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Abstract
Background: Previous studies have reported an association between metabolic 
dysfunction-associated steatotic liver disease (MASLD) and the risk of serious bacte-
rial infections. However, the magnitude of the risk and whether this risk varies with 
the severity of MASLD remains uncertain. We performed a meta-analysis of obser-
vational studies to quantify the association between MASLD and serious bacterial 
infections requiring hospital admission.
Methods: We systematically searched PubMed, Scopus, Web of Science and Embase 
from database inception to 1 April 2024, using predefined keywords to identify stud-
ies examining the risk of serious bacterial infections among individuals with and 
without MASLD. MASLD was diagnosed using liver biopsy, imaging or International 
Classification of Diseases codes. Meta-analysis was performed using random-effects 
modelling.
Results: We identified six cross-sectional and two prospective cohort studies with 
aggregate data on ~26.6 million individuals. MASLD was significantly associated with 
higher odds of serious bacterial infections (pooled random-effects odds ratio 1.93, 
95% confidence interval [CI] 1.44–2.58; I2 = 93%). Meta-analysis of prospective co-
hort studies showed that MAFLD was associated with an increased risk of developing 
serious bacterial infections (pooled random-effects hazard ratio 1.80, 95% CI 1.62–
2.0; I2 = 89%). This risk further increased across the severity of MASLD, especially 
the severity of fibrosis (pooled random-effects hazard ratio 2.42, 95% CI 1.89–2.29; 
I2 = 92%). These results remained significant after adjusting for age, sex, obesity, dia-
betes and other potential confounders. Sensitivity analyses did not modify these find-
ings. The funnel plot did not reveal any significant publication bias.
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1  |  INTRODUC TION

Non-alcoholic fatty liver disease (NAFLD), recently renamed meta-
bolic dysfunction-associated steatotic liver disease (MASLD), has 
become the leading cause of chronic liver disease globally. The re-
cently proposed change in nomenclature from NAFLD to MASLD 
responds to our better understanding of the pathophysiological 
processes that lead to the development and progression of MASLD 
(where metabolic dysfunction plays a key role in the pathophysiol-
ogy of this common liver disease).1 The global prevalence of MASLD 
is estimated to be around 38% among adult individuals and is pro-
jected to continue to rise with increasing global rates of obesity and 
type 2 diabetes.1–3

MASLD poses a significant health and economic burden 
worldwide.4,5 Substantial epidemiological evidence indicates that 
MASLD is a multisystem disease6,7 that is associated not only with 
liver-related complications (cirrhosis, end-stage liver disease and 
hepatocellular carcinoma) but also with an increased risk of de-
veloping extrahepatic cancers (mainly non-liver gastrointestinal 
cancers)8 and cardiometabolic diseases, such as new-onset type 2 
diabetes,9 fatal and non-fatal cardiovascular events10 and adverse 
renal outcomes.11

Among the least investigated MASLD-related extrahepatic 
complications, an ever-increasing number of observational cross-
sectional and prospective studies have assessed the association 
between MASLD and the risk of severe bacterial infections, such 
as pneumonia, meningitis, sepsis, gastrointestinal/abdominal infec-
tions or other bacterial infections requiring hospital admission (as 
extensively discussed below). However, the magnitude of this risk 
and whether the risk varies with the severity of MASLD remain 
uncertain.

Therefore, we have performed a comprehensive systematic re-
view and meta-analysis of relevant observational studies to quantify 
the magnitude of the association between MASLD and the risk of 
serious bacterial infections requiring hospital admission. Moreover, 
we have also examined whether there was an association between 
the severity of MASLD and the risk of serious bacterial infections. 
Clarifying the magnitude of the risk of serious bacterial infections 
requiring hospital admission in patients with MASLD might favour 
the development of prevention strategies for serious bacterial infec-
tions in this patient population.

2  |  MATERIAL S AND METHODS

2.1  |  Registration of review protocol

The protocol of this systematic review was registered on Open 
Science Framework (registration DOI: https://​doi.​org/​10.​17605/​​
OSF.​IO/​B7TDG​).

2.2  |  Data sources and searches

This systematic review has been performed following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) and the Meta-analysis Of Observational Studies in 
Epidemiology (MOSE) guidelines.11,12 We systematically searched 
PubMed, Web of Science, Embase and Scopus from database in-
ception to 1 April 2024, to identify relevant observational studies 
examining the association between MASLD and the risk of serious 
bacterial infections requiring hospital admission. Search free text 
terms were ‘serious bacterial infections’ OR ‘severe bacterial infec-
tions’ OR ‘serious/severe infections’ OR ‘bacterial infections’ OR 
‘infectious diseases’ AND ‘fatty liver’ OR ‘nonalcoholic fatty liver 
disease’ OR ‘NAFLD’ OR ‘nonalcoholic steatohepatitis’ OR ‘NASH’ 
OR ‘metabolic dysfunction-associated steatotic liver disease’ OR 
‘MASLD’ OR ‘metabolic dysfunction-associated steatohepatitis’ OR 
‘MASH’. Searches were restricted to human studies and English lan-
guage studies. Subjects included in the meta-analysis were of either 
sex without age, race or ethnicity restrictions.

Conclusions: This meta-analysis shows a significant association between MASLD and 
an increased risk of serious bacterial infections requiring hospital admission.

K E Y W O R D S
MASLD, meta-analysis, metabolic dysfunction-associated steatotic liver disease, NAFLD, non-
alcoholic fatty liver disease, serious bacterial infections

Key points

This comprehensive meta-analysis of observational stud-
ies shows for the first time that metabolic dysfunction-
associated steatotic liver disease (MASLD) is significantly 
associated with an increased risk of having or developing 
serious bacterial infections requiring hospital admission. 
Further well-designed prospective and mechanistic studies 
are needed to better understand the link between MASLD 
and the risk of developing serious bacterial infections.
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2.3  |  Study selection

The inclusion criteria of the meta-analysis were as follows: (1) ob-
servational (cross-sectional, case–control or longitudinal) studies 
examining the risk of serious bacterial infections requiring hospital 
admission among adult (age ≥18 years) individuals with and without 
MASLD (or NAFLD); (2) studies that reported odds ratios (ORs) or 
hazard ratios (HRs) with 95% confidence intervals (95% CIs) values for 
the outcome of interest; (3) the diagnosis of MASLD (or NAFLD) was 
based on liver biopsy, imaging techniques, blood-based biomarkers/
scores or International Classification of Diseases (ICD) codes, in the 
absence of significant alcohol consumption (usually defined as <20 g/
day for women and <30 g/day for men) or other competing causes 
of hepatic steatosis (e.g. viral hepatitis, iron overload and use of po-
tentially hepatotoxic drugs); and (4) the diagnosis of serious bacterial 
infections, such as pneumonia, meningitis, sepsis, gastrointestinal/
abdominal infections or other severe bacterial infections requiring 
hospital admission was based on hospital charts, electronic medical 
records or ICD-9/ICD-10 codes (as specified in each eligible study).

The exclusion criteria of the meta-analysis were as follows: (1) 
congress abstracts, case reports, reviews, practice guidelines or 
commentaries; (2) studies in which the identification of MASLD 
(or NAFLD) was based exclusively on serum aminotransferase 
concentrations; (3) studies which did not exclude individuals with 
significant alcohol consumption or other known causes of chronic 
liver disease; (4) studies that examined the association between 
MASLD (or NAFLD) and the risk of non-severe bacterial infections 
not requiring hospital admission (e.g. prior or active Helicobacter 
pylori infection or periodontitis); and (5) studies examining the as-
sociation between MASLD (or NAFLD) and the risk of more severe 
COVID-19 infection or other types of infections (viral, fungal or 
parasitic).

2.4  |  Data extraction and quality assessment

Data from studies eligible for the aggregate data meta-analysis 
were independently extracted by two investigators (AM and GT). 
Any disagreements between investigators about including eligi-
ble studies were resolved by consensus and a third investigator 
if needed (RM).

For each eligible study, we extracted data on publication year, 
study design, sample size, country, population characteristics, meth-
odologies used for the diagnosis of MASLD and serious bacterial 
infections, severity of MASLD, outcomes of interest, matching and 
confounding factors included in multivariable regression analyses 
and length of follow-up (for longitudinal studies). In the case of mul-
tiple publications of the same database, we included the most up-to-
date or comprehensive information.

The overall quality of the studies included in the aggregate data 
meta-analysis was assessed using the Newcastle-Ottawa scale 
(NOS) by two independent authors (AM and GT). Any disparities in 

scoring were reviewed, and consensus was obtained following dis-
cussion. The NOS scale is a validated scale for non-randomized stud-
ies in meta-analyses, which uses a star system to assess the quality 
of a study in three domains: selection, comparability and outcome/
exposure. The NOS assigns a maximum of four stars for selection 
(or five stars in the case of cross-sectional studies), two for com-
parability, and three for outcome/exposure. We judged studies that 
received a score of at least eight stars to be at low risk of bias, thus 
reflecting the highest quality.

2.5  |  Data synthesis and analysis

The primary outcome measure of the meta-analysis was the pres-
ence of serious bacterial infections, such as pneumonia, menin-
gitis, sepsis, urinary tract infections, gastrointestinal/abdominal 
infections or other bacterial infections requiring hospital admis-
sion for cross-sectional studies or the risk of developing incident 
serious bacterial infections requiring hospital admission over the 
follow-up for longitudinal studies. The ORs (for cross-sectional 
studies) or HRs (for longitudinal studies) and their 95% CIs were 
considered as the effect size for all the eligible studies. When 
studies reported ORs/HRs with varying degrees of covariate ad-
justment, we extracted those that reflected the maximum extent 
of adjustment for potentially confounding factors. The adjusted 
ORs/HRs of all eligible studies were pooled, and an overall effect-
size estimate was calculated using a random-effects model since 
high heterogeneity was expected for a meta-analysis of observa-
tional studies.

The statistical heterogeneity among studies was evaluated by 
the chi-squared test and the I2-statistic, which estimates the per-
centage of variability across studies due to heterogeneity rather 
than chance alone. The proportion of heterogeneity accounted for 
by between-study variability was assessed using the I2-statistic 
and adjudicated to be significant if the I2 index was >50%.13 The 
possibility of publication bias was examined using the visual in-
spection of funnel plots and the Egger's regression asymmetry 
test.14

To explore the possible sources of (expected) high heteroge-
neity among the included studies and test the robustness of the 
observed associations, we performed subgroup analyses by study 
country, study design and diagnostic methods used for identifying 
MASLD. We also tested for possible excessive influence of indi-
vidual studies using a meta-analysis influence test that eliminated 
each included study at a time. Finally, we performed univariable 
meta-regression analyses to test the impact of age, sex, body mass 
index (BMI) and percentage of established diabetes on the effect 
size for the association between MASLD and the risk of serious 
bacterial infections.

All statistical tests were two-sided and a p-value <.05 was con-
sidered significant. We used R version 4.3.3 (R Core Team 2023, R 
Foundation for Statistical Computing, Vienna, Austria. https://​www.​
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R-​proje​ct.​org/​) for all statistical analyses with the following pack-
ages: meta (version 7.0–0) and metafor (version 4.4-0).

3  |  RESULTS

3.1  |  Study selection and characteristics

The PRISMA flow diagram summarizes the search and selection 
processes of the meta-analysis (Figure S1). After examining the ti-
tles and abstracts of the publications and excluding duplicates, we 
identified 12 potentially eligible studies from four large electronic 
databases (PubMed, Scopus, Embase and Web of Science) from the 
inception to 1 April 2024. We excluded four observational stud-
ies because of unsatisfactory outcome measures (as specified in 
Table  S1). Consequently, we identified eight unique observational 
studies (six cross-sectional and two prospective cohort studies) for 
the final inclusion in the meta-analysis.

The main characteristics of these selected observational studies 
are shown in Table 1.15–22 Overall, the six cross-sectional hospital-
based studies included 26 434 377 individuals hospitalized for seri-
ous bacterial infections (43.6% men; mean age 60 years; ~36% had 
a diagnosis of MASLD). The diagnosis of MASLD was based on liver 
ultrasonography and/or computed tomography (n = 5 studies) and 
ICD-10 codes (n = 1 study). No cross-sectional studies were avail-
able on using liver biopsy to diagnose MASLD. Four studies were 
conducted in Israel, one in the USA and one in Croatia. Four of these 
cross-sectional six studies obtained seven stars and two studies ob-
tained six stars on the NOS scale, thus reflecting a moderately high 
risk of bias. As shown in Table 1, the two eligible prospective cohort 
studies were carried out in Sweden and included 221 663 middle-
aged individuals (52% men; mean age 55 years) followed for a median 
period of 14.1 and 5.3 years, respectively. The diagnosis of MASLD 
was based on liver biopsy in one cohort study and ICD codes in the 
other. The two cohort studies obtained at least seven stars on the 
NOS scale, thus reflecting a relatively low risk of bias.

3.2  |  Cross-sectional studies on the association 
between MASLD and serious bacterial infections

The distribution of cross-sectional studies (involving 26 434 377 
adult individuals from different countries) by estimate of the asso-
ciation between MASLD and the risk of serious bacterial infections 
requiring hospital admission is plotted in Figure  1.15–20 We found 
that MASLD was significantly associated with higher odds of seri-
ous bacterial infections (n = 6 studies; pooled random-effects odds 
ratio 1.93, 95% CI 1.44–2.58; I2 = 93%). The serious bacterial infec-
tions requiring hospital admission considered in each eligible study 
are reported in Table 1. Since we have always used the fully adjusted 
OR estimates for each eligible study, this pooled random-effects OR 
was independent of age, sex, ethnicity, obesity, diabetes and other 
potential confounders (as specified in Table 1).

3.3  |  Prospective studies on the association 
between MASLD and the risk of developing serious 
bacterial infections

The distribution of prospective studies (n = 2 nationwide cohort 
studies including 221 663 Swedish individuals) by estimate of the as-
sociation between MASLD and the risk of incident serious bacterial 
infections requiring hospital admission is plotted in Figure 1. MASLD 
assessed by liver biopsy or ICD codes was significantly associated 
with a higher risk of developing serious bacterial infections requir-
ing hospital admission (pooled random-effects hazard ratio 1.80, 
95% CI 1.62–2.0; I2 = 89%). This risk was independent of age, sex, 
county, education level and multiple baseline clinical comorbidities 
(including diabetes, obesity, dyslipidaemia, hypertension or chronic 
obstructive pulmonary disease).

3.4  |  Prospective studies on the association 
between the severity of MASLD and the risk of 
developing serious bacterial infections

The distribution of prospective cohort studies by estimate of the 
association between the severity of MASLD and the risk of devel-
oping serious bacterial infections is plotted in Figure  2. Incidence 
rates of serious bacterial infections requiring hospital admission 
were further increased with more advanced liver disease, especially 
with higher fibrosis stage, that is, non-cirrhotic fibrosis or cirrho-
sis (n = 2 studies; pooled random-effects hazard ratio 2.42, 95% CI 
1.89–2.29; I2 = 92%). The ICD-9/ICD-10 codes used for diagnosing 
all subtypes of serious bacterial infections in each cohort study are 
specified in Supplementary Documents 1 and 2 in the online-only 
Supplementary Material.

3.5  |  Subgroup analyses and meta-regressions in 
cross-sectional studies

We undertook subgroup analyses to explore the possible sources of 
(expected) high heterogeneity across the cross-sectional studies. As 
shown in Figure S2, the association between MASLD and the odds 
of serious bacterial infections requiring hospital admission was con-
sistent when the comparison was stratified by study design (case–
control vs. cross-sectional studies). Conversely, the association 
between MASLD and serious bacterial infections was more robust 
in Israeli and Croatian studies than in the USA study (Figure S3), as 
well as in studies where the diagnosis of MASLD was based on imag-
ing techniques than in those using ICD codes (Figure S4).

Notably, a sensitivity analysis using the one-study remove (leave-
one-out) approach to test the influence of each study on the overall 
effect size showed that eliminating each of the cross-sectional stud-
ies from the pooled primary analysis did not show any significant 
effect on the association between MASLD and risk of serious bacte-
rial infections (Figure S5). Univariable meta-regression analyses did 
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not reveal any effect modification by age (Figure S6), sex (Figure S7), 
body mass index (Figure S8) and pre-existing diabetes (Figure S9) on 
the association between MASLD and the prevalent risk of serious 
infections.

3.6  |  Publication bias

As shown in Figure 3, the visual inspection and the Egger's regres-
sion test (although less than 10 studies were included) did not show 
any statistically significant asymmetry of the funnel plot for the in-
cluded studies (p = .336), thus suggesting that the publication bias 
was low.

4  |  DISCUSSION

In this comprehensive meta-analysis that incorporated eight ob-
servational studies (six cross-sectional hospital-based studies and 
two population-based cohort studies) with aggregate data on ~26.6 
million adult individuals from different countries (Israel, Croatia, 
Sweden and the USA), we found that MASLD was significantly asso-
ciated with a ~ twofold higher prevalence of serious bacterial infec-
tions that required in-hospital or emergency department care (n = 6 
studies; pooled random-effects odds ratio 1.93, 95% CI 1.44–2.58). 
The association between MASLD and the risk of having serious bac-
terial infections requiring hospital admission remained significant in 
those studies where statistical analysis was adjusted for age, sex, 
ethnicity, obesity, type 2 diabetes and other clinical comorbidities 
(as specified in Table 1). Meta-regression analyses did not show ef-
fect modification by age, sex, obesity or type 2 diabetes on the asso-
ciation between MASLD and the risk of serious bacterial infections. 
Furthermore, this association was more robust in studies where the 
diagnosis of MASLD was based on imaging techniques than in those 
using ICD codes. Meta-analysis of data from the two population-
based cohort studies showed that MASLD assessed by liver biopsy 
or ICD codes was significantly associated with a ~ twofold higher 
incidence of serious bacterial infections requiring hospital admis-
sion (pooled random-effects hazard ratio 1.80, 95% CI 1.62–2.0), 
independent of age, sex, obesity, diabetes and other baseline clini-
cal comorbidities. Notably, the incidence rates of bacterial infections 
were further increased with more advanced liver disease, especially 
with higher fibrosis stage, that is, non-cirrhotic fibrosis and cirrhosis 
(pooled random-effects hazard ratio 2.42, 95% CI 1.89–2.29).

This is the first and most comprehensive meta-analysis of ob-
servational studies examining the magnitude of the association be-
tween MASLD and the risk of serious bacterial infections requiring 
hospital admission. Concordant with the overall results on serious 
bacterial infections, all subtypes of bacterial infection showed a 
higher risk in patients with MASLD than in those without MASLD. 
As reported in Table 1, MASLD was associated with a substantially 
higher prevalence and incidence of serious bacterial infections, es-
pecially urinary tract infections, upper or lower respiratory tract 

infections, and gastrointestinal/abdominal infections, followed by 
sepsis, meningitis, peritonitis, and musculoskeletal, skin or con-
nective tissue infections. As reported in the two Swedish cohort 
studies included in the meta-analysis, there was a graded positive 
relationship between the severity of MASLD and the risk of devel-
oping serious bacterial infections (with the highest risk observed 
for patients with advanced fibrosis or cirrhosis).21,22 Specifically, 
in the Swedish nationwide cohort study by Ebrahimi et  al.,21 the 
risk of serious bacterial infections increased progressively and in-
dependently with worsening MASLD histological severity over a 
median of 14.1 years (isolated steatosis (adjusted HR 1.64, 95% CI 
1.55–1.73), non-fibrotic steatohepatitis [adjusted HR 1.84, 95% CI 
1.60–2.12], non-cirrhotic fibrosis [aHR 1.77, 95% CI 1.56–2.0] and 
cirrhosis [adjusted HR 2.32, 95% CI 1.92–2.82]). Similarly, in the co-
hort study by Shang et  al.,22 both non-cirrhotic MASLD (adjusted 
HR 1.90, 95% CI 1.7–2.0) and MASLD without diabetes (adjusted HR 
1.90, 95% CI 1.8–2.1) were independently associated with higher 
risk of developing serious bacterial infections, although this risk 
was stronger for MASLD-related cirrhosis (adjusted HR 3.60, 95% 
CI 2.7–4.6). In this latter study,22 MASLD was also associated with 
a higher risk of infection-related mortality (adjusted HR 1.80, 95% 
CI 1.6–2.2). Based on subgroup analyses, these investigators also 
noted that attention should be paid to young and female patients 
with MASLD, whose liver disease may have a comparatively stron-
ger adverse impact on the incidence of severe bacterial infections.22 
The findings of our meta-analysis complement also the results of 
previously published meta-analyses showing that MASLD was asso-
ciated with an increased risk of H. pylori infection and more severe 
COVID-19 infection.23,24

The findings of our meta-analysis may have some important clin-
ical implications. These results apply to serious bacterial infections 
requiring in-hospital or emergency department care and, therefore, 
cannot be extrapolated to milder bacterial infections. That said, 
clinicians need to be aware of the increased risk in most, if not all, 
types of bacterial infections among patients with MASLD (espe-
cially among those with advanced fibrosis or cirrhosis) and should 
also have increased clinical vigilance for serious bacterial infections 
and consider preventive measures, such as regular checks of vac-
cination status.21,22 Patients should be advised to seek medical at-
tention in case of acute infections. With an approximately twofold 
increase in the risk of developing serious bacterial infections and 
infection-related death, patients with MASLD should receive broad-
spectrum antibiotics if hospitalized for bacterial infection, with the 
choice of antibiotic therapy refined when culture test results be-
come available.25 Furthermore, given the greater risk of colonization 
by multidrug-resistant bacteria (MDR bacteria) in patients with liver 
failure, it could also be helpful to perform rectal and/or nasal swabs 
for MDR bacteria in the presence of serious infection. Future studies 
should examine whether drug treatment of MASLD will reduce the 
incidence rates of serious bacterial infections in this patient popula-
tion. Although not specifically tested in the present meta-analysis, 
it is also reasonable to assume that patients with MASLD, especially 
those with advanced MASLD or with coexisting diabetes/obesity, 
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TA B L E  1  Eligible cross-sectional (n = 6) and prospective studies (n = 2) examining the association between MASLD and the risk of  
having or developing serious bacterial infections requiring hospital admission.

Authors, Year (ref.) Study design Study participants MASLD diagnosis, % of casesa Outcome measure, % of cases Covariate adjustments Study results NOS

Cross-sectional studies

Nseir et al., 201115 Cross-sectional hospital-based 
study (retrospective analysis)

347 Israeli hospitalized adult individuals (M/F: 
159/188, mean age: 52 years, mean BMI: 
29.5 kg/m2, % diabetes: 38%)

Ultrasound, 70% (n = 247) Recurrent bacterial infections over 3 years (urinary 
tract infections, upper or lower respiratory tract 
infections or soft tissue infections), 17.6% (n = 61)

Age, obesity, diabetes, metabolic 
syndrome, waist circumference, 
HOMA-IR, serum C-reactive protein, 
serum MDA, serum ALT, serum PON-1 
activity, and serum 25(OH)D levels

MASLD was associated with higher risk of recurrent 
bacterial infections, especially urinary tract infections 
(aOR 3.0, 95% CI 2.6–4.2)

7

Nseir et al., 201716 Hospital-based case–control 
study (retrospective analysis)

141 Israeli hospitalized adult individuals with 
community-acquired pneumonia and 141 
hospitalized individuals without community-
acquired pneumonia matched for age, sex and 
BMI (M/F: 180/102, mean age: 63 years, mean 
BMI: 30 kg/m2, % diabetes: 50%)

Ultrasound or computed tomography,  
34% (n = 96)

Community-acquired pneumonia, 50% (n = 141) Age, sex, BMI, smoking history, diabetes, 
congestive heart failure and chronic 
obstructive pulmonary disease

MASLD was associated with higher risk of community-
acquired pneumonia (aOR 2.50, 95% CI 2.0–3.15)

7

Nseir et al., 201917 Hospital-based case–control 
study (retrospective analysis)

186 Israeli hospitalized premenopausal women 
with acute urinary tract infections and sepsis 
and 186 premenopausal women without acute 
urinary tract infections or sepsis matched 
for age, sex and BMI (M/F: 0/372, mean age: 
40 years, mean BMI: 30.5 kg/m2, % diabetes: NA)

Ultrasound, 32.5% (n = 121) Recurrent urinary tract infections over 3 years, 50% 
(n = 186)

Age, obesity, maternal history of 
recurrent urinary tract infections, no-use 
of probiotics, sexual intercourse and 
serum 25(OH)D levels

MASLD was associated with higher risk of recurrent 
urinary tract infections (aOR 1.60, 95% CI 1.3–2.0) in 
premenopausal women

7

Nseir et al., 202018 Hospital-based case–control 
study (retrospective analysis)

115 Israeli hospitalized adult individuals with 
Clostridium difficile-associated diarrhoea and 
115 hospitalized individuals without Clostridium 
difficile-associated diarrhoea matched for age, 
sex and BMI (M/F: 134/96, mean age: 68.5 years, 
mean BMI: 26.3 kg/m2, % diabetes: 42.6%)

Ultrasound or computed tomography,  
48.3% (n = 111)

Clostridium difficile-associated diarrhoea over 
4 years, 50% (n = 115)

Age, metabolic syndrome, chronic kidney 
disease, prior antibiotic use in the last 
3 months and elevated serum C reactive 
protein levels

MASLD was associated with higher risk of Clostridium 
difficile-associated diarrhoea (aOR ratio 1.51, 95% CI 
1.20–1.85)

6

Papic et al., 202019 Cross-sectional hospital-based 
study (retrospective analysis)

314 Croatian hospitalized adult individuals for 
various acute infections or sepsis (M/F: 170/144, 
mean age: 75 years, mean BMI: NA, % obesity: 
11%, % diabetes: 28%)

Ultrasound, 26.4% (n = 83) In-hospital Clostridium difficile-associated 
diarrhoea over 3 years, 9.9% (n = 31)

Charlson age-comorbidity index, hospital 
admission within 3 months, low serum 
albumin, chronic kidney disease (eGFR 
<40 mL/min), obesity, diabetes, and 
use of certain antibiotics (piperacillin/
tazobactam or carbapenems)

MASLD was associated with higher risk of Clostridium 
difficile-associated diarrhoea (aOR ratio 3.27 95% CI 
1.04–10.3)

7

Patel et al., 202420 Cross-sectional population-
based study using data from 
the National Inpatient Sample 
(NIS), the largest all-payer 
USA in-patient care database 
(retrospective analysis)

~26.4 million United States adult patients 
admitted to hospitals in 2020 (n = 26 432 832) 
(M/F: 11513311/14919521, age >65 years: 46%, 
>65% Caucasian, % obesity: 18.7%, % diabetes: 
28.5%)

ICD-10 codes, 3.0% (n = 755 910) Acute gastrointestinal infections (as ascertained by 
ICD-10 codes), .92% (n = 243 255). Specific rates of 
Clostridium difficile, Escherichia coli, and Salmonella 
were also examined

Age, sex, race, household income, 
income, Charlson comorbidity index, 
obesity, diabetes, hypertension, smoking 
history, dyslipidaemia, obstructive sleep 
apnoea, gastro-oesophageal reflux 
disease and inflammatory bowel disease

MASLD was associated with higher risk of acute bacterial 
gastrointestinal infections (aOR 1.36, 95% CI 1.30–1.42) 
(principally higher infection rates from Clostridium difficile, 
Escherichia coli, and Salmonella)

6

Prospective studies

Ebrahimi et al., 202321 Nationwide population-based 
cohort study (retrospective 
analysis)

Swedish adults with histologically confirmed 
MASLD (n = 12 133) from 1969 to 2017. Patients 
were matched to ≤5 population comparators 
(n = 57 516) by age, sex, calendar year and 
county (M/F 37771/31878, mean age 54 years, 
% obesity: 1.1%, % diabetes: 3%). Median 
follow-up of 14.1 years

Liver biopsy, 17.5% (n = 12 133). NAFLD was  
defined as simple steatosis (n = 8232),  
non-fibrotic steatohepatitis (n = 1378),  
non-cirrhotic fibrosis (n = 1845), and  
cirrhosis (n = 678)

n = 19 572 cases hospitalized for serious bacterial 
infections over the follow-up (especially acute 
respiratory, urinary tract infections and sepsis) (as 
ascertained by ICD-9/ICD-10 codes)b

Age, sex, county, calendar period, 
education level, country of birth, 
baseline clinical comorbidities (diabetes, 
obesity, dyslipidaemia, hypertension), 
chronic obstructive pulmonary disease 
and number of hospitalizations in the 
year preceding the index date

MASLD was associated with higher risk of developing 
serious bacterial infections (aHR, 1.71, 95% CI 1.63–1.79). 
Risk of serious infections increased with worsening 
histological severity of NAFLD (simple steatosis [aHR 1.64, 
95% CI 1.55–1.73], non-fibrotic steatohepatitis [aHR 1.84, 
95% CI 1.60–2.12], non-cirrhotic fibrosis [aHR 1.77, 95% 
CI 1.56–2.00], and cirrhosis [aHR 2.32, 95% CI,1.92–2.82]), 
respectively

8

Shang et al., 202322 Nationwide population-based 
cohort study (retrospective 
analysis)

Swedish adult patients with MASLD (n = 14 869) 
from 1987 to 2020 in the Swedish National 
Patient Register. Patients were matched to 
≤10 population comparators (n = 137 145) by 
age, sex, municipality and calendar year (M/F 
77276/74738, mean age 55 years, % obesity 
3.5%, diabetes: 5.7%). Median follow-up of 
5.3 years

ICD codes, 9.8% (n = 14 869) n = 11 889 cases hospitalized for serious infections 
over the follow-up (especially acute respiratory 
and urogenital infections, sepsis followed by 
gastrointestinal infections, peritonitis and 
musculoskeletal or skin infections) (as ascertained 
by ICD-9/ICD-10 codes)b

Age, sex, municipality, calendar year, 
country of birth, education level, chronic 
obstructive pulmonary disease, cancer, 
rheumatic disease, inflammatory bowel 
disease, dementia, cardiovascular 
disease, diabetes, obesity and chronic 
kidney disease

MASLD was associated with higher risk of developing 
serious infections (aHR, 1.90, 95% CI 1.8–2.0). Moreover, 
MASLD was also associated with higher risk of death 
related to infections (aHR, 1.80, 95% CI 1.6–2.2). Notably, 
both non-cirrhotic NAFLD (aHR 1.9, 95% CI 1.7–2.0) and 
NAFLD without diabetes (aHR 1.9, 95% CI 1.8–2.1) were 
associated with higher risk of serious infections, although 
this risk was stronger for NAFLD- cirrhosis (aHR 3.6, 95% 
CI 2.7–4.6). Concordant with the overall results on serious 
infection, all subtypes of serious infection showed a higher 
risk in patients with MASLD

7

Abbreviations: 25(OH)D, 25 hydroxyvitamin D; aHR, adjusted hazard ratio; ALT, alanine aminotransferase; aOR, adjusted odds ratio; BMI, body  
mass index; HOMA-IR, homeostasis model assessment-insulin resistance; MDA, malondialdehyde; NA, not available; PON-1; paraoxonase-1.
aOriginally labelled as NAFLD.
bThe specific ICD-9/ICD-10 codes used for diagnosing all subtypes of serious bacterial infections in each prospective cohort study were reported in  
Supplementary Documents 1 and 2 in our online-only Supplementary Material.
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    |  7MANTOVANI et al.

TA B L E  1  Eligible cross-sectional (n = 6) and prospective studies (n = 2) examining the association between MASLD and the risk of  
having or developing serious bacterial infections requiring hospital admission.

Authors, Year (ref.) Study design Study participants MASLD diagnosis, % of casesa Outcome measure, % of cases Covariate adjustments Study results NOS

Cross-sectional studies

Nseir et al., 201115 Cross-sectional hospital-based 
study (retrospective analysis)

347 Israeli hospitalized adult individuals (M/F: 
159/188, mean age: 52 years, mean BMI: 
29.5 kg/m2, % diabetes: 38%)

Ultrasound, 70% (n = 247) Recurrent bacterial infections over 3 years (urinary 
tract infections, upper or lower respiratory tract 
infections or soft tissue infections), 17.6% (n = 61)

Age, obesity, diabetes, metabolic 
syndrome, waist circumference, 
HOMA-IR, serum C-reactive protein, 
serum MDA, serum ALT, serum PON-1 
activity, and serum 25(OH)D levels

MASLD was associated with higher risk of recurrent 
bacterial infections, especially urinary tract infections 
(aOR 3.0, 95% CI 2.6–4.2)

7

Nseir et al., 201716 Hospital-based case–control 
study (retrospective analysis)

141 Israeli hospitalized adult individuals with 
community-acquired pneumonia and 141 
hospitalized individuals without community-
acquired pneumonia matched for age, sex and 
BMI (M/F: 180/102, mean age: 63 years, mean 
BMI: 30 kg/m2, % diabetes: 50%)

Ultrasound or computed tomography,  
34% (n = 96)

Community-acquired pneumonia, 50% (n = 141) Age, sex, BMI, smoking history, diabetes, 
congestive heart failure and chronic 
obstructive pulmonary disease

MASLD was associated with higher risk of community-
acquired pneumonia (aOR 2.50, 95% CI 2.0–3.15)

7

Nseir et al., 201917 Hospital-based case–control 
study (retrospective analysis)

186 Israeli hospitalized premenopausal women 
with acute urinary tract infections and sepsis 
and 186 premenopausal women without acute 
urinary tract infections or sepsis matched 
for age, sex and BMI (M/F: 0/372, mean age: 
40 years, mean BMI: 30.5 kg/m2, % diabetes: NA)

Ultrasound, 32.5% (n = 121) Recurrent urinary tract infections over 3 years, 50% 
(n = 186)

Age, obesity, maternal history of 
recurrent urinary tract infections, no-use 
of probiotics, sexual intercourse and 
serum 25(OH)D levels

MASLD was associated with higher risk of recurrent 
urinary tract infections (aOR 1.60, 95% CI 1.3–2.0) in 
premenopausal women

7

Nseir et al., 202018 Hospital-based case–control 
study (retrospective analysis)

115 Israeli hospitalized adult individuals with 
Clostridium difficile-associated diarrhoea and 
115 hospitalized individuals without Clostridium 
difficile-associated diarrhoea matched for age, 
sex and BMI (M/F: 134/96, mean age: 68.5 years, 
mean BMI: 26.3 kg/m2, % diabetes: 42.6%)

Ultrasound or computed tomography,  
48.3% (n = 111)

Clostridium difficile-associated diarrhoea over 
4 years, 50% (n = 115)

Age, metabolic syndrome, chronic kidney 
disease, prior antibiotic use in the last 
3 months and elevated serum C reactive 
protein levels

MASLD was associated with higher risk of Clostridium 
difficile-associated diarrhoea (aOR ratio 1.51, 95% CI 
1.20–1.85)

6

Papic et al., 202019 Cross-sectional hospital-based 
study (retrospective analysis)

314 Croatian hospitalized adult individuals for 
various acute infections or sepsis (M/F: 170/144, 
mean age: 75 years, mean BMI: NA, % obesity: 
11%, % diabetes: 28%)

Ultrasound, 26.4% (n = 83) In-hospital Clostridium difficile-associated 
diarrhoea over 3 years, 9.9% (n = 31)

Charlson age-comorbidity index, hospital 
admission within 3 months, low serum 
albumin, chronic kidney disease (eGFR 
<40 mL/min), obesity, diabetes, and 
use of certain antibiotics (piperacillin/
tazobactam or carbapenems)

MASLD was associated with higher risk of Clostridium 
difficile-associated diarrhoea (aOR ratio 3.27 95% CI 
1.04–10.3)

7

Patel et al., 202420 Cross-sectional population-
based study using data from 
the National Inpatient Sample 
(NIS), the largest all-payer 
USA in-patient care database 
(retrospective analysis)

~26.4 million United States adult patients 
admitted to hospitals in 2020 (n = 26 432 832) 
(M/F: 11513311/14919521, age >65 years: 46%, 
>65% Caucasian, % obesity: 18.7%, % diabetes: 
28.5%)

ICD-10 codes, 3.0% (n = 755 910) Acute gastrointestinal infections (as ascertained by 
ICD-10 codes), .92% (n = 243 255). Specific rates of 
Clostridium difficile, Escherichia coli, and Salmonella 
were also examined

Age, sex, race, household income, 
income, Charlson comorbidity index, 
obesity, diabetes, hypertension, smoking 
history, dyslipidaemia, obstructive sleep 
apnoea, gastro-oesophageal reflux 
disease and inflammatory bowel disease

MASLD was associated with higher risk of acute bacterial 
gastrointestinal infections (aOR 1.36, 95% CI 1.30–1.42) 
(principally higher infection rates from Clostridium difficile, 
Escherichia coli, and Salmonella)

6

Prospective studies

Ebrahimi et al., 202321 Nationwide population-based 
cohort study (retrospective 
analysis)

Swedish adults with histologically confirmed 
MASLD (n = 12 133) from 1969 to 2017. Patients 
were matched to ≤5 population comparators 
(n = 57 516) by age, sex, calendar year and 
county (M/F 37771/31878, mean age 54 years, 
% obesity: 1.1%, % diabetes: 3%). Median 
follow-up of 14.1 years

Liver biopsy, 17.5% (n = 12 133). NAFLD was  
defined as simple steatosis (n = 8232),  
non-fibrotic steatohepatitis (n = 1378),  
non-cirrhotic fibrosis (n = 1845), and  
cirrhosis (n = 678)

n = 19 572 cases hospitalized for serious bacterial 
infections over the follow-up (especially acute 
respiratory, urinary tract infections and sepsis) (as 
ascertained by ICD-9/ICD-10 codes)b

Age, sex, county, calendar period, 
education level, country of birth, 
baseline clinical comorbidities (diabetes, 
obesity, dyslipidaemia, hypertension), 
chronic obstructive pulmonary disease 
and number of hospitalizations in the 
year preceding the index date

MASLD was associated with higher risk of developing 
serious bacterial infections (aHR, 1.71, 95% CI 1.63–1.79). 
Risk of serious infections increased with worsening 
histological severity of NAFLD (simple steatosis [aHR 1.64, 
95% CI 1.55–1.73], non-fibrotic steatohepatitis [aHR 1.84, 
95% CI 1.60–2.12], non-cirrhotic fibrosis [aHR 1.77, 95% 
CI 1.56–2.00], and cirrhosis [aHR 2.32, 95% CI,1.92–2.82]), 
respectively

8

Shang et al., 202322 Nationwide population-based 
cohort study (retrospective 
analysis)

Swedish adult patients with MASLD (n = 14 869) 
from 1987 to 2020 in the Swedish National 
Patient Register. Patients were matched to 
≤10 population comparators (n = 137 145) by 
age, sex, municipality and calendar year (M/F 
77276/74738, mean age 55 years, % obesity 
3.5%, diabetes: 5.7%). Median follow-up of 
5.3 years

ICD codes, 9.8% (n = 14 869) n = 11 889 cases hospitalized for serious infections 
over the follow-up (especially acute respiratory 
and urogenital infections, sepsis followed by 
gastrointestinal infections, peritonitis and 
musculoskeletal or skin infections) (as ascertained 
by ICD-9/ICD-10 codes)b

Age, sex, municipality, calendar year, 
country of birth, education level, chronic 
obstructive pulmonary disease, cancer, 
rheumatic disease, inflammatory bowel 
disease, dementia, cardiovascular 
disease, diabetes, obesity and chronic 
kidney disease

MASLD was associated with higher risk of developing 
serious infections (aHR, 1.90, 95% CI 1.8–2.0). Moreover, 
MASLD was also associated with higher risk of death 
related to infections (aHR, 1.80, 95% CI 1.6–2.2). Notably, 
both non-cirrhotic NAFLD (aHR 1.9, 95% CI 1.7–2.0) and 
NAFLD without diabetes (aHR 1.9, 95% CI 1.8–2.1) were 
associated with higher risk of serious infections, although 
this risk was stronger for NAFLD- cirrhosis (aHR 3.6, 95% 
CI 2.7–4.6). Concordant with the overall results on serious 
infection, all subtypes of serious infection showed a higher 
risk in patients with MASLD

7

Abbreviations: 25(OH)D, 25 hydroxyvitamin D; aHR, adjusted hazard ratio; ALT, alanine aminotransferase; aOR, adjusted odds ratio; BMI, body  
mass index; HOMA-IR, homeostasis model assessment-insulin resistance; MDA, malondialdehyde; NA, not available; PON-1; paraoxonase-1.
aOriginally labelled as NAFLD.
bThe specific ICD-9/ICD-10 codes used for diagnosing all subtypes of serious bacterial infections in each prospective cohort study were reported in  
Supplementary Documents 1 and 2 in our online-only Supplementary Material.
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8  |    MANTOVANI et al.

are at increased risk of developing viral, fungal and parasitic infec-
tions. This implies that clinicians need to be aware that the risk of 
infectious diseases is high in this patient population and should be 

monitored especially in patients with MASLD-related cirrhosis and 
those who have coexisting type 2 diabetes or obesity.

A detailed discussion of the putative mechanisms underpinning 
the association between MASLD and the risk of serious bacterial in-
fections (e.g. pneumonia, meningitis, urinary tract infections, gastro-
intestinal/abdominal infections, peritonitis and sepsis) is beyond the 
scope of the meta-analysis. Briefly, the liver is essential for host de-
fence against infectious diseases. Bacterial infections are common 
among patients with cirrhosis (including spontaneous bacterial peri-
tonitis) and may result in hepatic decompensation and liver-related 
mortality.26 MASLD is closely associated with obesity and type 2 
diabetes. While these are two metabolic diseases known to increase 
the susceptibility to bacterial infections (and other types of infec-
tions), neither obesity nor pre-existing type 2 diabetes modified the 
strength of the association in univariable meta-regression analyses 
we undertook. Other MASLD-related factors, such as systemic low-
grade chronic inflammation and impaired immune system function, 
may also contribute to the increased susceptibility to bacterial in-
fections in patients with MASLD.25,27 Accumulating research also 

F I G U R E  1  Forest plot and pooled estimates of the effect of MASLD on the risk of serious bacterial infections requiring hospital 
admission in the eligible studies stratified by study design (cross-sectional vs. prospective studies).

Author & Year

Total (95% CI), common
Total (95% CI), random
Heterogeneity: �2=0.0671; �2=144.37, df=7, P < 0.01; I2=95%
Test for subgroup differences (common effect): �2 = 66.22, df = 1, P < 0.01
Test for subgroup differences (random effects): �2 = 0.19, df = 1 P = 0.66

Study Design: Cross−sectional

Study Design: Prospective    

Total (95% CI), common

Total (95% CI), common

Total (95% CI), random

Total (95% CI), random

Heterogeneity: �2 = 0.1060; �2 = 69.39, df = 5, P < 0.01; I2 = 93%

Heterogeneity: �2 = 0.0049; �2 = 8.76, df = 1, P < 0.01; I2 = 89%

 Nseir 2011
 Nseir 2017
 Nseir 2019
 Nseir 2020
 Papic 2020
 Patel 2024

 Ebrahimi 2023
 Shang 2023

Log Estimate Effect

1.0986
0.9163
0.4700
0.4121
1.1537
0.3075

0.5365
0.6419

Log SE

0.1211
0.1147
0.1088
0.1093
0.5790
0.0223

0.0236
0.0266

MASLD Diagnosis

Ultrasound
Ultrasound or CT

Ultrasound
Ultrasound or CT

Ultrasound
ICD−10 codes

Biopsy
ICD−10 codes

0.2 0.5 1 2 5

Odds Ratio, IV,
common + random (95% CI) OR

1.63
1.87

1.44

1.79

1.93

1.80

3.00
2.50
1.60
1.51
3.17
1.36

1.71
1.90

95% CI

[1.59; 1.68]
[1.54; 2.29]

[1.38; 1.49]

[1.73; 1.85]

[1.44; 2.58]

[1.62; 2.00]

[2.37; 3.80]
[2.00; 3.13]
[1.29; 1.98]
[1.22; 1.87]
[1.02; 9.86]
[1.30; 1.42]

[1.63; 1.79]
[1.80; 2.00]

W(common)

100.0
.

42.1

57.9

.

.

1.2
1.4
1.5
1.5
0.1
36.4

32.4
25.6

W(random)

.
100.0

.

.

69.5

30.5

12.6
12.9
13.1
13.1
2.6
15.3

15.3
15.2

F I G U R E  2  Forest plot and pooled estimates of the effect of more serious MASLD (i.e. advanced fibrosis or cirrhosis) on the risk of 
developing incident serious bacterial infections requiring hospital admission in the eligible prospective studies.

Author & Year

Total (95% CI), common
Total (95% CI), random
Heterogeneity: �2=0.1149; �2=24.50, df=2, P < 0.01; I2=92%

 Ebrahimi 2023
 Ebrahimi 2023
 Shang 2023

Log Estimate Effect

0.5710
0.8416
1.2809

Log SE

0.0627
0.0971
0.1345

Comparisons

Non−cirrhotic fibrosis vs general population
Cirrhosis vs general population
Cirrhosis vs general population

0.5 1 2 4

Hazard Ratio, IV,
common + random (95% CI) OR

2.08
2.42

1.77
2.32
3.60

95% CI

[1.89; 2.29]
[1.62; 3.61]

[1.57; 2.00]
[1.92; 2.81]
[2.77; 4.69]

W(common)

100.0
.

61.2
25.5
13.3

W(random)

.
100.0

35.1
33.5
31.4

F I G U R E  3  Funnel plot assessing the possibility of publication 
bias across the eligible studies (n = 8).
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supports a role of intestinal barrier disruption and bacterial trans-
location from leaky gut in MASLD as an important contributing fac-
tor to development of bacterial infections and other infection types 
(viral, fungal or parasitic), both at the intestinal and extra-intestinal 
level.28 However, the precise mechanisms and the interplay of the 
mentioned factors remain not fully understood. Further mechanistic 
studies are needed to better elucidate these issues.

Our meta-analysis has some important limitations, which are 
inherent to the design of the included studies. First, since most of 
the included studies had a retrospective cross-sectional design, we 
cannot establish a causal association between MASLD and serious 
bacterial infections requiring hospital admission. Second, although 
most eligible studies adjusted the results for age, sex, ethnicity, 
obesity, diabetes and other clinical comorbidities, the possibility of 
residual confounding by unmeasured factors cannot be entirely ex-
cluded. For instance, although the diagnosis of MASLD requires the 
exclusion of significant alcohol consumption, alcohol consumption is 
often under-reported in individuals classified as having MASLD (thus 
inducing a possible misclassification bias) and alcohol and metabolic 
factors may interact to exacerbate the progression of liver disease 
and the risk of developing bacterial infections.29 Third, although we 
used a random-effects model, the interpretation of some results re-
quires some caution because of the observed medium-high hetero-
geneity for the pooled primary analysis of cross-sectional studies and 
the moderate overall quality of the studies, suggesting a medium-
high risk of bias according to the NOS. Detailed subgroup analyses 
by types of serious bacterial infection (that could partly explain the 
observed high between-study heterogeneity) cannot be performed. 
Fourth, although all eligible studies have used the NAFLD nomen-
clature, for this meta-analysis, we have assumed that NAFLD and 
MASLD are synonymous, as the two fatty liver disease nomencla-
tures share a very high level of overlap (>96% of individuals with 
NAFLD meet the diagnostic criteria for MASLD).30–32 Fifth, an as-
sessment of the severity of liver fibrosis (using non-invasive fibrosis 
biomarkers/scores) was not available for the eligible cross-sectional 
studies; it was only available for the two prospective cohort studies. 
Sixth, although a selective reporting bias of eligible studies could not 
be excluded, our comprehensive search has made it unlikely that any 
published studies were missed. Sixth, although in one large cross-
sectional study by Patel et al. the diagnosis of NAFLD was based on 
ICD codes (so the liver disease could be underdiagnosed), it should 
be noted that the one-study remove (leave-one-out) approach to 
test the influence of each study on the overall effect size showed 
that eliminating of the study by Patel et  al. (Figure  S5) from the 
pooled analysis increased the magnitude of the association between 
MASLD and risk of serious bacterial infections (pooled random-
effects odds ratio 2.11, 95% CI 1.55–2.88). Finally, these results de-
rived from studies from high-income countries may not be directly 
transferable to low-income countries (where the risk of severe bac-
terial infections is higher) because poor communities were largely 
underrepresented in the meta-analysis. Further prospective cohort 
studies will be needed in low- and lower-middle-income countries.33

Despite these limitations, the present meta-analysis also has 
important strengths. Our meta-analysis is the first and largest as-
sessment of the association between MASLD and the risk of serious 
bacterial infections requiring hospital admission. The large number 
of individuals included in the meta-analysis (although the limited 
number of observational studies available so far) provided sufficient 
statistical power to quantify the magnitude of the association be-
tween MASLD and the risk of serious bacterial infections. Moreover, 
we have used standardized risk estimates from all included studies 
to allow a consistent combination of estimates across eligible stud-
ies. Finally, the visual inspection of the funnel plot did not reveal any 
significant asymmetry, thus suggesting that the risk of publication 
bias was low.

In conclusion, this comprehensive meta-analysis provides evi-
dence of a significant association between MASLD and an increased 
risk of serious bacterial infections requiring hospital admission (such 
as pneumonia, meningitis, urinary tract infections, gastrointestinal/
abdominal infections or sepsis). This association remained statisti-
cally significant in those studies whose results were adjusted for 
age, sex, ethnicity, obesity, type 2 diabetes and other important 
clinical comorbidities. Incidence rates of serious bacterial infections 
increased further with greater severity of MASLD, principally higher 
fibrosis stage. Future well-designed large prospective cohort stud-
ies from different countries (including Asian populations and low-
income countries) are needed to further corroborate these results, 
and mechanistic studies are also required to better decipher the 
complex molecular pathways linking MASLD with increased suscep-
tibility to developing serious bacterial infections requiring hospital 
admission.
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