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A B S T R A C T

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% CI: 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 España, S.L.U. on behalf of Fundación Clínica 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/)
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1. Introduction

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

steatosis indicated by imaging or histology, along with at least one

cardiometabolic criterion. MASLD includes different histological pre-

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% CI 21.6

−24.1%) thanWhite individuals (14.4%, 95% CI 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-rs58542926, HSD17B13-rs80182459 + rs72613567, MBOAT7/

TMC4-rs641738, 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% ofWhite 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.

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), g-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 ReviewManager 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 (CIs). 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 I2 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

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.

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/m2) NOS score

White Black Hispanic Asian White Black Hispanic Asian White Black Hispanic Asian

Solga 2005 [6] USA Biopsy 28/149 1/17 - - 44.0 § 9.5 37.2 § 7.8 - - 54.4 § 11.4 61.5 § 14.7 - - 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 34.2 26.8 9

Nelson 2007 [10] USA/CAN Biopsy 50/98 - 7/12 7/12 48.7 § 11.1 - 50.1 § 11.8 43.9 § 12.6 32.7 § 5.3 - 32.4 § 3.9 29.0 § 3.6 6

Kallwitz 2009 [18] USA Biopsy 32/110 21/92 7/36 - 44.0 § 10.0 42.0 § 9.0 39.0 § 8.0 - 56.3 § 11.0 55.4 § 8.4 53.6 § 9.3 - 7

Mohanty 2009 [19] USA Biopsy 59/154 13/36 13/32 10/16 45.5 § 11.5 47.4 § 11.5 40.0 § 13.3 46.7 § 16.7 38.8 § 12.5 36.2 § 9.4 37.1 § 9.6 29.3 § 5.5 7

Lomo-co 2011 [20] USA Biopsy /MRI 21/56 - 36/96 - 53.0 § 1.0 - 50.0 § 1.0 - 34.0 § 1.0 - 34.0 § 1.0 - 7

Tabibian 2011 [21] USA Biopsy 22/47 - 7/18 10/16 51.6 § 9.4 - 41.6 § 13.2 49.4 § 10.1 32.3 § 7.5 - 32.3 § 6.1 26.1 § 5.9 7

Bambha 2012 [22] USA Biopsy 285/785 3/27 45/118 32/54 48.4 § 1.9 51.6 § 10.9 38.0 § 5.9 43.3 § 7.6 34.1 § 1.0 38.1 § 5.3 33.7 § 2.9 27.4 § 2.4 9

Foster 2013 [23] USA CT 94/189 36/106 94/208 - 61.5 § 9.2 63.5 § 9.3 59.3 § 9.9 - 31.4 § 5.1 32.8 § 5.8 31.7 § 5.3 - 8

Garcia 2015 [24] USA Biopsy /MRI 0/54 0/16 - - 43.4 § 1.2 39.5 § 2.2 - - 43.8 § 0.8 43.9 § 2.0 - - 7

Panigrah 2015 [25] India Biopsy /Ultrasound 253/451 - - 519/633 47.5 - - 45.6 32.6 § 5.3 - - 26.2 § 3.4 5

Goffredo 2016 [26] USA MRI 24/64 7/18 35/76 - 13.8 § 3.7 13.4 § 3.4 12.8 § 3.7 - 32.7 § 7.4 34.4 § 8.0 31.9 § 7.1 - 8

Lee 2017 [27] USA MRI 8/8 5/5 - - 15.1 § 1.4 14.4 § 2.1 - - 36.5 § 5.7 38.1 § 3.3 - - 7

Remigio 2017 [28] USA CT 34/64 6/19 28/69 45,616 61.5 § 8.3 62.9 § 9.7 60.3 § 9.1 65.2 § 11.3 31.0 § 4.6 30.9 § 5.3 31.2 § 4.7 25.6 § 2.9 9

Trico 2018 [29] USA Biopsy /MRI 39/82 12/21 61/106 - 13.2 § 2.8 14.1 § 2.6 13.1 § 2.8 - 33.9 § 5.5 38.5 § 6.0 32.7 § 6.1 - 9

Kim 2020 [30] USA Biopsy 9/21 4/6 85/180 33/69 46.5 48.6 45.3 48.4 31.4 32.6 34.2 29.5 7

Marella 2020 [31] USA Ultrasound /CT /MRI 83/309 28/172 - - 43.8 § 10.8 42.1 § 8.7 - - 44.0 § 6.8 45.7 § 7.8 - - 5

Hullar 2021 [32] USA MRI 31/67 15/38 67/143 78/178 41.7 43.4 42.3 47.5 33.1 31.3 32.4 28.6 8

Kubiliun 2022 [33] USA Biopsy /Ultrasound /CT /MRI 206/429 21/57 287/668 - 56.9 § 12.1 53.9 § 10.6 52.3 § 11.4 - 31.9 § 7.6 32.9 § 7.2 32.9 § 7.1 - 9

Li 2022 [34] USA/UK Biopsy /Ultrasound /CT /MRI 48/83 10/14 - 47/80 55.0 § 13.6 47.9 § 11.8 - 49.3 § 11.3 35.5 § 8.6 33.3 § 8.9 - 29.8 § 4.8 8

Younossi 2022 [35] Multi-centera Biopsy /Ultrasound /CT /MRI 690/1500 - - 577/946 54.4 § 11.1 49.0 § 11.3 52.5 § 14.1 44.2 § 11.5 40.8 § 8.8 33.6 § 6.2 28.2 § 4.8 27.0 § 4.0 8

Zhou 2022 [36] USA FibroScan 360/642 161/336 293/514 147/249 53.0 § 19.5 50.0 § 24.9 45.0 § 29.9 49.0 § 23.2 33.9 § 12.7 36.4 § 9.2 33.1 § 9.1 29 § 4.7 8

Nguyen 2023 [37] USA Ultrasound/CT/MRI 2387/4115 83/214 982/2604 1336/2407 54.1 § 14.9 51.4 § 15.2 44.5 § 15.2 48.3 § 15.4 32.3 § 6.7 36.1 § 9.9 33.5 § 7.5 28.0 § 5.0 8

Wong 2023 [38] Six-centerb Biopsy 751/1734 - 221/539 403/762 59.0 § 8.9 - 57.0 § 9.6 58.0 § 11.1 34.2 § 6.2 - 32.8 § 6.0 28.2 § 4.6 9

Bril 2024 [39] USA FibroScan 1121/2242 806/1714 753/1568 409/835 52.0 § 20.0 48.0 § 18.0 45.0 § 17.0 46.0 § 16.0 29.7 § 7.2 31.1 § 8.3 30.0 § 6.2 25.8 § 4.8 7

Elsaid 2024 [40] USA Ultrasound 475/1029 288/756 483/1115 - 46.3 § 0.6 41.2 § 0.5 39.4 § 0.6 - 28.6 § 0.4 30.0 § 0.4 29.3 § 0.3 - 8

Samala 2024 [41] USA Biopsy 745/1910 27/109 - - 51.4 § 11.9 51.6 § 11.3 - - 35.1 § 6.7 36.9 § 6.6 - - 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).
a 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 (I2 = 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 (I2 = 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

(I2 = 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 (I2 = 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

(I2 = 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, S14, S17).

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).

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) 46.84 (42.10, 51.58) 43.85 (41.82, 45.87) 46.83 (43.10, 50.56) 42.79 (39.54, 46.04)

LDL-C (mg/dL) 111.87 (109.75, 113.98) 107.70 (103.68, 111.72) 108.64 (103.30, 113.97) 107.89 (103.52, 112.25)

FBG (mg/dL) 110.08 (101.31, 118.85) 110.01 (105.59, 114.42) 110.62 (102.14, 119.09) 114.04 (104.58, 123.51)

HbAc1 (%) 6.38 (6.01, 6.76) 6.24 (5.96, 6.51) 6.20 (5.96, 6.45) 6.00 (5.76, 6.24)

HOMA-IR 4.31 (3.33, 5.29) 4.29 (3.41, 5.17) 5.28 (3.43, 7.13) 4.37 (3.06, 5.67)

Percentage of histological features

Significant steatosis (%) 54 (31, 77) 52 (22, 82) 28 (4, 60) 46 (3, 90)

Inflammation (%) 58 (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 (%) 38 (15, 62) 37 (21, 53) 19 (13, 26) 39 (24, 54)

NASH (%) 73 (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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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. 6H) 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% CI: 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

Fig. 2. Forest plot of the included trials comparing Asian andWhite 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.
a Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD.
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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.
a Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD.

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.
a Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD.
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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, HbA1c 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. 8J) and significant fibrosis

(86.2%, Fig. 8M). Hispanics were ranked highest in risks for liver

inflammation (87.2%, Fig. 8J) 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

Fig. 5. Forest plot of the included trials comparing Black andWhite 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.
a Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD. b NAFLD patients with single-nucleotide polymorphism TM6SF2 rs58542926 CC

genotype from the same research enrolling patients with CT/TT genotype.
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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 HbA1c (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%

CI 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].

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.
a Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD. b NAFLD patients with single-nucleotide polymorphism TM6SF2 rs58542926 CC

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

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

Fig. 7. Forest plot of the included trials comparing Hispanic andWhite 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.
a Patients diagnosed as NASH from the same research enrolling patients with simply NAFLD. b NAFLD patients with single-nucleotide polymorphism TM6SF2 rs58542926 CC

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

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

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.
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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

TM6SF2. The PNPLA3 gene plays a key role in the secretion of very

low-density lipoprotein from the liver, and its genetic variant I148M

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

rs58542926 (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

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.

Funding

This study was supported by a grant from the National Natural

Science Foundation of China (NO. 82100648, 81870404, 81670518),

Guangdong Basic and Applied Basic Research Foundation

(NO.2022A151501225369) and China Postdoctoral Science Founda-

tion (NO.2020M683128).

Declaration of interests

None.

CRediT authorship contribution statement

Limin Lin: Data curation, Formal analysis, Writing − original draft.

Jiaming Lai: Data curation, Formal analysis. Ling Luo: Formal analy-

sis. Junzhao Ye: Data curation, Writing − review & editing. Bihui

Zhong: Conceptualization, Funding acquisition, Supervision, Writing

− review & editing.

Acknowledgments

We are grateful to Professor Aihua Lin from Department of Medi-

cal Statistics, School of Public Health, Sun Yat-sen University, for pro-

viding her assistance in statistical analysis to this study.

Data availability statement

The datasets generated and/or analysed during the current study are

available in the [PubMed, Embase andWeb of Science] repository.

Supplementary materials

Supplementary material associated with this article can be found

in the online version at doi:10.1016/j.aohep.2025.101780.

References

[1] EslamM, Sarin SK, Wong VW, Fan JG, Kawaguchi T, Ahn SH, et al. The Asian Pacific
Association for the Study of the Liver clinical practice guidelines for the diagnosis
and management of metabolic associated fatty liver disease. Hepatol Int 2020;14
(6):889–919. https://doi.org/10.1007/s12072-020-10094-2.

[2] Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, et al. A multi-
society Delphi consensus statement on new fatty liver disease nomenclature. Ann
Hepatol 2024;29(1):101133. https://doi.org/10.1016/j.aohep.2023.101133.

L. Lin, J. Lai, L. Luo et al. Annals of Hepatology 30 (2025) 101780

12

https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100001809
https://doi.org/10.13039/501100021171
https://doi.org/10.13039/501100002858
https://doi.org/10.13039/501100002858
https://doi.org/10.1016/j.aohep.2025.101780
https://doi.org/10.1007/s12072-020-10094-2
https://doi.org/10.1016/j.aohep.2023.101133


[3] Wong VW, Ekstedt M, Wong GL, Hagstr€om H. Changing epidemiology, global
trends and implications for outcomes of NAFLD. J Hepatol 2023;79(3):842–52.
https://doi.org/10.1016/j.jhep.2023.04.036.

[4] Rich NE, Oji S, Mufti AR, Browning JD, Parikh ND, Odewole M, et al. Racial and eth-
nic disparities in nonalcoholic fatty liver disease prevalence, severity, and out-
comes in the United States: A systematic review and meta-analysis. Clin
Gastroenterol Hepatol 2018;16(2):198–210 e2. https://doi.org/10.1016/j.
cgh.2017.09.041.

[5] Corbin KD, Abdelmalek MF, Spencer MD, da Costa KA, Galanko JA, Sha W, et al.
Genetic signatures in choline and 1-carbon metabolism are associated with the
severity of hepatic steatosis. Faseb Journal 2013;27(4):1674–89. https://doi.org/
10.1096/fj.12-219097.

[6] Nelson JE, Bhattacharya R, Lindor KD, Chalasani N, Raaka S, Heathcote EJ, et al.
HFE C282Y mutations are associated with advanced hepatic fibrosis in Caucasians
with nonalcoholic steatohepatitis. Hepatology 2007;46(3):723–9. https://doi.org/
10.1002/hep.21742.

[7] Goffredo M, Caprio S, Feldstein AE, D’Adamo E, ShawMM, Pierpont B, et al. Role of
TM6SF2 rs58542926 in the pathogenesis of nonalcoholic pediatric fatty liver dis-
ease: A multiethnic study. Hepatology 2016;63(1):117–25. https://doi.org/
10.1002/hep.28283.

[8] Ting YW, Kong ASY, Zain SM, Chan WK, Tan HL, Mohamed Z, et al. Loss-of-func-
tion HSD17B13 variants, non-alcoholic steatohepatitis and adverse liver out-
comes: results from a multi-ethnic Asian cohort. Clin Molec Hepatol 2021;27
(3):486–98. https://doi.org/10.3350/cmh.2020.0162.

[9] Vilar-Gomez E, Pirola CJ, Sookoian S, Wilson LA, Liang T, Chalasani N. PNPLA3
rs738409 and risk of fibrosis in NAFLD: exploring mediation pathways through
intermediate histological features. Hepatology 2022;76(5):1482–94 Nov. https://
doi.org/10.1002/hep.32491.

[10] Kubiliun MJ, Cohen JC, Hobbs HH, Kozlitina J. Contribution of a genetic risk score
to ethnic differences in fatty liver disease. Liver Int 2022;42(10):2227–36. https://
doi.org/10.1111/liv.15322.

[11] Harrison SA, Bedossa P, Guy CD, Schattenberg JM, Loomba R, Taub R, et al. A phase
3, randomized, controlled trial of resmetirom in NASH with liver fibrosis. N Engl J
Med 2024;390(6):497–509. https://doi.org/10.1056/NEJMoa2309000.

[12] Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Bmj 2021;372 Mar 29n71. https://doi.org/10.1136/bmj.n71.

[13] Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of
the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol 2010;25
(9):603–5. https://doi.org/10.1007/s10654-010-9491-z.

[14] Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the
median, range, and the size of a sample. BMC Med Res Methodol 2005;5(13).
https://doi.org/10.1186/1471-2288-5-13.

[15] Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, Bacon BR. Nonal-
coholic steatohepatitis: a proposal for grading and staging the histological lesions.
Am J Gastroenterol 1999;94(9):2467–74. https://doi.org/10.1111/j.1572-
0241.1999.01377.x.

[16] Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ, Cummings OW, et al.
Design and validation of a histological scoring system for nonalcoholic fatty liver
disease. Hepatology 2005;41(6):1313–21. https://doi.org/10.1002/hep.20701.

[17] Higgins JP, Del Giovane C, Chaimani A, Caldwell DM, Salanti G. Evaluating the
quality of evidence from a network meta-analysis. Value Health 2014;17(7):
A324. https://doi.org/10.1016/j.jval.2014.08.572.

[18] Solga SF, Clark JM, Alkhuraishi AR, Torbenson M, Tabesh A, Schweitzer M, et al.
Race and comorbid factors predict nonalcoholic fatty liver disease histopathology
in severely obese patients. Surg Obes Relat Dis 2005;1(1):6–11. https://doi.org/
10.1016/j.soard.2004.12.006.

[19] Weston SR, Leyden W, Murphy R, Bass NM, Bell BP, Manos MM, et al. Racial and
ethnic distribution of nonalcoholic fatty liver in persons with newly diagnosed
chronic liver disease. Hepatology 2005;41(2):372–9. https://doi.org/10.1002/
hep.20554.

[20] Kallwitz ER, Guzman G, TenCate V, Vitello J, Layden-Almer J, Berkes J, et al. The
histologic spectrum of liver disease in African-American, non-Hispanic white,
and Hispanic obesity surgery patients. Am J Gastroenterol 2009;104(1):64–9.
https://doi.org/10.1038/ajg.2008.12.

[21] Mohanty SR, Troy TN, Hu DZ, O’Brien BL, Jensen DM, Hart J. Influence of ethnicity
on histological differences in non-alcoholic fatty liver disease. J Hepatol 2009;50
(4):797–804. https://doi.org/10.1016/j.jhep.2008.11.017.

[22] Lomonaco R, Ortiz-Lopez C, Orsak B, Finch J, Webb A, Bril F, et al. Role of ethnicity
in overweight and obese patients with nonalcoholic steatohepatitis. Hepatology
2011;54(3):837–45. https://doi.org/10.1002/hep.24483.

[23] Tabibian JH, Lazo M, Durazo FA, Yeh HC, Tong MJ, Clark JM. Nonalcoholic fatty
liver disease across ethno-racial groups: do Asian-American adults represent a
new at-risk population? J Gastroenterol Hepatol 2011;26(3):501–9. https://doi.
org/10.1111/j.1440-1746.2010.06443.x.

[24] Bambha K, Belt P, Abraham M, Wilson LA, Pabst M, Ferrell L, et al. Ethnicity and
nonalcoholic fatty liver disease. Hepatology 2012;55(3):769–80. https://doi.org/
10.1002/hep.24726.

[25] Foster T, Anania FA, Li D, Katz R, Budoff M. The prevalence and clinical correlates
of nonalcoholic fatty liver disease (NAFLD) in African Americans: the multiethnic
study of atherosclerosis (MESA). Dig Dis Sci 2013;58(8):2392–8. https://doi.org/
10.1007/s10620-013-2652-7.

[26] Garcia AE, Kasim N, Tamboli RA, Gonzalez RS, Antoun J, Eckert EA, et al. Lipopro-
tein profiles in class III obese Caucasian and African American women with nonal-
coholic fatty liver disease. PLoS One 2015;10(11):e0142676. https://doi.org/
10.1371/journal.pone.0142676.

[27] Panigrah M, Singh S, Patel A, Viswanathan L, Kar S, Harrison S. Comparison of clin-
ical, biochemical, and histopathologic profiles between NAFLD in asianindians
and United States adults. J Clin Experim Hepatol 2015;5:S23. https://doi.org/
10.1016/j.jceh.2015.07.264.

[28] Lee S, Kuk JL. Visceral fat is associated with the racial differences in liver fat
between black and white adolescent boys with obesity. Pediatr Diabetes 2017;18
(7):660–3. https://doi.org/10.1111/pedi.12492.

[29] Remigio-Baker RA, Allison MA, Forbang NI, Loomba R, Anderson CAM, Budoff M,
et al. Race/ethnic and sex disparities in the non-alcoholic fatty liver disease-
abdominal aortic calcification association: the Multi-Ethnic Study of Atheroscle-
rosis. Atherosclerosis 2017;258:89–96. https://doi.org/10.1016/j.atherosclero-
sis.2016.11.021.

[30] Tric�o D, Caprio S, Rosaria Umano G, Pierpont B, Nouws J, Galderisi A, et al. Meta-
bolic features of nonalcoholic fatty liver (NAFL) in obese adolescents: findings
from a multiethnic cohort. Hepatology. 2018;68(4):1376–90. https://doi.org/
10.1002/hep.30035.

[31] Kim R, Vittinghoff E, Deng J, Khalili M. The relationship between race/ethnicity
and fibrosis in a diverse, safety net cohort with histologic diagnosis of steatohepa-
titis. Hepatology 2020;72(1 SUPPL):415A. https://doi.org/10.1002/hep.31579.

[32] Marella HK, Reddy YK, Jiang Y, Ganguli S, Podila P, Samji NS, et al. Racial dispar-
ities in the clinical and histological profile of nafld patients presenting for bariat-
ric surgery. Gastroenterology. 2020;158(6) S1430-S.

[33] Hullar MAJ, Jenkins IC, Randolph TW, Curtis KR, Monroe KR, Ernst T, et al. Associa-
tions of the gut microbiome with hepatic adiposity in the Multiethnic cohort adi-
posity phenotype study. Gut Microbes 2021;13(1). https://doi.org/10.1080/
19490976.2021.1965463.

[34] Li W, Kadler BK, Brindley JH, Hood G, Devalia K, Loy J, et al. The contribution of
daytime sleepiness to impaired quality of life in NAFLD in an ethnically diverse
population. Sci Rep 2022;12(1):5123. https://doi.org/10.1038/s41598-022-
08358-y.

[35] Younossi ZM, Yilmaz Y, Yu ML, Wai-Sun Wong V, Fernandez MC, Isakov VA, et al.
Clinical and patient-reported outcomes from patients with nonalcoholic fatty
liver disease across the world: data from the global non-alcoholic Steatohepatitis
(NASH)/non-alcoholic fatty liver Disease (NAFLD) registry. Clin Gastroenterol
Hepatol 2022;20(10):2296–306 e6. https://doi.org/10.1016/j.cgh.2021.11.004.

[36] Zhou KL, Dodge JL, Yuan LY, Terrault NA. Metabolic risk profiles for hepatic steato-
sis differ by race/ethnicity: an elastography-based study of US adults. Digest Dis
Sci 2022;67(7):3340–55. https://doi.org/10.1007/s10620-021-07124-w.

[37] Nguyen VH, Le I, Ha A, Le RH, Rouillard NA, Fong A, et al. Differences in liver and
mortality outcomes of non-alcoholic fatty liver disease by race and ethnicity: A
longitudinal real-world study. Clin Mol Hepatol 2023;29(4):1002–12. https://doi.
org/10.3350/cmh.2023.0205.

[38] Wong VW, Tak WY, Goh GBB, Cheng PN, Lawitz EJ, Younossi ZM, et al. Perfor-
mance of noninvasive tests of fibrosis among Asians, Hispanic, and non-Hispanic
Whites in the STELLAR trials. Clin Gastroenterol Hepatol 2023;21(1):90–102 e6.
https://doi.org/10.1016/j.cgh.2022.01.015.

[39] Bril F, Gray M. Noninvasive tests to identify liver fibrosis in metabolic dysfunc-
tion-associated steatotic liver disease are affected by race. Obesity (Silver Spring)
2024;32(3):612–22. https://doi.org/10.1002/oby.23960.

[40] Elsaid MI, Bridges JFP, Mumtaz K, Li N, Sobotka L, Rustgi VK, et al. The impact of
metabolic syndrome severity on racial and ethnic disparities in Metabolic dys-
function-associated steatotic Liver Disease. PLoS One 2024;19(3):e0299836.
https://doi.org/10.1371/journal.pone.0299836.

[41] Samala N, Xin Y, Wilson LA, Yates K, Loomba R, Hoofnagle JH, et al. Non-Hispanic
black persons with nonalcoholic fatty liver disease have lower rates of advanced
fibrosis, cirrhosis, and liver-related events even after controlling for clinical risk
factors and PNPLA3 genotype. Am J Gastroenterol 2024;119(9):1857–65 Sep 1.
https://doi.org/10.14309/ajg.0000000000002756.

[42] Younossi ZM, Golabi P, Paik JM, Henry A, Van Dongen C, Henry L. The global epi-
demiology of nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohe-
patitis (NASH): a systematic review. Hepatology 2023;77(4):1335–47 Apr 1.
https://doi.org/10.1097/hep.0000000000000004.

[43] Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord M, Fukui N, et al. The global
epidemiology of NAFLD and NASH in patients with type 2 diabetes: A systematic
review and meta-analysis. J Hepatol 2019;71(4):793–801. https://doi.org/
10.1016/j.jhep.2019.06.021.

[44] Paik JM, Henry L, De Avila L, Younossi E, Racila A, Younossi ZM. Mortality related
to nonalcoholic fatty liver disease is increasing in the United States. Hepatol Com-
mun 2019;3(11):1459–71. https://doi.org/10.1002/hep4.1419.

[45] Nevola R, Epifani R, Imbriani S, Tortorella G, Aprea C, Galiero R, et al. GLP-1 recep-
tor agonists in non-alcoholic fatty liver disease: current evidence and future per-
spectives. Int J Mol Sci 2023;24(2). https://doi.org/10.3390/ijms24021703.
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