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Introduction and Objectives: This study aims to assess the performance of Steatotic Liver Disease (SLD) criteria
in identifying liver steatosis compared to the NAFLD and MAFLD definitions in an agricultural population in
Chile.
Patients and Methods: We performed a cross-sectional analysis on the MAUCO cohort, composed of 9,013
individuals aged 38 to 74. Health conditions, socio-demographics, anthropometrics, hepatic ultrasonography,
blood pressure, and biological samples were obtained. Participants were classified as NAFLD, MAFLD, or any
of the five SLD categories: Metabolic dysfunction-associated steatosis liver disease (MASLD), Metabolic and
Alcohol-Associated Liver Disease (MetALD), Alcohol-Associated Liver Disease (ALD), Specific aetiologies, and
Cryptogenic. The Framingham cardiovascular risk score and BARD liver fibrosis score were used to assess
clinical relevance.
Results: Liver steatosis was present in 4,082 participants (45%); SLD criteria captured an additional 176 indi-
viduals not classified under NAFLD and 103 not included under MAFLD definition. The main SLD subgroups
were MASLD (95%), MetALD (1.9%) and ALD (1.3%). Individuals classified in the MetALD and ALD subgroups
exhibited more severe liver steatosis and a higher cardiovascular risk. Notably, participants categorized
under specific etiologies and cryptogenic subgroups were younger and had a higher risk for liver fibrosis.
Conclusions: The study reveals that SLD offers a more inclusive classification to identify high-risk individuals
in the Chilean population, capturing cases that could be missed by NAFLD or MAFLD definitions by using the
same resources.

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

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

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is the most frequent chronic

Abbreviations: ALD, Alcohol-Associated Liver Disease; ALT/GOT, Alanine Aminotrans-
ferase; AST/GPT, Aspartate Aminotransferase; GGT, Gamma-Glutamyl Transferase;
HDL, High-Density Lipoprotein; HOMA, Homeostatic Model Assessment; MAFLD, Met-
abolic Dysfunction-Associated Fatty Liver Disease; MASLD, Metabolic Dysfunction-
Associated Steatosis Liver Disease; MetALD, Metabolic Alcohol-Associated Liver Dis-
ease; NAFLD, Non-alcoholic Fatty Liver Disease; SLD, Steatotic Liver Disease
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liver disease, with an estimated global prevalence in adults of 24-25% [1].
NAFLD rates are rising, leading to a substantial clinical and economic
burden [2,3]. In Latin America, where obesity and type 2 diabetes, major
risk factors of NAFLD [4,5], are increasing, the prevalence of NAFLD is
believed to be higher than reported [6]. A decade ago, the adult preva-
lence in Chile was 23% [7], reaching 47.5% in 2019 [8].

1665-2681/© 2025 Published by Elsevier Espaiia, S.L.U. on behalf of Fundacién Clinica Médica Sur, A.C. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)


http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2025.101919&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:cferrecr@uc.cl
https://doi.org/10.1016/j.aohep.2025.101919
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.aohep.2025.101919
http://www.ScienceDirect.com
http://www.elsevier.es/annalsofhepatology

M. Spencer-Sandino, F. Godoy, L. Huidobro et al.

Table 1
Inclusion and exclusion criteria for NAFLD, MAFLD, and SLD.
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Criteria NAFLD  MAFLD

SLD

MASLD

MetALD  ALD  Specific aetologies  Cryptogenic

Liver steatosis by Ultrasound +
BMI

Waist circumference”

Type 2 diabetes®

Prediabetes®

Insuline resistance’

Hypertension®

Triglycerides®

HDL®

C-RP’

Moderate alcohol consumption® -
Excessive alcohol consumption® -
Hepatitis'® -
Hepatotoxic drugs'’ -

+ o+ o+ +

+ o+ + o+ o+ o+ o+ o+ o+ o+
+

+

+ + +

+ o+ o+ o+

+ +

+Inclusion criteria
-Exclusion criteria
1 BMI: Body Mass Index, > 25 kg/m?

2 Waist circumference >80 cm women, >94 cm men for SLD and

3 For SLD, diabetes is defined as fasting serum glucose >100 mg/dl or 2-hour post-load glucose >140mg/dl or diagnosis for
type 2 diabetes or treatment. For MAFLD, diabetes is defined as fasting glucose >126 mg/dL or specific drug treatment, prediabe-
tes as fasting glucose 100— 125 mg/ dL, and insulin resistance as homeostasis model assessment of insulin resistance [HOMA]

score >2.5.
4
5 Plasma >150 mg/dl or treatment.
6 HDL cholesterol <50 mg/dl women, <40 mg/dl men
7 Plasma high-sensitivity C- reactive protein >0.2 mg/dL
8

Blood pressure >130/85 mm Hg or treatment for hypertension.

Weekly intake of 140-350 grams for women and 210-420 grams for men or an average daily of 20-50 grams for women and

30-60 grams for men

9 Weekly intake of 350 grams for women and 420 grams for men or an average daily of 50 grams for women and 60 grams for

men
10" History of Hepatitis B or C

1 Use of amiodarone > six months, methotrexate > two years, tamoxifen > one year, prednisone > six months, and valproic

acid > one and half months.

NAFLD encompasses a wide disease spectrum, from steatosis to
fibrosis, potentially progressing to cirrhosis and liver cancer [9].
However, its exclusionary diagnosis can miss patients with diverse
etiologies [10]. In 2020, an expert panel proposed the term metabolic
dysfunction-associated fatty liver disease (MAFLD), which considered
the metabolic context of fatty liver disease [11,12]. Although more
inclusive, MAFLD required diabetes, obesity, or two metabolic risk
factors, potentially excluding high-risk patients and limiting under-
standing of the disease [13]. In 2023, the term: Steatotic Liver Disease
(SLD) [13] was introduced by three international liver associations
and patient representatives. This new definition encompasses all
causes of liver steatosis, categorizing them into subgroups with com-
mon health contexts and prognoses. This study aimed to assess
whether the SLD definition improves liver steatosis identification in
our population compared to NAFLD and MAFLD.

2. Patients and Methods
2.1. Study population and design

This study included 9,013 participants aged 38 to 74 years from
the MAUCO population-based cohort in Chile; details published else-
where [14]. Participants’ health history, physical examination, labora-
tory testing (glycemia, insulin, homeostatic model assessment
[HOMA], high-density lipoprotein [HDL] cholesterol, triglycerides,
aspartate aminotransferase [ALT/GOT], alanine aminotransferase
[AST/GPT], gamma-glutamyl transferase [GGT]) and hepatobiliary
ultrasound were collected [8,14]. Ultrasounds were performed with
the Siemens ACUSON P500TM by a trained technician and under
radiologist supervision. Liver steatosis was defined as Normal, Mild,
Moderate, or Severe based on the Rumack criteria [15].

2.2. Definitions of NAFLD, MAFLD, and SLD

Participants were categorized according to the three criteria.
Table 1 shows the inclusion and exclusion criteria for NAFLD [12],
MAFLD [11], and SLD subgroups: Metabolic dysfunction-associated
steatosis liver disease (MASLD), Metabolic Alcohol-Associated Liver
Disease (MetALD), Alcohol-Associated Liver Disease (ALD), Specific
aetiologies, and Cryptogenic [13].

2.3. Risk of severity

To identify individuals with the highest risk health outcome
within each group, liver fibrosis risk was assessed using BARD score
and also the Framingham cardiovascular risk score was used. The Fra-
mingham score considers age, gender, HDL cholesterol, systolic blood
pressure, and smoking history, where >10% is classified as risk of
developing a cardiovascular disease in 10 years [16]. BARD score con-
siders BMI > 28 (1 point), AST/ALT ratio > 0.8 (2 points), and diabetes
(1 point), categorizing 0-1 as low and 2-4 points as high risk of devel-
oping fibrosis [17].

2.4. Statistical analysis

We conducted only descriptive statistical analyses to characterize
the different SLD subgroups. Continuous variables are presented as
means with standard deviations (SD), while categorical variables are
expressed as percentages. The percentage of missing data was mini-
mal; therefore, no data imputation was performed. All analyses were
conducted using R (Version 1.4.1106, © 2009—2021, RStudio, PBC)
[18].
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Table 2

Profile of 9,013 participants allocated in each of the six-steatosis liver disease (SLD) classes.

Annals of Hepatology 30 (2025) 101919

a.Normal (n:4,931) b.MASLD (n:3,892) c.MetALD (n:77) d.ALD (n:53) e.Specific aetiology (n:45) f.Cryptogenic (n:12)
Sociodemographic
Women (4,936) 2,730 (55.4) 2,132(54.7) 26(33.8) 8(15.1) 37(82.2) 3(25)
Men (4,077) 2,201 (44.6) 1,760 (45.3) 51(66.2) 45 (84.9) 8(17.8) 9(75)
Age, mean + SD 53.6(10.2) 53.8(9.5) 53.6(9.9) 52.1(10.3) 55.9 (9.6) 51.0(8.5)
Educational level <8 2,357 (48) 1,894 (49) 34 (44) 23(44.2) 21(46.7) 9(75)
9-12 1,983 (40.4) 1,513 (39.1) 30(39) 19(36.5) 18 (40) 1(8.3)
>13 566 (11.5) 462 (11.9) 13(16.9) 10(19.2) 6(13.3) 2(16.7)
Health profile
Hepatitis 4(0.1) 0(0) 0(0) 0(0) 11(24.4) 0(0)
Alcohol! Moderate or worse 124 (2.5) 0(0) 77 (100) 53(100) 0(0) 1(8.3)
Ultrasound Mild 0(0) 2,455 (63) 39(50.6) 34(64.2) 28 (62.2) 12 (100)
Moderate 0(0) 1,345 (34.5) 34(44.2) 18(34) 16 (35.6) 0(0)
Severe 0(0) 95(2.4) 4(5.2) 1(1.9) 1(2.2) 0(0)
BMI (>25 kg/m?) 3,666 (74.5) 3,740 (96) 75(97.4) 48 (90.6) 43 (95.6) 0(0)
Waist circumference” 2,478 (50.5) 3,216 (82.7) 62 (80.5) 39(73.6) 41(91.1) 0(0)
Diabetes 457 (9.3) 873(22.5) 14(18.2) 7(13.5) 2(4.5) 0(0)
Prediabetes 795 (17) 1,067 (32.1) 30(44.1) 12 (24.5) 2(4.8) 0(0)
HOMA® 471(29.6) 1,010 (69.3) 14(73.7) 4(66.7) 15(68.2) 0(0)
Hypertension 1,971 (40.1) 2,071 (53.3) 50 (64.9) 36 (67.9) 21(46.7) 0(0)
High Blood pressure* 1,538(31.2) 1,589 (40.8) 43(55.8) 29 (54.7) 5(11.1) 0(0)
HDL® 2,231 (45.4) 2,417 (62.3) 41(53.2) 21(40.4) 7(15.9) 0(0)
Triglycerides® 1,838 (37.4) 2,325(59.9) 48 (62.3) 28(53.8) 6(13.6) 0(0)
C-RP’ 667 (41.9) 940 (64.5) 13 (68.4) 5(83.3) 16 (72.7) 2 (40)
ALT/GOT, mean# SD 27.5(19.5) 40.5(29.1) 48.0(31.1) 53.4(30.6) 33.5(274) 28.1(10.0)
AST/GPT, mean + SD 25.4(13.3) 30.8(17.3) 35.9(21.0) 53.4(80.4) 28.0(13.0) 329(13.2)
GGT, mean=+ SD 32.1(46.0) 39.5(48.3) 76.0 (74.6) 55.4(49.2) 35.3(17.2) 43.2 (48.0)
BARD!! Low 0(0) 731(18.8) 14(18.2) 5(9.4) 0(0) 0(0)
High 0(0) 3,162 (81.2) 62 (80.5) 41(774) 10(22.2) 11(91.7)
Framingham'! >10%/10years 1,145 (23.2) 991 (25.4) 31(40.3) 25(47.2) 5(11.1) 2(16.7)

Absolute numbers are present with their percentages in parentheses unless the mean value is indicated.

T Moderate intake: weekly intake of 140-350 grams for women and 210-420 grams for men or an average daily of 20-50 grams for women and 30-60 grams for men. Excessive
intake: weekly intake of 350 grams for women and 420 grams for men or an average daily of 50 grams for women and 60 grams for men

2

Waist circumference: >80 cm women, >94 cm men.
HOMA score >2.5.
Blood pressure >130/85 mm Hg.
HDL cholesterol <50 mg/dl women, <40 mg/dl men.
Plasma >150 mg/dl or treatment.
Plasma high-sensitivity C- reactive protein >0.2 mg/dL
%History of Hepatitis B or C.
" BARD: score of fibrosis; Framingham: Framingham score of cardiovascular disease.

o u s W

7

2.5. Ethical statement

MAUCO was approved by the ethics committees of Pontificia Uni-
versidad Catolica de Chile(N° 14-141) and the Maule Regional Service
of the Chilean Ministry of Health [14]. Written informed consent was
obtained from each participant included in this study.

3. Results

Among the 9,013 adults in the MAUCO cohort, 4,082 (45%) had
confirmed liver steatosis. As expected, those with liver steatosis had
a significantly higher prevalence of obesity, type 2 diabetes, predia-
betes, hypertension, and dyslipidemia (Table 2). Of these, 95% were
classified as “MASLD,” 1.9% “MetALD,” 1.3% “ALD,” 1.1% “Specific eti-
ology” and 0.3% “Cryptogenic” (Fig. 1).

3.1. Transition from NAFLD/MAFLD to SLD

Transitioning from NAFLD to SLD criteria included 176 additional
participants excluded under NAFLD criteria (Fig. 1). These partici-
pants were predominantly men (59.7%) with a high burden of cardio-
metabolic risk factors. They also had moderate (38.6%) and severe
(3.4%) steatosis, with a high risk of liver fibrosis (86.7%) and cardio-
vascular disease (35%) (Supplementary table 1).

In contrast, when switching from MAFLD to SLD, the criteria
included 103 individuals who had been excluded under MAFLD crite-
ria (Fig. 1). These were mainly women (63.1%) with healthier

cardiometabolic profiles. While only 22.3% had moderate steatosis
and 1% severe, 82.1% had a high risk of developing liver fibrosis
and 21.6% risk of developing cardiovascular disease (Supplementary
table 1).

3.2. New SLD classification

MASLD group (95%) was the largest, followed by MetALD (1.9%)
and ALD (1.3%). These three groups had similar health profiles, with
sex distribution being the primary difference. MASLD was 54.7% of
women, while MetALD and ALD were 33.8% and 15.1%, respectively
(Table 2). Specific aetiology and Cryptogenic groups, newly incorpo-
rated classification, show slightly different profiles. The specific aeti-
ology group was mainly women (82.2%) under 60 (Supplementary
table 2) with low rates of chronic diseases. This group includes most
participants with a history of hepatitis B and C (24.4%) (Table 2), and
78% of them use hepatotoxic drugs, prednisone the most used (Sup-
plementary table 2). The cryptogenic group is primarily composed of
men (75%) under the age of 60 years (Supplementary table 2) with a
healthier cardiometabolic profile across the five groups and mild liver
steatosis (100%). Across the five groups, MetALD had the highest
prevalences of moderate and severe liver steatosis (44.2% and 5.2%,
respectively). Regarding severity outcomes, Cryptogenic had the
highest risk of developing liver fibrosis (91.7%), followed by MASLD
(81.2%) and MetALD (80.5%). The risk of cardiovascular disease was
more predominant in ALD and MetALD (47.2% and 40.3%, respec-
tively).
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Participants of MAUCO cohort

(n=9,013)
without liver steatosis
- (n=4,931)
US-detected liver
steatosis
(n=4,082)
__, | NoNAFLD No MAFLD
n=176) |~ || m=103 |
NAFLD dx SLD dx MAFLD dx
(n= 3,906) (n=4,082) (n= 3,979)
[ [ I I
MASLD MetALD ALD Specific Cryptogenic
(n= 3,895) (n=77) (n=53) aetiology (n=12)
(n= 45)

Fig. 1. The flowchart illustrates the selection of individuals with ultrasound-confirmed steatosis from the MAUCO cohort. These participants were classified according to NAFLD and
MAFLD definitions, with excluded cases highlighted. At the bottom of the diagram, all individuals with confirmed steatosis were reclassified using the updated SLD framework and

subcategories.

4. Discussion

Our findings suggest that SLD classification benefits the MAUCO
cohort, classifying all patients with liver steatosis regardless of etiol-
ogy. Shifting from NAFLD to SLD criteria increased the identification
of high-risk populations by adding 176 patients. Despite MAFLD hav-
ing wider criteria than NAFLD [12], it still missed 103 participants at
higher risk for liver fibrosis and cardiovascular disease. With liver
steatosis affecting a quarter of the global population [19], adopting
more inclusive criteria is crucial for diagnosing and treating.

The MASLD group was the most predominant, encompassing
most patients with systemic metabolic dysregulation associated with
liver steatosis, such as obesity and diabetes [20]. Including partici-
pants with at least one cardiometabolic factor effectively captured
most patients with a high burden of chronic diseases, particularly in
populations with high rates of obesity, diabetes, prediabetes, and
hypertension, like those in Chile [21]. Although MAFLD incorporates
metabolic disease, it prioritizes overweight/obese individuals and
those with diabetes, making it more likely to miss cases with only
one chronic disease [10]. Studies from the United States, Brazil, and
China demonstrate strong agreement between MASLD and NAFLD/
MAFLD. This suggests that transitioning to SLD will not compromise
the validity of prior NAFLD and MAFLD research [22—-25] and will
benefit patients by including a subgroup of high-risk individuals.

Incorporating the MetALD and ALD subgroups clarifies the role of
moderate or excessive alcohol consumption in causing steatosis. Pre-
vious studies emphasize the importance of distinguishing MetALD
from MASLD and ALD due to their distinct pathogenic mechanisms
and prognostic outcomes [10]. While MASLD and MetALD share simi-
lar health profiles and risks, moderate alcohol consumption with car-
diometabolic factors significantly increases the risk of liver fibrosis
and cardiovascular disease. Similar findings were reported by the UK
Biobank study, with MASLD predominantly affecting women with a
higher burden of metabolic syndrome. In contrast, MetALD mainly

affected men with worse liver profiles, characterized by elevated ALT,
AST, and GGT levels [26].

The inclusion of Specific aetiology and Cryptogenic groups intro-
duces a key distinction. Our findings show that although the Specific
etiology group had high rates of obesity and hypertension, they were
excluded from MASLD group because their liver steatosis was primar-
ily linked to a history of hepatitis B and C infections and the use of
hepatotoxic drugs—both preventable factors. The frequent overlap of
conditions in steatotic liver disease, particularly those linked to meta-
bolic syndrome, infection history, or hepatotoxin use, highlights the
need to manage all the steatogenic factors for appropriate patient
treatment [20]. On the other hand, the Cryptogenic group lacks a spe-
cific etiology for liver steatosis [27]. Our data indicate that while this
group had a healthier cardiometabolic profile, it has a high risk of
developing liver fibrosis (100%) and cardiovascular disease (16.7%).
Similar findings were observed in ELSA-Brazil and Japanese cohorts,
where participants previously classified as NAFLD without cardiome-
tabolic profiles under the SLD were placed in the Cryptogenic group
[23,28]. In Japan, studies also found that this group was relatively
small compared to others and had a healthier profile [28]. They
observed that the Cryptogenic group had a lower risk of metabolic
complications than other SLD subgroups, emphasizing the need for
dedicated studies to better understand the underlying causes of liver
steatosis in this population and to develop targeted treatments [28].

Our study has limitations. The diagnosis of liver steatosis was
made using ultrasound, which has variable sensitivity and specificity
that improves with disease progression and is highly operator-
dependent [29]. These limitations may lead to an underestimation of
cases. However, current guidelines in the United States, Europe, and
Latin America recommend ultrasound due to its practicality, low cost,
safety, and wide availability [30—32]. Given the high burden of meta-
bolic syndrome and its strong association with SLD, the high preva-
lence of SLD found in the MAUCO cohort, detected by ultrasound,
appears reasonable. Studies have shown that MASLD and MetALD are
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the most prevalent subcategories, are closely linked to metabolic syn-
drome [13,20], with obesity, diabetes, and hypertension as primary
risk factors [12]. Approximately 65% of obese patients and 70% of
individuals with type 2 diabetes have MASLD [33]. In our cohort, 84%
of participants are overweight or obese, 65% have a high waist cir-
cumference, 15% have diabetes, and 46% have hypertension, support-
ing the high SLD prevalence observed.

Another limitation is the reliance on self-reported alcohol con-
sumption, which may lead to an underestimation of alcohol intake
and, consequently, the prevalence of MetALD and ALD. Additionally,
the history of Hepatitis B or C infections was self-reported, potentially
underestimating past viral infections. However, national data from
the Chilean National Health Survey (2009-2010), which included
serological testing (HBsAg and anti-HCV), reported a low prevalence
of hepatitis B (0.15%) and hepatitis C (0.01%) [34]. Although few cases
were self-reported in our study [34], these national prevalence rates
suggest that hepatitis rates in our cohort would likely be low. Despite
these limitations, a key strength of our study is that it is one of the
few population-based studies in Latin America, offering valuable
insights into SLD classification within a well-characterized Chilean
agricultural cohort.

5. Conclusions

In conclusion, transitioning to SLD criteria was beneficial in identi-
fying high-risk patients in our population, particularly those at signif-
icant risk of developing liver fibrosis and cardiovascular disease, who
should be prioritized for medical and lifestyle interventions. A more
inclusive definition raises awareness of the disease among the medi-
cal community and the general population.
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