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ABSTRACT

Introduction and Objectives: Current evidence on the impact of ethnic disparities on metabolic-associated
steatotic liver disease (MASLD) is limited to individual studies with small sample sizes from specific regions.
This network meta-analysis aimed to assess variations in metabolism and histological characteristics of
MASLD among four ethnicities.
Materials and Methods: Observational studies on MASLD involving at least two ethnic groups (White, Black,
Asian, and Hispanic) were identified from PubMed, Embase, and Web of Science databases up to May 7th,
2024, for inclusion in this study. The results were reported as unstandardized mean differences (MDs) and
odds ratios (ORs) with 95% confidence intervals (CIs).
Results: A total of twenty-seven articles involving 14,440 non-Hispanic Whites, 4,927 non-Hispanic Blacks,
5,254 Asians, and 8,344 Hispanic MASLD patients were included in this study. The prevalence of type 2 diabe-
tes mellitus of all ethnic groups combined was 33%, without significant difference among the four ethnicities.
Asians showed higher levels of total cholesterol compared to the other groups, while Blacks had the lowest
levels of alanine aminotransferase. Among biopsy-proven MASLD patients, Blacks individuals had a lower
risk of significant fibrosis compared to Whites (OR=0.63, 95% ClI: 0.45 to 0.87), as well as lower risks of liver
inflammation (OR=0.53, 95% CI: 0.29 to 0.95) and nonalcoholic steatohepatitis (NASH) (OR=0.53, 95% CI: 0.29
to 0.95) compared to Hispanics.
Conclusions: Asians MASLD patients had higher risk of suffering from abnormal lipid metabolism while Black
MASLD patients presented milder liver histologic features than both Whites and Hispanics individuals.

© 2025 Published by Elsevier Espafia, S.L.U. on behalf of Fundacién Clinica Médica Sur, A.C. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

1. Introduction

steatosis indicated by imaging or histology, along with at least one
cardiometabolic criterion. MASLD includes different histological pre-

Continuing research efforts have led to the renaming of Non-alco-
holic fatty liver disease (NAFLD) as Metabolic dysfunction-associated
fatty liver disease (MAFLD), and it now carries the latest nomencla-
ture—Metabolic dysfunction-associated steatotic liver disease
(MASLD). The diagnosis of MASLD is based on the presence of
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sentations, ranging from a mild form of simple steatosis to a progres-
sive form of metabolic dysfunction-associated steatohepatitis
(MASH) with varying degrees of fibrosis or cirrhosis [1,2]. MASLD
confers an increasing health burden globally because of its high prev-
alence (approximately 38%) and an increasing epidemic trend [3].
The etiology of MASLD is multifaceted and stems from the complex
interplay between environmental and genetic factors. Therefore, tar-
geted, instead of generalized, identifications and treatments for
patients or cultures with highly susceptible genetic backgrounds
would increase the awareness of MASLD and its prevention.
Emerging evidence has demonstrated the ethnic heterogeneity for
MASLD prevalence and incidence. A meta-analysis in the USA including
34 studies with 368,569 participants found that Hispanic individuals had
a significantly higher pooled MASLD prevalence (22.9%, 95% ClI 21.6
—24.1%) than White individuals (14.4%, 95% Cl 14.0—14.8%) or Black indi-
viduals (13.0%, 95% CI 12.2—13.9%) [4]. Furthermore, the almost two-
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folds higher MASLD burden in Hispanic individuals compared to individ-
uals of other ethnicities supports the existence of ethnic differences.
Additionally, susceptible genetic alleles (PNPLA3-rs738409 + rs6006460,
TM6SF2-1s58542926, HSD17B13-1s80182459 + 1572613567, MBOAT7/
TMC(C4-1s641738, and GCKR-rs1260326) known to be involved in disease
progression are not equally distributed among multiethnic groups of
MASLD patients. Hispanic individuals carry more risk alleles, whereas
Black individuals contain fewer of these alleles than White individuals
[5—10]. However, all these studies were mainly conducted in the USA,
and limited data have been presented for Asian individuals. Resmetirom,
the sole FDA-approved drug for NASH with liver fibrosis, enrolled
approximately 90% of White patients in this clinical trial, leaving the effi-
cacy for other ethnic groups uncertain [11]. The global rise in NAFLD
prevalence has been unprecedented across all regions. Given the sub-
stantial disease burden, addressing the unknown ethnic clinical varia-
tions poses a significant obstacle in drug development. Therefore,
tailored clinical interventions and ongoing management for diverse eth-
nic groups should be guided by their distinct clinical profiles. It would be
of great significance to perform a comprehensive meta-analysis with
convincing evidence derived from multiethnic groups, including Asian
individuals, to elaborate the ethnic differences in the clinical features of
MASLD.

In the current study, we conducted this systematic review and
meta-analysis of observational studies to investigate the ethnic meta-
bolic and histological discrepancies among patients with MASLD
from non-Hispanic White individuals, non-Hispanic Black individu-
als, Asian individuals, and Hispanic individuals.

This manuscript is written following the Systematic Reviews and
Meta-Analysis (PRISMA) 2009 checklist.

2. Materials and Methods

This network meta-analysis was registered in the PROSPERO reg-
istry (registration number: CRD42022377699). It was designed, per-
formed, and reported in accordance with the Preferred Reporting
Items for PRISMA [12].

2.1. Literature and search strategy

We searched eligible studies indexed in the PubMed, Embase, and
Web of Science databases from the establishment of each database to
May 7th 2024. The details of search strategy was described in Table
S1 and included the following keywords: “nonalcoholic fatty liver
disease” or “nonalcoholic steatohepatitis” or “NAFLD” or “NASH” or
“NAFL” or “fatty liver” or “liver steatosis” or “hepatic steatosis” or
“metabolic dysfunction-associated fatty liver disease” or “metabolic
dysfunction-associated steatotic liver disease” or “MAFLD” or
“MASLD” or “MASH” combined with the terms “race” or “ethnicity”
or “ethic” or “racial” or “ethnical” or “Caucasian” or “non-Hispanic
Whites” or “Whites” or “non-Hispanic Blacks” or “Blacks” or “African
American” or “Hispanics” or “Asians”. The reference lists of the
included articles were also manually searched.

2.2. Eligibility criteria and study selection

The inclusion criteria of the literature were as follows: [1] cross-
sectional, case-control, or cohort studies; [2] including individuals
diagnosed with NAFLD/MAFLD/MASLD with at least one of the serum
scores, radiologic, or histologic evidence; and [3] any studies report-
ing clinical parameters in NAFLD/MAFLD/MASLD patients of no less
than two ethnicities (White, Black, Asian, and Hispanic). Studies were
excluded from this systematic review and meta-analysis according to
the following criteria: [1] reviews, editorials, case reports, unpub-
lished articles; [2] studies on animals; [3] coexisting with other liver
diseases (e.g., alcoholic liver disease and viral hepatitis); and [4] non-
English language [5] insufficient information to extract data.
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2.3. Quality assessment

Study quality was evaluated by two investigators (L.M and Y.J)
according to the Newcastle-Ottawa Scale (NOS) criteria that
appraises the quality of published nonrandomized studies in meta-
analysis [13]. The NOS consists of eight items categorized into three
main criteria: selection, comparability, and outcome (cohort studies)
or exposure (case-control studies). The quality score ranged from
zero to nine grading the articles as follows: poor quality: poor quality
(0—-3), moderate quality [4—6], and high quality [7-9].

2.4. Data extraction

Two authors (LM L and JM L) independently selected and extracted
data from eligible studies. In case of disagreement on the extractions,
the corresponding authors (JZ Y and BH Z) participated in the discus-
sion to reach a final agreement. A standardized data extraction form
was used to extract the following information: first author, year of
publication, country, ethnicity, study design, study group (children or
adults), disease severity of the study group (NAFLD/MAFLD/MASLD
and NASH/MASH), diagnostic methods, sample size, age, sex, and qual-
ity score. If important data could not be obtained directly from the arti-
cle, we contacted the corresponding or first author by e-mail to obtain
primary reports; if they did not respond, the article was excluded. If
data transformations were necessary during the analysis, we also con-
tacted the authors for assistance; if original data were not available,
we applied standard statistical formulas [14]. All studies included in
the analysis provided essential data in both the main text or supple-
mentary materials. We also extracted data on type 2 diabetes mellitus
(T2DM) prevalence and the following biochemical and histological
parameters in different ethnic groups: [1] liver enzyme: alanine ami-
notransferase (ALT), aspartate aminotransferase (AST), y-glutamyl
transpeptidase (GGT); [2] blood lipids: total cholesterol (CHOL), trigly-
cerides (TG), high-density lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C); [3] glycemic indices: fasting
blood glucose (FBG), glycosylated hemoglobin (HbA1c), Insulin resis-
tance index (HOMA-IR); and [4] histologic features: steatosis, fibrosis
hepatocyte ballooning, lobular and portal inflammation. In this study,
we used the NASH clinical research network system to score steatosis
(graded 0-3), inflammation (graded 0—3), and ballooning (graded 0
—2) and the METAVIR fibrosis scoring system to evaluate fibrosis
(graded 0—4) [15,16] to extract liver histological data from included
articles with biopsy. The significant steatosis (moderate-severe) was
defined as a steatosis score >2, and significant fibrosis was defined as a
fibrosis stage >2 for the analyses as well as inflammation and balloon-
ing were defined as score >1. NASH was defined as NAS score >4. The
fibrosis score comparisons were only based on histology and not non-
invasive tests.

2.5. Statistical analysis

In this network meta-analysis, data analysis was conducted utilizing
the Review Manager version 5.3 and Stata 12.0 software. Following data
extraction and transformation, serum levels of hepatic liver enzymes,
blood lipids, and glycemic indices were expressed as mean and standard
deviation (SD), and the effect size among MASLD patients of four ethnic
groups was determined through calculation of unstandardized mean
differences (MDs) with 95% confidence intervals (Cls). Furthermore, the
associations between ethnicity and moderate to severe steatosis,
inflammation, ballooning and significant fibrosis were evaluated
through the calculation of odds ratios (ORs) with 95% CIs. We inspected
the potential for publication bias by funnel plot asymmetry and further
quantified the asymmetry using Egger’s and Begg’s tests, which consid-
ered bias as significant for Pvalues < 0.05. The corrected effect size for
significant bias was calculated using the Duval and Tweedie’s trim-and-
fill method. The surface under the cumulative ranking (SUCRA) was
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calculated as a numerical measure to overview which ethnicity had the
most marked features with the order of four ethnic groups with a hier-
archy of probabilities for network meta-analysis [17]. As for the hetero-
geneity across these studies, we tested it via I* statistics, indicating
substantial heterogeneity with value of greater than 50%. Moreover, a
random-effects meta regression analysis was further performed to
investigate the impact of several continuous variables (including the
mean age, male proportion and BMI) on the metabolic parameters and
histological characteristics of MASLD patients. Because the small sample
size of included studies may lead to an unreliable value of the heteroge-
neity test, a random-effects model and sensitivity analysis were per-
formed to validate the stability of the conclusions in our meta-analysis.

3. Results
3.1. Characteristics of the included studies
We initially retrieved a total of 8822 records; excluded 1416

duplicate records, and removed 6953 records based on title and
abstract review; and reviewed the full text of 453 articles remaining
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for retrieval and assessment eligibility for this meta-analysis. Among
these articles, we excluded 361 articles for providing only ethnic pro-
portion but not ethnic groups, 52 articles for subjects involved in eth-
nic subgroups were not all MASLD, and 13 articles for categorizing
multiple target ethnicities as “others”. Finally, 27 articles consisting
of 32,965 patients (14,440 White, 4927 Black, 5254 Asian and 8344
Hispanic) with MASLD were included in this meta-analysis (Fig. 1)
[6,7,10,18—41]. Only 9 studies out of the 27 (33%) had actual liver
biopsies for all patients. The detailed characteristics of 27 included
articles were outlined in Table 1. Among these articles, three were
performed in children, and the others were in adults; twenty-two
were conducted in the United States (USA), one was conducted in
India, one was six-center study, one was two-center study conducted
in USA and UK, one was multi-center study conducted in 18 coun-
tries, and one was an analysis of the of the STELLAR-3
(NCT03053050) and STELLAR-4 (NCT03053063) trials. In terms of
their quality, 24 articles were considered to be of high quality, and 3
articles were considered as moderate quality while none was
excluded for low quality. Table S2 showed the score results of NOS
quality assessment.

Identification of studies via databases

Studies included in review (n = 27)
Reports of included studies (n =0)

()
= . . Records removed before screening:
= Records identified from: - Duplicate records removed (n =1416)
8 Pub Med (n = 1745) - Records marked as ineligible by
= . H =
"E Embase (n = 5124) automation tools (n =0)
) . - Records removed for other reasons
= Web of Science (n =1953). (n=0)
4
v
£is '
Records screened (n = 7406) EEE—— Records excluded (n = 6953)
v
= Reports sought for retrieval (n = 453) —» Reports not retrieved (n = 0)
(=
=
[
o
- v
Reports assessed foreligibility (n=453) |— | Reports excluded:
- Providing only ethnic proportion but not
ethnic groups (n=361);
- Involving subjects in ethnic groups were
not all NAFLD/MAFLD/MASLD (n=52);
- Categorizing multiple targetethnicities as
) “others” (n=13).

Fig. 1. Flowchart of the study selection process.
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Table 1
Characteristics of the included studies.
Study Country Diagnostic methods Sex (Male/Total) Age (years) BMI (kg/m?) NOS score
White Black Hispanic  Asian White Black Hispanic Asian White Black Hispanic ~ Asian
Solga 2005 [6] USA Biopsy 28/149 1/17 - - 440+95 372+78 - - 544+114 615+147 - - 8
Weston 2005 [7] USA Biopsy [Ultrasound /CT 31/71 0/5 23/45 22/28 52.0 61.0 46.0 46.0 34.0 36.6 342 26.8 9
Nelson 2007 [10] ~ USA/CAN Biopsy 50/98 - 7/12 7/12 487 +11.1 - 50.1+11.8 439+126 327+£53 - 3244+39 29.0+36 6
Kallwitz 2009 [18] USA Biopsy 32/110 21/92 7/36 - 440+ 100 420+90 390+80 - 563+11.0 554+84 53.6+93 - 7
Mohanty 2009 [19] USA Biopsy 59/154 13/36 13/32 10/16 455+ 115 474+115 4004133 46.7+16.7 388+125 362+94 3714+96 293455 7
Lomo-co 2011 [20] USA Biopsy /MRI 21/56 - 36/96 - 53.0+10 - 50.0+1.0 - 340+10 - 340+10 - 7
Tabibian 2011 [21] USA Biopsy 22/47 - 7/18 10/16 51.6+94 - 416+132 4944101 323475 - 3234+6.1 261+59 7
Bambha 2012 [22] USA Biopsy 285/785 3/27 45/118 32/54 484+19 516+109 380+59 433+76 341+10 381453 3374+£29 274424 9
Foster 2013 [23] USA CT 94/189 36/106 94/208 - 61.5+92 635+93 593+99 - 314+51 328+58 31.7+£53 - 8
Garcia 2015 [24] USA Biopsy /MRI 0/54 0/16 - - 434412 395+22 - - 438+08 439+20 - - 7
Panigrah 2015 [25] India Biopsy /Ultrasound 253/451 - - 519/633 47.5 - - 45.6 326+£53 - - 262+34 5
Goffredo 2016 [26] USA MRI 24/64 7/18 35/76 - 138+£37 134+34 128+37 - 327+74 344+80 319+7.1 - 8
Lee 2017 [27] USA MRI 8/8 5/5 - - 151+14 144421 - - 36.5+57 381+33 - - 7
Remigio 2017 [28] USA CT 34/64 6/19 28/69 45,616 61.5+83 629+97 603+91 652+113 31.0+£46 309+53 31.2+47 256+29 9
Trico 2018 [29] USA Biopsy /MRI 39/82 12/21 61/106 - 132+£28 141+£26 13.1+£28 - 339+55 385+6.0 32.7+6.1 - 9
Kim 2020 [30] USA Biopsy 9/21 4/6 85/180 33/69 46.5 48.6 453 484 314 32,6 342 29.5 7
Marella 2020 [31]  USA Ultrasound /CT /MRI 83/309 28/172 - - 438+10.8 421+87 - - 440+68 457+78 - - 5
Hullar 2021 [32] USA MRI 31/67 15/38 67/143 78/178 41.7 434 423 475 331 313 324 28.6 8
Kubiliun 2022 [33] USA Biopsy /Ultrasound /CT /MRI 206/429 21/57 287/668 - 56.9+12.1 5394106 523+114 - 3194+76 329472 329471 - 9
Li 2022 [34] USA/UK Biopsy /Ultrasound /CT /MRI 48/83 10/14 - 47/80 550+13.6 479+118 - 493+113 355+86 333+89 - 298+48 8
Younossi 2022 [35] Multi-center® Biopsy /Ultrasound /CT /MRI 690/1500 - - 577/946 5444+11.1 49.0+113 5254141 4424115 408+88 33.6+62 282+48 270+4.0 8
Zhou 2022 [36] USA FibroScan 360/642 161/336  293/514 147/249 53.0+19.5 50.0+249 450+299 49.0+232 339+127 364+92 331+£91 29+47 8
Nguyen 2023 [37] USA Ultrasound/CT/MRI 2387/4115 83/214 982/2604 1336/2407 54.1+149 5144152 445+152 483+154 323+67 361+99 335+75 280+50 8
Wong 2023 [38] Six-center”  Biopsy 751/1734 - 221/539  403/762 59.0+89 - 57.0+96 58.0+11.1 342+62 - 328+ 6.0 282446 9
Bril 2024 [39] USA FibroScan 1121/2242 806/1714 753/1568 409/835 52.0+20.0 48.0+18.0 450+17.0 46.0+16.0 29.7+72 31.1+83 300+£62 258+48 7
Elsaid 2024 [40] USA Ultrasound 475/1029  288/756  483/1115 - 463+06 412+05 394+06 - 286+04 300+04 293403 - 8
Samala 2024 [41]  USA Biopsy 745/1910 27/109 - - 514+119 51.6+113 - - 351+6.7 369+66 - - 9

Abbreviations: BMI: body mass index; NOS: Newcastle-Ottawa Scale; USA: the United States; CAN: Canada; UK: the United Kingdom; CT: computed tomography; MRI: magnetic resonance imaging; SD: standard deviation.
Data are presented as number or (Mean =+ SD).
2 This study was conducted in 23 sites located in 18 countries (Australia, China, Cuba, Egypt, Greece, India, Italy, Japan, Saudi Arabia, Malaysia, Mexico, Pakistan, Russia, Spain, Turkey, and the United States).
b This study was conducted in 6 countries (the United States, China, Japan, India, the United Kingdom and Spain).
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3.2. Meta-analysis on the T2DM prevalence among four ethnic groups

As presented in Figure S1, Asian MASLD patients had a pooled
T2DM prevalence of 32% (95% CI 23 to 40%) with significant heteroge-
neity (I = 96.88%) from 13 studies involving 5501 participants. Black
MASLD patients showed a pooled T2DM prevalence of 33% (95% CI 27
to 42%) with substantial heterogeneity (I = 95.91%) from 16 studies
with 5031 participants. Hispanic MASLD patients had a pooled T2DM
prevalence of 34% (95% CI 27 to 40%) with substantial heterogeneity
(2 = 97.25%) from 16 studies with 8849 participants. White MASLD
patients exhibited a pooled T2DM prevalence of 33% (95% CI 26 to
40%) with substantial heterogeneity (1> = 98.62%) from 21 studies
involving 14,736 participants. Overall, the meta-analysis showed that
the pooled T2DM prevalence among the four ethnic MASLD patients
was 33% (95% CI 30 to 37%) with substantial heterogeneity
(> = 97.64%). Importantly, there was no significant difference in
T2DM prevalence among the four ethnic groups of MASLD patients
(p=0.98).

3.3. Meta-analysis of the effects on metabolic parameters and
histological characteristics in MASLD

An evaluation of serum levels of liver enzymes, blood lipids,
and glucose metabolism was conducted in this meta-analysis to
gain insight into the differences between various ethnic groups
with MASLD. The raw data of median values of metabolic indica-
tors and percentage of patients with various histological features
were presented in Table 2. The comparison of these biochemical
parameters was performed between every two ethnic groups, and
the results are displayed in Figs. 2-7 and Tables S3—4. The funnel
plots of liver enzymes (ALT and AST), blood lipids (CHOL, TG, HDL-
C and LDL-C), and glucose metabolism (FBG, HbA1c, and HOMA-IR)
are included in the supplementary materials (Figure S2, S5, S8,
S11,S514,517).

The study also investigated the histological features of MASLD in
different ethnic groups by utilizing liver biopsy results. Twelve out of
the twenty-seven included studies were able to provide data on
hepatocellular steatosis (6 studies), ballooning (6 studies), lobular
and portal inflammation (7 studies), fibrosis (12 studies) and NAS
score (6 studies).
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3.3.1. Comparisons of Asians vs. Whites

Due to limited data, comparisons of the HOMA-IR index were not
possible. However, Asians showed slightly higher serum ALT, AST,
and CHOL levels with total random-effects MDs of 3.21 [95% CI 0.10
to 6.33 in ALT (U/L), Fig. 2A], 3.87 [95% CI 1.45 to 6.28 in AST (U/L),
Figure S2B], and 4.14 [95% CI 0.98 to 7.30 in CHOL (mg/dL), Figure
S2C]. Additionally, they had lower risks of liver significant fibrosis
(OR= 0.63, 95% CI 0.53 to 0.75, Fig. 2G) and NASH (OR= 0.77, 95% CI
0.64 to 0.93, Fig. 2H). No significant differences were noted in the
remaining comparisons (Table S3).

3.3.2. Comparisons of Asians vs. Blacks

Asians had higher serum ALT, AST, CHOL and TG levels compared
to Blacks, with a total random-effects MDs of 11.06 [95% CI 6.63 to
15.50 in ALT (U/L), Fig. 3A], 3.52 [95% CI 0.35 to 6.70 in AST (U/L),
Figure S5B], 10.67 [95% CI 4.22 to 17.11 in CHOL (mg/dL), Figure S5C]
and 48.02 [95% CI 39.85 to 56.20 in TG (mg/dL), Fig. 3B]; but lower
HbAc1 level than Blacks with MDs of -0.09 [95% CI -0.17 to -0.01 (%),
Figure S5H]. No significant differences were observed in the compari-
son of histological features between the two ethnic groups. Limited
literature was available for comparing the HOMA-IR index, as well as
significant steatosis and NASH, between Asians and Blacks (Table S3).

3.3.3. Comparisons of Asians vs. Hispanics

Asians exhibited higher serum CHOL and HDL-C levels compared to
Hispanics (total random-effects MD of 5.76 [95% CI 1.72 to 9.79 in
CHOL (mg/dL), Figure S8C] and 3.28 [95% CI 2.26 to 4.30 in HDL-C (mg/
dL), Figure S8E]. Due to limited studies, a comparison of HOMA-IR
index between the two ethnic groups could not be conducted. There
were no significant differences observed in other laboratory indicators
or liver histological features among the comparisons (Table S3).

3.3.4. Comparisons of Blacks vs. Whites

As presented in Table S4, Black participants exhibited lower
serum levels of ALT, AST, CHOL and TG but higher HDL-C and HOMA-
IR index compared to white participants, as demonstrated by total
random-effects mean differences of -6.24 [95% CI -8.96 to -3.53 in
ALT (U/L), Fig. 5A], -2.21 [95% CI -3.80 to -0.62 in AST (U/L), Figure
S11B], -4.63 [95% CI -6.52 to -2.73 in CHOL (mg/dL), Figure S11C],
-50.00 [95% CI -60.35 to -39.66 in TG (mg/dL), Fig. 5B), 2.26 (95% CI

Table 2
The median values of metabolic indicators and percentage of patients with various histological features in MASLD patients from four ethnic
groups.
Asian White Black Hispanic

Metabolic indicators

ALT (U/L) 55.44 (47.78, 63.10) 48.94 (42.92, 54.96) 34.21(28.25,40.18) 51.60 (43.05, 60.16)

AST (U/L) 41.19(35.12, 47.25) 37.61(32.76, 42.46) 33.06 (29.30, 36.83) 40.81 (34.55, 47.07)

CHOL (mg/dL) 196.73 (192.18,201.28)  187.80(184.23,191.38)  181.64(174.01,189.26)  185.73(179.68, 191.78)

TG (mg/dL) 180.81(162.12, 199.51) 170.72 (162.63, 178.81) 122.88 (108.71, 137.06) 162.93 (144.65, 181.20)

HDL-C (mg/dL)
LDL-C (mg/dL)

46.84 (42.10, 51.58)
111.87 (109.75, 113.98)

FBG (mg/dL) 110.08 (101.31, 118.85)
HbAc1 (%) 6.38 (6.01, 6.76)
HOMA-IR 4.31(3.33,5.29)

Percentage of histological features

43.85 (41.82, 45.87)
107.70 (103.68, 111.72)
110.01 (105.59, 114.42)
6.24 (5.96,6.51)

429 (341,5.17)

46.83 (43.10, 50.56)
108.64 (103.30, 113.97)
110.62 (102.14, 119.09)
6.20 (5.96, 6.45)
528(3.43,7.13)

42.79 (39.54, 46.04)
107.89 (103.52, 112.25)
114.04 (104,58, 123.51)
6.00 (5.76, 6.24)

437 (3.06, 5.67)

Significant steatosis (%) 54(31,77) 52 (22,82 28 (4, 60) 46 (3,90)
Inflammation (%) 8(35,81) 69 (47,91 54(11 97) 66 (40,92)
Ballooning (%) 68 (53, 82) 77 (63,92 63 (39,87) 78 (59, 96)
Significant fibrosis (%) 8(15,62) 37(21,53 19(13,26) 39 (24, 54)
NASH (%) 3(70,76) 54 (22,87 38(4,73) 71(66,77)

The median values of metabolic indicators and percentage of histological features were derived from the raw data.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHOL, total cholesterol; TG, triglyceride; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein- cholesterol; FBG, fasting blood glucose; HOMA-IR, homeostasis model

assessment of insulin resistance; NASH, nonalcoholic steatohepatitis.

The significant steatosis (moderate-severe) was defined as a steatosis score >2, and significant fibrosis was defined as a fibrosis stage >2 for
the analyses as well as inflammation and ballooning were defined as score >1. NASH was defined as NAS score >4.
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A.ALT (UL) B. TG (mg/dL)

Asian Wite Mean Difference Mean Difference Asian Wite Mean Difference Mean Difference
Studyor Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Randon, 95% CI Study or Subaroup _Mean __SD Total Mean _ SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Weston 2005 61 183 28 53 948 71 16%  8.00(1507,31.07) ‘Weston 2005 300 3108 28 266 1925 71 1.0% 34.00 (895215752
Nelson 2007 1201 571 12 902 639 98 08%  38.90(4.20,7360) —F Nelson 2007 1866 583 12 2582 1581 98  6.0% -71.60(117.21,-2599)
Mohanty 2009 72 422 16 67 452 154 1.8% 1500 [-6.88, 36.88) — Moharty 2009 200 1096 16 214 1237 154 41%  -14.00(71.15,4315] —
Tabibian 2011 70 47 16 52 333 47 14%  18.00[-6.92,4292) — Tabibian 2011 204 1178 16 137 689 47 37%  67.00(6.01,127.99]
Bambha 2012 69 215 26 56 67 302 67%  1300(470,2130) — Bambha 2012 178 741 26 151 185 302 114%  27.00[1.56,55.56] —
Bambha 2012a 78 356 28 59 52 483 39%  19.00(581,3219) _— Bambha 2012a 155 719 28 157 17 483 123%  -2.00(28567,24567] —
Panigrah 2015 5366 37 633 8278 713 451 7.6% -2912(3630,-2194)  —— Remigio 2017 1865 1698 20 1851 1248 B4  23%  140[79.0581.85) L
Kim 2020 66 743 69 82 62 21 09% -16.00(47.78,1579) T Zhou 2022 2039 1909 249 180.3 1875 642 11.8%  23.60(4.20,51.40) [
Hullar 2021 289 16 178 273 152 67 103% 1,60 (2.73,5.93] -+ Nguyen 2023 1805 1559 2407 1692 2634 4115 232%  11.30(1.12,2148) =
Li2022 534 355 80 527 372 83 49%  070(10.46,11.86] —_ Bril 2024 144 116 835 133 92 2242 242%  11.00(2.26,19.74] =
Younossi 2022 656 486 946 534 468 1500 107%  1220(830,16.10] ——
Zhou 2022 298 17.4 249 275 279 642 115% 230 (-0.75, 5.35] ™ Total (95% CI) 3637 8218 100.0% 8.88(-3.74,2151) >
Nguyen 2023 46 15 2407 44 16 4115 128% 200[1.23,2.77] - Heterogeneity. Tau"= 151.70; Chi*=19.65, df= 9 (P = 0.02); F'= 54% 00 -50 50 100
Wong 2023 50 176 762 43 135 1734 126% 7.00 [5.60, 8.40] - Testfor overall effect: Z=1.38 (P = 0.17) Favours [Asian] Favours [White]
Bl 2024 22 15 835 21 16 2242 126% 1.00 (0.21,221) r
Total (95% CI) 6285 12010 100.0% 3.21[0.10,6.33] >
Heterogeneity: Tau = 19.58; Chi*= 165.58, df= 14 (P < 0.00001); = 92%

-20 -10 10 20
Testfor overall effect Z= 2.02 (P = 0.04) Favours [Asian] Favours [White]

C. LDL-C (mg/dL)

Asian White Mean Difference Mean Difference

D. Significant steatosis

Asian White Odds Ratio Odds Ratio

Study or Subgroup _ Mean __SD_Total Mean _SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI Study or Subgroup _Events _Total Events Total Weight M.H, Random, 95% Cl M.H, Random, 95% CI
Tabibian 2011 1196 359 16 1197 334 47 138% -0.10(20.12,19.82) Mohanty 2009 10 16 97 154 325% 0.98(0.34, 2.84)
Bambha 2012 112 1481 26 121 583 302 20.4% -9.00(14.73,-3.27) - Tabibian 2011 116 35 47 312% 075 (0.2, 262) —a—
Bambha 2012a 107 2593 28 116 7.41 483 24.9% -0.00(18563,063) — Wong 2023 283 762 114 1734 383% 8406601067 -
Bril 2024 112 35 835 107 35 2242 319%  500(222,7.78) -
Total (95% CI) 905 3074 100.0% -3.31[13.09,6.48] - :2::: ‘:’Z:’(:” - ™ i 1535 1000%,  ‘4971092,12.05] -
e o S To = L= R < DO E=07% ETES] 25 50 Heterogeneity. Tau?= 2.33; ChP*= 27.76, df= 2 (P < 0.00001); = 93% +
¢ } Favours [Asian] Favours [Whit] Testfor overall effect: Z= 0.73 (P = 0.46) 0001 B 1 1900
= X Favours [Asian] Favours [White]
E. Ballooning F. Inflammation
Asian White Odds Ratio Odds Ratio Asian White Odds Ratio Odds Ratio
Study or Subgroup __Events Total Events Total Weight M.H,Random, 95% CI M.H, Random, 95% CI Study or Subgroup _Events Total Events Total Weight M., Random, 95% CI M.H, Random, 95% CI
Mohanty 2008 14 16 99 154 80%  3.89(08517.74] Mohanty 2008 10 16 55 154 138% 3.00(1.03,8.70] —
Bambha 2012 33 54 536 785 326% 0.73(0.41,1.29] Tabibian 2011 14 16 4 a7 53% 0.48[0.07,3.15] —
Wong 2023 456 762 1080 1734 59.3% 0.90(0.76, 1.07] Bambha 2012 27 54 373 785 304% 110(0.64,192) -
Waong 2023 283 762 705 1734 50.4% 0.86(0.72,1.03] |
Total (95% CI) 832 2673 100.0%  0.95[0.60,1.50]
Total events 503 1715 Total (95% CI) 848 2720 100.0%  1.07[0.68, 1.69] <>
Heterogeneity. Tau= 0.08; Chi*= 4.1, df=2 (P = 0.13), F= 51% oy PP T 00 Total events 334 1"
Testfor overall effect Z= 0.23 (P = 0.82) Favours JAsian]  Favours WWhie) Heterogeneity: Tau= 0.10; Chi*= 6.10, df= 3 (P = 0.11); F= 51% TR i o
Testfor overall effect: Z= 0.28 (P = 0.77) Favours [Asian) Favours [White]
G. Significant fibrosis H. NASH
Asian White Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M.H,Random, 95% Cl M.H, Random, 95% CI
Mohanty 2008 116 32 154 07% 0.25(0.03, 2.00] —
Tabibian 2011 5 16 24 47 21% 0.44[0.13, 1.45] —
Bambha 2012 15 64 232 785 79% 0.92(0.50, 1.70) —e— Asian White 0dds Ratio 0Odds Ratio
Kim 2020 33 70 14 bl 29% 0.45(0.16,1.24] — Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Li2022 714 1 20 16% 082(0.21,3.22] —_T Bambha 2012 38 54 577 785 05% 0.86(0.47,1.57] —
Wong 2023 514 762 1332 1734 848% 0.63(0.52, 0.76) = Waong 2023 556 762 1353 1734 005% 0.76[0.62,0.92] | ]
Total (95% CI) 932 2761 100.0%  0.63[0.53,0.75] * Total (95% CI) 816 2519 100.0%  0.77[0.64,0.93] *
Total events 575 1645 Total events 594 1930
Heterogeneity: Tau®= 0.00; Chi*= 3.12, df= 5 (P = 0.68); F= 0% T Heterogeneity: Tau*= 0.00; Chi*= 0.13, df=1 (P = 0.71);F= 0% 01 02 05 2 5 10

Test for overall effect: Z= 5.18 (P < 0.00001) Favoouvzs (Asian] Favours [White]

Test for overall effect: Z= 2.76 (P = 0.006) Favours [Asian] Favours [White]

Fig. 2. Forest plot of the included trials comparing Asian and White MASLD patients regarding biochemical indicators (A-C) and histological features (D-H).
A. ALT (U/L); B. TG (mg/dL); C. LDL-C (mg/dL; D. Significant steatosis; E. Ballooning; F. Inflammation; G. Significant fibrosis; H. NASH.
@ Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD.

0.48 to 4.03 in HDL-C (mg/dL), Figure S11E] and 0.85 (95% CI 0.03 to
1.67 in HOMA-IR, Fig. 5D). Additionally, a lower risk of liver signifi-
cant steatosis (OR=0.30, 95% CI 0.11 to 0.76, Fig. 5E) and fibrosis
(OR=0.63, 95% CI 0.45 to 0.87, Fig. 5H), as well as a similar risk of
NASH (OR=0.69, 95% CI 0.43 to 1.09, Fig. 5I) was observed in Black
participants compared to White participants (Table S4).

3.3.5. Comparisons of Blacks vs. Hispanics

When compared to Hispanics, Black individuals exhibited signifi-
cantly lower levels of serum ALT, AST and TG but higher levels of
HDL-C and HOMA-IR index, as indicated by mean differences of
-9.11 [95%CI —12.01 to —6.21 in ALT (U/L), Fig. 6A], -3.80 [95% CI
-6.34 to -1.27 in AST (U/L) , Figure S14B], —41.73 [95%CI —53.73 to
—29.74 in TG (mg/dL), Fig. 6C], 3.25 [95% CI 0.69 to 5.81 in HDL-C
(mg/dL) , Figure S14E] and 0.23 (95% CI 0.05 to 0.42 in HOMA-IR
index, Fig. 6D), respectively. Also, Black individuals tend to be with a
lower risk of liver inflammation (OR=0.53, 95% CI 0.29 to 0.95, Fig. 6F)
and NASH (OR=0.43, 95% CI 0.23 to 0.78, Fig. GH) than those of His-
panics. And Black and Hispanic individuals had a similar risk of signif-
icant fibrosis (OR=0.76, 95% CI 0.28 to 2.06, Fig. 6G). The comparing of
liver significant steatosis could not be performed due to insufficient
studies (Table S4).

3.3.6. Comparisons of Hispanics vs. Whites

As demonstrated in Table S4, The Hispanic population exhibited
higher levels of serum ALT (U/L) (MDs = 2.83, 95% CI 0.35 to 5.30,
Fig. 7A) and HOMA-IR index (MDs = 0.80, 95% CI 0.32 to 1.28, Fig. 7D)

compared to Whites. However, there were no significant differences
in liver histological features between the Hispanic and Whites
MASLD patients (Table S4).

3.3.7. Publication bias

Funnel plots were generated to assess publication bias for liver
enzyme levels, serum lipid levels, glycometabolism, and histological
characteristics, as presented in supplementary materials (Figures S3,
S6, S9, S12, S15, S18). Our analysis revealed a minimal presence of
publication bias, as the plots were largely symmetrical. This was con-
firmed through Egger’s and Begg’s tests, except for ALT levels in the
comparison between Blacks and Hispanics (p = 0.020 and 0.350 in
Table S5, respectively), HDL-C levels in the comparison between His-
panics and Whites (p = 0.018 and 0.592 in Table S5, respectively),
HOMA-IR levels in the comparison between Blacks and Whites
(p = 0.020 and 0.296 in Table S4, respectively), and ballooning in the
comparison between Blacks and Whites (p = 0.033 and 0.308 in Table
S7, respectively). The corrected effect size was 2.170 (95% Cl: 0.432
—10.909) for ALT levels in the comparison between Blacks and His-
panics, although this was not statistically significant (p value not
altered). Therefore, it can be concluded that the presence of publica-
tion bias had a minimal effect on the statistical significance of the
pooled results.

3.3.8. Sensitivity analysis
We sequentially excluding each individual study and then recal-
culating the total estimates for the remaining studies. As shown in
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A. ALT (UIL)
Asian Black Mean Difference Mean Difference

Study or Subgroup __Mean _SD_Total Mean _SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
‘Weston 2005 61 183 28 39 1 5 128% 2200(1517,28.83) —=
Mohanty 2009 72 422 16 47 341 36 30% 2500 [1.51,48.49)
Bambha 2012 69 215 26 33 258 13 53% 36.00(1967,52.33) ——
Bambha 2012 78 356 28 72 422 14 26% 6.00(19.74,31.74) —
Kim 2020 66 743 69 38 525 6 09% 28.00[17.52,73.52 —
Hullar 2021 289 16 178 214 93 38 163%  7.50(372,11.28) *
Li2022 534 365 80 42 237 14  61% 11.40(-3.25,26.08] S
Zhou 2022 208 17.4 249 248 202 336 169%  5.00[1.94,6.06] -
Nguyen 2023 46 15 2407 355 115 214 180%  10.50(8.85,12.15) &
Bl 2024 22 15 835 19 13 1714 182%  3.00(1.81,419) .
Total (95% CI) 3916 2390 100.0%  11.06[6.63, 15.50] *
Heterogeneity: Tau®= 27.77; Chi*= 91.88, df= 9 (P < 0.00001); = 90% " 5

Test for overall effect Z= 4.89 (P < 0.00001)

C. LDL-C (mg/dL)

Asian Black
Study or Subgroup  Mean  SD _Total Mean

Bambha 2012 12 1481 26 138 47.41 13 193% -26.00[52.39,0.39]
Bambha 2012 a 107 2593 28 97 2883 14 293% 10.00(-7.92,27.82]
Bril 2024 12 35 835 107 36 1714 51.4% 5.00(2.08,7.92)
Total (95% CI) 889 1741 100.0% 0.48[-14.09, 15.06]

Favours [Asian] Favours (Black]

Mean Difference
m, 95% CI

Heterogeneity. Tau®= 105.31; Chi*= 5.57, df= 2 (P = 0.06), F= 64%
Test for overall effect Z= 0.06 (P = 0.95)

E. Inflammation

-50 -25

25 50
Favours (Asian] Favours (Black]

Asian Black 0Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M.H,Random, 95% CI M.H, Random, 95% CI
Mohanty 2009 10 16 9 36 459% 5.00(1.41,17.67) —
Bambha 2012 27 54 13 27 541% 1.08(0.43,2.71)
Total (95% CI) 70 63 100.0% 2.18[0.49,9.76]
Total events 37

Annals of Hepatology 30 (2025) 101780

B. TG (mg/dL)

Asian Black Mean Difference Mean Difference
Study or Subgroup __ Mean __SD_Total Mean __SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Weston 2005 300 3108 28 210 348 5 05% 90.00[29.08,209.09] S
Mohanty 2009 200 1096 16 134 889 36 18% 66.00[4.95127.05
Bambha 2012 178 741 26 102 80 13 24% 76.00(24.02,127.98]
Bambha 2012a 155 718 28 134 674 14 33% 21.00[2322,6522) 1T
Remigio 2017 1865 1698 20 120.2 82 19 1.0% 66.30[-16.75,149.35] |
Zhou 2022 2039 1909 243 138 44 336 107% 6590(41.73,90.07] —
Nguyen 2023 1805 1559 2407 1439 1163 214 207%  36.60(19.82,53.39) ==
Bril 2024 144 116 835 96 65 1714 596%  48.00(39.55,56.45) =
Total (95% CI) 3609 2351 100.0%  48.02[39.85, 56.20] *
Heterogeneity: Tau*= 10.62; Chi*= 7.42, df = 7 (P = 0.39), F= 6%

00 - 1
Testfor overall effect: Z= 11.51 (P < 0.00001) Fg?oursﬁlgswn] Favmﬁg [Blatglo
D. Ballooning
Asian Black 0dds Ratio 0dds Ratio

Study or Subgroup _ Events Total Events Total Weight M.H, Random, 95% CI

M-H, Random, 95% CI

Mohanty 2009 14 16 20 36 432%  560(1.11,28.32)
Bambha 2012 33 54 17 27 568% 0.92(0.36, 2.40]
Total (95% CI) 70 63 1000%  2.01[0.3511.73]
Total events 47 7
Heterogeneity: Tau®= 1.19; Chi*= 3.58, df= 1 (P = 0.06); F= 72% k

-z - 0.001 04 1 10 1000
Testfor overall effect Z= 0.78 (P = 0.44) Favours [Asian] Favours (Black]

F. Significant fibrosis
Asian 0Odds Ratio 0Odds Ratio

Study or Subgroup _Events Total Events Tolal Weight M.H, Random, 95% CI M.H, Random, 95% CI
Mohanty 2009 116 4 36 122% 053(0.05,5.19]
Bambha 2012 15 54 8 27 B1.0% 091(0.33,253]
Kim 2020 370 4 6 204% 0.45(0.08, 2.59] e
Li2022 7o 33 64% 0.14(0.01,3.27) —
Total (95% CI) 154 72 100.0% 0.66 [0.30, 1.45] <>
Total events 1
b ity: Tau? = 0.00; Chi*=1.55, df= 3 (P = 0.67); F= 0% by preed

22
Heterogeneity: Tau*= 0.86; Chi*= 3.70, df= 1 (P = 0.05); F= 73% 0.001
Testfor overall effect: Z=1.02 (P = 0.31) £

o1 1 10 1000
avours [Asian] Favours [Black]

Testfor overall effect: .04 (P=030)

. 10
Favours [Asian] Favours [Black]

Fig. 3. Forest plot of the included trials comparing Asian and Black MASLD patients regarding biochemical indicators (A-C) and histological features (D-F).
A. ALT (U/L); B. TG (mg/dL); C. LDL-C (mg/dL); D. Ballooning; E. Inflammation; F. Significant fibrosis.
2 Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD.

A. ALT (UL)
Asian Hispanic Mean Difference Mean Difference
{0 U n 5% CI. 95
Weston 2005 61 183 28 60 32 45 7.3% 1.00[10.55,12.55]
Nelson 2007 1291 571 12 116 519 12 0.9% 13.10[-30.56, 56.76)
Mohanty 2009 72 422 16 76 482 32 23% -4.00[-3058,2258) |
Tabibian 2011 70 47 16 555 43 18 18% 14.50[-15.91,44.91) =
Bambha 2012 63 215 26 60 178 44 86% 9.00 [-0.80,18.80] —
Bambha 2012a 78 356 28 69 237 74 58% 9.00 [-5.25, 23.25)
Kim 2020 66 743 69 885 1765 180 18% -22.50[-53.68, 8.68] —
Hullar 2021 289 16 178 25 136 143 138% 3.90(0.66,7.14)
Zhou 2022 298 174 249 317 295 514 137% -1.90[-5.24,1.44] -
Nguyen 2023 46 15 2407 46 16 2604 148% 0.00 [-0.86, 0.86)
Wong 2023 50 176 762 38 142 539 145% 1200(10.27,13.73) ¥
Bril 2024 22 15 835 25 19 1568 14.7% -3.00[-4.39,-1.61] »
Total (95% CI) 4626 5773 100.0% 2.85[-1.54,7.24] .
Heterogeneity: Tau*= 33.73; Chi*= 205.15, df= 11 (P < 0.00001); F= 95% 0 5 25 20

Test for overall effect Z=1.27 (P = 0.20)

C. LDL-C (mg/dL)

Favours [Asian] Favours [Hispanic]

B. TG (mg/dL)

Asian Hlspamc Mean Difference
a otal_M a I\

Wesion 2005 300 3108 28 255 3158 45 11% 35 00(11253 182.53]
Nelson 2007 1866 583 12 1897 996 12 47% -3.10-68.40, 62.20)
Mohanty 2009 200 1096 16 164 57 32 58%  36.00[21.22,9322)
Tabibian 2011 204 1178 16 172 140 18 29% 32.00[-54.69,118.69
Bambha 2012 178 741 26 122 326 44 127% 56.00 [25.93, 86.07)
Bambha 20123 155 719 28 136 274 74 138%  19.00(-8.3546.35)
Remigio 2017 1865 169.8 20 1742 733 69 37%  1230(64.10,88.70]
Zhou 2022 2039 1909 249 2022 1791 514 134% 1.70-26.62, 30.02)
Nguyen 2023 1805 1559 2407 1949 241 2604 208%  -14.40[-2556,-3.24)
Bril 2024 144 116 835 152 140 1568 21.1% -8.00-18.48,2.48)
Total (95% Cl) 0 100.0% 8.99(6.93, 24.90]

Mean Difference

>

Heterogeneity: Tau"= 283,97, Chi*= 25.04, df= 8 (P = 0.003); F'= 64%
Testfor overall effect Z=1.11 (P=0.27)

D. Significant steatosis

100 -50
Favours [Asian] Favours [Hispanic]

Asian Hispanic Mean Difference Mean Difference Asian Hispanic 0dds Ratio 0dds Ratio
u D it IV D a a eig a Rand
Tabibian 2011 Tas 359 16 123 302 18 51% 34028652185 —— Mohanty 2009 10 16 18 32 309% 130 10.38, 4 ‘3] — .
Bambha 2012 112 1481 26 113 20 44 266%  -1.00(8.21,7.21) —r— Tabibian 2011 ITRERT o 18 286% 220(0.54,8.96] ——
Bambha 20123 107 2593 28 119 1141 74 21.6% -12.00(21.93,-207) ——] 1 : -
Bl 2024 112 35 835 111 35 1568 467%  1.00(1.94,394] o Weng 2623 26 12 95 58 U0SR  ASNRORAZEY
Total (95% CI) 905 1704 100.0%  -257[-858,3.45] - Total (as%iCy) L S8y Hooo%  323[0s8s;1227] -
Heterogeneity: Tau®= 17.94; Chi*= 6.16, df= 3 (P = 0.10); "= 51% 50 50 I.f{’;ﬁ;i’:;, Taur=1.11; c‘n’ 089, uv 7 (P=10.004), F= 82% y
Testfor overall effect Z= 40 h 8 N e i 0.001 01 10 1000
Favours [Asian] Favours [Hispanic]
Testfor overall effect Z=1.72 (P = 0.08) Favours [Asian] Favours [Hispanic]
E. Ballooning F. Inflammation
Asian Hispanic 0dds Ratio Odds Ratio Asian Hispanic Odds Ratio Odds Ratio
or Subgroup _Events Total Events Total Weight M.H, Random, 95% CI M.H, Random, 95% CI udy or Subaroup _ Events Total Events Total Weight M.H, Random, 95% CI M.H, Random, 95% CI
Mohanty 2009 14 16 21 32 90%  367(0.70,1912 — Mohanty 2009 10 16 15 32 54% 1.89(0.55, 6.45) —
Bambha 2012 33 54 83 118 321% 0.66(0.34,1.30] — Tabibian 2011 14 16 17 18 13% 0.41[0.03,5.03) —
Wong 2023 456 762 314 539 58.9% 1.07 [0.85,1.34] 1 Bambha 2012 27 54 72 118 17.5% 064(033,1.22) —aT
Wong 2023 283 762 198 539 758% 1.02(081,1.28)
Total (95% CI) 832 689 100.0% 1.02[0.60, 1.75] >
Total events 503 418 Total (95% CI) 848 707 100.0% 0.96[0.72, 1.28]
Heterogeneity: Tau*= 0.11; Chi*= 4.01, df= 2 (P = 0.13), F= 50% = = = =5 Total events 334 302
Test for overall effect Z= 0.09 (P = 0.93) Favours [Asian] Favours [Hispanic] ?e(f;ugenem?l T;u’(:;.uﬁ,zcghlp 373 df=3(P=034),F=10% 0.02 1 1 10 20
estfor overall effect. Z=0.29 (P = 0.77) Favours [Asian] Favours [Hispanic]
G. Significant fibrosis H. NASH
Asian Hispanic Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M.H,Random, 95% Cl M.H, Random, 95% Cl
Mohanty 2009 118 9 32 58% 0.17(0.02,1.49) B
Tabibian 2011 5 186 8 18 113% 057(0.14,232] i Asian Hispanic Odds Ratio Odds Ratio
Bambha 2012 15 54 20 118 219% 1.88(0.88, 4.05) T p__Eve a Ra %
Kim 2020 33 70 103 181 269% 0.68(0.39,1.18) —= Bamhna 2012 38 54 88 118 105% 077(038,1 59]
Wong 2023 514 762 312 533 34.1% 1.511(1.20,1.89) Wong 2023 556 762 384 539 895% 1.09(0.85,1.39)
Total (95% CI) 918 888 100.0% 101057, 1.78] < Total (95% CI) 816 657 100.0% 1.05[0.83, 1.33]
Total events 568 452 Total events 594 473
Heterogeneity. Tau*= 0.24; Chi*= 12.59, df= 4 (P = 0.01); F= 68% Tau*= 0.00; Chi*= 0.78, df= 1 (P = 0.38), F= 0% :
0.002 01 10 500 01 02 05 1 2 5 10
Test for overall effect Z= 0.02 (P = 0.98) Favours [Asian] Favours [Hispanic] Test for overall effect Z= 0.42 (P = 0.67) Favours [Asian] Favours [Hispanic]

Fig. 4. Forest plot of the included trials comparing Asian and Hispanic MASLD patients regarding biochemical indicators (A-C) and histological features (D-H).
A.ALT (U/L); B. TG (mg/dL); C. LDL-C (mg/dL); D. Significant steatosis; E. Ballooning; F. Inflammation; G. Significant fibrosis; H. NASH.
@ Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD.
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A.ALT (UIL) B. TG (mg/dL)
Black White Mean Difference Mean Difference Black White Mean Difference Mean Difference
Study or Subgroup _Mean _ SD Total Mean SD Total Weight IV, Random, 95%Cl IV, Random, 95% Cl _Study or Subgroup  Mean _ SD Total Mean SD Total Weight  IV.Random,95%Cl  IV.Random,95%Cl
Weston 2005 39 1 5 53 948 71 1.4% -14.00[-36.07,8.07] Weston 2005 210 348 5 266 1925 71 29% -5600(11018,-182 — |
Mohanty 2009 47 341 36 57 452 154  32% -10.00[2323,3.23) Mohanty 2009 134 889 36 214 1237 154  5.4% -80.00[115.00,-45.00]
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Fig. 5. Forest plot of the included trials comparing Black and White MASLD patients regarding biochemical indicators (A-D) and histological features (E-I).
A. ALT (U/L); B. TG (mg/dL); C. LDL-C (mg/dL); D. HOMA-IR; E. Significant steatosis; F. Ballooning; G. Inflammation; H. Significant fibrosis; I. NASH.
2 Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD. ® NAFLD patients with single-nucleotide polymorphism TM6SF2 rs58542926 CC

genotype from the same research enrolling patients with CT/TT genotype.

supplementary materials (Figure S4, S7, S10, S13, S16, S19), none of
the studies significantly changed the conclusion in the analysis for
liver enzymes, serum lipids, FBG, HbAlc and histological features,
suggesting that our statistics were relatively robust and reliable.

3.4. Summary of metabolic parameters and histological characteristics
in four ethnic groups

The SUCRA of network meta-analysis indicated that Asians had
the highest probability of elevated serum ALT levels (84.4%, Fig. 8A),
followed by Hispanics (79.2%), Whites (35.8%), and Blacks (0.6%).
Asians also ranked highest in serum CHOL (98.5%, Fig. 8C) and TG
(89.2%, Fig. 8D) levels. Hispanics were ranked highest in serum LDL-C
levels (74.5%), followed by Whites (72.1%), Asians (35.0%), and Blacks
(18.4%), as well as FBG levels (78.1%), followed by Blacks (53.1%),
Asians (40.6%), and Whites (28.2%). Blacks had the lowest rankings in

liver enzymes and lipid metabolism but the highest probabilities of
HbA1c (80.2%, Fig. 8H) and HOMA-IR (82.3%, Fig. 8I) levels.

In terms of liver histological features, Whites had the highest risks
for significant liver steatosis (86.9%, Fig. 8]) and significant fibrosis
(86.2%, Fig. 8M). Hispanics were ranked highest in risks for liver
inflammation (87.2%, Fig. 8]) and NASH (79.0%, Fig. 8M), while Asians
were ranked highest in the risk of liver ballooning with 77.6%.

3.5. Meta-regression analysis

A random-effects meta-regression analysis was conducted using
available data to examine the influence of mean age, the proportion
of men and BMI on the metabolic and histological characteristics of
patients with MASLD. The findings of the univariate meta-regression
are outlined in Table S8. When comparing the risk of significant stea-
tosis between Asian and White individuals, the proportion of men
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Fig. 6. Forest plot of the included trials comparing Black and Hispanic MASLD patients regarding biochemical indicators (A-D) and histological features (E-H).
A. ALT (U/L); B. TG (mg/dL); C. LDL-C (mg/dL); D. HOMA-IR; E. Ballooning; F. Inflammation; G. Significant fibrosis; H. NASH.
2 Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD. ® NAFLD patients with single-nucleotide polymorphism TM6SF2 rs58542926 CC

genotype from the same research enrolling patients with CT/TT genotype.

was identified as a slight but significant confounding factor (regres-
sion coefficient beta = -78.14, p = 0.036). Additionally, age was found
to be a confounding factor in the comparison of serum ALT (regres-
sion coefficient beta = 0.049, p = 0.041) and the risk of significant
steatosis (regression coefficient beta = 0.667, p = 0.047), while the
proportion of men was a confounding factor for significant steatosis
(regression coefficient beta = -70.937, p = 0.047) between Asian and
Hispanic individuals. In the comparison between Hispanic and White
individuals, age was identified as a confounding factor for the risk of
liver inflammation (regression coefficient beta = -0.044, p = 0.033),
while BMI affected serum HbA1lc (regression coefficient beta = -
0.056, p = 0.030). Notably, no significant correlation was found in any
other pair of comparisons.

4. Discussion

With the surging global epidemic of MASLD, the number of stud-
ies about MASLD continues to grow [42]. To our knowledge, this
study is the first comprehensive meta-analysis to pool the discrep-
ancies in metabolic profiles and histological features among Cauca-
sian White, Black, Asian, and Hispanic populations. In the pair
comparisons between each pair of ethnicities, we confirmed the
existence of diverse ethnicity in MASLD and specifically demon-
strated that Asian individuals have lower LDL-C levels than Cauca-
sian individuals, more severe hyperlipidemia than Black individuals,
and a comparative metabolic dysfunction phenotype to Hispanic
individuals. Distinct patterns in the MASLD histological

characteristics were observed among Hispanic individuals, White
individuals and Black individuals. Hispanic individuals tended to
present with more severe liver inflammation, but Black individuals
presented with less severe liver inflammation. Also, our findings
provide a strong evident for the view that there is more severe liver
ballooning in Asian MASLD patients than in the other three ethnici-
ties. The results of meta-regression analysis indicated that the mean
age, male proportion, and BMI had no significant impact on the met-
abolic and histological characteristics on the majority of compari-
sons across different ethnic groups of MASLD patients. Therefore,
the results of this study were statistically reliable.

It is notable that although Asian patients with MASLD exhibited
higher serum CHOL and TG levels than other three ethnic groups. The
discrepancies in the serum lipid profiles might indicate that Asian
MASLD patients had a higher risk of MetS; this suggests distinct
serum and hepatic lipid associations between Asian MASLD patients
and patients from other ethnic groups. A meta-analysis of 80 studies
from 20 countries revealed a global MASLD prevalence of 55.5% (95%
Cl 47.3-63.7) among T2DM patients, with the highest prevalence
(68.0%, 95% CI 62.1—-73.0%) reported in European studies [43]. The
study also found that MASLD patients of four ethnicities all had a
T2DM prevalence of around 30%. MASLD and MetS are closely linked
to insulin resistance and are often complicated by T2DM and cardio-
vascular disease (CVD), which are major causes of mortality among
MASLD patients [44]. The use of anti-hyperglycemic drugs such as
GLP-1 receptor agonists has been shown to effectively reduce body
weight, liver injury indices, and liver fat content [45].
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Fig. 7. Forest plot of the included trials comparing Hispanic and White MASLD patients regarding biochemical indicators (A-D) and histological features (E-I).
A. ALT (U/L); B. TG (mg/dL); C. LDL-C (mg/dL); D. HOMA-IR; E. Significant steatosis; F. Ballooning; G. Inflammation; H. Significant fibrosis; I. NASH.
2 Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD. > NAFLD patients with single-nucleotide polymorphism TM6SF2 rs58542926 CC

genotype from the same research enrolling patients with CT/TT genotype.

MASLD and CVD share similar cardiometabolic conditions such as
abnormal lipid metabolism, oxidative stress, systemic inflammation,
hepatic insulin resistance, and adipose tissue dysfunction. MASLD
patients exposed to these risk factors are at an increased risk of CVD
[46]. Desai et al. studied 409,130 hospitalizations of MASLD patients
from various ethnicities and did not find a significant difference in
the risk of CVD or CVD-related mortality. However, there are limita-
tions in the study including disparities in ethnicity representation
and a lack of long-term follow-up in hospitalizations [47].

A trial study of 822 participants conducted in Canada adopted CT
scans to assess abdominal adipose tissue and total body fat and found
that Asian individuals tended to have more visceral and subcutane-
ous abdominal fat than European individuals for a given body fat

10

mass [48]. Another study of 4504 patients from 5 ethnic groups
(White individuals, African Caribbean Black individuals, Hispanic
individuals, East Asian individuals, and Southeast Asian individuals)
also revealed that East Asian individuals had more fat accumulation
in viscera by CT scan than European individuals and African Black
individuals [49]. Both studies assumed that increased visceral fat and
subcutaneous fat contribute to the high prevalence of MetS in Asian
individuals [49,50]. Zhang et al. found that American individuals,
albeit having less visceral fat than Chinese individuals, and MetS
were associated with the absence of advanced hepatic fibrosis in
MASLD individuals after matching for age, sex, and BMI category, and
MetS was associated with moderate or severe hepatic steatosis [51].
Furthermore, these results might be different from the previous



L. Lin,J. Lai, L. Luo et al.

Annals of Hepatology 30 (2025) 101780

A ALT B AST C CHOL
@ — - Asians o~ ——Hispanics @ ~ - Asians
2 (84.4%) 2 (86.4%) 2 (98.5%)
3 9+ ——Hispanics T © o Asians 5 @ ——Whites
s (792%) 8 (73.9%) 8 (64.1%)
2 @4 — Whites g %0 4 ——Whites 2 © ——Hispanics
= (35.8%) = (39.5%) % (36.4%)
& A Blacks & A Blacks 2 A Blacks
B (0.6%) § (0.2%) g (1.0%)
g N1 g N4 g N
3 3 3
[ 9 = ° (= | ° o A
T T T T T T T T T T T T
1 2 4 1 2 3 4 1 2 4
Rank Rank Rank
D TG E HDL-C F LDL-C
o - Asians 0 ~ Blacks » - ——Hispanics
2 (89.2%) 2 (99.2%) 2 (74.5%)
3 9+ ——Whites 3 9 Asians 3 9 ——Whites
s (64.7%) & (56.6%) 8 (72.1%)
o © - ——Hispanics £ © - ——Whites g © - Asians
% (46.1%) % (43.2%) t (35.0%)
2 YA Blacks 2 YA Hi i 2 YA Blacks
§ (0.0%) § (1.1%) 5 (18.4%)
E V1 E N1 E Y1
3 3 3
D s O ¢ =
T T T T T T T T T T T T
1 2 4 1 2 3 4 1 2 4
Rank Rank Rank
G FBG H HbA1c I HOMA-IR
0w ~ ——Hispanics 0~ Blacks o - Blacks
2 (78.1%) 2 (80.2%) 2 (82.3%)
Z o Blacks 3 Asians T 94 ——Hispanics
K (53.1%) 8 (59.1%) & (73.4%)
S ©4 Asians 2 © ——Hispanics 2 © - Asians
t (40.6%) % (50.8%) t (34.9%)
2 YA ——Whites Z A ——Whites 2 YA ——Whites
k] (282%) & (0.0%) % (9.5%)
£ " g i —/ g M~
3 3 3
o o [SRP o o
T T T T T T T T T T T T
1 2 4 1 3 4 q 2 3 4
Rank Rank Rank
J Significant steatosis K Ballooning L Inflammation
@ < —Whites @ = Asians o Hi i
2 (86.9%) 2 (77.6%) 2 (87.2%)
3 94 Asians T 0 ——Hispanics 3 ®© Asians
i (46.0%) i (58.1%) 3 (75.8%)
S © 4 ——Hispanics £ © - —— Whites S © ——Whites
t (40.7%) ’; (46.3%) t (27.1%)
2 o Blacks 2 ‘Me Blacks z < Blacks
5 (26.4%) 8 (180%) & (9.9%)
E NA g N E N
5 5 5
(S S o o o
T T T T T T T T T T T T
1 3 4 1 2 4
! Rank 3 4 Rank Rank
M Significant fibrosis N NASH
@ - —— Whites o ——Hispanics
2 (86.2%) 2 (79.0%)
3 9+ Blacks 3 @ ——Whites
= (57.5%) s (63.9%)
2 © Hispani S © Asians
o (38.8%) o (45.8%)
2~ Asians 2 < Blacks
g (17.6%) g (11.3%)
E V1 g A
3 3
P s
T T T T T T T T
1 2 3 4 1 3 4

Rank

Rank

Fig. 8. Surface under the cumulative ranking curve analysis regarding biochemical indicators (A-I) and histological features (J-N) in MASLD patients from four ethnic groups.
(A) ALT (U/L); (B) AST (U/L); (C) CHOL (mg/dL); (D) TG (mg/dL); (E) HDL-C (mg/dL); (F) LDL-C (mg/dL); (G) FBG (mg/dL); (H) HbAc1(%); (I) HOMA-IR; (J) Significant steatosis; (K)

Inflammation; (L) Ballooning; (M) Significant fibrosis; and (N) NASH.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHOL, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipo-
protein- cholesterol; FBG, fasting blood glucose; HOMA-IR, homeostasis model assessment of insulin resistance; NASH, nonalcoholic steatohepatitis.

phenomenon that various body fat distribution patterns differ among
ethnic groups, as Asian individuals presented with a relatively greater
amount of abdominal adipose tissue than European individuals, inde-
pendent of BMI. And obese patients of African descent had decreased
rates of visceral fat compared with patients of other ethnicities [52].
Influenced by various factors such as genes, environment and diet,
gut microbiota is closely related to MetS and varies across ethnicities,
which might attribute to the ethnic heterogeneity in MASLD. In a
study comprising 3443 individuals (1127 Dutch, 292 Ghanaian, 324
South-Asian Surinamese, 773 African Surinamese, 366 Turk and 561
Moroccan participants) of HELIUS study for investigating fecal micro-
bial composition, ethnic-specific associations for a-diversity and the
Ruminococcaceae, Christensenellaceae, and Methanobrevibacter tro-
phic network (higher abundance was related to better MetS
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outcomes) were only significant in the Dutch groups [53]. Another
study of 279 Danish and 294 Indian participants showed enrichment
of Prevotella group 9, Megasphaera and Lactobacillus in the Indian
stool samples, but a higher abundance of Bacteroides in the Danish
individuals [54]. When there is a substantial change in dietary com-
position, such as a marked increase in meat intake and a decrease in
plant-based fiber, the abundance of the gut microbiota is significantly
altered. Environmental exposures seem to have a greater influence
on shaping gut microbiota than host genetics [55].

Regarding histological characteristics of biopsy-confirmed MASLD
patients, our results were consistent with earlier meta-analysis find-
ings [4], in which the Black individuals exhibit milder liver histologi-
cal features such as ballooning and inflammation compared to the
other three ethnic groups. Hepatocytic ballooning degeneration
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might be derived from damaged hepatocyte mitochondria and
related reduction under overoxidation with over load of free fatty
acids [56]. Therefore, it might be hypnotized that Asians were being
with more visceral adiposity compared with other ethnicities rela-
tively at the same levels of weight [57]. Moreover, weight gain can
induce worse metabolic responses in South Asian compared with
White European including greater decrease in insulin sensitivity that
cause free fatty acids release from visceral adiposity [58,59]. Our
study indicated that Black MASLD individuals exhibited better serum
lipid metabolism profiles and liver enzymes levels than other three
ethnic groups with sufficient data. However, other potential patho-
physiological mechanisms, genetic factors, environmental influences,
or epigenetic aspects that might explain this phenomenon remain
not clear.

Genes involved in lipolysis or lipogenesis pathways play an
important role in how the components of MetS affect the onset and
progression of MASLD in patients from different ethnic groups, par-
ticularly the most reported genetic polymorphism in PNPLA3 and
TMG6SF2. The PNPLA3 gene plays a key role in the secretion of very
low-density lipoprotein from the liver, and its genetic variant 1148M
has been shown to increase the risk of fat accumulation and liver
injury under environmental stress, as well as the risk factor for prog-
ress in liver histology, especially PNPLA3 G allele [60,61]. It has been
reported that the prevalence of PNPLA3 G allele is highest in Ameri-
cans (45%), lowest in Africans (15%), moderate among East Asians
(35%) and Europeans (23%) [62]. Another study reported that the
prevalence of G allele in Hispanic Americans (40%) was almost twice
that of African Americans (19%) [63]. Another reported SNP is the
1s58542926 (E167K) variant, which is associated with a higher risk of
liver steatosis and advanced fibrosis [64]. The frequency of minor T
allele of the E167K variant is higher in East Asians (34%) than that in
Europeans (26%), Hispanics (10%), and Africans (6%) [65]. In summary,
the differences in genetic distribution partially explain the results
that Black individuals with MASLD exhibit milder liver histological
features such as ballooning and inflammation compared to the other
three ethnic groups.

Metabolic phenotypes may vary among different ethnic groups. A
deeper understanding of the interaction between genetics and life-
style factors could facilitate the development of tailored pharmaceut-
icals and provide personalized lifestyle recommendations for
individuals with MASLD. Evidence-based medicine is essential in
managing diseases across diverse ethnic groups, especially in pre-
venting and delaying liver cirrhosis, as well as related complications
such as T2DM and CVD. For populations with more severe histologi-
cal features, such as significant liver fibrosis that may progress to cir-
rhosis or liver cancer, vigilant monitoring and timely intervention are
crucial in clinical practice.

4.1. Study strengths and limitations

One advantage of this meta-analysis was that it is the first to
investigate the metabolic and histological discrepancies of MASLD
among Caucasian White patients, African American Black patients,
Asian patients, and Hispanic patients. Another strength was that his-
topathological evaluation for MASLD liver injury is the gold standard
and provided cogent evidence for the conclusion.

Certainly, limitations were inevitable. First, although a compre-
hensive and systematic search strategy was used, lean or nonobese
MASLD patients lacked analysis. Second, the use of a random-effects
model could only partially diminish but not obviate the statistical
heterogeneity in this meta-analysis. Third, most of the studies in the
meta-analysis lacked subgroup analysis, such as age, sex, and BMI.
These studies also did not provide detailed information on potential
confounding factors like socioeconomic status or lifestyle, which are
known to be closely related to MASLD and can vary among different
ethnic groups. Fourth, only three databases were selected in this
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study, so including additional databases might have been beneficial,
as well as regional databases from each continent, which may affect
the representativeness of the results. Furthermore, the selection bias
in the inclusion of only English-language articles should not be
ignored. Lastly, the pooled prevalence of T2DM in the study was 33%,
and the use of anti-hyperglycemic drugs like GLP-1 receptor agonists
could potentially change the clinical characteristics of MASLD.

As new related research emerges, ongoing updates to this study
will help to uncover the specific reasons behind the ethnic disparities
observed in the clinical characteristics of MASLD.

5. Conclusions

This meta-analysis revealed that Asian MASLD patients may have
a higher risk of abnormal lipid metabolism but similar liver injury
severity compared to the other groups. Hispanic and White MASLD
patients exhibited more severe histological features. Further research
is necessary to validate these results and to fully understand the
underlying reasons for the variation in clinical features among differ-
ent ethnic groups.
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