with
UDCA non-exposure. Additionally, UDCA mitigated the impact of
COVID-19 by alleviating symptoms, reducing severity, and
shortening recovery time. This suggests a protective effect of
UDCA in outpatients, potentially reducing SARS-CoV-2 infection
and improving COVID-19 outcomes.

Our findings complement previous studies that have illuminated
the potential role of UDCA-inhibited FXR in improving COVID-
19-related outcomes, both in animal models and specific human
cohorts. A small cohort study comprising 31 participants with
cholestatic liver disease taking UDCA reported reduced
hospitalization rates, ICU admissions, and mortality compared to
155 propensity score (PS)-matched controls (Brevini et al., 2023).
Another validation study in 24 liver transplant recipients found that
UDCA exposure was associated with a significant decrease in
moderate to severe cases of COVID-19 (Brevini et al., 2023).
Furthermore, an additional study involving 1,607 UDCA-exposed
participants and 1,607 controls with cirrhosis showed that UDCA

TABLE 3 (Continued) Analysis of risk factors for severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection with ursodeoxycholic acid
(UDCA) exposure (n = 1,040).

Characteristics Non-infection Infection Univariate analysis Multivariate analysis

(n = 262) (n = 778) OR 95%CI p-value OR 95%CI p-value

Hyperlipidemia 20 (7.6) 67 (8.6) 1.14 0.68–1.92 0.621 1.35 0.62–2.93 0.453

Pneumonia 22 (8.4) 62 (7.0) 0.95 0.57–1.57 0.826 1.16 0.57–2.37 0.685

CAD 15 (5.7) 109 (14.0) 2.68 1.53–4.49 0.001 3.65 1.74–7.63 0.001

Cancer 13 (5.0) 20 (2.6) 0.51 0.25–1.03 0.061 0.54 0.22–1.34 0.181

Number of comorbidity 0.093 0.570

1 (vs. 0) 64 (24.4) 241 (30.0) 1.46 1.04–2.05 0.029 0.97 0.54–1.76 0.931

>1 (vs. 0) 65 (24.8) 194 (24.9) 1.16 0.82–1.63 0.406 0.66 0.20–2.12 0.481

Drug combinations, n (%)

Antiviral 37 (14.1) 128 (16.5) 1.20 0.81–1.78 0.372 1.71 0.59–4.91 0.322

Glucocorticoid 27 (10.3) 89 (11.4) 1.12 0.71–1.77 0.614 1.38 0.54–3.57 0.504

Immunosuppressant 24 (9.2) 68 (8.7) 0.95 0.58–1.55 0.836 1.19 0.46–3.05 0.722

Statin 12 (4.6) 34 (4.4) 0.95 0.49–1.87 0.886 1.17 0.40–3.43 0.779

Spironolactone 13 (5.0) 33 (4.2) 0.85 0.44–1.64 0.624 0.95 0.33–2.76 0.925

CCB 15 (5.7) 26 (3.3) 0.57 0.30–1.09 0.090 0.63 0.21–1.88 0.408

ARB 11 (4.2) 24 (3.1) 0.73 0.35–1.50 0.389 1.00 0.32–3.08 0.999

Prophylactic drug 12 (4.6) 23 (2.0) 0.64 0.31–1.29 0.211 0.74 0.25–2.18 0.583

Number of drug 0.837 - 0.877

1 (vs. 0) 70 (26.7) 209 (26.9) 0.985 0.71–1.36 0.926 0.81 0.35–1.89 0.627

>1 (vs. 0) 36 (13.7) 96 (12.3) 0.879 0.58–1.34 0.552 0.64 0.12–3.54 0.613

Values are median (IQR) or number (percentage). OR, odds ratio; CI, Confidence Interval. P values were calculated by logistic regression analysis. Bold values signifies p < 0.05. UDCA,

ursodeoxycholic acid; BMI, body mass index; AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; DILI, drug induced liver injury; CAD, coronary artery disease; AID, autoimmune

disease; CCB, calcium channel blockers; ARB, angiotensin receptor blocker.
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TABLE 4 Analysis of risk factors associated with the duration of COVID-19 and UDCA exposure.

Characteristics Infection Univariate analysis Multiariate analysis

(n = 213) HR (95%Cl) p-value HR (95%Cl) p-value

Demographics, n (%)

Age (≥60) 80 (37.6) 0.89 (0.66–1.16) 0.362 1.11 (0.79–1.57) 0.539

Sex (female) 142 (66.7) 0.89 (0.67–1.19) 0.436 1.15 (0.79–1.69) 0.464

BMI 0.447 0.993

<18.5 (vs. 18.5–23.9) 18 (8.5) 0.93 (0.57–1.52) 0.767 1.03 (0.59–1.81) 0.905

≥24.0 (vs. 18.5–23.9) 71 (33.3) 1.19 (0.88–1.59) 0.255 0.99 (0.69–1.43) 0.968

Smoking 24 (11.3) 1.63 (1.06–2.51) 0.026 1.97 (1.10–3.53) 0.023

Drinking 20 (9.4) 1.55 (0.97–2.48) 0.065 1.03 (0.53–1.99) 0.932

Vaccination situation 0.045 0.287

Incomplete vaccination 5 (2.3) 1.79 (0.71–4.53) 0.220 1.53 (0.45–5.25) 0.499

Complete vaccination 40 (18.8) 1.69 (1.10–2.58) 0.017 1.70 (0.98–2.96) 0.060

Booster vaccination 119 (55.9) 1.56 (1.11–2.19) 0.010 1.45 (0.92–2.28) 0.110

UDCA status, n (%)

Compliance (UDCA dosage) 192 (90.1) 0.99 (0.79–1.24) 0.946 0.96 (0.56–1.63) 0.867

UDCA course (<1 month) 77 (36.2) 1.17 (0.89–1.55) 0.280 1.10 (0.79–1.52) 0.582

Hepatobiliary diseases, n (%)

Cirrhosis 94 (44.1) 1.00 (0.76–1.32) 0.970 0.91 (0.52–1.60) 0.750

Hepatic insufficiency 72 (33.8) 1.25 (0.94–1.67) 0.124 0.97 (0.57–1.65) 0.910

AIH 75 (35.2) 0.93 (0.70–1.24) 0.621 0.70 (0.41–1.21) 0.199

Cholestasis 48 (22.5) 1.24 (0.90–1.72) 0.193 0.87 (0.51–1.49) 0.614

PBC 56 (26.3) 0.99 (0.72–1.34) 0.921 0.62 (0.34–1.13) 0.118

Viral hepatitis 31 (14.6) 1.12 (0.76–1.64) 0.572 1.04 (0.45–2.44) 0.926

Cholelithiasis 30 (14.1) 0.94 (0.64–1.38) 0.754 0.72 (0.38–1.36) 0.311

Fatty liver 13 (6.1) 1.89 (1.07–3.33) 0.028 1.44 (0.67–3.11) 0.348

DILI 10 (4.7) 1.27 (0.67–2.40) 0.458 1.13 (0.50–2.54) 0.767

Jaundice 8 (3.8) 1.95 (0.96–3.99) 0.067 0.97 (0.40–2.34) 0.950

Hepatoma 14 (6.6) 0.71 (0.41–1.22) 0.209 0.61 (0.25–1.48) 0.271

Number of disease 0.336 0.270

2 (vs. 1) 58 (27.2) 1.17 (0.83–1.66) 0.373 1.67 (0.89–3.13) 0.110

>2 (vs. 1) 78 (36.6) 1.27 (0.92–1.76) 0.144 2.14 (0.75–6.16) 0.156

Comorbidities, n (%)

Hypertension 34 (16.0) 0.61 (0.42–0.89) 0.010 0.65 (0.31–1.33) 0.235

Diabetes 54 (25.4) 1.21 (0.89–1.65) 0.222 1.40 (0.77–2.54) 0.274

Osteoporosis 26 (12.2) 0.84 (0.56–1.27) 0.401 0.88 (0.45–1.69) 0.692

AID 24 (11.3) 0.90 (0.59–1.38) 0.624 0.94 (0.43–2.08) 0.887

Hyperlipidemia 13 (6.1) 0.78 (0.44–1.37) 0.385 0.91 (0.40–2.07) 0.828

Pneumonia 11 (5.2) 0.68 (0.37–1.27) 0.226 1.29 (0.47–3.60) 0.622

(Continued on following page)
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exposure was linked to a reduction in both the development of
SARS-CoV-2 infection and the severity of symptomatic COVID-19,
including moderate, severe, and critical cases (John et al., 2023b). In
summary, our research preliminarily shows the chemopreventive
effectiveness of UDCA against SARS-CoV-2 infection into the
outpatient cohort.

Risk factors for COVID-19 with
UDCA exposure

Our investigation identified age over 60 as a significant risk factor
for increased SARS-CoV-2 infection in UDCA users. This observation
aligns withmost existing studies that do not specifically focus onUDCA
exposure. Previous research has consistently shown that the risk of
COVID-19, including the number of cases and severity, increases with
age (Bai et al., 2021), a pattern also observed during the 2003 SARS
epidemic (Anderson et al., 2004). In a study in 146 capital cities, higher
per capita clinical cases were projected in cities with older populations,
compared to a higher prevalence of subclinical infections in cities with
younger demographics (Davies et al., 2020).

In particular, our research suggests that age stratification does
not significantly affect the recovery duration from COVID-19. A
systematic review that included 70 primary studies from more than
400,000 participants revealed a linear increase in the age-related risk
of COVID-19 hospital mortality, case mortality, and hospitalization

rates of 5.7%, 7.4%, and 3.4% per year, respectively (Romero et al.,
2021). In contrast, another study involving 10,551 COVID-19
hospitalizations indicated a minimal contribution of age to
critical illness outcomes (Valero-Bover et al., 2023). Similarly, a
meta-analysis including 18 articles with 819,884 COVID-19
survivors did not support an association between advancing age
and COVID-19 severity (Notarte et al., 2022). Given these equivocal
findings, more research is necessary with larger sample sizes, well-
designed stratification, and long-term studies focusing on
UDCA exposure.

We observed that smokers among UDCA users not only
exhibited a lower infection rate but also experienced a
significantly shorter recovery duration from COVID-19.
Although extensive evidence suggests that smoking may increase
the risk of respiratory tract infections (van Zyl-Smit et al., 2010a),
the specific impact of tobacco on SARS-CoV-2 infection and disease
progression remains ambiguous. For example, a comprehensive UK
study identified a higher risk of death in smokers compared to non-
smokers (The OpenSAFELY Collaborative et al., 2020). Mechanistic
studies have hypothesized that this increased susceptibility could be
due to an upregulation of the ACE2 receptor, which facilitates the
entry of SARS-CoV-2 into the host mucosa, leading to active
infection (Leung et al., 2020). In contrast, a case-control study
assessing the clinical outcomes of COVID-19 in smokers found
that smoking decreased the risk of symptomatic infection (Saurabh
et al., 2021). Another meta-analysis reported that the prevalence of

TABLE 4 (Continued) Analysis of risk factors associated with the duration of COVID-19 and UDCA exposure.

Characteristics Infection Univariate analysis Multiariate analysis

(n = 213) HR (95%Cl) p-value HR (95%Cl) p-value

CAD 29 (13.6) 0.96 (0.65–1.42) 0.825 1.22 (0.68–2.20) 0.499

Cancer 9 (4.2) 0.90 (0.46–1.76) 0.756 0.86 (0.34–2.17) 0.747

Number of comorbidity 0.240 0.943

1 (vs. 0) 67 (31.5) 0.99 (0.72–1.35) 0.939 0.95 (0.53–1.69) 0.856

>1 (vs. 0) 49 (23.0) 0.75 (0.53–1.07) 0.110 0.82 (0.25–2.72) 0.744

Drug combinations, n (%)

Antiviral 27 (12.7) 1.08 (0.72–1.62) 0.704 0.66 (0.18–2.51) 0.545

Glucocorticoid 26 (12.2) 0.98 (0.65–1.49) 0.941 0.93 (0.24–3.66) 0.914

Immunosuppressant 17 (8.0) 0.88 (0.53–1.44) 0.604 1.03 (0.31–3.40) 0.961

Statin 10 (4.7) 0.67 (0.36–1.28) 0.225 0.76 (0.17–3.30) 0.712

Spironolactone 10 (4.7) 1.09 (0.58–2.07) 0.787 0.97 (0.27–3.46) 0.961

CCB 9 (4.2) 0.88 (0.45–1.71) 0.698 1.97 (0.45–8.74) 0.371

ARB 8 (3.8) 0.49 (0.24–1.00) 0.051 0.63 (0.16–2.39) 0.492

Prophylactic drug 6 (2.8) 0.67 (0.30–1.52) 0.342 0.76 (0.20–2.87) 0.684

Number of drug 0.230 0.326

1 (vs. 0) 52 (24.4) 1.10 (0.80–1.52) 0.561 1.53 (0.48–4.91) 0.475

>1 (vs. 0) 28 (13.1) 0.74 (0.49–1.11) 0.148 1.16 (0.10–13.66) 0.906

Values are median (IQR) or number (percentage).HR, hazard ratio; CI, Confidence Interval. p values were calculated by Cox proportional hazards model. Bold values signifies p < 0.05. UDCA,

ursodeoxycholic acid; BMI, body mass index; AIH, autoimmune hepatitis; PBC, primary biliary cirrhosis; DILI, drug induced liver injury; CAD, coronary artery disease; AID, autoimmune

disease; CCB, calcium channel blockers; ARB, angiotensin receptor blocker.
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current smoking among hospitalized COVID-19 patients in China
was significantly lower than in the general population (Farsalinos
et al., 2020). Potential protective mechanisms were proposed,
including cross-protection from frequent upper respiratory tract
infections common among smokers or the immunomodulatory
effects of nicotine.

Additionally, a meta-analysis indicated that while the rate of
SARS-CoV-2 infection was lower in smokers, the severity of
hospitalization, disease severity, and mortality were higher
(Simons et al., 2021). A review did not identify smoking as a risk
factor for infection but found that it was associated with an increased
risk of severe disease requiring mechanical ventilation or resulting in
death (Vardavas and Nikitara, 2020). Another meta-analysis found
no significant association between current smoking and disease
severity (Lippi and Henry, 2020). Therefore, while our findings
suggest that smoking may be associated with lower infection rates
and shorter recovery periods in COVID-19 patients with UDCA
exposure, further research with larger sample sizes and in-depth
mechanistic studies is needed for confirmation.

In our study, patients who received UDCA for less than 1 month
exhibited a significantly higher rate of COVID-19 infection
compared to those treated for 1 month or more. However, this
duration of UDCA administration did not considerably influence
COVID-19 recovery time. Currently, limited studies address the
correlation between the duration of UDCA treatment and COVID-
19 outcomes. A small study involving eight healthy volunteers
showed that a standard daily dose of UDCA at 15 mg/kg for
5 days reduced ACE2 levels in the nasal epithelium (Brevini
et al., 2023). Still, this finding is insufficient to conclude the
duration of UDCA treatment for the protective efficacy against
COVID-19. At least 1 month of regular UDCA administration may
be required to combat SARS-CoV-2 infection effectively, while a
longer treatment duration is necessary to affect recovery positively.

Our study found that compliance with UDCA dosage did not
significantly affect infection rates or recovery from COVID-19.
Estimated daily doses for patients not strictly adhering to
prescriptions ranged from 5 to 20 mg/kg. A larger study
demonstrated that a 5 mg/kg increase in UDCA dosage was
correlated with a reduction in SARS-CoV-2 infection and the
severity of COVID-19 symptoms (John et al., 2023b). Therefore,
a minimum daily dose of 5 mg/kg UDCAmight lead to the observed
insignificant effect of compliance.

Our results indicated that diabetes significantly increased
susceptibility to SARS-CoV-2, even with UDCA exposure.
Numerous studies reported that patients with type 2 diabetes are
more prone to SARS-CoV-2 infection, with higher severity and
mortality rates compared to non-diabetic individuals (Cariou et al.,
2020; Shi et al., 2020). Moreover, COVID-19 patients with diabetes
may face increased risks of acute metabolic complications (Kamrath
et al., 2020), and require higher insulin doses (Guo W. et al., 2020).
Potential mechanisms include elevated human ACE2 in type
2 diabetes patients (Wu et al., 2021), coupled with reduced
insulin secretion and induced pancreatic β cell apoptosis due to
SARS-CoV-2 infection (Muller et al., 2021). These factors lead to
low-grade chronic inflammation and impaired immune function
(Aluganti and Singla, 2022; Pelle et al., 2022), increasing the risk and
severity of infection in diabetic individuals (Apicella et al., 2020;
Singh et al., 2020). Although diabetes is a significant risk factor for

COVID-19 infection in our UDCA-exposed population, it did not
significantly affect recovery from the disease. This observation is
consistent with a previous study that found no difference in COVID-
19 severity or hospital stay duration based on diabetes status
(Bajpeyi et al., 2022).

Our study found that participants with preexisting conditions
such as CAD and hypertension exhibited higher SARS-CoV-
2 infection rates and longer COVID-19 recovery times. The link
between COVID-19 and cardiovascular disease (CVD) is well
documented, with patients having preexisting CVD facing more
severe complications and higher mortality rates (Nishiga et al.,
2020). Furthermore, COVID-19 may exacerbate the development
of CVD (Guo T. et al., 2020). CAD and hypertension, as common
forms of CVD, are associated with increased morbidity and
mortality in COVID-19 patients (Zhu et al., 2020; Ko et al.,
2021; Al-Qudimat et al., 2023; Dagan et al., 2023).

The introduction of various COVID-19 vaccines has been
successful in preventing symptomatic infection, severe symptoms,
hospitalization, and COVID-19-related deaths (Sobczak and
Pawliczak, 2022). Interestingly, our study did not find a
significant correlation between vaccination and SARS-CoV-
2 infection in UDCA-exposed outpatients, even among those
who received complete or booster vaccinations. Additionally, in
univariate analysis, a substantial reduction in COVID-19 recovery
time was observed only in patients who received complete or booster
vaccination but not in multivariate analysis. This suggests that
UDCA might substitute or overlap the well-established
preventive efficacy of COVID-19 vaccines. This is consistent with
previous literature indicating similar associations between UDCA
exposure and COVID-19-related outcomes among fully vaccinated
and unvaccinated participants (John et al., 2023b).

Preexisting chronic liver disease was associated with a poorer
prognosis in COVID-19 patients (Ji et al., 2020; Kim et al., 2022).
This could be attributed to inflammatory liver disease increasing the
risk of a “cytokine storm” (Jagirdhar et al., 2023). However, our
findings indicated that infection and recovery from COVID-19 in
patients with liver diseases, except those with fatty liver disease, were
not significantly different from non-afflicted patients, even with
UDCA exposure, except for the shorter recovery time in individuals
with fatty liver disease in univariate analysis. This might be because
outpatients generally have milder liver diseases, insufficient to
impact COVID-19 progression. Additionally, considering
UDCA’s protective effects on hepatocytes, including reducing
cholestasis, improving liver function, and alleviating hepatic
fibrosis (Ye et al., 2020), its preventive effects on both liver
diseases and COVID-19 could counteract the negative impact of
liver diseases on COVID-19.

The impact of UDCA on COVID-
19 symptoms

A comprehensive study documented 32 symptoms among
4,990 individuals who tested positive for COVID-19 during the
predominance of the Omicron variant. The most commonly
reported symptoms included runny nose (76.5%), headache
(74.7%), sore throat (70.5%), sneezing (63.0%), cough (49.8%),
and hoarse voice (42.6%) (Menni et al., 2022). In our study, the
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primary symptoms observed among UDCA users aligned with this
report, including runny nose, sore throat, cough, fever, and others.
Consequently, we hypothesize that UDCA has a negligible impact
on the type of clinical symptoms exhibited by patients with
COVID-19.

In October 2021, the WHO defined the post-COVID-
19 condition as symptoms persisting for 3 months after infection,
lasting at least 2 months, and are not attributable to an alternative
diagnosis. A preprint study revealed that in 2020 and 2021,
approximately 144.7 million people globally (95% uncertainty
interval [UI]: 54.8–312.9 million), corresponding to 3.7% (UI:
1.4–8.0) of all infections, suffered from fatigue (51.0%, UI:
16.9–92.4), respiratory (60.4%, UI: 18.9–89.1), and cognitive
(35.4%, UI: 9.4–75.1) symptoms associated with long COVID-19.
The pathophysiology of long COVID-19 is believed to involve a
prolonged low-grade infection state, a hyperimmune response,
coagulation/vasculopathy, endocrine and autonomic
dysregulation, and maladaptation of the ACE-2 pathway
(Nalbandian et al., 2021). In our study, the median time from
the onset of SARS-CoV-2 infection to the follow-up was
65.0 days (range: 60.0–75.0 days). Among our participants, 9.8%
(74 of 755 individuals) reported ongoing COVID-19-related
symptoms, including fatigue, cough, hypoesthesia, muscle/joint
pain, dizziness, palpitations, dyspnea, expectoration, sore throat,
hyposmia, and hypogeusia. This observation further suggests that
UDCA may not significantly influence the range of COVID-19-
related symptoms experienced by patients.

Strengths

This study is among the first to explore the association between
UDCA use and COVID-19 development, including infection,
symptoms, severity, prognosis, and risk factors and symptoms in
outpatients with UDCA exposure. As COVID-19 symptoms tend to
be milder in vaccinated and unvaccinated patients, outpatients, as
opposed to inpatients, are likely to represent the majority of future
COVID-19 cases. The information gained from outpatient
populations is crucial for improving public health protection and
mitigating the impact of future pandemics. Furthermore, our study
uniquely selected outpatients prescribed UDCA who did not take
the medication as a control group rather than those without a
UDCA prescription. This approach aimed to minimize case
selection bias, considering that both groups had similar
indications for UDCA use. To further reduce confounding, we
used a PSM analysis using the nearest neighbor matching
algorithm, which yielded well-matched groups.

Limitations

Our study, a retrospective cohort analysis, has inherent
limitations. First, the retrospective nature poses challenges, such
as residual confounding. UDCA was prescribed to patients in an
outpatient setting, not primarily for COVID-19. Data collection
relied heavily on self-reports, and despite cross-referencing with
medical records, memory bias and unmeasured confounding factors
could only partially be eliminated. Second, the study’s small patient

cohort and the single-center execution limit the generalizability of
our findings. The efficacy and safety of UDCA for COVID-19
warrant further investigation in large-scale multicenter studies.
However, our data may provide valuable benchmarks for future
research design. Third, the study lacked statistical power to detect
differences in COVID-19-related mortality rates. Given the
widespread vaccine use, reduced viral pathogenicity, and milder
disease courses in the non-hospitalized population, there were no
COVID-19-related deaths in our study groups. This highlights the
need for more comprehensive studies to assess UDCA’s impact on
severe COVID-19 outcomes.

Conclusion

As COVID-19 becomes more endemic, the ongoing battle with
SARS-CoV-2 persists. The focus is increasingly shifting towards
disease prevention and control. UDCA may offer chemopreventive
benefits against COVID-19 in outpatients, including reducing
infection and symptom severity and shortening disease duration.
Factors such as older age, insufficient duration of UDCA treatment,
and comorbidities such as diabetes mellitus and CAD significantly
increased the SARS-CoV-2 infection rates. In contrast, hypertension
was associated with a prolonged COVID-19 recovery. Smoking
decreased infection rates, and smoking, vaccination, and fatty
liver disease were associated with shorter recovery periods.
UDCA showed minimal impact on the variety of COVID-19-
related symptoms. More extensive and longer-term clinical
studies are needed to assess UDCA on COVID-19 prevention
or treatment.
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