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Prognostic value of liver stiffness in metabolic dysfunction-associated

steatotic liver disease: a systematic review and meta-analysis

Metabolic dysfunction—associated steatotic liver disease is a predominant cause of
chronic liver disease. Patients with advanced fibrosis have a higher risk of overall
mortality and liver-related events.

Vibration-controlled transient elastography is an internationally recognized
noninvasive method for evaluating liver fibrosis through liver stiffness measurement.
This technique has demonstrated significant potential in predicting clinical outcomes

for patients with fatty liver disease.

A total of 20587 individuals from 7 studies were included. The pooled HRs were
18.65 (95% Cl 9.95-34.95, P < 0.01, /> = 0%) in the stratification analysis of the highest
versus lowest liver stiffness measurement categories. In 1-kPa analysis, the risk of
liver-related events was increased with 1 kPa increment (HR 1.05, 95% ClI 1.03-1.07, P
<0.01, 2 = 74.47%).
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Prognostic value of liver stiffness in metabolic dysfunction-associated
steatotic liver disease: a systematic review and meta-analysis J

Metabolic dysfunction—associated steatotic liver disease is a predominant cause of
chronic liver disease. Patients with advanced fibrosis have a higher risk of overall
mortality and liver-related events.

Vibration-controlled transient elastography is an internationally recognized
noninvasive method for evaluating liver fibrosis through liver stiffness measurement.
This technigue has demonstrated significant potential in predicting clinical outcomes

for patients with fatty liver disease.

A total of 20587 individuals from 7 studies were included. The pooled HRs were
18.65 (95% Cl19.95-34.95, P < 0.01, i = 0%) in the stratification analysis of the highest
versus lowest liver stiffness measurement categories. In 1-kPa analysis, the risk of
liver-related events was increased with 1 kPa increment (HR 1.05, 95% €I 1.03-1.07, P
<0.01, I =74.47%).
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Lay summary

Metabolic dysfunction—associated steatotic liver disease is a widespread chronic liver disease. Liver
stiffness measurement, assessed by vibration-controlled transient elastography, has been
recognized as a powerful tool for liver fibrosis assessment. The potential of liver stiffness
measurement to predict clinically relevant outcomes in fatty liver disease has received considerable
attention. We conducted a systematic review and meta-analysis to investigate the value of liver
stiffness measurement in predicting liver-related events in metabolic dysfunction—associated
steatotic liver disease patients.

A total of 20587 individuals from 7 studies were included. The pooled HRs were 18.65 (95% ClI
9.95-34.95, P < 0.01, /> = 0%) in the stratification analysis of the highest versus lowest liver stiffness
measurement categories. In 1-kPa analysis, the risk of liver-related events was increased with 1 kPa
increment (HR 1.05, 95% Cl 1.03-1.07, P < 0.01, I* = 74.47%).

Our study demonstrated that high liver stiffness measurement values were associated with an
increased risk of liver-related events in patients with metabolic dysfunction—associated steatotic

liver disease.

Abstract

Background and aims: Liver stiffness measurement, assessed by vibration-controlled transient
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elastography, has been recognized as a powerful tool for liver fibrosis assessment. The potential of
liver stiffness measurement to predict clinically relevant outcomes in fatty liver disease has
received considerable attention. This study aimed to investigate the prediction of liver-related
events in metabolic dysfunction—associated steatotic liver disease patients by liver stiffness

measurement value on transient elastography.

Methods: We systematically searched the Electronic databases including PubMed, EMBASE,
Cochrane Library, and ClinicalTrials.gov until 6 September 2023. The hazard ratios adjusted for

confounders were extracted and pooled by random-effects model analysis.

Results: A total of 20587 individuals from 7 studies were included. The pooled HRs were 18.65 (95%
Cl 9.95-34.95, P < 0.01, > = 0%) in the stratification analysis of the highest versus lowest liver
stiffness measurement categories. In 1-kPa analysis, the risk of liver-related events was increased

with 1 kPa increment (HR 1.05, 95% Cl 1.03-1.07, P < 0.01, I* = 74.47%).

Conclusions: Metabolic dysfunction—associated steatotic liver disease patients with high liver
stiffness measurement values were at an increased risk of liver-related events. Liver stiffness

measurement can be used as a prognostic tool to achieve risk stratification in fatty liver patients.

Keywords: Metabolic dysfunction-associated steatosis liver disease. Vibration-controlled transient

elastography. Liver stiffness measurement. Liver-related events. Meta-analysis.

Introduction

Non-alcoholic fatty liver disease (NAFLD) is the leading cause of chronic liver disease, which affects
more than 25% of adults globally (1). In recent years, recognizing the significance of metabolic
dysfunction in the onset and progression of NAFLD, metabolic dysfunction—associated steatotic
liver disease (MASLD) has been proposed as a new nomenclature (2). Despite differences in the
diagnostic criteria between MASLD and NAFLD, multiple studies have demonstrated that the
populations identified by the two diagnostic criteria overlap almost entirely (3,4). MASLD patients
with advanced fibrosis have a significantly increased risk of overall mortality and liver-related
events (LRE) (5,6). LRE is considered to be an important factor affecting patients' survival and
quality of life, including the occurrence of hepatic decompensation or the development of

hepatocellular carcinoma (HCC) (7-9). Therefore, it is crucial to detect fibrosis early on, and those
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who have advanced fibrosis deserve special attention (4). Liver biopsy has been applied as the gold
standard for evaluating liver fibrosis degree (10). However, this is an invasive procedure with a
potential risk of serious clinical complications and poor acceptance. In addition, due to the high
prevalence of MASLD, it would be challenging to implement this strategy for screening and follow-
up in clinical practice (11,12). Vibration-controlled transient elastography (VCTE) is an
internationally recognized noninvasive technique. VCTE can be used to evaluate liver fibrosis by
liver stiffness measurement (LSM) with excellent diagnostic accuracy and high reliability (13,14).
Recently, several studies have shown the ability of LSM to predict the risk of LRE (15-17). This
systematic review and meta-analysis pooled HRs of different values for LRE to elucidate the utility

of LSM values by VCTE for predicting the incidence of LRE in MASLD patients.

Methods

Search strategy

We searched all relevant literature from electronic databases including PubMed, EMBASE,
Cochrane Library, and ClinicalTrials.gov up to 6 September 2023. The following keywords were
used: liver stiffness measurement, LSM, FibroScan, transient elastography, VCTE, fatty liver,
steatosis, LRE, liver-related event, liver-related outcome, decompensation, variceal bleeding,
ascites, liver failure, hepatic failure, hepatic encephalopathy, liver neoplasm, liver cancer, liver
carcinoma, hepatic neoplasm, hepatic cancer, hepatocellular cancer. Following the duplicates
removed, two authors independently screened all titles and abstracts to eliminate irrelevant
studies and then conducted full-text reviews for potentially eligible studies. Then a manual
evaluation of the reference lists of all eligible studies was conducted. In addition, two investigators
extracted relevant information and assessed the quality of the included studies. Disagreements of
studies were resolved by discussion to achieve a consensus. This meta-analysis was reported based
on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement

and registered on the PROSPERO (CRD42023461039) (18).

Inclusion/exclusion criteria
Studies published in English were considered as potentially eligible if they met the inclusion criteria:

(1) MASLD patients > 18 years of age, (2) LSM values by VCTE were used for the degree of liver
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fibrosis assessment, and (3) LREs were reported in different LSM values and the adjusted hazard
ratio (aHR) with 95% confidence interval (Cl) could be extracted. If the datasets overlapped in
different studies, the one with the larger sample size was included. The exclusion criteria were as
follows: (1) abstracts, letters, reviews, case reports, case-control studies, meta-analyses, and animal

studies; (2) studies with unavailable statistical data.

Data extraction
Two authors completed data extraction independently, including the first author's name,
publication year, population number, follow-up period, average age, sex ratio, study design,

outcomes, aHR, and confounders of the clinical outcomes.

Data synthesis and analysis

In this study, the LRE was defined as a composite endpoint including the occurrence of hepatic
decompensation (variceal bleeding, ascites, liver failure, hepatic encephalopathy) and/or the
development of HCC. The pooled HRs and 95% Cls were calculated and the random effects model
was performed for statistical analysis (19). To better characterize the relationship between LSM and
LRE, we first pooled HRs in different stratification of LSM values. However, considering the different
stratification categories used in different studies, we only conducted a preliminary assessment for
the highest versus lowest LSM categories. Since the LSM was a continuous value, we then pooled
HRs for 1-kPa analysis to further confirm the predictive capability of different LSM values.
Heterogeneity was measured by /%, and > > 50% suggested significant heterogeneity between
studies (20). When /2 results were = 50%, we then conducted subgroup analyses and sensitivity
analyses to investigate the potential source of heterogeneity. The publication bias was estimated
by Egger's test. Study quality assessment was conducted by the Newcastle-Ottawa Scale (21,22).

Review Manager V.5.4 and STATA.17 were utilized for all statistical analyses.

Results

Search results
Our search vyielded a potential 1705 studies through database search. After removing 216
duplicates and excluding 1464 non-relevant studies, we conducted a thorough full-text review of 25

studies. Ultimately, 7 studies were included (Figure 1).
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Study characteristics

The relevant information of all included studies was collected and summarized in Table 1. This
meta-analysis included 5 multi-center retrospective cohort studies and 2 single-center retrospective
cohort studies (16,17,23-27). In the cohort studies, the follow-up period ranged from 1.1 to 5.1
years, and HRs adjusted for different confounders were all directly extracted. To evaluate the
impact of LSM values on LRE, we could extract HR from 4 studies for stratification analysis and 4

studies for 1-kPa analysis.

Outcomes

Four studies with 17595 MASLD patients were included for stratification analysis, investigating the
association between different categories of LSM and LRE. Compared with the lowest category
groups, patients in the highest LSM category groups had a considerably increased incidence of LRE
(HR 18.65, 95% Cl 9.95-34.95, P < 0.01, Figure 2A). For 1-kPa analysis, two multi-center studies and
two single-center studies were included to evaluate the predictive value of LSM for LRE. The finding
suggested that the risk of LRE could be increased by 5% with a 1-kPa increment in LSM (HR 1.05,
95% Cl 1.03-1.07, I> = 74.47%, P < 0.01, Figure 2B). A subgroup analysis based on the number of
study centers was performed (Figure 3). The risk of LRE was increased both in the single-center
study subgroup (HR 1.05, 95% CI 1.02-1.08, P = 0.10) and multi-center study subgroup (HR 1.05,
95% Cl 1.01-1.09, P = 0.01). Then the sensitivity analysis was conducted by removing each study in
turn and the heterogeneity was reduced after excluding the study by Petta et al (i.e., /* reduced

from 74.47% to 47.52%).

Publication bias and quality assessment

Funnel plots and Egger's test were conducted to assess the publication bias of 7 studies (Figure 4).
There was no obvious asymmetry distribution among studies in the group contributing to the
association between LSM and the risk of LRE. Similarly, Egger's test showed no significant
publication bias, regardless of stratification analysis or 1-kPa analysis (P = 0.6985, 0.4386). The
score of the quality assessment ranged from 7 to 8 on the Newcastle-Ottawa Scale, and the

detailed results of the study quality assessment were shown in Table 1.
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Discussion

This meta-analysis included 7 studies to evaluate the relationship between LSM values and the risk
of LRE. The HRs for the outcome in these studies were directly extracted, and adjusted for age, sex,
or other confounders. The results showed that an increased risk of LRE was linked to higher LSM on
VCTE for MASLD patients, in stratification analysis and 1-kPa analysis, indicating that a high LSM
value on VCTE might be a critical prognostic marker for LRE in patients with MASLD.

Since heterogeneity was present in the assessment of LRE for 1-kPa analysis, we conducted a
subgroup analysis based on the number of clinical centers of the study. The results suggested that
the number of study centers might not be the potential source of heterogeneity. Subsequently, a
sensitivity analysis was conducted, revealing that the heterogeneity of the research would be
significantly reduced following the exclusion of the study by Petta (17). This study retrospectively
included 1039 MASLD patients from multiple research centers. All patients were tracked for at least
6 months and LREs were recorded during the follow-up period, including the occurrence of hepatic
decompensation or HCC. In this study, Petta found that patients with higher LSM values on VCTE
were more likely to have an occurrence of hepatic decompensation (aHR 1.03, 95% Cl 1.02-1.04)
and HCC (aHR 1.03, 95% Cl 1.00-1.04) by Cox multifactorial analysis. The results demonstrated the
potential of LSM values in predicting the development of LRE.

A previous meta-analysis reported a correlation between LSM values and the risk of different
clinical outcomes in chronic liver disease patients. The results suggested that one kPa rise in LSM
was linked with an 11% increased risk of LRE development (RR 1.11, 95% Cl 1.05-1.17), and the
pooled RR (95% Cl) for all-cause mortality was 1.08 (1.06-1.11) (28). However, patients included in
the study suffered from various liver diseases and there was no subgroup analysis of the etiology of
chronic liver diseases. Therefore, it is challenging to definitively suggest the prognostic value of LSM
for chronic liver diseases of different etiologies. Another meta-analysis explored the relationship
between LSM and all-cause mortality by pooling HRs in MASLD patients without investigating the
association between LSM and LRE (29). When exploring the clinical outcomes of MASLD, all-cause
mortality was considered a significant indicator. However, LRE should also be taken seriously
because it significantly affects the quality of life of patients. Therefore, different from previous

studies, our meta-analysis focused on LRE with MASLD patients and explored the relationship
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between LSM values and LRE. The results confirmed that there was a positive correlation between
LSM value and risk of LRE.

In recent years, some studies have suggested that the cutoff point of 8 kPa was associated with
advanced liver fibrosis in MASLD and with the potential to indicate the risk of future
decompensation (30-32). Baveno VII has proposed criteria for identifying patients with
compensated advanced chronic liver disease (33). LSM values below 10 kPa indicate a low risk of
disease progression and liver decompensation. Patients with LSM values equal to or above 15 kPa
are considered at increased risk of LRE or other complications. In addition, Baveno VIl has pointed
out that LSM values at different thresholds (10-15-20-25 kPa) were of great value in predicting
decompensation and liver-related death in patients with MASLD or other chronic liver diseases.
There are some limitations in this study. In our meta-analysis, the included studies stratified the
LSM value of MASLD patients in different categories and we were unable to obtain consistent
stratification subgroups to assess the outcomes of patients with different LSM values directly.
Therefore, to measure the relationship between LSM values and LRE of MASLD patients, we
extracted and pooled the aHR of LRE in the highest versus lowest categories from different studies
for stratification analysis preliminarily. At the same time, 1-kPa analysis was conducted to further
clarify the prognostic value of LSM on VCTE in MASLD patients, but many factors could affect the
results such as age, sex, BMI, and platelet count. So we directly extracted the data after adjusting
for confounders from the included studies. The differences in confounders adjusted between the
included studies may account for the heterogeneity in the results of our meta-analysis. In addition,
the increase of LRE risk may be more pronounced for each 1-kPa increment in the central
stratification of LSM values. However, we did not perform further analysis on the central values due
to stratification differences across studies, which is one of the limitations of our study. In the
future, with the development of more relevant studies, we would perform dose-response analysis
to further explore the relationship between LSM and LRE.

In conclusion, our meta-analysis verified the prognostic efficacy of LSM in predicting LRE of MASLD
patients and quantified the increased risk of LRE with each 1-kPa increment in LSM value. LSM can
be used as a tool to help physiciansidentify high-risk patients and develop more rational
management strategies for patients. In the future, the potential of LSM in predicting the LRE of

MASLD patients could be further explored by the change in LSM values during the follow-up period.
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Table 1. The detailed characteristics of the studies included in the meta-analysis

12

Follow-up  Age Male
Author Population Design Outcomes reported aHR Adjustment Quality*
(years) (year) (%)
Hepatic decompensation LSM < 13.0 kPa vs. LSM > 13.0 kPa
S3
Johnson with ascites, primary aHR 27.4 (7.86-95.50) Age, baseline
243 4.2 59 53.1 Cohort C2
AL 20221 liver cancer, mortality, LSM by 1-kPa cirrhosis
03
portal hypertension aHR 1.07 (1.04-1.10)
Hepatic decompensation
S3
Petta S with ascites, bleeding LSM by 1-kPa
1039 2.9 60.3 56.3  Cohort N/A C2
2021147 varices, jaundice, aHR 1.03 (1.02-1.04)
03

encephalopathy
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Lee JS

2021

Boursier J

202214

Davitkov P

20231

2666

1057

13629

5.1

3.1

11

52

55.4

56.2

57.2

62.3

89.9

Cohort

Cohort

Cohort

Development of HCC

Cirrhosis complications
(ascites, spontaneous
bacterial peritonitis,
hepatorenal syndrome,
varices, liver failure),

HCC

Development of HCC

LSM < 9.3 kPa vs. LSM = 9.3 kPa

aHR 13.76 (2.83-66.96)

LSM < 8.0 kPa vs. LSM > 12.0 kPa

aHR 20.50 (4.90-86.50)

LSM < 9.5 kPa vs. LSM 2> 14.5 kPa

aHR 15.74 (6.45-47.25)

N/A

Age, sex,
antidiabetic
treatment,
antihypertensive
treatment, lipid-
lowering

treatment

Age, smoking,

alcohol, BMI, DM

S3

Cc2

03

S3

C2

03

S3

Cc2

02
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Pons M

996 2.5 60 49.1
2022128
Shalimar

957 3.9 40 67.8
202327

Cohort

Cohort

Development of HCC

Liver-related death,
ascites, hepatic
encephalopathy,
gastrointestinal bleeding,

HCC, fibrosis progression

LSM by 1-kPa

aHR 1.03 (1.00-1.06)

LSM by 1-kPa

aHR 1.06 (1.04-1.08)

N/A

Age, DM, ALT,
hypertension,
haemoglobin,
platelet, aloumin,

serum creatinine

S3

Cc2

03

S3

Cc2

03

aHR, adjusted hazard ratio; LSM, liver stiffness measurement; HCC, hepatocellular carcinoma; BMI, body mass index; DM, diabetes mellitus; ALT, alanine

aminotransferase

*Quality assessment by the Newcastle-Ottawa Scale
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Identification

Screening

Eligibility

Included

Records identified through
datebase searching (n = 1705)
Pubmed (237); Embase (1259)

Cochrane (193); ClinicalTrials (16)

Records after duplicates removed
(n = 1489)

Records screened

(n = 1489)

Full-text articles assessed

Records excluded
(n = 1464)

for eligibility
(n=25)

Studies included in
qualitative synthesis
(n=7)

A\/4
¥

Studies included in
quantitative synthesis
(meta-analysis)
(n=7)

Full-text articles excluded,
with reasons (n = 18)
Studies lacking inclusion
criteria (n = 13)
Studies design inappropriate
(n=3)

Studies without available
data (n=2)
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Figure 1 Flow of the literature search.

(A) Study Liver-related mortality highest vs. lowest HR (95% ClI) Weight (%)
Boursier J 2022 — B 2050[4.90, 86.50] 19.14
Davitkov P 2023 —— 15.74 [ 6.45, 47.25]  39.79
Johnson AL 2022 —M——27.40[7.86, 95.50]  25.30
Lee JS 2021 — 8 ———— 13.76[2.83, 66.96] 15.76
Overall - 18.65 [ 9.95, 34.95]
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00
Test of 8, = 6;: Q(3) = 0.63, p = 0.89
Testof ®=0:z=9.13, p=0.00

1 2 4 8 16 32 6

Random-effects DerSimonian-Laird model

(B) Study Liver-related events 1-kPa HR (95% Cl) Weight (%)
Johnson AL 2022 —@—1.07[1.04, 1.10]  20.27
Petta S 2021 - 1.03[1.02, 1.04] 32.82
Pons M 2022 —a— 1.03[1.00, 1.06]  20.27
Shalimar 2023 —— 1.06[1.04, 1.08]  26.64
Overall —~al— 1.05[1.03, 1.07]
Heterogeneity: 1° = 0.00, I’ = 74.47%, H’ = 3.92
Test of 8 = 6: Q(3) = 11.75, p = 0.01
Test of 6 = 0: z=99.55, p = 0.00

1 1.05 1.1

Random-effects DerSimonian-Laird model

Figure 2 Forest plots for the pooled HRs of LRE. (A) Pooled HR of LRE for stratification analysis. (B)
Pooled HR of LRE for 1-kPa analysis.
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Study Liver-related events 1-kPa HR (95% Cl) Weight (%)
1. single-center

Pons M 2022 — 1.03[1.00, 1.06]  20.27
Shalimar 2023 —u— 1.06[1.04, 1.08] 26.64
Heterogeneity: 1° = 0.00, I’ = 62.40%, H’ = 2.66 i 1.05[ 1.02, 1.08]

Testof 6, =6;: Q(1) = 2.66, p=0.10

2. muti-center

Johnson AL 2022 ———107[1.04,1.10] 20.27
Petta S 2021 — 1.03[1.02, 1.04] 32.82
Heterogeneity: T° = 0.00, I” = 83.73%, H’ = 6.15 S 1.05[ 1.01, 1.09]

Test of 8, = 6;: Q(1) = 6.15, p = 0.01

Overall ~a— 1.05[1.03, 1.07]
Heterogeneity: T° = 0.00, I’ = 74.47%, H’ = 3.92
Test of 6, =6 Q(3) = 11.75, p = 0.01

Test of group differences: Q,(1) = 0.00, p = 0.99

Random-effects DerSimonian-Laird model

Figure 3 Subgroup analysis for pooled HR of LRE for 1-kPa analysis.
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Figure 4 Funnel plots for the pooled logHR of LRE. (A) Funnel plots for the pooled logHR of LRE for

stratification analysis. (B) Funnel plots for the pooled logHR of LRE for 1-kPa analysis.



