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Abstract

Plain language summary

Introduction The 2023 nomenclature defined criteria for steatotic liver disease (SLD),
including metabolic dysfunction-associated SLD (MASLD), alcohol-associated liver disease
(ALD), and the overlapping MASLD/ALD (MetALD). We aimed to assess racial and ethnic
disparities in the SLD prevalence among United States (US) adults based on this new
nomenclature.

Methods We undertook a cross-sectional study employing the 2017-2018 National Health
and Nutrition Examination Survey (NHANES) database. We identified SLD according to a
controlled attenuation parameter >288 dB/m, liver stiffness >7.2 kPa, or elevated
aminotransferase levels. Alcohol use thresholds were established according to the updated
SLD definition. We estimated prevalences using the complex design of the NHANES survey.
Multivariable logistic regressions with complex design weights were employed.

Results A total of 5532 individuals are included. The mean age is 45.4 years, and 50.9% are
women. The adjusted estimated prevalence of MASLD is 42.4% (95% CI: 41.1-43.8%),
MetALD 1.7% (95% CI: 1.3-2.0%), and ALD 0.6% (95% CI: 0.3—-0.8%). Hispanics exhibit a
higher prevalence of SLD, but there are no significant differences in advanced fibrosis
prevalence due to SLD among racial/ethnic groups. In MASLD, men, individuals aged 40-64
and 265 years, Hispanics, those with health insurance, higher BMI, diabetes, hypertension,
hypertriglyceridemia, and low high-density lipoprotein (HDL) cholesterol or use of lipid-
lowering agents are independently associated with a higher risk, while Blacks have the
lowest risk. In MetALD, men and higher BMI are independently associated with a higher risk
of MetALD in adjusted multivariable analysis. In ALD, the adjusted multivariable analysis
shows that only health insurance is independently associated with a lower ALD risk.
Conclusions MASLD prevalence is high in the US, especially in men, older individuals, and
Hispanics. MetALD and ALD prevalence was substantial but could be underestimated.

Steatotic liver diseases (SLD), mainly metabolic dysfunction-associated
steatotic liver disease (MASLD) (previously known as non-alcoholic fatty
liver disease -NAFLD-) and alcohol-associated liver disease (ALD) are the
leading causes of chronic liver disease globally, including in the United
States (US)"*. MASLD is associated with metabolic diseases, reaching an

This study aims to estimate the prevalence of
different types of fatty liver disease, in which
excess fat occurs in the liver. A particular type
of fatty liver disease that is not caused by
excess alcohol consumption affects 42.4% of
adults in the USA, with men, older adults, and
Hispanics being more likely to have this form
of liver disease. People with health insurance
are less likely to have liver disease caused by
excess alcohol consumption. These results
highlight the importance of targeted
prevention efforts in people with a higher risk
of developing liver disease. Future public
health strategies should focus on reducing
risk factors and providing equitable
healthcare access.

estimated prevalence of 65% in overweight patients, 90% in morbidly obese
patients, and up to 70% in patients with type 2 diabetes mellitus (T2DM)™".
However, prior evidence has demonstrated that moderate alcohol use could
also interact with overweight/obesity, insulin resistance, T2DM, and genetic
background, increasing the risk for chronic liver disease’. For example, a
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study using the United Kingdom (UK) Biobank found that those obese with
excessive alcohol use and homozygous variant patatin-like phospholipase
domain-containing protein 3 (PNPLA3) I148M carriers had a supramulti-
plicative risk of cirrhosis compared to those without the genetic variant’.
Thus, since genetic variants had different distributions globally, potential
regional differences in susceptibility to the development and the severity of
SLD could be observed among different populations’.

A global consensus in 2023 established diagnostic criteria for MASLD,
ALD, and the intersection between both diseases (MetALD)". The new
definition acknowledges the contribution of alcohol use in the development
and progression of chronic liver disease, with specific thresholds of alcohol
use for each diagnosis. Thus, MASLD is defined by liver steatosis in the
presence of metabolic dysfunction, while MetALD is based on alcohol use
ranging between 140-350 g/week in women and 210-420 g/week in men.
Based on this definition, a recent study conducted in the US estimated the
SLD prevalence at 34.2%, being MASLD at 31.3%, MetALD at 2.8%, and
ALD at 0.1%". Although MASLD prevalence was similar to prior estimates
for NAFLD in countries such as the US*'” and Brazil'!, estimates of ALD
could significantly decrease at the expense of a MetALD diagnosis.

In recent decades, significant disparities have been reported among
individuals previously diagnosed with NAFLD and ALD prior to the
nomenclature change in 2023"7'“. For example, a systematic review
including 34 studies evidenced that MASLD prevalence was highest in
Hispanics, intermediate in non-Hispanic (NH) whites, and lowest in
Blacks". However, they did not identify differences in terms of liver fibrosis
among race/ethnicity. Another study assessing ALD in the US evidenced
that men and Hispanic race were associated with harmful alcohol use, while
in those admitted due to ALD, women, and Hispanic race were associated
with increased risk of acute-on-chronic liver failure (ACLF)'°. Since the new
definition was released in 2023 with MetALD as a new clinical entity,
information about its prevalence and potential disparities has been scarce
worldwide. Therefore, this study aimed to identify the potential disparities
in the SLD prevalence among American adults according to the new SLD
definitions, including MASLD, MetALD, and ALD’. The adjusted estimated
prevalence was high in the US, at 42.4% for MASLD, 0.6% for ALD, and
1.7% for MetALD in individuals aged over 15 years old. Although the five
criteria for metabolic dysfunction were independently associated with SLD,
only increased waist circumference and excess weight, abnormal glucose
metabolism, and arterial hypertension were associated with a higher risk of
advanced fibrosis. Potential disparities were observed in the SLD spectrum,
with SLD prevalence notably higher in men (MASLD and MetALD), His-
panic race/ethnicity (MASLD), and those without health insurance (ALD).

Methods

Study design and participants

We used the 2017-2018 National Health and Nutrition Examination Survey
(NHANES) dataset, a cross-sectional nationally representative survey of the
non-institutionalized US population, including in-person interviews and
health examinations in mobile examination centers. The 2017-2018
NHANES overall response rate was 51.9% for interviews and 48.8% for
examinations. The NHANES survey includes a comprehensive assessment
of sociodemographic and clinical data, where information regarding race/
ethnicity, comorbidities, and levels of alcohol use are self-reported by survey
participants. The NHANES database is publicly available and can be
accessed at the following website: https://www.cdc.gov/nchs/nhanes/index.
htm. The NHANES study was approved by the National Center for Health
Statistics Research Ethics Review Board, and all participants provided
informed consent to participate in the NHANES dataset. Since this study
was conducted using anonymized public data, it was considered exempt
from additional institutional review board approval.

We included individuals aged over 15 years old who had data on liver
stiffness measurement (LSM). Thus, we excluded 2958 participants aged
under 15 years old and 764 without LSM assessment. We recorded self-
reported sociodemographic data, including sex, education level (categorized
as some high school, high school or some college, and college), health

insurance, and race/ethnicity. Specifically, we classified individuals of NH
white descent as “white”, individuals of NH Black descent as “Black/African
American”, individuals of NH Asian descent as “Asian”, and individuals of
other racial and ethnic backgrounds as “Other.” Mexican American and
other Hispanic individuals were combined into a single category called
“Hispanic”. We also registered levels of alcohol use, body mass index (BMI),
T2DM prevalence, hypertension prevalence, and dyslipidemia prevalence.
We identified SLD according to the presence of a controlled attenuation
parameter (CAP) > 288 dB/m", an abnormal LSM >7.2kPa (as a single
value of abnormal LSM)"®, or elevated liver enzyme levels (aspartate ami-
notransferase [AST] or alanine aminotransferase [ALT] >25 U/L in women
and >35 U/L in men) in conjunction with other clinical parameters related
to metabolic dysfunction, alcohol intake, and race/ethnicity‘g. This
approach was designed to better capture the natural history of SLD,
including those with significant fibrosis or steatohepatitis at the moment of
the assessment, respectively. In particular, thresholds for AST and ALT were
based on prior studies on SLD'**, For MASLD and MetALD, we included
those with at least 1 out of 5 cardiometabolic criteria, as per the 2023
consensus definition”. MASLD was identified based on alcohol use <140 g/
week in women and <210 g/week in men; MetALD 140-350 g/week in
women and 210-420 g/week in men; and ALD > 350 g/week in women and
>420 g/week in men in the past 12 months, and after excluding hepatitis B
and C chronic infections. Fibrosis was assessed using the median LSM, with
significant fibrosis (F2)>8.2kPa, advanced fibrosis (F3)>9.7 kPa, and
cirrhosis (F4) > 13.6 kPa®. In MASLD, we identified individuals with
metabolic ~ dysfunction-associated (MASH) steatohepatitis using a
FibroScan-AST (FAST) score using a validated cut-off 20.35 (with a sen-
sitivity of 90% to identify those with NAFLD activity score >4 and fibrosis
stage >2 in liver biopsy)**. Also, we defined abnormal glucose metabolism as
fasting glucose 2100 mg/dL or 2-h post-load glucose levels 2140 mg/dL,
glycated hemoglobin >5.7%, T2DM, or treatment for T2DM, while
increased adiposity and excess weight were described as a BMI > 25 kg/m’
(23kg/m’ in Asian) or elevated waist circumference (>94 cm for men
>80 cm in women)’.

Statistical analysis

Our primary objective was the MASLD, MetALD, and ALD prevalence
among different races and ethnicities in the US. The secondary objectives
were the overall MASLD, MetALD, and ALD prevalence, and the pre-
valence of advanced liver fibrosis and the liver fibrosis stage among the
different conditions. A sensitivity analysis was performed, identifying SLD
based on CAP 2288 dB/m or LSM 2 7.2 kPa exclusively. For the sensitivity
analysis, we excluded the assessment of AST and ALT to avoid inclusion of
patients with other potential causes of abnormal liver tests that can not be
assessed in the NHANES database, including drug-induced liver injury
(DILI), autoimmune hepatitis, Wilson’s disease, among others. We also
made models to estimate prevalence by race/ethnicity, adjusting by age and
sex. In addition, we built multivariable logistic regressions with appropriate
complex design weights to estimate prevalence differences by sex, age, race/
ethnicity, level of education, insurance, BMI, prediabetes and T2DM pre-
valence, and hypertension prevalence. We also estimated the SLD pre-
valence in those 15-39 years old and explored the odds ratio of the different
metabolic dysfunction criteria in the diagnosis of SLD and the progression
of liver fibrosis.

We assessed the distribution of data using visual methods, including
histograms and kernel density estimates, due to the complex survey design.
We estimated mean age and standard error (SE) using the complex design of
the NHANES survey. Data non-normally distributed data was described as
median and interquartile range. We estimated prevalences using the com-
plex design of the NHANES survey, including the proportion and the 95%
confidence interval (95% CI). We used logistic regression with appropriate
complex design weights to estimate associations between variables and the
prevalences of MASLD, MetALD, and ALD. When we assessed the per-
formance of metabolic dysfunction criteria, we aggregated metabolic risk
factors into five criteria, including: 1. Increased waist circumference,
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overweight or obesity; 2. prediabetes glucose intolerance, and T2DM; 3.
Hypertension; 4. Hypertriglyceridemia; and 5. Low HDL cholesterol or use
of lipid-lowering agents, to increase statistical power. Those variables that
resulted significantly in the univariate analyses (p-value < 0.05) were used to
adjust multivariable analyses using stepwise selection. A p-value < 0.05
indicated statistical significance (Stata version 18.0 [StataCorp]). The
Pontificia Universidad Catdlica de Chile (Santiago, Chile) institutional
review board granted the study exempt status in 2023.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results

Baseline characteristics and Ethnicity/Race

A total of 5532 out of 9254 individuals were included. The estimated mean
age was 45.4 (SE: 0.6) years old and 50.9% were women (Table 1). In the
overall population, 61.5% were NH white, 11.4% Black/African American,
16.4% Hispanic, 5.7% Asian, and 5.0% had other races/ethnicities. Around
87.5% of participants fulfilled at least 1 of 5 cardiometabolic criteria: 73.2%
were overweight/obese or had increased adiposity, 52.4% had abnormal
fasting glucose or diabetes, 43.1% had hypertension, 32.1% had

hypertriglyceridemia, and 37.2% low high-density lipoprotein (HDL) cho-
lesterol or used lipid-lowering agents. In addition, the estimated T2DM
unadjusted prevalence was 11.1%, and 28.7% had metabolic syndrome.
Table 1 summarizes the main characteristics of individuals with MASLD,
MetALD, and ALD. In particular, individuals with ALD tend to be younger
and predominantly men.

Hispanic individuals had a higher overweight or obesity prevalence
than NH whites (78.8% versus 69.2%, p < 0.0001) (Supplementary Table 1).
Also, Asians exhibited a higher T2DM prevalence than NH whites (13.7%
versus 10.7%, p=0.039). In the case of hypertension, Black/African
American individuals showed a higher prevalence than NH whites (52.1%
versus 43.7%, p =0.002), while Hispanics had a lower prevalence (35.9%
versus 43.7%, p =0.023). Black/African Americans also showed a lower
frequency of hypertriglyceridemia and low HDL cholesterol or use of lipid-
lowering agents than NH whites (16.0% versus 33.2%, p < 0.0001; and 31.5%
versus 37.2%, p = 0.041, respectively). Supplementary Table 1 summarizes
all the baseline characteristics according to race/ethnicity.

Assessment of steatotic liver disease

Based on unadjusted estimates, the prevalence of liver steatosis was 33.1%,
while 3.1% of participants had significant fibrosis, 3.2% advanced fibrosis,
and 3.0% cirrhosis. The 40.8% (95% CI: 38.5%-43.2%) of the participants

Table 1 | Main baseline characteristics of individuals aged 15 years in the National Health and Nutrition Examination Survey

(NHANES) database 2017-2018

Overall Metabolic dysfunction-associated Overlapping MASLD and Alcohol-associated liver
population steatotic liver disease ALD (MetALD) (N =97) disease (ALD) (N =47)
(N =5532) (MASLD) (N = 2346)
Estimated mean age (years), (SE)* 45.4 (0.6) 49.6 (0.7) 48.9 42.0
Women (%)° 50.9% 47.3% 30.5% 24.8%
Any health insurance (%)° 86.4% 88.4% 83.2% 59.4%
Alcohol use (grams per week)® 0.2[0.0-2.3] 0.2[0.0-1.9] 42.0[31.9-47.9] 84.0[70.0-140.0]
Cardiometabolic criteria (%)
Overweight or obesity 73.2% 92.7% 90.9% 79.0%
Prediabetes or T2DM 52.4% 67.9% 64.6% 50.3%
Hypertension or use of anti- 43.1% 56.7% 58.6% 47.9%
hypertensive agents
Hypertriglyceridemia or use of lipid-  32.1% 46.5% 47.0% 36.1%
lowering agents
Low HDL cholesterol or use of lipid-  37.2% 51.5% 30.1% 17.2%

lowering agents

Laboratory testing:°

Hemoglobin (g/dL) 14.1[13.1-15.1] 14.2[13.2-15.2] 14.8 [13.8-15.6] 15.1 [14.1-16.1]
Platelets (x10%L) 238 [202-281] 239 [202-284] 228 [192-266] 236 [196-277]
Aspartate aminotransferase (U/L) 19 [16-24] 21 [17-28] 26 [22-36] 31 [23-44]
Alanine aminotransferase (U/L) 17 [13-25] 23 [16-34] 29 [21-45] 37 [20-50]
Total bilirubin (mg/dL) 0.4 [0.3-0.6] 0.4 [0.3-0.5] 0.4 [0.3-0.6] 0.5[0.3-0.7]
Albumin (g/dL) 4.1[3.9-4.3] 4.1[3.8-4.3] 4.1[3.9-4.3] 4.1[3.9-4.2]
Creatinine (mg/dL) 0.8[0.7-1.0] 0.9[0.7-1.0] 0.8 [0.7-1.0] 0.8[0.7-1.0]
Fasting glucose (mg/dL) 103 [96-114] 108 [100-125] 107 [97-120] 106 [100-113]
Glycated hemoglobin (%) 5.5[5.3-5.9] 5.7 [6.4-6.3] 5.5[5.2-5.8] 5.3[5.2-5.7]
Total cholesterol (mg/dL) 181 [156-210] 186 [158-214] 194 [169-222] 213 [179-237]
Triglycerides (mg/dL) 113 [78-166] 138 [98-199] 122 [92-171] 146 [103-203]
Controlled attenuation parameter 259 [215-306] 312 [288-343] 299 [278-337] 314 [268-347]
(dB/m)°
Liver stiffness (kPa)° 5.0[4.1-6.2] 4.6[1.6-5.8] 4.6[2.7-5.7] 4.6[2.7-5.8]

“Standard error was not reported for MetALD or ALD due to the low sample size.

°Crude prevalences were estimated using the complex design of the NHANES survey.
‘Unweighted median and interquartile range.

9dCardiometabolic risk factors were defined by the 2023 definition of steatotic liver disease.
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met the criteria of MASLD, 2.1% (95% CI: 1.6%-2.9%) of MetALD, and
0.9% (95% CI: 0.7%-1.2%) of ALD (Table 2). In individuals aged 15-39
years old, 29.8% (95% CI: 27.2%-32.6%) met the criteria of MASLD, 1.7%
(95% CI: 1.0%-2.9%) of MetALD, and 1.1% (95% CI: 0.6%-1.8%) of ALD.
Among those with MASLD, the unadjusted prevalence of suspected
metabolic dysfunction-associated steatohepatitis (MASH) at risk was 13.3%
(95% CI: 11.3%-15.2%). In addition, around 0.2% (95% CI: 0.1%-0.4%) of
individuals had cryptogenic steatosis, while 0.2% (95% CI: 0.1%-0.4%) had
chronic hepatitis B and 1.0% (95% CI: 0.4%-2.0%) hepatitis C virus infec-
tion. A total of 8.6% of people were lean MASLD and 16.3% lean MetALD,
while 76.9% of ALD patients were overweight/obese. In sensitivity analyses,
the estimated MASLD prevalence was 34.2% (95% CI: 31.9%-36.6%),
MetALD 1.7% (95% CI: 1.2%-2.3%), and ALD 0.6% (95% CI: 0.4%-0.9%)
(Fig. 1). A total of 20.1% of participants with MASLD had at least significant
fibrosis, while 13.9% and 9.8% of patients with MetALD and ALD had a
fibrosis stage >F2, respectively (Fig. 1).

MASLD prevalence was higher in men, individuals aged 40-64 and
>65 years old, of Hispanic ethnicity, with any health insurance, higher BMI,
T2DM, hypertension, hypertriglyceridemia, and low HDL cholesterol or use
of lipid-lowering agents (Table 3). A multivariable analysis adjusted by
significant variables from the univariate analysis showed that men (odds
ratio [OR] 1.30, 95% CI: 1.05-1.61; p = 0.019), individuals aged 40-64 (OR
1.69, 95% CI: 1.42-2.02; p < 0.0001) and >65 years old (OR 1.57, 95% CI:
1.13-2.19; p =0.011), Hispanics (OR 149, 95% CI: 1.11-2.01; p =0.012),
those with health insurance (OR 1.46, 95% CI: 1.02-2.08; p = 0.039) higher
BMI (OR 1.16, 95% CI: 1.14-1.18; p <0.0001), T2DM (OR 1.92, 95% CI:
1.37-2.70; p = 0.001), hypertension (OR 1.46,95% CI: 1.11-1.92; p = 0.010),
hypertriglyceridemia (OR 1.75, 95% CI: 1.46-2.09; p < 0.0001), and low
HDL cholesterol or use of lipid-lowering agents (OR 1.34, 95% CI
1.04-1.74; p = 0.029) were independently associated with a higher odds of
MASLD (Table 3). In the same multivariate analysis, Black/African
Americans showed lower odds of MASLD compared to NH whites (OR
0.62; 95%: 0.48-0.81; p = 0.002).

MetALD was more frequent in men and those with higher BMI, while
it was lower in Asians. A multivariable analysis adjusted by sex, ethnicity,
and BMI showed that men (OR 2.37, 95% CI: 1.30-4.32; p =0.008) and
higher BMI (OR 1.02, 95% CI: 1.00-1.04; p =0.031) were independently
associated with higher odds of MetALD (Table 3). Finally, in the case of
ALD, this condition was more frequently observed in men, those aged 265
years old, and low HDL cholesterol or use of lipid-lowering agents, but its
prevalence was lower in those with a higher level of education and health
insurance (Table 3). In a multivariable analysis, only individuals with health
insurance (OR 041, 95% CI: 0.17-0.95; p =0.040) were independently
associated with lower ALD prevalence (Table 3).

We also estimated the prevalence according to race/ethnicity in models
adjusted by age and sex. Thus, the adjusted standardized prevalence of SLD
was 45.1% (95% CI: 43.7-46.5%), with 42.4% (95% CI: 41.1-43.8%) for
MASLD, 1.7% (95% CIL: 1.3-2.0%) for MetALD, and 0.6% (95% CIL:
0.3-0.8%) for ALD. In MASLD, the adjusted prevalence of MASH at risk
was 12.7% (95% CI: 10.8%-14.5%). In these models, only Hispanic ethnicity
was associated with a higher risk of SLD for all ages (Fig. 2a). However, there
were no significant differences in the odds of advanced fibrosis (Fig. 2b) or
MASH at risk among racial/ethnic groups compared to NH whites (Black:
OR 0.94, 95% CI: 0.59-1.49, p=0.766; Hispanic: OR 1.22, 95% CI:
0.78-1.93, p = 0.356; Asian: OR 1.05, 95% CI: 0.70-1.59, p = 0.797).

Metabolic dysfunction criteria and risk of liver disease

In the study cohort, 26.8% of individuals had normal weight, 1.7% had
increased adiposity with normal weight, 31.1% were overweight, and 40.3%
had obesity. There was a dose-dependent relationship between abnormal
weight and the SLD risk (increased adiposity, OR 2.86, 95% CI: 1.36-5.98,
p=0.009; overweight, OR 4.30, 95% CI: 3.45-5.36, p < 0.0001; obesity, OR
16.04, 95% CI: 12.25-21.01, p < 0.0001) (Fig. 3a). Similarly, abnormal glu-
cose metabolism also exhibited a dose-dependent SLD risk (abnormal
fasting glucose or prediabetes OR 2.49, 95% CI: 2.08-2.97, p < 0.0001; and
T2DM OR7.13,95% CI: 5.71-8.90, p < 0.0001) (Fig. 3b). In terms of fibrosis,

Table 2 | Unadjusted prevalence and number of adults aged 15 years or older with steatotic liver disease (SLD) in the United

States by sex, age, and race/ethnicity (2017-2018)

Metabolic dysfunction-associated
steatotic liver disease (MASLD)

Overlapping MASLD and ALD (MetALD)

Alcohol-associated liver disease (ALD)

No.? Frequency, % (95% CI)° No.? Frequency, % (95% CI)° No.? Frequency, % (95% CI)°
SLD among the overall population
Sex
Men 1251 43.8 (40.7-47.0) 62 3.0(2.1-4.2) 39 1.3(0.9-2.0)
Women 1095 37.9 (35.5-40.4) 35 1.3(0.8-2.1) 8 0.4 (0.2-1.0)
Age, year
15-39 639 29.8 (27.2-32.6) 27 1.7 (1.0-2.9) 21 1.1 (0.6-1.8)
40-64 1082 48.3 (44.2-52.4) 53 2.5(1.6-3.9) 23 0.9 (0.5-1.8)
>65 625 49.2 (44.8-53.6) 17 2.1(1.1-4.1) 3 0.2 (0.1-0.9)
Race/ethnicity®
Non-Hispanic white 805 40.7 (36.6-44.9) 43 2.5(1.7-3.5) 19 0.9 (0.6-1.3)
Black/African American 464 34.9 (31.9-39.1) 23 1.9(1.3-2.9) 7 0.5(0.2-1.2)
Hispanic 645 47.0 (43.4-50.7) 22 1.7 (0.9-2.9) 14 1.2 (0.6-2.2)
Asian 313 30.2 (34.2-44.4) 6 0.7 (0.3-2.0) 2 0.3(0.1-1.2)
Other 119 37.6 (30.1-45.8) 3 1.3(0.2-6.1) 5 1.2 (0.5-2.9)
Total 2346 40.8 (38.5-43.2) 97 2.1(1.6-2.9) 47 0.9 (0.7-1.2)

“Unweighted number of respondents from the National Health and Nutrition Examination Survey (NHANES) study sample.

°Prevalences were estimated using the complex design of the NHANES survey.

Self-reported by survey participants in response to interview questions including the following options: Mexican American, other Hispanic, non-Hispanic white, non-Hispanic black, or other race. In this
study, we categorized non-Hispanic white as “white,” non-Hispanic Black as “Black/African American,” non-Hispanic Asian as “Asian,” and other races/ethnicities as “Other.” Mexican American and other

Hispanic individuals were combined into a single category, “Hispanic.”
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Liver fibrosis stage in individuals with steatotic liver disease

a MASLD

Estimated prevalence: 40.8%

Estimated prevalence: 2.1%

ALD

Estimated prevalence: 0.9%

N FO-1

. F2

F3 W F4

Liver fibrosis stage in individuals with steatotic liver disease (sensitivity analysis)

MASLD

Estimated prevalence: 34.2%

MetALD

Estimated prevalence: 1.7%

ALD

82.3%

Estimated prevalence: 0.6%

I FO-1

. F2
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Fig. 1 | Unadjusted prevalence of fibrosis stage in individuals with metabolic
dysfunction-associated steatotic liver disease (MASLD), alcohol-associated liver
disease (ALD), and overlapping MASLD and ALD (MetALD). Estimations
include a the prevalence according to the pre-specified criteria, and b the prevalence
obtained in the sensitivity analysis. Thresholds for fibrosis staging were based on

liver stiffness measurements, including significant fibrosis (F2) > 8.2 kPa, advanced
fibrosis (F3) > 9.7 kPa, and cirrhosis (F4) > 13.6 kPa”. Sensitivity analysis identified
steatotic liver disease based on CAP > 288 dB/m or LSM > 7.2 kPa exclusively. The
numerical data used to plot this figure is available in Supplementary Data 2.

obesity, but no increased adiposity nor overweight was associated with a
higher risk of advanced fibrosis (obesity OR 8.89, 95% CI: 3.46-22.88,
P <0.0001) (Fig. 3¢). Finally, abnormal glucose metabolism showed a dose-
dependent association with advanced fibrosis (abnormal fasting glucose or
prediabetes OR 1.81,95% CI: 1.26-2.61, p = 0.003; and T2DM OR 7.01, 95%
CI: 4.08-12.05, p < 0.0001) (Fig. 3d). Supplementary Table 2 summarizes
the main frequency of cardiometabolic risk factors among race/ethnicities.
In terms of metabolic dysfunction, all five criteria were associated with a
lower risk of SLD, advanced fibrosis, and cirrhosis (Supplementary Data 1).
A multivariable analysis adjusted by significant variables from the univariate
analysis showed that abnormal weight, glucose metabolism, and hyper-
tension have the highest odds of SLD (Supplementary Data 1). Also, only
abnormal weight (OR 3.05, 95% CI: 1.04-8.94; p = 0.043), abnormal glucose
metabolism (OR 1.69, 95% CI: 1.04-2.73; p = 0.036), and hypertension (OR
220, 95% CI: 1.37-3.53; p=0.003) were independently associated with
advanced fibrosis. Finally, only hypertension (OR 2.72, 95% CI: 1.54-4.80;

p=0.002) was independently associated with cirrhosis (Supplemen-
tary Data 1).

Discussion

In this study, we estimated high adjusted SLD prevalence in the US between
2017-2018, with 45.1% for SLD, 42.4% for MASLD, 1.7% for MetALD, and
0.6% for ALD in individuals aged over 15 years old. This high burden may
contribute to numerous health-related consequences, including cardiovas-
cular disease, cirrhosis, primary liver cancer, and other neoplasms™”.
Individuals identified as Hispanic had a higher prevalence of SLD compared
to other race/ethnic groups, but there were no significant differences in the
prevalence of advanced fibrosis due to SLD among racial and ethnic groups.
Men and individuals of Hispanic race/ethnicity evidenced a higher risk of
MASLD, exhibiting potential disparities in these populations, while Blacks
had a lower risk. Although MetALD was more frequent in men, with higher
BMI, but lower in Asians, there were no differences among races/ethnicities
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Fig. 2 | Prevalence of steatotic liver disease (SLD) Steatotic liver disease and advanced fibrosis risk according to race/ethnicity
and liver fibrosis by age and race/ethnicity.
a Adjusted prevalence of SLD and b prevalence of a Steatotic liver disease b Advanced fibrosis
advanced fibrosis according to age and race/ethni- 80 95+
city in individuals aged 15 years or older in the
United States (2017-2018). Models were adjusted by ___ ;. 20—
age and sex, and error bars represent 95% confidence & 60 R
intervals. Yy Y 154
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Fig. 3 | Unadjusted prevalence of steatotic liver Steatotic liver disease risk among individuals with metabolic dysfunction
disease (SLD) and advanced fibrosis according to
the presence of excess weight and abnormal glu- Increased adiposity and excess weight Abnormal glucose metabolism

cose metabolism in the United States
(2017-2018). a SLD prevalence according to the
presence of excess weight; b SLD prevalence T
according to abnormal glucose metabolism and type I*

2 diabetes mellitus (T2DM); ¢ advanced fibrosis %
prevalence according to the presence of excess
weight; and d advanced fibrosis prevalence accord- * ‘I *
ing to abnormal glucose metabolism and T2DM. We
defined abnormal glucose metabolism as fasting

glucose 2100 mg/dL, or 2-hour post-load glucose 1 _1
levels =140 mg/dL, glycated hemoglobin >5.7%,
T2DM, or treatment for T2DM, while increased
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adiposity and excess weight were described as a 0 20 40 60 80 0 20 40 60 80 100
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or elevated waist circumference (>94 cm for men
and >80 cm for women). Error bars represent the
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tary Data 2. c
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in the multivariable analysis. ALD was more frequent in men, those with
lower levels of education, and those without health insurance.

Our results showed that Hispanics were at higher risk of MASLD in the
US, which is consistent with previously published data”. However,
important differences have been observed in the Hispanic population living
in the US according to their country of origin®*. In addition, Hispanics could
exhibit a higher risk of MASH". Differences in SLD among races and
ethnicities could be driven by genetic susceptibility, socioeconomic factors,
unhealthy lifestyles, and dietary patterns*'>”. In terms of genetic back-
ground, the variant I148M of the PNPLA3 gene is the most studied genetic
polymorphism™, which has been robustly associated with susceptibility to
steatosis, steatohepatitis, fibrosis, and hepatocellular carcinoma in MASLD
and ALD". Interestingly, this gene variant is twice as common in Hispanics
compared to other populations’*”. BMI is also higher in Hispanics com-
pared to other ethnicities, as well as other metabolic risk factors such as
T2DM,, arterial hypertension, visceral obesity, and dyslipidemia™. In addi-
tion, the dietary pattern of Hispanics living in the US is often based on a
carbohydrate-rich diet, including tortillas, beans, and rice, especially among
Puerto Rican, Dominican, and Mexican populations™. Healthy food is
expensive for people living in low-income households, while cheaper food
could be easier to obtain but tends to have higher levels of added sugars and
saturated fat, increasing the risk of MASLD and MetALD. A recent study
assessing food security in the US demonstrated that Blacks and Hispanics
have a higher prevalence of food insecurity”. However, NH whites with
MASLD had lower diet quality scores with greater food insecurity compared
to other races/ethnicities. Finally, Blacks had a lower risk of MASLD despite
having higher rates of hypertension and obesity than Hispanics living in the
US™. These differences have been attributed to alower amount of visceral fat
and lower prevalence of high-risk genetic variants in African Americans”;
however, more data are required to elucidate these differences. In this study,
we also observed that having health insurance was associated with a higher
risk of MASLD. Previous studies, particularly those examining multiple
chronic conditions, have documented a higher prevalence of chronic dis-
eases in insured populations, especially among those with public health
insurance™. This finding may be influenced by socioeconomic or lifestyle
factors that were not accounted for in the models, and further research is
needed to clarify this potential association.

Alcohol misuse and drinking patterns could also influence the natural
history of SLD, especially MetALD and ALD. In the case of ALD, no race/
ethnicity was independently associated with ALD. However, those who are
most socially disadvantaged (no health insurance and lower education
levels) exhibited higher ALD prevalence, which is in line with the alcohol-
harm paradox where people of low socioeconomic status tend to experience
disproportionately greater alcohol-related harm than those of high socio-
economic status, even when the amount of alcohol consumption is the same
or less than those with higher income™. NH whites have a higher alcohol use
compared to other races/ethnicities”’. However, binge drinking is more
frequently observed in American Indians and Hispanics, while heavy
drinking and alcohol use disorder (AUD) is higher in American Indians"".
In Hispanic women, the population-based Hispanic Community Health
Study/ Study of Latinos (HCHS/SOL) showed that alcohol use was com-
monly associated with younger age, greater acculturation, having greater
than high school education, and being employed full-time predicted current
drinking. In the case of Hispanic men, socioeconomic indicators, being
employed full time (versus retired), and having a lower income predicted
alcohol use™. Also, AUD prevalence could be higher in Puerto Ricans and
Mexican Americans compared to South/Central and Cuban Americans'’.

Around 54.1% of the American population consumes alcohol, with a
rising AUD prevalence ranging from 8.5% to 12.7% in the US*. Also, 90% of
heavy drinkers will develop steatosis, and around 12% of these patients with
AUD will have advanced fibrosis or cirrhosis**. Therefore, MetALD and
ALD prevalence could be even higher than the estimates obtained. The
underestimation could be due to recall bias, selection bias, and under-
reporting of alcohol use®. Also, alcohol intake thresholds are ill-defined and
can overlap with ALD. Prior evidence has suggested that lower levels of

alcohol use can induce liver disease*****. Metabolic dysfunction was also

frequent in the US population using the 1 out of 5 criteria (87.5% of the
overall population). However, only increased adiposity, abnormal glucose
metabolism, and arterial hypertension were independently associated with
advanced fibrosis. These relationships were also dose-dependent, suggesting
the need to better identify the phenotypes among MASLD and MetALD
patients. Major and minor criteria could highlight the role of obesity,
T2DM, and arterial hypertension over dyslipidemia and other criteria. Also,
a standardized method to quantify alcohol use in clinical practice (i.e.
validated questionnaires and alcohol biomarkers) is urgently needed, as well
as the exposure to alcohol over time. Further studies should also be con-
ducted to determine the best threshold to determine MetALD and to pro-
vide stricter recommendations in terms of alcohol abstinence and
pharmacological therapies to individuals with dual etiology.

Since alcohol use and metabolic dysfunction are the leading drivers of
SLD™¥, strategies to enforce the World Health Organization SAFER initiative
and other relevant alcohol-related public health policies could contribute to
decreasing the incidence of SLD***'. Although several European countries
have demonstrated that pricing policies can be effective in decreasing
alcohol use, a national plan on alcohol addressing racial and ethnic dis-
parities and strategies to increase access to screening, brief interventions,
and treatment (especially in populations with lower access to the healthcare
system) could strongly impact in the natural history of SLD*'. Other public
health policies targeting obesity, T2DM, arterial hypertension, dyslipidemia,
the registry of the burden of SLD, and efforts to raise awareness can also
contribute to tackling this huge problem™”. In particular, it is necessary to
identify patients at risk early on, develop standardized approaches to non-
invasive testing, and establish effective and personalized treatment and care,
coupled with societal interventions®**. These objectives should be coordi-
nated with the medical and research community beyond hepatology and
other key clinical stakeholders, such as endocrinologists and primary care
physicians, to public health and policy, with WHO and key governmental
entities to decrease poor liver health outcomes due to alcohol use and
metabolic dysfunction™.

Due to its nature, this study has some limitations. First, it is based on
observational data that could have been affected by misclassification. Also,
we did not have a liver biopsy to confirm the diagnosis. As aforementioned,
all clinical information and levels of alcohol use were self-reported, which
could contribute to lower estimates of MetALD and ALD prevalence and
misclassification***. In particular, drinking patterns are unknown, and
estimation of weekly alcohol use could significantly vary. There are multiple
CAP and LSM cutoffs validated, which could vary the estimations of SLD
prevalence. Also, we do not have information about the length of time of
alcohol use and metabolic dysfunction-associated comorbidities. Although
the new evidence proposes the diagnosis of MetALD based on the presence
of 1 out of 5 criteria, current data does not support that alcohol interacts with
hypertension or dyslipidemia in the same way as overweight or T2DM to
develop chronic liver disease in the long term. In fact, alcohol misuse can
cause arterial hypertension and dyslipidemia, thereby resulting in the mis-
classification of patients. Although we excluded individuals with hepatitis B
and hepatitis C virus infection, we did not have information about less
prevalent conditions that could develop hepatic steatosis, including drug-
induced liver injury, hemochromatosis, Wilson’s disease, familial hypobe-
talipoproteinemia, liposomal acid lipase deficiency, among others. Finally,
the low number of individuals in some ethnic groups can be difficult to
compare with individuals with advanced fibrosis, especially in MetALD and
ALD. Therefore, although rates of MetALD and ALD seem lower compared
to MASLD, a high clinical suspicion of alcohol use should be held in indi-
viduals with metabolic dysfunction. The use of alcohol biomarkers and
reassessment of metabolic dysfunction after three months of alcohol
abstinence could facilitate the identification of these three entities and avoid
misclassification.

In conclusion, this study illustrates the high prevalence of SLD in the
US. Potential disparities were identified in the natural history of SLD, with
MASLD independently associated with men and Hispanic race/ethnicity,
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MetALD with men and a higher BMI, and ALD with a lower educational
level and absence of medical insurance. Prospective studies using precise
alcohol use quantification, including standardized assessments and alcohol
biomarkers, are necessary to better estimate the burden of MetALD
and ALD.

Data availability

The datasets generated and analyzed during the current study and used for
the creation of figures are publicly available in the United States on the
website: https://www.cdc.gov/nchs/nhanes/index.htm. The numerical data
used to plot Figs. 1 and 3 are available in Supplementary Data 2.
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