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Summary
Background: A multi-society consensus group proposed a new nomenclature for 
steatotic liver disease (SLD) including metabolic-dysfunction associated steatotic 
liver disease (MASLD), MASLD and increased alcohol intake (MetALD) and alcohol-
associated liver disease (ALD). However, the risk of liver-related events, major adverse 
cardiovascular events (MACE) and all-cause mortality among various sub-groups is 
unknown.
Aims: To evaluate the risk of liver-related events, MACE and death among patients 
with SLD.
Methods: We conducted a nationwide, population-based study and enrolled 761,400 
patients diagnosed with MASLD, MetALD or ALD. The primary endpoint was the oc-
currence of liver-related events, MACE and death in patients with MASLD, MetALD 
and ALD.
Results: The cumulative incidence of liver-related events and death were highest in 
ALD, followed by MetALD and MASLD (p < 0.001 for both liver-related events and 
death), while the incidence of MACE was highest in MASLD, followed by MetALD and 
ALD (p < 0.001). Using MASLD as the reference and adjusting for age, sex, smoking, 
diabetes mellitus, dyslipidaemia and hypertension, the adjusted hazard ratios (95% 
confidence intervals) for liver-related events, MACE and death in MetALD were 1.42 
(1.1–1.8), 0.68 (0.63–0.73) and 1.13 (0.98–1.3), respectively. In ALD, they were 3.42 
(2.6–4.6), 0.58 (0.49–0.67) and 1.60 (1.3–2.0), respectively, for liver-related events, 
MACE and death.
Conclusions: The new consensus nomenclature can be used to stratify the risk of 
complications and prognosis. The nomenclature is beneficial for risk stratification 
and identifying new mechanisms for disease-specific therapeutic implications.
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1  | INTRODUC TION

Nonalcoholic fatty liver disease (NAFLD) affects over 25% of the 
global population.1 Patients with NAFLD may develop liver-related 
events, including hepatocellular carcinoma (HCC) and liver decom-
pensation, as well as major adverse cardiovascular events (MACE) 
and NAFLD is the leading cause of liver transplantation.2–5 Since 
NAFLD is a significant health and economic burden, preventing the 
progression of NAFLD is a crucial clinical challenge.

The term NAFLD is based on exclusionary confounder terms and 
may be stigmatising. Therefore, the multi-society consensus group re-
cently proposed a new nomenclature and diagnostic criteria for NAFLD, 
referring to it as steatotic liver disease (SLD) and its subgroups.6 Within 
the subgroups of SLD, a classification into three groups has been 
proposed based on the level of alcohol consumption. These include 
metabolic-dysfunction associated SLD (MASLD), MASLD and increased 
alcohol intake (MetALD) and alcohol-associated liver disease (ALD). In 
the future, this new nomenclature and classification will be used in clin-
ical practice. Although changes in the nomenclature and definition of 
disease may affect the natural history of pathologies, the impact of this 
classification on clinical outcomes has not been thoroughly examined.7,8 
In particular, SLD (MASLD, MetALD and ALD) may be a risk factor for 
liver-related events, MACE and death. However, it remains unclear 
whether MASLD, MetALD and ALD present different event risks and 
whether distinguishing between these three groups is clinically signifi-
cant. To address the existing gap in knowledge, we utilised a nationwide, 
population-based cohort to examine the risk difference of liver-related 
events, MACE and prognosis in MASLD, MetALD and ALD.

2  | METHODS

2.1 | Data source

In this study, we examined a nationwide, population-based, extensive 
claims database developed by the Japan Medical Data Center (JMDC 
Co., Ltd. Tokyo, Japan).9 The database comprises monthly claims from 
all medical facilities, including hospitals, tertiary centers, primary care 
facilities and pharmacies. Additionally, the outcomes of each patient's 
health checkup are also connected to this database. Medical and phar-
macy claims encompass diagnosis, drug products, clinical procedures/
treatments, materials and Japan's unique diagnosis procedure combi-
nation code for both inpatients and outpatients. The diagnoses were 
coded using the International Classification of Diseases, 10th revision 
(ICD-10). When a patient dies, the date of death and the corresponding 
ICD-code of the disease causing death are also documented in the da-
tabase. Prescriptions were coded using the World Health Organization 
Anatomical Therapeutic Chemical classification system. This included 
details such as the prescription date, daily dosage per prescription, 
dose unit, number of administration days per prescription and dos-
age. The clinical practice data encompasses examination, treatment, 
surgery, anaesthesia and rehabilitation, all coded using Japan's unique 
procedure/treatment system. Since all claims were processed by the 

health insurance association, diagnosis and treatment could be tracked 
even when patients changed care providers. This allowed for an accu-
rate long-term assessment of the disease course.10,11

The annual health checkup results included age, sex, physical ex-
amination findings, medical history, blood test results and question-
naire information on smoking and alcohol habits. The details of this 
database have been presented in the previous report.

2.2 | Study protocol

Currently, more than 10 million patients are included in the database. 
We investigated 3,382,660 patients who had undergone an annual 
health checkup more than twice between 2016 and 2021. The exclu-
sion criteria were as follows: (1) other chronic liver diseases, such as 
viral hepatitis, autoimmune hepatitis and primary biliary cholangitis; 
(2) history of liver-related events and MACE; (3) Absence of SLD, 
defined by a fatty liver index greater than 60 and/or the diagnosis of 
fatty liver (as indicated by ICD-10 code K760). After excluding these 
patients, a total of 761,400 patients with SLD were included in the 
study. The patient selection process is depicted in Figure 1. The de-
tailed definitions of the inclusion and exclusion criteria are provided 
in Table S1. The initial health checkup date was utilised as the ref-
erence point and the occurrence of liver-related events, MACE and 
prognosis were examined. Similarly, long-term follow-up data (the 
same dataset) from 2005 to 2023 were used to investigate the cu-
mulative incidence of liver-related events and MACE up to 10 years.

The study protocol conforms to the ethical guidelines of the 
Declaration of Helsinki. Since all personal information was entirely 
removed from the database and no such data remained, ethics ap-
proval was not required.

2.3 | Definitions of HCC, hepatic decompensation, 
MACE, death and metabolic complications

Liver-related events were defined as HCC, ascites, variceal bleeding, 
hepatic encephalopathy, or death resulting from HCC. MACE was de-
fined as myocardial infarction, stroke, or cardiovascular death. Liver-
related events and MACE were identified using the diagnostic code 
(ICD-10) in conjunction with the corresponding procedure/treatment. 
For instance, HCC was identified by ICD-10 codes C220 and C227 
and treated with methods such as radiofrequency ablation, liver re-
section, transcatheter arterial chemoembolization, or chemotherapy 
(sorafenib, lenvatinib, regorafenib, ramucirumab, cabozantinib, or 
atezolizumab plus bevacizumab). Combining diagnostic codes and 
procedure/treatment had 93% sensitivity and 100% specificity for 
diagnosing specific diseases and the diagnostic accuracy was higher 
than that of ICD-10 alone.12 The comprehensive definitions for liver-
related events and MACE are detailed in Table S2. The date of death 
is documented in the database and utilised for prognostic analysis.

Diabetes mellitus (DM) is defined as having an HbA1c level of 
≥6.5%, a fasting blood glucose level of ≥126 mg/dL, or the use of 
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antidiabetic medication. Dyslipidemia was defined as low-density 
lipoprotein cholesterol ≥140 mg/dL, high-density lipoprotein cho-
lesterol <40 mg/dL, triglycerides ≥150 mg/dL, or the use of lipid-
lowering medication. Hypertension was defined as a systemic blood 
pressure of ≥140 mmHg, a diastolic blood pressure of ≥90 mmHg, or 
the use of antihypertensive medication.

2.4 | Definition of MASLD, MetALD and ALD

Patients with SLD were categorised into MASLD, MetALD and ALD 
based on their level of alcohol consumption.6 Alcohol consumption 
was determined using questionnaire data on drinking habits. A com-
prehensive definition of alcohol consumption is provided in Table S3. 
Since questionnaires are commonly used in Japan for every 20 g of 
ethanol, the definition of alcohol intake in this study differs slightly 
from the original definition.

2.5 | Primary endpoint

The primary endpoint was the occurrence of liver-related events, 
MACE and death in patients with MASLD, MetALD and ALD. The risks 
of complications and death were compared among these three groups.

2.6 | Statistical analyses

The cumulative incidence of liver-related events, MACE and death 
was examined using the Kaplan–Meier method and the log-rank test. 
The multivariable analysis was performed using the Cox proportional 
hazard model to examine the hazard ratio (HR) with a 95% confidence 
interval (CI) for the risk of liver-related events, MACE and death. For 
the multivariable analysis, factors such as age, gender, current smok-
ing status, DM, hypertension and dyslipidemia were selected in ad-
vance as co-variables. This data on co-variables was collected for 
all patients and there were no missing data. Statistical significance 

was defined as p-values of <0.05. All statistical analyses were con-
ducted using EZR (Saitama Medical Center, Jichi Medical University, 
Shimotsuke, Japan), a graphical user interface for R version 3.2.2 (The 
R Foundation for Statistical Computing, Vienna, Austria).

3  | RESULTS

3.1 | Patient characteristics

This study included 620,832 patients with MASLD, 108,494 patients 
with MetALD and 32,074 patients with ALD. Patient characteristics 
are shown in Table  1. The median age (interquartile range [IQR]) in 
MASLD, MetALD and ALD were 51 (44–58), 52 (46–59) and 52 (46–58) 
years, respectively. Primarily, the study included males, with 83.3% in 
MASLD, 89.6% in MetALD and 86.5% in ALD. The prevalence of DM 
and dyslipidemia was highest in MASLD (9.9% and 71.8%), followed by 
MetALD (8.5% and 71.1%) and ALD (7.7% and 69.3%). The median ALT 
level was highest in MASLD (31 IU/L), followed by MetALD (30 IU/L) 
and ALD (29 IU/L). Meanwhile, the mean GGT level was highest in ALD 
(90 IU/L), followed by MetALD (72 IU/L) and MASLD (47 IU/L).

3.2 | Liver-related events in MASLD, 
MetALD and ALD

The median follow-up periods (IQR) were 4.3 (2.8–4.9) years. During 
the follow-up period, a total of 419 patients (0.1%) experienced liver-
related events. The cumulative incidence of liver-related events among 
the three groups was examined (Figure 2A). The cumulative incidence 
of liver-related events in MASLD over 1-, 3- and 5-year periods were 
0.01%, 0.04% and 0.06%, respectively. The cumulative incidence of 
liver-related events in MetALD over 1-, 3- and 5-year periods were 
0.01%, 0.05% and 0.12%, respectively. Similarly, the incidences in ALD 
were 0.02%, 0.10% and 0.27% over the same periods. The incidence 
of liver-related events was highest in ALD, followed by MetALD and 
MASLD (ALD vs. MetALD, p < 0.001; MetALD vs. MASLD, p = 0.01).

F I G U R E  1   Patient selection.
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In the subgroup of patients with MASLD, patients were strati-
fied by one or two and more MASLD criteria. The 5-year cumulative 
incidence of liver-related events in patients with one criterion and 
multiple criteria was 0.04% and 0.07%, respectively, and the inci-
dence was significantly higher in patients with multiple criteria than 
in patients with one criterion (p < 0.001).

3.3 | MACE in MASLD, MetALD and ALD

During the follow-up period, a total of 5791 patients (0.8%) devel-
oped MACE. The cumulative incidence of MACE was also examined 
(Figure  2B). The cumulative incidence of MACE over 1-, 3- and 5- 
years were 0.2%, 0.6% and 1.1% in MASLD, 0.1%, 0.3% and 0.9% in 
MetALD and 0.1%, 0.4% and 0.7% in ALD, respectively. The incidence 
of MACE was highest in MASLD, followed by MetALD and then ALD 
(MASLD vs. MetALD, p < 0.001; MetALD vs. ALD, p < 0.001).

In the subgroup of patients with MASLD, the 5-year cumulative 
incidence of MACE in patients with one criterion and multiple crite-
ria was 0.34% and 1.4%, respectively, and the incidence was signifi-
cantly higher in patients with multiple criteria than in patients with 
one criterion (p < 0.001).

3.4 | Prognosis in MASLD, MetALD and ALD

During the follow-up period, a total of 1408 patients (0.2%) died. The 
cumulative incidence of death over 1-, 3- and 5- years were 0.02%, 
0.03% and 0.26% in MASLD, 0.04%, 0.13% and 0.35% in MetALD 
and 0.06%, 0.15% and 0.52% in ALD, respectively (Figure 2C). The 
incidence of death was highest in ALD, followed by MetALD and 

MASLD (ALD vs. MetALD, p < 0.001; MetALD vs. MASLD, p = 0.007). 
In patients with MASLD, 4.0%, 14.9% and 81.1% of patients died from 
liver-related events, MACE and other causes, respectively. Similarly, 
7.4%, 16.0% and 76.6% of patients with MetALD died from liver-
related events, MACE and other causes and 18.8%, 14.6% and 66.7% 
of patients with ALD died from liver-related events, MACE and other 
causes. Liver-related mortality was significantly higher in patients 
with ALD than in those with MetALD and MASLD (p < 0.001).

3.5 | Risk difference between MASLD, 
MetALD and ALD

The risk differences for liver-related events, MACE and death be-
tween MASLD, MetALD and ALD were analysed. The analysis used 
MASLD as a reference and adjusted for factors such as age, gender, 
smoking, DM, dyslipidemia and hypertension (Figure 3). The multivar-
iable analysis showed that the adjusted HRs (95% CI) for liver-related 
events were 1.42 (1.1–1.8) in MetALD (p = 0.005) and 3.42 (2.6–4.6) 
in ALD (p < 0.001). Similarly, adjusted HRs for MACE (MASLD as the 
reference) were 0.68 (0.63–0.73) in MetALD (p < 0.001) and 0.58 
(0.49–0.67) in ALD (p < 0.001). The adjusted HRs for death (MASLD 
as the reference) were 1.13 (0.98–1.3) in MetALD (p = 0.09) and 1.60 
(1.3–2.0) in ALD (p < 0.001).

3.6 | Incidence of liver-related events and MACE 
with long-term observation

Long-term follow-up data were used to examine the cumulative 
incidence of liver-related events and MACE up to 10 years. The 

MASLD 
(N = 620,832)

MetALD 
(N = 108,494) ALD (N = 32,074)

Males (%) 517,232 (83.3) 97,183 (89.6) 27,733 (86.5)

Age (years) 51 (44–58) 52 (46–59) 52 (46–58)

DM (%) 61,621 (9.9%) 9202 (8.5%) 2471 (7.7)

Hypertension (%) 280,671 (45.2) 55,784 (51.4) 17,058 (53.2)

Dyslipidemia (%) 445,761 (71.8) 77,119 (71.1) 22,223 (69.3)

BMI (kg/m2) 26.8 (24.6–29.4) 25.8 (23.8–28.3) 25.2 (23.1–27.5)

Triglycerides (mg/dL) 140 (98–203) 155 (106–233) 158 (105–252)

HDL-cholesterol (mg/dL) 51 (44–59) 55 (47–66) 59 (50–71)

LDL-cholesterol (mg/dL) 130 (110–152) 123 (102–145) 118 (96–141)

AST (IU/L) 24 (20–31) 26 (21–34) 28 (22–37)

ALT (IU/L) 31 (21–47) 30 (21–43) 29 (21–43)

GGT (IU/L) 47 (30–76) 72 (44–120) 90 (54–154)

HbA1c (%) 5.6 (5.3–5.9) 5.5 (5.3–5.8) 5.4 (5.2–5.7)

Note: Continuous data are shown in median (interquartile range).
Abbreviations: ALD, alcoholic-associated liver disease; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; BMI, body mass index; DM, diabetes mellitus; GGT, γ-Glutamyl 
Transpeptidase, MASLD, metabolic dysfunction-associated steatotic liver disease; HbA1c, 
haemoglobin A1c; HDL, high-density lipoprotein; LDL, low-density lipoprotein; MetALD, MASLD 
and increased alcohol intake.

TA B L E  1   Patient characteristics.
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cumulative incidence of liver-related events over 3-, 5- and 10- 
years were 0.03%, 0.06% and 0.12% in MASLD, 0.03%, 0.06% and 
0.14% in MetALD and 0.05%, 0.14% and 0.33% in ALD, respectively 
(Figure 4A). The incidence of liver-related events was highest in ALD, 
followed by MetALD and then MASLD. Similarly, the cumulative in-
cidence of MACE over 3-, 5- and 10- years were 0.5%, 0.9% and 
2.0% in MASLD, 0.5%, 0.8% and 1.8% in MetALD and 0.4%, 0.7% 
and 1.7% in ALD, respectively (Figure 4B). The incidence of MACE 
was highest in MASLD, followed by MetALD and then ALD.

4  | DISCUSSION

4.1 | Main findings

In this nationwide, population-based cohort study that included 
761,400 patients with MASLD, MetALD and ALD, we demonstrated 
that the risk of liver-related events significantly was highest in ALD, 
followed by MetALD and MASLD. Additionally, the risk of death was 
higher in ALD compared to MASLD. Conversely, the risk of MACE was 
highest in MASLD, followed by MetALD and ALD. The risk of complica-
tions and prognosis can be stratified using the new consensus nomen-
clature. The results underscore the usefulness of the new classification.

4.2 | In context with the published literature

The new consensus nomenclature recommends classification into 
MASLD, MetALD and ALD based on the amount of alcohol con-
sumption. However, the clinical impact of these classifications re-
mains unclear. In patients with NAFLD, several studies have explored 
the correlation between alcohol intake and the risk of liver-related 
complications. While it is widely recognised that heavy alcohol 
consumption is a significant risk factor for liver-related events, the 
impact of mild to moderate alcohol consumption on liver-related 
events in NAFLD remains a subject of debate.13–15 Some studies 
have shown that mild to moderate alcohol consumption can reduce 
the risk of nonalcoholic steatohepatitis and advanced fibrosis.16,17 
On the contrary, other studies have demonstrated that the risk of 
advanced fibrosis or liver-related events increases with increased al-
cohol consumption.18–21 The thresholds of alcohol consumption for 
liver-related events vary in these studies and notably, there are no 
available data recommending a safe level of alcohol consumption.22 
In this study, we demonstrated that the risk of liver-related events 

F I G U R E  2   Cumulative incidence of liver-related events, MACE 
and prognosis. The cumulative incidence of (A) liver-related events, 
(B) MACE and (C) prognosis stratified by MASLD, MetALD and 
ALD was shown. ALD, alcohol-associated liver disease; MASLD, 
metabolic-dysfunction associated steatotic liver disease; MACE, 
major adverse cardiovascular events; MetALD, MASLD and 
increased alcohol intake.
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can be stratified among MASLD, MetALD and ALD. Therefore, the 
threshold for alcohol consumption in the new classification proves 
useful for risk stratification of liver-related events in patients with 
SLD. Further research is required to explore the impact of minimal 
alcohol intake (lower alcohol consumption threshold) in MASLD.

We showed a reduced MACE risk in MetALD and ALD compared 
to MASLD. The prevalence of DM and dyslipidemia in MASLD was 
higher than in MetALD and ALD. This increased prevalence of met-
abolic dysfunction could contribute to the elevated risk of MACE in 
MASLD. Furthermore, even after adjusting for these comorbidities, 
MetALD and ALD were independently associated with a favourable 
outcome in relation to MACE. In the general population, several 
studies have demonstrated that mild to moderate alcohol consump-
tion is associated with a reduced risk of MACE.23 Furthermore, a 
meta-analysis involving approximately 600,000 patients across 83 
prospective studies demonstrated that the risk of myocardial infarc-
tion decreased in a dose-dependent manner with increased alco-
hol consumption.24–26 In patients with NAFLD, some studies have 
shown that mild to moderate alcohol consumption is associated with 
a reduced risk of MACE.27 Our findings align with those of previous 
studies, suggesting that the risk of MACE can be stratified in pa-
tients with SLD using the new classification.

The meta-analysis demonstrated that all-cause mortality increased 
with an increase in alcohol consumption in the general population.24 

Other research has also shown that the risk of mortality is higher in ALD 
compared to the general population.28,29 However, the effects of alcohol 
consumption on SLD, particularly the implications of mild to moderate 
alcohol consumption on mortality, are less understood.30,31 In this study, 
we demonstrated that while the prognosis in MASLD and MetALD are 
comparable, ALD has a poorer prognosis compared to MASLD.

In a Japanese study of 6508 hospital-based patients with NAFLD 
with a mean age of 49 (23–86) years, the incidence of HCC was 0.43 
per 1000 person-years.32 Similarly, in a meta-analysis of 8,515,431 
patients with NAFLD, the incidence of HCC was 0.44 per 1000 
person-years (mainly hospital-based patients with a mean age of 
50.4 years).33 Considering that our study used a young population-
based cohort, the number of events in the study is considered 
reasonable.

4.3 | Strengths and limitations

In this study, we investigated over 700,000 patients with SLD using the 
nationwide, population-based cohort. Liver-related events and MACE 
were identified using both ICD-code and procedure code, resulting in a 
more accurate diagnosis than using the ICD-code alone. Furthermore, 
since all diagnosis and treatment codes were integrated by health in-
surance, tracking of diagnosis and treatment was possible even when 

F I G U R E  3   Adjusted HR for liver-related events, MACE and prognosis in MASLD, MetALD and ALD. In the multivariable analysis, MASLD 
was used as a reference and adjusted for factors such as age, gender, smoking, DM, dyslipidemia and hypertension. ALD, alcohol-associated 
liver disease; HR, hazard ratio; MACE, major adverse cardiovascular events; MASLD, metabolic-dysfunction associated steatotic liver 
disease; MetALD, MASLD and increased alcohol intake.
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patients switched care providers, enabling accurate long-term disease 
course assessment. In Japan, companies are required by law to provide 
annual health checkup for their employees and the dataset consists of 
annual health checkup and claims data. Therefore, the dataset includes 
data on individuals who have not been seen in any healthcare encoun-
ter, allowing for analyses from a cohort that is more population-based 

than hospital-based cohorts. However, since the cohort primarily con-
sisted of relatively young male patients, further studies are needed 
in cohorts that include elderly patients or females. Liver fibrosis is a 
well-known risk factor for liver-related events, but the database lacks 
data for liver fibrosis assessment.34,35 Therefore, additional research 
may be necessary to investigate the effects of the classification after 

F I G U R E  4   Incidence of liver-related 
events and MACE with long-term 
observation. The cumulative incidence 
of (A) liver-related events and (B) MACE 
stratified by MASLD, MetALD and ALD 
was shown. ALD, alcohol-associated 
liver disease; MACE, major adverse 
cardiovascular events; MASLD, metabolic-
dysfunction associated steatotic liver 
disease; MetALD, MASLD and increased 
alcohol intake.
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adjusting for liver fibrosis, especially in liver-related events. The defi-
nition of alcohol intake in this study differs slightly from the original 
definition and future analyses based on more accurate alcohol intake 
are needed. Notwithstanding this, we showed that the risk of compli-
cations and prognosis could be stratified using even a simple question-
naire, as shown in Table S3 and it is useful in daily clinical practice.

4.4 | Future implications

The new criteria of MASLD, MetALD and ALD can be used to stratify 
the risk of liver-related events, MACE and prognosis. Patients with 
moderate alcohol consumption, classified as MetALD in this nomen-
clature, have not been appropriately categorised previously. Since 
MetALD poses different risks compared to MASLD or ALD, its new 
clinical definition is significant. In clinical practice, follow-up and sur-
veillance are necessary based on the risk of complications. The new 
definitions of MASLD, MetALD and ALD, which have significantly 
different complication risks, may be useful in developing appropriate 
surveillance strategies. Given the limited number of effective drugs 
for SLD, there is an urgent need for the development of novel thera-
pies. Since the pathogenesis of MASLD, MetALD and ALD differs, 
identifying new mechanisms for disease-specific therapeutic implica-
tions is crucial for developing novel therapies. In this context, this 
novel nomenclature may have significant clinical implications.

In conclusion, the new consensus nomenclature can be used to 
stratify the risk of complications and prognosis. The nomenclature is 
beneficial for risk stratification and identifying new mechanisms for 
disease-specific therapeutic implications.

AUTHOR CONTRIBUTIONS
Nobuharu Tamaki: Conceptualization; methodology; formal analysis; 
funding acquisition; writing – original draft; writing – review and edit-
ing; data curation. Takefumi Kimura: Conceptualization; formal analy-
sis; data curation; writing – original draft; writing – review and editing; 
methodology. Shun-Ichi Wakabayashi: Conceptualization; method-
ology; data curation; formal analysis; writing – original draft; writing 
– review and editing. Takeji Umemura: Supervision; funding acquisi-
tion; writing – review and editing; data curation. Masayuki Kurosaki: 
Conceptualization; methodology; data curation; supervision; project 
administration; writing – review and editing; funding acquisition. 
Rohit Loomba: Data curation; supervision; funding acquisition; writ-
ing – review and editing. Namiki Izumi: Conceptualization; methodol-
ogy; data curation; supervision; funding acquisition; writing – review 
and editing; project administration.

ACKNOWLEDG EMENTS
Declaration of personal interests: Rohit Loomba serves as a consultant 
to Aardvark Therapeutics, Altimmune, Anylam/Regeneron, Amgen, 
Arrowhead Pharmaceuticals, AstraZeneca, Bristol-Myer Squibb, 
CohBar, Eli Lilly, Galmed, Gilead, Glympse Bio, Hightide, Inipharma, 
Intercept, Inventiva, Ionis, Janssen, Inc, Madrigal, Metacrine, 
Inc, NGM Biopharmaceuticals, Novartis, Novo Nordisk, Merck, 

Pfizer, Sagimet, Theratechnologies, 89 bio, Terns Pharmaceuticals 
and Viking Therapeutics, his employers received research grants 
from Arrowhead Pharmaceuticals, Astrazeneca, Boehringer-
Ingelheim, Bristol-Myers Squibb, Eli Lilly, Galectin Therapeutics, 
Galmed Pharmaceuticals, Gilead, Intercept, Hanmi, Intercept, 
Inventiva, Ionis, Janssen, Madrigal Pharmaceuticals, Merck, NGM 
Biopharmaceuticals, Novo Nordisk, Merck, Pfizer, Sonic Incytes and 
Terns Pharmaceuticals and is the co-founder of LipoNexus, Inc. The 
other authors have no conflicts of interest to declare.

FUNDING INFORMATION
Nobuharu Tamaki receives funding support from Japan Agency for 
Medical Research and Development (grant number: JP23fk0210111 
and JP23fk0210104) and Japanese Ministry of Health, Welfare 
and Labor (grand number: 23HC2003 and 23HC2002). Masayuki 
Kurosaki receives funding support from Japan Agency for Medical 
Research and Development (grant number: JP23fk0210123). Namiki 
Izumi receives funding support from Japanese Ministry of Health, 
Welfare and Labor (grand number: 23HC2001). Takeji Umemura 
receives funding support from Japan Agency for Medical Research 
and Development (grant number: JP23fk0210125). Rohit Loomba 
receives funding support from NCATS (5UL1TR001442), NIDDK 
(U01DK061734, U01DK130190, R01DK106419, R01DK121378, 
R01DK124318, P30DK120515), NHLBI (P01HL147835), John C 
Martin Foundation (RP124) and NIAAA (U01AA029019).

AUTHORSHIP
Guarantor of the article: Masayuki Kurosaki.

ORCID
Nobuharu Tamaki   https://orcid.org/0000-0003-4634-6616 
Takefumi Kimura   https://orcid.org/0000-0002-1481-1029 

R E FE R E N C E S
	 1.	 Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev 

Gastroenterol Hepatol. 2013;10(11):686–90.
	 2.	 Huang DQ, El-Serag HB, Loomba R. Global epidemiology of 

NAFLD-related HCC: trends, predictions, risk factors and preven-
tion. Nat Rev Gastroenterol Hepatol. 2021;18(4):223–38.

	 3.	 Tamaki N, Higuchi M, Kurosaki M, Loomba R, Izumi N. Risk differ-
ence of liver-related and cardiovascular events by liver fibrosis sta-
tus in nonalcoholic fatty liver disease. Clin Gastroenterol Hepatol. 
2022;20(5):1171–3.e2.

	 4.	 Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younossi 
ZM, et al. Nonalcoholic steatohepatitis is the second leading etiology 
of liver disease among adults awaiting liver transplantation in the 
United States. Gastroenterology. 2015;148(3):547–55.

	 5.	 Loomba R, Friedman SL, Shulman GI. Mechanisms and disease conse-
quences of nonalcoholic fatty liver disease. Cell. 2021;184(10):2537–64.

	 6.	 Rinella ME, Lazarus JV, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, 
et al. A multisociety Delphi consensus statement on new fatty liver 
disease nomenclature. J Hepatol. 2023;79(6):1542–56.

	 7.	 Lee BP, Dodge JL, Terrault NA. National prevalence estimates for 
steatotic liver disease and subclassifications using consensus no-
menclature. Hepatology. 2024;79(3):666–73.

	 8.	 Chan KE, Ong EYH, Chung CH, Ong CEY, Koh B, Tan DJH, 
et  al. Longitudinal outcomes associated with metabolic 

 13652036, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.18015 by Shinshu U

niversity, W
iley O

nline L
ibrary on [29/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-4634-6616
https://orcid.org/0000-0003-4634-6616
https://orcid.org/0000-0002-1481-1029
https://orcid.org/0000-0002-1481-1029


     |  69TAMAKI et al.

dysfunction-associated steatotic liver disease: a meta-analysis of 
129 studies. Clin Gastroenterol Hepatol. 2024;22(3):488–98.e14.

	 9.	 Nagai K, Tanaka T, Kodaira N, Kimura S, Takahashi Y, Nakayama T. 
Data resource profile: JMDC claims database sourced from health 
insurance societies. J Gen Fam Med. 2021;22(3):118–27.

	10.	 Tamaki N, Wakabayashi SI, Kimura T, Yasui Y, Tsuchiya K, Nakanishi H, 
et al. Glycemic control target for liver and cardiovascular events risk in 
metabolic dysfunction-associated steatotic liver disease. Hepatol Res. 
2024. https://​doi.​org/​10.​1111/​hepr.​14025​. Online ahead of print.

	11.	 Wakabayashi SI, Tamaki N, Kimura T, Umemura T, Kurosaki M, Izumi 
N. Natural history of lean and non-lean metabolic dysfunction-
associated steatotic liver disease. J Gastroenterol. 2024.  
https://doi.org/10.1007/s00535-024-02093-z. Online ahead of print.

	12.	 Fujihara K, Yamada-Harada M, Matsubayashi Y, Kitazawa M, 
Yamamoto M, Yaguchi Y, et  al. Accuracy of Japanese claims data 
in identifying diabetes-related complications. Pharmacoepidemiol 
Drug Saf. 2021;30(5):594–601.

	13.	 Ajmera VH, Terrault NA, Harrison SA. Is moderate alcohol use 
in nonalcoholic fatty liver disease good or bad? A critical review. 
Hepatology. 2017;65(6):2090–9.

	14.	 Åberg F, Byrne CD, Pirola CJ, Männistö V, Sookoian S. Alcohol con-
sumption and metabolic syndrome: clinical and epidemiological im-
pact on liver disease. J Hepatol. 2023;78(1):191–206.

	15.	 Jarvis H, O'Keefe H, Craig D, Stow D, Hanratty B, Anstee QM. Does 
moderate alcohol consumption accelerate the progression of liver 
disease in NAFLD? A systematic review and narrative synthesis. 
BMJ Open. 2022;12(1):e049767.

	16.	 Mitchell T, Jeffrey GP, de Boer B, MacQuillan G, Garas G, Ching H, 
et al. Type and pattern of alcohol consumption is associated with 
liver fibrosis in patients with non-alcoholic fatty liver disease. Am J 
Gastroenterol. 2018;113(10):1484–93.

	17.	 Sookoian S, Castaño GO, Pirola CJ. Modest alcohol consumption 
decreases the risk of non-alcoholic fatty liver disease: a meta-
analysis of 43 175 individuals. Gut. 2014;63(3):530–2.

	18.	 Ajmera V, Belt P, Wilson LA, Gill RM, Loomba R, Kleiner DE, et al. 
Among patients with nonalcoholic fatty liver disease, modest alcohol 
use is associated with less improvement in histologic steatosis and 
Steatohepatitis. Clin Gastroenterol Hepatol. 2018;16(9):1511–20.e5.

	19.	 Åberg F, Puukka P, Salomaa V, Männistö S, Lundqvist A, Valsta L, 
et al. Risks of light and moderate alcohol use in fatty liver disease: 
follow-up of population cohorts. Hepatology. 2020;71(3):835–48.

	20.	 Kimura T, Tanaka N, Fujimori N, Sugiura A, Yamazaki T, Joshita S, 
et al. Mild drinking habit is a risk factor for hepatocarcinogenesis 
in non-alcoholic fatty liver disease with advanced fibrosis. World J 
Gastroenterol. 2018;24(13):1440–50.

	21.	 Blomdahl J, Nasr P, Ekstedt M, Kechagias S. Moderate alcohol con-
sumption is associated with advanced fibrosis in non-alcoholic fatty 
liver disease and shows a synergistic effect with type 2 diabetes 
mellitus. Metabolism. 2021;115:154439.

	22.	 Díaz LA, Arab JP, Louvet A, Bataller R, Arrese M. The intersection 
between alcohol-related liver disease and nonalcoholic fatty liver 
disease. Nat Rev Gastroenterol Hepatol. 2023;20:764–83.

	23.	 Mezue K, Osborne MT, Abohashem S, Zureigat H, Gharios C, 
Grewal SS, et  al. Reduced stress-related neural network activity 
mediates the effect of alcohol on cardiovascular risk. J Am Coll 
Cardiol. 2023;81(24):2315–25.

	24.	 Wood AM, Kaptoge S, Butterworth AS, Willeit P, Warnakula S, 
Bolton T, et al. Risk thresholds for alcohol consumption: combined 
analysis of individual-participant data for 599 912 current drinkers 
in 83 prospective studies. Lancet. 2018;391(10129):1513–23.

	25.	 Ding C, O'Neill D, Bell S, Stamatakis E, Britton A. Association of 
alcohol consumption with morbidity and mortality in patients with 
cardiovascular disease: original data and meta-analysis of 48,423 
men and women. BMC Med. 2021;19(1):167.

	26.	 Roerecke M, Rehm J. Alcohol consumption, drinking patterns, and 
ischemic heart disease: a narrative review of meta-analyses and a 
systematic review and meta-analysis of the impact of heavy drinking 
occasions on risk for moderate drinkers. BMC Med. 2014;12:182.

	27.	 Janjua M, Knuiman M, Divitini M, McQuillan B, Olynyk JK, Jeffrey 
GP, et al. Alcohol consumption and cardiovascular outcomes in pa-
tients with nonalcoholic fatty liver disease: a population-based co-
hort study. Hepatol Commun. 2022;6(3):526–34.

	28.	 Hagström H, Thiele M, Roelstraete B, Söderling J, Ludvigsson 
JF. Mortality in biopsy-proven alcohol-related liver disease: a 
population-based nationwide cohort study of 3453 patients. Gut. 
2021;70(1):170–9.

	29.	 Di Castelnuovo A, Bonaccio M, Costanzo S, McElduff P, Linneberg 
A, Salomaa V, et  al. Drinking alcohol in moderation is associated 
with lower rate of all-cause mortality in individuals with higher 
rather than lower educational level: findings from the MORGAM 
project. Eur J Epidemiol. 2023;38(8):869–81.

	30.	 Hajifathalian K, Torabi Sagvand B, McCullough AJ. Effect of alcohol 
consumption on survival in nonalcoholic fatty liver disease: a na-
tional prospective cohort study. Hepatology. 2019;70(2):511–21.

	31.	 Decraecker M, Dutartre D, Hiriart JB, Irles-Depé M, Marraud des 
Grottes H, Chermak F, et  al. Long-term prognosis of patients with 
alcohol-related liver disease or non-alcoholic fatty liver disease accord-
ing to metabolic syndrome or alcohol use. Liver Int. 2022;42(2):350–62.

	32.	 Kawamura Y, Arase Y, Ikeda K, Seko Y, Imai N, Hosaka T, et  al. 
Large-scale long-term follow-up study of Japanese patients with 
non-alcoholic fatty liver disease for the onset of hepatocellular car-
cinoma. Am J Gastroenterol. 2012;107(2):253–61.

	33.	 Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer 
M. Global epidemiology of nonalcoholic fatty liver disease-meta-
analytic assessment of prevalence, incidence, and outcomes. 
Hepatology. 2016;64(1):73–84.

	34.	 Dulai PS, Singh S, Patel J, Soni M, Prokop LJ, Younossi Z, et  al. 
Increased risk of mortality by fibrosis stage in nonalcoholic fatty 
liver disease: systematic review and meta-analysis. Hepatology. 
2017;65(5):1557–65.

	35.	 Tamaki N, Kurosaki M, Huang DQ, Loomba R. Noninvasive assess-
ment of liver fibrosis and its clinical significance in nonalcoholic 
fatty liver disease. Hepatol Res. 2022;52(6):497–507.

SUPPORTING INFORMATION
Additional supporting information will be found online in the 
Supporting Information section.

How to cite this article: Tamaki N, Kimura T, Wakabayashi S-I, 
Umemura T, Kurosaki M, Loomba R, et al. Long-term clinical 
outcomes in steatotic liver disease and incidence of liver-
related events, cardiovascular events and all-cause mortality. 
Aliment Pharmacol Ther. 2024;60:61–69. https://doi.
org/10.1111/apt.18015

 13652036, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/apt.18015 by Shinshu U

niversity, W
iley O

nline L
ibrary on [29/01/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1111/hepr.14025
https://doi.org/10.1007/s00535-024-02093-z
https://doi.org/10.1111/apt.18015
https://doi.org/10.1111/apt.18015

	Long-­term clinical outcomes in steatotic liver disease and incidence of liver-­related events, cardiovascular events and all-­cause mortality
	Summary
	1|INTRODUCTION
	2|METHODS
	2.1|Data source
	2.2|Study protocol
	2.3|Definitions of HCC, hepatic decompensation, MACE, death and metabolic complications
	2.4|Definition of MASLD, MetALD and ALD
	2.5|Primary endpoint
	2.6|Statistical analyses

	3|RESULTS
	3.1|Patient characteristics
	3.2|Liver-­related events in MASLD, MetALD and ALD
	3.3|MACE in MASLD, MetALD and ALD
	3.4|Prognosis in MASLD, MetALD and ALD
	3.5|Risk difference between MASLD, MetALD and ALD
	3.6|Incidence of liver-­related events and MACE with long-­term observation

	4|DISCUSSION
	4.1|Main findings
	4.2|In context with the published literature
	4.3|Strengths and limitations
	4.4|Future implications

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	AUTHORSHIP
	REFERENCES


