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abnormality in NAFLD patients with COVID-19: a multi-center
retrospective study
Zhixue Chen,a,n Wenqing Tang,a,n Nana Feng,b,n Minzhi Lv,c,d,n Fansheng Meng,e Huibin Wu,a Yitong Zhao,f Huajie Xu,g Yuxin Dai,h Jindan Xue,f

Jingya Wang,i Anjun Xu,j Beilin Zhang,k Dejie Chu,b Yuqin Li,l Dejun Wu,j,m,∗∗∗∗ Ling Dong,a,∗∗∗ Si Zhang,h,∗∗ and Ruyi Xuea,k,∗

aDepartment of Gastroenterology and Hepatology, Shanghai Institute of Liver Diseases, Zhongshan Hospital, Fudan University,
Shanghai, 200032, China
bDepartment of Respiratory and Critical Medicine, Shanghai Eighth People’s Hospital Affiliated to Jiang Su University, Shanghai,
200030, China
cClinical Research Unit, Department of Biostatistics, Zhongshan Hospital, Fudan University, Shanghai, 200032, China
dDepartment of Biostatistics, Clinical Research Unit, Key Laboratory of Public Health Safety of Ministry of Education, Key Laboratory for
Health Technology Assessment, National Commission of Health, School of Public Health, Center of Evidence-Based Medicine, Fudan
University, Shanghai, 200032, China
eLiver Cancer Institute, Zhongshan Hospital, Fudan University, Shanghai, 200032, China
fSchool of Medicine, Anhui University of Science and Technology, Anhui, 232000, China
gDepartment of Cardiology, Zhongshan Hospital, Shanghai Institute of Cardiovascular Diseases, National Clinical Research Center for
Interventional Medicine, Fudan University, Shanghai, 200032, China
hNHC Key Laboratory of Glycoconjugate Research, Department of Biochemistry and Molecular Biology, School of Basic Medical Sciences,
Fudan University, Shanghai, 200032, China
iDepartment of Biochemistry and Molecular Biology, Department of Forensic Medicine, School of Basic Medical Sciences, Fudan
University, Shanghai, 200032, China
jDepartment of General Surgery, Shanghai Pudong Hospital, Fudan University Pudong Medical Center, Shanghai, 201399, China
kDepartment of Gastroenterology and Hepatology, Shanghai Baoshan District Wusong Central Hospital (Zhongshan Hospital Wusong
Branch, Fudan University), Shanghai, 200940, China
lDepartment of Gastroenterology, Shanghai Pudong Hospital, Fudan University Pudong Medical Center, Shanghai, 201399, China
mDepartment of Gastrointestinal Surgery, Shanghai Pudong Hospital, Fudan University Pudong Medical Center, Shanghai, 201399,
China

Summary
Background Abnormal liver function was frequently observed in nonalcoholic fatty liver disease (NAFLD) patients
infected with SARS-CoV-2. Our aim was to explore the effect of SARS-CoV-2 inactivated vaccines on liver function
abnormality among NAFLD patients with COVID-19.

Methods The multi-center retrospective cohort included 517 NAFLD patients with COVID-19 from 1 April to 30 June
2022. Participants who received 2 doses of the vaccine (n = 274) were propensity score matched (PSM) with 243
unvaccinated controls. The primary outcome was liver function abnormality and the secondary outcome was viral
shedding duration. Logistic and Cox regression models were used to calculate the odds ratio (OR) and hazard
ratio (HR) for the outcomes. Sensitivity analysis was conducted to assess robustness.

Findings PSM identified 171 pairs of vaccinated and unvaccinated patients. Liver function abnormality was less
frequent in the vaccinated group (adjusted OR, 0.556 [95% CI (confidence interval), 0.356–0.869], p = 0.010).
Additionally, the vaccinated group demonstrated a lower incidence of abnormal bilirubin levels (total bilirubin:
adjusted OR, 0.223 [95% CI, 0.072–0.690], p = 0.009; direct bilirubin: adjusted OR, 0.175 [95% CI, 0.080–0.384],
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p < 0.001) and shorter viral shedding duration (adjusted HR, 0.798 [95% CI, 0.641–0.994], p = 0.044) than the un-
vaccinated group. Further subgroup analysis revealed similar results, while the sensitivity analyses indicated
consistent findings.

Interpretation SARS-CoV-2 vaccination in patients with NAFLD may reduce the risk of liver dysfunction during
COVID-19. Furthermore, vaccination demonstrated beneficial effects on viral shedding in the NAFLD population.

Funding 23XD1422700, Tszb2023-01, Zdzk2020-10, Zdxk2020-01, 2308085J27 and JLY20180124.

Copyright © 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Prior to conducting this study, there was limited published
evidence available regarding the impact of inactivated SARS-
CoV-2 vaccination on liver function abnormalities in COVID-
19 patients with nonalcoholic fatty liver disease (NAFLD). To
assess the existing literature, a PubMed search was conducted
on June 7th, 2023, using the following search terms: (COVID-
19 OR severe acute respiratory syndrome coronavirus 2 OR
SARS CoV-2) AND (vaccination OR vaccine) AND (liver
function) AND (nonalcoholic fatty liver disease OR NAFLD).
Only one relevant study was identified, which reported the
safety and immunogenicity of COVID-19 vaccination in the
NAFLD population. A similar search on ClinicalTrials.gov also
yielded only one ongoing study focusing on vaccine
immunogenicity that had not yet enrolled participants.
Notably, liver function abnormalities were frequently
observed in the NAFLD population and were associated with
the progression of NAFLD and increased COVID-19-related
mortality. However, it remains unclear whether the vaccines
have hepatoprotective effect on NAFLD patients during SARS-
CoV-2 infection. To address this knowledge gap, we
conducted a multi-center retrospective study utilizing Logistic

and Cox regression models to calculate odds ratios and hazard
ratios for the outcomes. Sensitivity analysis was also
conducted to ensure the robustness of the findings.

Added value of this study
This multi-center retrospective study provided insights into
the effect of inactivated vaccination on liver function
abnormality in NAFLD patients with COVID-19 and revealed
that such vaccines could reduce the risk of liver function
abnormalities in the individuals with NAFLD in face of COVID-
19. Furthermore, our findings indicated the beneficial effects
of inactivated vaccines on viral shedding in the NAFLD
population. These results highlight the need to increase the
vaccination rate within this population by providing evidence
of the protective effects of vaccination on liver function in
patients with NAFLD and COVID-19.

Implications of all the available evidence
Collectively, our work underscores the necessity of enhancing
vaccination rates within the NAFLD population by
substantiating the hepatoprotective effects of vaccination in
individuals with NAFLD and COVID-19.
Introduction
The prevalence of nonalcoholic fatty liver disease
(NAFLD) has been growing, with an incidence of about
25% in the global population.1,2 Compared with the
general population, individuals with NAFLD have an
increased susceptibility risk of COVID-19.3,4 Further-
more, patients having COVID-19 with NAFLD are more
likely to experience disease progression,5–7 extended viral
shedding,5 a higher incidence of pulmonary thrombo-
embolism,8 prolonged hospitalization,5 and increased
use of hospital resources.9 Patients with NAFLD and
COVID-19 also exhibit an increased prevalence of liver
function abnormalities (50%–59% vs. 14%–53% in the
general population).5,10 These hepatic abnormalities and
dysfunction may persist up to 2 months after a negative
SARS-CoV-2 test result11 and more importantly, can
potentially exacerbate NAFLD progression, thereby
increasing the risk of developing nonalcoholic steato-
hepatitis (NASH) and hepatic fibrosis.6,12,13 Therefore,
implementing appropriate hepatoprotective measures
for individuals with NAFLD in the face of SARS-CoV-2
infection is critical.

SARS-CoV-2 vaccination is important for preventing
COVID-19 and reducing its severity.14,15 However, the
potential benefits of vaccination in the NAFLD popula-
tion with immune imbalance16 remains uncertain. After
receiving a complete inactivated vaccination, patients
with NAFLD have been shown to exhibit a high rate of
neutralizing antibody seropositivity (95.5%),17 similar to
that observed in the general population.18 However, it
www.thelancet.com Vol 99 January, 2024
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should be noted that high antibody titers do not neces-
sarily indicate vaccine efficacy.19,20 Although recent
vaccination efficacy studies have suggested that mRNA
vaccination is associated with a decreased mortality risk
in hospitalized patients with cirrhosis,21 the primary
cause of death in COVID-19 cases is predominantly
attributed to respiratory complications, with a low inci-
dence of liver failure-related mortality. Thus, previous
studies may not fully reflect the effect of vaccination on
liver health. Whereas, limited attention has been paid to
whether vaccination can reduce liver damage in in-
dividuals with NAFLD who contract COVID-19. In pa-
tients with NAFLD, liver injury is critical in the
pathological progression of the condition. Hence,
investigating the potential effect of COVID-19 vaccina-
tion on liver damage in this immune imbalanced pop-
ulation is essential.

Inactivated SARS-CoV-2 vaccines have been widely
used in China. Individuals with NAFLD who received
inactivated vaccination have been reported to exhibit
high immunogenicity comparable to that in the general
population, along with a favorable safety profile with
transient adverse reactions.17 However, no research ex-
ists on the occurrence of liver function abnormalities in
SARS-CoV-2-vaccinated individuals with NAFLD after
they contract COVID-19. Therefore, we conducted a
multi-center retrospective study using data collected
from three centers in China to investigate the associa-
tion between inactivated SARS-CoV-2 vaccination and
liver function in patients with COVID-19 and preexist-
ing NAFLD.
Methods
Study design
This study was an investigator-initiated, retrospective,
and multi-center cohort research comprising three
centers in Shanghai, China. All experiments involving
human patients were performed in accordance with the
Declaration of Helsinki and approved by the Ethics
Committees of Zhongshan Hospital affiliated to Fudan
University (B2022-536[2]), Shanghai Eighth People’s
Hospital Affiliated to Jiangsu University (2022-04-034),
and Shanghai Pudong Hospital (WZ-05). Written
informed consent was obtained from all patients before
their inclusion in the study.

Study population
This study consecutively enrolled hospitalized patients
with NAFLD who tested positive for SARS-CoV-2 from
three designated COVID-19 hospitals in Shanghai,
namely Zhongshan Hospital, Shanghai Eighth People’s
Hospital, and Shanghai Pudong Hospital, between April
1, 2022 and June 30, 2022. According to specific public
health policy, all individuals who tested positive were
systematically admitted to hospitals. The hospitals
included in our study are representative designated
www.thelancet.com Vol 99 January, 2024
facilities strategically located in different geographical
regions within Shanghai, covering the eastern, central
and western areas of the city. During this period, the
entire included population was infected with Omicron
BA.2 or BA.2.2 variants in Shanghai. Patients were
eligible if they met the following inclusion criteria: 1)
age >18 years, 2) first positive SARS-CoV-2 test result,
and 3) clinical diagnosis of NAFLD within the past 6
months. Patients were excluded based on the following
exclusion criteria22: 1) positive hepatitis B surface anti-
gen or anti-hepatitis C virus antibody, 2) excessive
alcohol consumption (>20 g/day in men and >10 g/day
in women), 3) evidence of liver diseases other than
NAFLD, 4) liver decompensation, or 5) immunosup-
pressive status (such as HIV infection, cancer, organ
transplantation, bone marrow transplantation, or appli-
cation of immunosuppressive agents within the last 3
months).

Participants diagnosed with NAFLD were identified
based on the following conditions: 1) hepatic steatosis
detected by abdominal ultrasound (US) within the last 6
months (ultrasonic diagnostic criteria of parenchymal
brightness, liver-to-kidney contrast, deep beam attenu-
ation, and bright vessel walls)23,24 and 2) the exclusion of
secondary causes of hepatic steatosis and other liver
diseases.25 However, we could not subdivide the NAFLD
cohort into nonalcoholic fatty liver and NASH groups
due to the absence of liver biopsies.22 Their baseline liver
function was assessed within the three-month period
preceding the onset of COVID-19 infection. These
follow-up liver function data was retrieved from the
Shanghai medical treatment combination system.

All patients in the vaccinated group had received two
doses of inactivated whole-virion SARS-CoV-2 vaccines
(CoronaVac, BBIBP-CorV, or WIBP-CorV). Additionally,
their last vaccine dose was administered 3 months
before their COVID-19 diagnosis. Furthermore, the
time interval between the patients’ first and second
SARS-CoV-2 vaccine doses was 3–8 weeks, according to
the guidance issued by the National Health Commis-
sion of the People’s Republic of China.26 “Unvaccinated”
patients were defined as those who had never received
any COVID-19 vaccine dose. Patients who received
other inactivated vaccines, non-inactivated vaccines, or
only one dose of inactivated SARS-CoV-2 vaccines were
excluded from the final analysis.

SARS-CoV-2 infection was confirmed via real-time
reverse-transcription polymerase chain reaction (PCR)
using naso-oropharyngeal swabs.27,28 Patients with
NAFLD who had a previously positive SARS-CoV-2 PCR
test result were excluded from the analysis. The classi-
fication of COVID-19 severity was based on the Diag-
nosis and Treatment Protocol for COVID-19 Patients
(Tentative 9th Edition) by the National Centers for
Disease Control and Prevention of China (China CDC).
Participants underwent nasopharyngeal swab sampling
for RT-PCR every day until two consecutive negative
3
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SARS-CoV-2 nucleic acid tests were obtained, with a
cycle threshold (Ct) value below 35 and a minimum
sampling interval of at least 24 h.

Outcome
The primary composite outcome was liver function ab-
normality. Liver function abnormality was defined as an
increase over the upper limit of the normal range5,27,29,30

within the week of COVID-19 diagnosis in any of the
following parameters: alanine aminotransferase (ALT,
>50 U/L), aspartate aminotransferase (AST, >35 U/L),
γ-glutamyl transpeptidase (GGT, >60 U/L), alkaline
phosphatase (ALP, >135 U/L), total bilirubin (TBIL, >21
U/L), or direct bilirubin (DBIL, >5.1 U/L). The sec-
ondary outcome was viral shedding duration, which was
defined as the number of days from the date of the first
positive PCR test result to the date of the first negative
PCR test result, followed by consecutive negative re-
sults.29 Data including demographics, medical history,
liver function, and viral shedding duration were extrac-
ted from the electronic medical records in the relevant
registries.

Statistical analysis
Categorical variables were described as frequencies and
percentages, and continuous variables were represented
as means and standard deviations (SDs) or medians and
interquartile ranges (IQRs). The means of the contin-
uous variables were compared using independent group
t-tests for normally distributed data, and Mann–Whitney
U test was applied for non-normally distributed data.
Categorical variables were compared by employing the
chi-square or Fisher’s exact tests. A p value of <0.05 was
considered statistically significant. The regression anal-
ysis results were presented as odds ratios (ORs), hazard
ratios (HRs), and 95% confidence intervals (CIs). Ana-
lyses were performed via SPSS Statistics (version 26.0,
IBM, Armonk, NY, USA) and R studio (version
2022.12.0 + 353, Posit Software, PBC).

We further applied propensity score matching (PSM)31

to address the possible imbalance between the vaccinated
and unvaccinated groups of patients with COVID-19 and
NAFLD. The PS model was adjusted for all potential
confounders, including age, sex, body mass index (BMI),
drinking habit, smoking habit, hypertension, diabetes,
cardiovascular disease (CVD), hyperlipidemia, medica-
tions, baseline liver function, and COVID-19 severity. We
then adopted the greedy nearest-neighbor matching al-
gorithm with a 1:1 matching ratio and a caliper width of
0.2 SDs of the logit of the propensity score calculated by
the multivariable logistic regression model.32,33 Finally,
the covariate balance between the two groups was eval-
uated using the absolute standardized mean difference
(SMD), wherein a covariate with SMD <10% was
considered well-balanced (Supplementary Figure S1).34

Additionally, we used multivariable binary logistic
regression models to estimate the association between
inactivated SARS-CoV-2 vaccination and the primary
composite outcome. These models included a crude
model and a multivariable model adjusted for potential
confounders and effect modifiers, which were identified
from previous literature35–40 and incorporated into a
directed acyclic graph (DAG, Supplementary Figure S2),
using the online DAGitty tool (http://www.dagitty.net).
The final minimally sufficient adjustment set comprised
age, sex, BMI, hypertension, diabetes, CVD, and medi-
cations (hypotensive, hypoglycemic, and lipid-lowering
drugs).

The Kaplan–Meier method was employed for the
secondary outcome, and we utilized the log rank test to
compare the unvaccinated and vaccinated groups. Next,
we developed Cox proportional hazards models to
calculate the association between inactivated SARS-CoV-
2 vaccination and the secondary outcome. The status
was defined as two continuous negative PCR test re-
sults. The “time” was established as the virus shedding
duration, and the vaccinated group was designated as
the “reference”. The multivariate model included the
adjusted covariates of age, sex, BMI, CVD, diabetes,
hypertension, and medications selected from the DAG
(Supplementary Figure S2). The proportional hazards
assumption was confirmed to be met through log-log
survival function plots (Supplementary Figure S3).
Censors were defined as cases of death. Among the 511
individuals with complete data, all of them exhibited two
continuous negative PCR test results, and no cases of
censoring were observed.

We further conducted seven subgroup analyses us-
ing univariate Logistic and Cox proportional hazards
regression models, where an interaction term in the
matched models was applied to test the variation in the
risk of liver function abnormality and virus elimination
time across the baseline characteristics. The predefined
subgroups were age (>65 years), sex, BMI (>28 kg/m2),
and the comorbidity subgroups of hypertension, dia-
betes, CVD, and hyperlipidemia (Supplementary
Figure S4).

Finally, we conducted a sensitivity analysis to mini-
mize the possibility of incurring bias and assess the
robustness of the results. First, primary outcome analysis
was restricted to the patients whose liver function pa-
rameters were within normal clinical ranges within 3
months before the index date to rule out previous liver
function abnormality (Supplementary Table S1). Second,
we excluded the patients with a medication history before
the index date based on all the available data to avoid the
potential effect of medications on hepatobiliary status
(Supplementary Table S2). Third, we examined a poten-
tially more specific definition of the secondary outcome,
i.e., virus elimination time beyond 20 days (defined as
prolonged viral elimination in existing studies)41,42

(Supplementary Table S3). Fourth, an alternative statis-
tical analysis was performed based on traditional
methods introducing potential confounders using prior
www.thelancet.com Vol 99 January, 2024
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knowledge and existing studies.43,44 Consequently, three
models were assessed via sequential adjustment for (a)
smoking and drinking status and hyperlipidemia (model
1), (b) plus COVID-19 severity (model 2), and (c) plus
COVID-19 severity, smoking and drinking status, and
hyperlipidemia (model 3) (Supplementary Table S4).
Fifth, missing values exclusively pertained to the primary
composite outcome. In our main Logistic model, the
primary composite outcome was deemed present if any
of the remaining liver function parameters, excluding the
missing parameter, displayed abnormalities. To further
address missing data, three missing data handling
models were established, employing the following
methods: (a) complete case analysis (model 1), (b) worst-
case imputation (model 2), and (c) worst and best
imputation (model 3) (Supplementary Table S5).

Role of the funding source
The funders had no role in the design and conduct of the
study; collection, management, analysis, and interpretation
of the data; preparation, review, or approval of the manu-
script; and decision to submit the manuscript for publi-
cation. The authors have not been paid to write this article
by a pharmaceutical company or other agency. The authors
were not precluded from accessing data in the study, and
they accept responsibility to submit for publication.
Results
Baseline characteristics
In this study, 4877 patients with a positive SARS-CoV-2
PCR test result were screened between April 1, 2022 and
June 30, 2022 from Shanghai, among which 610 pa-
tients with NAFLD were identified. After excluding pa-
tients with only one dose of inactivated vaccine, last
inactivated vaccination over 3 months before the diag-
nosis of SARS-CoV-2 infection, no liver function tests
during hospitalization, or refusal to consent, 517 pa-
tients with NAFLD were stratified by SARS-CoV-2
vaccination status and included in the final analysis
(Fig. 1). The baseline characteristics of the patients are
presented in Table 1. Before PSM, the vaccinated group
(n = 274) was observed to be comparatively younger
(median [IQR] age, 66.50 [15.00] years vs. 71.50 [21.00]
years, p < 0.001) than the unvaccinated group (n = 243).
Additionally, the vaccinated group exhibited a higher
proportion of male patients (63.5% vs. 54.3%, p = 0.034)
and lower proportions of those with smoking habits
(9.9% vs. 16.0%, p = 0.185), hypertension (32.5% vs.
53.1%, p < 0.001), and CVD (12.4% vs. 21.4%, p = 0.006)
than the unvaccinated group. Furthermore, compared
with the unvaccinated group, the vaccinated group had
more patients with mild COVID-19 (81.4% vs. 68.7%,
p < 0.001). Moreover, the prevalence of liver function
abnormality at baseline (3 months before infection) was
32.8% in the vaccinated group and 31.7% in the un-
vaccinated group (p = 0.778).
www.thelancet.com Vol 99 January, 2024
After 1:1 matching based on PSM, the final study
cohort included 171 pairs of vaccinated and unvacci-
nated patients, as shown in Table 1. Subsequently, the
baseline characteristics were well balanced between the
two groups (Supplementary Figure S1). After PSM, the
prevalence of liver function abnormality at baseline in
the vaccinated and unvaccinated groups was 31.0% and
32.7%, respectively (p = 0.728).

Outcome
The vaccinated group was found to have a lower inci-
dence of liver function abnormalities after COVID-19
than the unvaccinated group. The primary composite
endpoint occurred in 217 (42.0%) patients, of which 118
(48.6%) were in the unvaccinated group and 99 (36.1%)
in the vaccinated group (Supplementary Table S6). The
crude OR for the composite outcome associated with
vaccination was 0.599 (95% CI, 0.421–0.852; p = 0.004),
while the adjusted OR was 0.559 (95% CI, 0.382–0.819;
p = 0.003). In terms of the liver function parameters, the
occurrence of TBIL levels above the upper limit of the
normal range was lower in the vaccinated group than in
the unvaccinated group (2.9% vs. 8.2%), with a crude
OR of 0.335 (95% CI, 0.145–0.776; p = 0.011) and
adjusted OR of 0.279 (95% CI, 0.114–0.680; p = 0.005).
Similarly, the incidence of DBIL levels above the upper
limit of the normal range was lower in the vaccinated
group than in the unvaccinated group (6.7% vs. 26.2%),
wherein the crude OR was 0.202 (95% CI, 0.114–0.360;
p < 0.001) and adjusted OR was 0.175 (95% CI,
0.093–0.326; p < 0.001). In the PSM model, the primary
composite outcome was observed in 140 (40.9%) pa-
tients, with 82 (48.0%) in the unvaccinated group and 58
(33.9%) in the vaccinated group, with associated crude
and adjusted ORs of 0.557 (95% CI, 0.360–0.862;
p = 0.009) and 0.556 (95% CI, 0.356–0.869; p = 0.010),
respectively. Furthermore, the occurrence of TBIL levels
above the upper limit of the normal range was 9.4% in
the unvaccinated group and 2.3% in the vaccinated
group (crude OR, 0.232 [95% CI, 0.076–0.709],
p = 0.010; adjusted OR, 0.223 [95% CI, 0.072–0.690],
p = 0.009). Additionally, the occurrence of DBIL levels
above the upper limit of the normal range was 24.0% in
the unvaccinated group and 5.6% in the vaccinated
group (crude OR, 0.187 [95% CI, 0.087–0.403],
p < 0.001; adjusted OR, 0.175 [95% CI, 0.080–0.384],
p < 0.001) (Table 2).

Regarding the secondary outcome, 511 individuals
had complete data on viral clearance duration, after
excluding the 6 cases with missing data. A complete
case analysis was conducted, revealing that the vacci-
nated group exhibited a shorter duration of viral clear-
ance during COVID-19 than the unvaccinated group.
Moreover, the median virus elimination time was 15
days (95% CI, 14.278–15.722) in all patients
(Supplementary Table S7), whereas the vaccinated
group exhibited a shortened virus elimination time (13
5
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days, 95% CI, 11.653–14.347 vs. 16 days, 95% CI,
14.993–17.007) compared with the unvaccinated group.
Furthermore, the crude HR for viral clearance was 0.727
(95% CI, 0.610–0.867; p < 0.001), and the adjusted HR
was 0.791 (95% CI, 0.655–0.955; p = 0.015). After PSM,
the difference in the median virus elimination time was
reduced between the vaccinated and unvaccinated
groups (14 days vs. 15 days, respectively). Additionally,
the crude and adjusted HRs remained significant after
PSM (crude OR, 0.781 [95% CI, 0.630–0.970], p = 0.025;
adjusted HR, 0.798 [95% CI, 0.641–0.994], p = 0.044)
(Fig. 2).

Additionally, there were no reported deaths among
the 517 participants. And two patients (0.4%) were
admitted to the ICU because of critical pneumonia, all
of whom were from the unvaccinated group (0.8%).
Subgroup analysis
Subgroup analyses were performed to analyze the as-
sociations of the primary composite and secondary
outcomes with inactivated vaccination based on the
stratification by individual characteristics including de-
mographic and behavioral features. The subgroup
analysis results after matching are presented in Fig. 3.
The association between vaccination and the risk of liver
function abnormality showed differences across the sex
and BMI groups (p = 0.008 and p = 0.030, respectively,
for interaction). The OR for male patients was 0.332
(95% CI, 0.185–0.597; p < 0.001), whereas that for fe-
male patients was 1.108 (95% CI, 0.567–2.164;
p = 0.765). Furthermore, the OR for low BMI was 0.385
(95% CI, 0.220–0.673; p < 0.001), while that for high
BMI was 1.058 (95% CI, 0.516–2.170; p = 0.879). In
www.thelancet.com Vol 99 January, 2024
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Characteristics Unmatched Matched

Unvaccinated
N = 243

Vaccinated
N = 274

Standard mean
difference

p value Unvaccinated
N = 171

Vaccinated
N = 171

Standard mean d
ifference

p value

Demographics and history

Age, median (IQR) 71.50 (21.00) 66.50 (15.00) 0.488 <0.001 67.00 (17.00) 68.00 (10.00) 0.049 0.731

Male, n (%) 132 (54.3%) 174 (63.5%) 0.187 0.034 97 (56.7%) 99 (57.9%) 0.024 0.827

BMI (kg/m2), mean (SD) 27.02 (3.23) 27.36 (4.40) 0.038 0.319 26.59 (3.56) 27.43 (4.20) 0.043 0.335

Habitual smoker, n (%) 39 (16.0%) 27 (9.9%) 0.185 0.035 21 (12.3%) 20 (11.7%) 0.018 0.868

Habitual drinker, n (%) 13 (5.3%) 17 (6.2%) 0.037 0.678 11 (6.4%) 10 (5.8%) 0.024 0.822

Hypertension, n (%) 129 (53.1%) 89 (32.5%) 0.426 <0.001 74 (43.3%) 76 (44.4%) 0.024 0.827

Diabetes, n (%) 127 (52.3%) 128 (46.7%) 0.111 0.208 85 (49.7%) 88 (51.5%) 0.035 0.746

Hyperlipidemia, n (%) 69 (28.4%) 76 (27.7%) 0.015 0.868 49 (28.7%) 50 (29.2%) 0.013 0.905

Coronary heart disease, n (%) 52 (21.4%) 34 (12.4%) 0.242 0.006 30 (17.5%) 31 (18.1%) 0.015 0.888

Medications, n (%) 185 (76.1%) 194 (70.8%) 0.121 0.172 126 (73.7%) 127 (74.3%) 0.013 0.902

Hypotensive drugs, n (%) 129 (53.1%) 89 (32.5%) 0.426 <0.001 74 (43.4%) 76 (44.4%) 0.024 0.827

Hypoglycemic drugs, n (%) 121 (49.8%) 123 (44.9%) 0.098 0.265 80 (46.8%) 85 (49.7%) 0.059 0.588

Lipid-lowering drugs, n (%) 52 (21.4%) 44 (16.1%) 0.137 0.119 37 (21.6%) 30 (17.5%) 0.103 0.340

Baseline liver function

Liver abnormality, n (%) 77 (31.7%) 90 (32.8%) 0.025 0.778 56 (32.7%) 53 (31.0%) 0.038 0.728

TBIL (U/L), median (IQR) 10.75 (6.30) 11.15 (6.50) 0.068 0.221 10.60 (7.20) 10.90 (7.20) 0.008 0.586

Normal, n (%) 172 (96.1%) 192 (96.5%) 0.162 0.856 115 (94.3%) 119 (95.2%) 0.217 0.766

1–2 ULN, n (%) 7 (3.9%) 5 (2.5%) 7 (5.7%) 4 (3.2%)

2–3 ULN, n (%) 0 (0.0%) 2 (1.0%) 0 (0.0%) 2 (1.6%)

>3 ULN, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

DBIL (U/L), median (IQR) 2.65 (1.80) 2.90 (1.90) 0.060 0.658 2.85 (2.00) 2.80 (2.20) 0.136 0.455

Normal, n (%) 162 (92.0%) 192 (93.2%) 0.169 0.679 117 (91.4%) 113 (90.4%) 0.193 0.764

1–2 ULN, n (%) 12 (6.8%) 11 (5.3%) 9 (7.0%) 9 (7.2%)

2–3 ULN, n (%) 2 (1.1%) 1 (0.5%) 2 (1.6%) 1 (0.8%)

>3 ULN, n (%) 0 (0.0%) 2 (1.0%) 0 (0.0%) 2 (1.6%)

ALT (U/L), median (IQR) 21.50 (20.80) 24.00 (23.80) 0.051 0.901 21.50 (28.50) 23.50 (22.80) 0.023 0.699

Normal, n (%) 168 (87.5%) 194 (87.0%) 0.121 0.841 117 (86.0%) 124 (89.2%) 0.221 0.454

1–2 ULN, n (%) 23 (12.0%) 25 (11.2%) 19 (14.0%) 13 (9.4%)

2–3 ULN, n (%) 1 (0.5%) 4 (1.8%) 0 (0.0%) 2 (1.4%)

>3 ULN, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

AST (U/L), median (IQR) 24.50 (13.80) 24.00 (10.00) 0.035 0.309 24.50 (14.50) 23.00 (9.80) 0.062 0.116

Normal, n (%) 163 (81.9%) 187 (84.6%) 0.162 0.501 118 (81.9%) 116 (86.6%) 0.245 0.325

1–2 ULN, n (%) 34 (17.1%) 29 (13.1%) 25 (17.4%) 15 (11.2%)

2–3 ULN, n (%) 1 (0.5%) 4 (1.8%) 0 (0.0%) 2 (1.5%)

>3 ULN, n (%) 1 (0.5%) 1 (0.5%) 1 (0.7%) 1 (0.7%)

ALP (U/L), median (IQR) 71.50 (26.00) 76.00 (33.00) 0.073 0.559 70.00 (23.00) 76.00 (31.00) 0.092 0.819

Normal, n (%) 175 (98.3%) 201 (97.6%) 0.215 0.625 119 (99.2%) 126 (97.7%) 0.120 0.350

1–2 ULN, n (%) 1 (0.6%) 5 (2.4%) 1 (0.8%) 3 (2.3%)

2–3 ULN, n (%) 2 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

>3 ULN, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

GGT (U/L), median (IQR) 34.50 (27.00) 32.00 (29.00) 0.187 0.002 36.00 (33.00) 32.00 (36.00) 0.199 0.011

Normal, n (%) 158 (86.8%) 190 (87.2%) 0.174 0.962 116 (87.2%) 118 (87.4%) 0.224 0.981

1–2 ULN, n (%) 24 (13.2%) 25 (11.5%) 17 (12.8%) 14 (10.4%)

2–3 ULN, n (%) 0 (0.0%) 3 (1.4%) 0 (0.0%) 3 (2.2%)

>3 ULN, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

SARS-CoV-2 severity

Asymptomatic, n (%) 25 (10.3%) 24 (8.8%) 0.353 <0.001 18 (10.5%) 16 (9.4%) 0.041 0.742

Mild, n (%) 167 (68.7%) 223 (81.4%) 130 (76.0%) 131 (76.6%)

(Table 1 continues on next page)
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Characteristics Unmatched Matched

Unvaccinated
N = 243

Vaccinated
N = 274

Standard mean
difference

p value Unvaccinated
N = 171

Vaccinated
N = 171

Standard mean d
ifference

p value

(Continued from previous page)

Moderate, n (%) 43 (17.7%) 26 (9.5%) 22 (12.9%) 23 (13.5%)

Severe, n (%) 6 (2.5%) 1 (0.4%) 1 (0.6%) 1 (0.6%)

Critical, n (%) 2 (0.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

BMI, body mass index; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, glutamyl transpeptidase; ULN, upper limit
of normal. Bold p values denoted statistical significance at the p < 0.05 level.

Table 1: Characteristics of COVID-19 patients with NAFLD at baseline before and after propensity-score matching.

Outcome

Liver abnormality, n (%)

TBIL >1 ULN, n (%)

DBIL >1 ULN, n (%)

ALT >1 ULN, n (%)

AST >1 ULN, n (%)

ALP >1 ULN, n (%)

GGT >1 ULN, n (%)

OR, odds ratio; CI, confidenc
ULN, upper limit of normal. B
age, gender, BMI, diabetes, c

Table 2: Comparison of p
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contrast, no difference was observed in the association
between inactivated vaccination and the risk of liver
function abnormality between the subgroups of age,
hypertension, diabetes, CVD, and hyperlipidemia. In
the case of the secondary outcome, the findings were
consistent with the endpoint results (Supplementary
Figure S4).

Sensitivity analysis
In all sensitivity analyses (Supplementary Tables S1–
S5), vaccination was consistently associated with a
decreased risk of liver function abnormality after
COVID-19 infection. Compared with our main model
analysis, the alternative analysis based on the traditional
methods of identifying and adjusting for confounders
revealed that the OR estimates of the primary composite
outcome were minimally altered, with the ORs changing
from 0.559 (95% CI, 0.382–0.819; p = 0.003) to 0.586
(95% CI, 0.398–0.864; p = 0.007) (Supplementary
Table S4).
Discussion
Our study was a multi-center retrospective cohort
investigation of the association between inactivated
SARS-CoV-2 vaccination and liver function in patients
Matched

All (n = 342) Unvaccinated
(n = 171)

Vaccinated
(n = 171)

Crude

OR (95%

140 (40.9%) 82 (48.0%) 58 (33.9%) 0.557 (0

20 (5.8%) 16 (9.4%) 4 (2.3%) 0.232 (0

46 (14.6%) 37 (24.0%) 9 (5.6%) 0.187 (0

57 (16.7%) 30 (17.5%) 27 (15.8%) 0.881 (0

70 (20.5%) 42 (24.6%) 28 (16.4%) 0.601 (0

13 (3.8%) 7 (4.1%) 6 (3.5%) 0.847 (0

51 (15.2%) 26 (15.6%) 25 (14.8%) 0.942 (0

e interval; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, asp
old p values denoted statistical significance at the p < 0.05 level. aIn Logistic regression mo
oronary heart disease, hypertension and medications. bOdds ratios and p values were calc

rimary composite outcome between propensity-score matched groups.
having NAFLD with COVID-19 and revealed the
following findings: (1) among all patients with NAFLD,
42.0% (217/517) exhibited liver function abnormalities
upon admission, (2) inactivated SARS-CoV-2 vaccina-
tion was associated with a reduced incidence of liver
function abnormality (36.1% [vaccinated group] vs.
48.6% [unvaccinated group], p = 0.004), and (3) inacti-
vated SARS-CoV-2 vaccination was linked to a shorter
virus shedding duration in vaccinated patients with
NAFLD compared with those who were unvaccinated
(median virus elimination time, 13 days vs. 16 days,
p < 0.001). Therefore, our study results prove the po-
tential protection of inactivated SARS-CoV-2 vaccination
against liver function abnormalities among individuals
with NAFLD who contract COVID-19.

Liver function abnormalities have been observed in
the general population after COVID-19 infection, with a
reported incidence of 14%–53%.45 In the case of patients
with NAFLD and COVID-19, their characteristic im-
mune imbalance16 and increased COVID-19 suscepti-
bility3 lead to a higher prevalence of liver function
abnormalities (50%–59%).46 Recent evidence from clin-
ical autopsy samples and molecular studies has sup-
ported the hepatic tropism of SARS-CoV-2 in
individuals with NAFLD.47 The inflamed hepatocytes in
patients with NAFLD exhibit mitochondrial
Adjusteda

CI) pb value OR (95% CI) pb value

.360–0.862) 0.009 0.556 (0.356–0.869) 0.010

.076–0.709) 0.010 0.223 (0.072–0.690) 0.009

.087–0.403) <0.001 0.175 (0.080–0.384) <0.001

.499–1.557) 0.663 0.887 (0.494–1.594) 0.689

.353–1.026) 0.062 0.607 (0.354–1.043) 0.071

.279–2.574) 0.769 0.826 (0.265–2.571) 0.741

.519–1.709) 0.843 0.950 (0.518–1.743) 0.868

artate aminotransferase; ALP, alkaline phosphatase; GGT, glutamyl transpeptidase;
del, adjusted variables for comparing unvaccinated and vaccinated cohorts included
ulated based on Logistic regression model.
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a b

Fig. 2: Kaplan–Meier survival curves for secondary outcome of virus shedding duration. The vaccination shortened the time to SARS-CoV-2
viral clearance in NAFLD population before propensity score matching (a) and after matching (b). Hazard ratios are adjusted by confounders
based on directed acyclic graph using the Cox regression model. HR, hazard ratio.

Articles
dysfunction,48 which may upregulate the expression of
SARS-CoV-2 entry receptors in the liver49 and facilitate
viral infection. Moreover, the virus can directly target
hepatocytes after it enters the liver, further exacerbating
mitochondrial dysfunction.50 Consequently, the interac-
tion between NAFLD and COVID-19 could amplify the
severity of both conditions. In our sensitivity analysis,
we further selected 350 participants who had normal
liver function within the past 3 months and found that
122 (34.9%) had shown abnormal liver function after
Fig. 3: Subgroup analyses. Forest plot of subgroup analysis of associatio
NAFLD population by baseline demographic and disease characteristics. Od
Logistic regression model. OR, Odds ratio; CI, confidence interval; BMI, b

www.thelancet.com Vol 99 January, 2024
hospital admission for COVID-19. This observed liver
dysfunction in a significant proportion of the patients
suggests a close association between COVID-19 infec-
tion and hepatobiliary damage, consistent with prior
pathological evidence.47 Furthermore, we found that full
vaccination with inactivated vaccines could reduce the
risk of liver function abnormalities in patients having
COVID-19 with preexisting NAFLD, suggesting that
COVID-19 vaccines might help maintain hepatic ho-
meostasis during SARS-CoV-2 infection.
n between inactivated vaccines and liver function abnormality in the
ds ratios for patient subgroups are from univariate analyses using the
ody mass index; CVD, coronary heart disease.
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In our study, the NAFLD population demonstrated a
predominantly hepatocellular pattern of liver injury after
COVID-19, rather than a cholestatic pattern. The pro-
portions of patients exhibiting abnormal AST and ALT
levels, which reflect hepatocellular damage, were 20.7%
(107/517) and 16.2% (84/517), respectively. In contrast,
the number of patients with abnormal ALP levels
(indicative of biliary system injury) was relatively low at
3.5% (18/517). Moreover, elevated AST and DBIL levels
on admission have been shown to be independently
associated with an increased risk of COVID-19-related
death.51,52 Therefore, liver function abnormalities
should be taken seriously, despite their mild nature
(Supplementary Table S8).5

Our study suggests that inactivated SARS-CoV-2
vaccination might, to some extent, reduce the inci-
dence of liver function abnormalities, particularly
demonstrating a potential reduction in bilirubin levels.
This finding was supported by our analysis after PSM
that showed the vaccinated group had lower adjusted
ORs for TBIL (adjusted OR, 0.223 [95% CI,
0.072–0.690], p = 0.009) and DBIL (adjusted OR, 0.175
[95% CI, 0.080–0.384], p < 0.001) than the unvaccinated
group. Our observations also noted declining trends in
indicators such as AST (16.4% vs. 24.6%, adjusted OR,
0.607 [95% CI, 0.354–1.043], p = 0.071) and ALT (15.8%
vs. 17.5%, adjusted OR, 0.887 [95% CI, 0.494–1.594],
p = 0.689). Bilirubin, as a comprehensive marker
reflecting liver function, is influenced by a complex
interplay of factors, including bile stasis and hepatocel-
lular damage.53,54 This complexity suggests that bilirubin
may be more sensitive to vaccination-induced changes
when compared to other markers, while trends in other
markers of hepatocellular damage might require larger
sample sizes to establish their significance. In sum-
mary, our study suggests that vaccines may offer a
multi-dimensional protection of liver function in
NAFLD individuals. The reduction in bilirubin levels
hints at the possibility of comprehensive protection,
although we acknowledge the need for further research
to validate these preliminary findings.

Besides, our study also indicated that inactivated
vaccination was associated with a shortened duration of
viral clearance in individuals with NAFLD. This rapid
decline in the viral load suggests the possibility of a
relatively milder degree of liver injury within the vacci-
nated group. Based on all these results, vaccination may
have a promising role in mitigating liver-related com-
plications caused by COVID-19 in patients having
NAFLD.

Considering that individuals with chronic liver dis-
ease (CLD), including NAFLD and cirrhosis, typically
exhibit increased COVID-19 severity and mortality,55

global guidelines have strongly recommended vaccina-
tion for these individuals with immune dysregulation
and immunosuppression, aiming to reduce the likeli-
hood of COVID-19-associated severe outcomes.
However, clinical evidence supporting the COVID-19
vaccination recommendations in this patient popula-
tion is limited, with only a few studies investigating the
adverse reactions to vaccination and vaccine immuno-
genicity in individuals with CLDs.17,26,27,30 Moreover, no
researchers have specifically addressed the effect of
vaccination on liver function in individuals with NAFLD
after COVID-19 infection. Our study demonstrated the
hepatoprotective effect of inactivated vaccines in in-
dividuals with NAFLD who contract COVID-19. Addi-
tionally, inactivated SARS-CoV-2 vaccines have been
widely used in many developing countries, such as
China, India,56 Chile,57 Brazil,57 and various African na-
tions, amounting to approximately 50 countries world-
wide. Thus, our study not only provides supporting
evidence for the global guidelines but also has signifi-
cant guiding value for countries using inactivated vac-
cines. We also noted that the COVID-19 vaccination
proportion was lower (52.9%) in the hospitalized pa-
tients with NAFLD included in our study than in the
global population (70.1%).58 The low vaccination rate
among patients with NAFLD in our study may be
attributed to concerns regarding the potential passive
effect of the vaccines on the liver. Our research findings
may help address these concerns and reduce vaccine
hesitancy. Therefore, our study results highlight the
need to increase the vaccination rate within this popu-
lation by providing evidence of the protective effects of
vaccination on liver function in patients with NAFLD
and COVID-19.

Our study has several limitations that should be
considered. First, we only included NAFLD inpatients
with COVID-19 in three designed hospitals of the cen-
tral, western and eastern regions in Shanghai, which
may have led to some selection bias. Second, despite our
rigorous efforts to address confounding variables
through PSM and sensitivity analyses, unmeasured
factors may have affected the accuracy of our findings.
For example, personal living habits, such as diet and
exercise, could have influenced the development of
hepatobiliary abnormalities in our study population.
Nevertheless, the anti-epidemic measures implemented
in China during the study period led to the patients
working remotely from home and receiving
government-supplied food. Therefore, their living habits
were similar, which might have minimized the influ-
ence of such external factors on the study outcomes.
Finally, our sample size was small. Thus, large-scale
prospective follow-up studies are required to further
explore the causality of vaccination and hepatobiliary
abnormalities in the NAFLD population.

In conclusion, our study suggests that complete
inactivated vaccination may reduce the risk of liver
function abnormalities and shorten the virus shedding
time in individuals with NAFLD during COVID-19
infection. Therefore, we suggest that full vaccination
should be undertaken in the NAFLD population.
www.thelancet.com Vol 99 January, 2024
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