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Abstract

Background and Aims: The recently proposed concept of 
metabolic dysfunction-associated fatty liver disease (MAFLD) 
has remained controversial. We aimed to describe the fea-
tures and associated outcomes to examine the diagnostic 
ability of MAFLD for identifying high-risk individuals. Meth-
ods: In this retrospective cohort study, we enrolled 72,392 
Chinese participants between 2014 and 2015. Participants 
were classified as MAFLD, nonalcoholic fatty liver disease 
(NAFLD), non-MAFLD-NAFLD, and a normal control group. 
The primary outcomes were liver-related and cardiovascular 
disease (CVD) events. Person-years of follow-up were cal-
culated from enrolment to the diagnosis of the event, or the 
last date of data (June, 2020). Results: Of the 72,392 par-
ticipants, 31.54% (22,835) and 28.33% (20,507) qualified 
the criteria for NAFLD or MAFLD, respectively. Compared with 
NAFLD, MAFLD patients were more likely to be male, over-
weight, and have higher biochemical indices including liver 
enzyme levels. Lean MAFLD diagnosed with ≥2 or ≥3 meta-
bolic abnormalities presented similar clinical manifestations. 
During the median follow-up of 5.22 years, 919 incident 
cases of severe liver disease and 2,073 CVD cases were re-
corded. Compared with the normal control group, the NAFLD 
and MAFLD groups had a higher cumulative risk of liver fail-

ure and cardiac-cerebral vascular diseases. There were no 
significant differences in risk between the non-MAFLD-NAFLD 
and normal group. Diabetes-MAFLD group had the highest 
incidence of liver-related and cardiac-cerebral vascular dis-
eases, lean MAFLD came second, and obese-MAFLD had the 
lowest incidence. Conclusions: This real-world study pro-
vided evidence for rationally assessing the benefit and prac-
ticability of the change in terminology from NAFLD to MAFLD. 
MAFLD may be better than NAFLD in identifying fatty liver 
with worse clinical features and risk profile.
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Introduction
Over the past decades, nonalcoholic fatty liver disease 
(NAFLD) has emerged as the most common chronic liver dis-
ease in the world, affecting nearly 1 billion people globally.1–3 
NAFLD is a multisystem disorder and the clinical burden of 
the disease is not limited to liver-related complications, but 
also involves extrahepatic diseases.4,5 In 2020, an interna-
tional expert consensus panel proposed a novel concept of 
Metabolic dysfunction-associated fatty liver disease (MAFLD) 
to describe liver disease associated with known metabolic 
dysfunction.6 The new concept is defined by a set of posi-
tive diagnostic criteria for fatty liver disease (FLD) associ-
ated with metabolic dysfunction, rather than by exclusion 
criteria. The increasing prevalence of MAFLD coexists with 
other chronic liver diseases, and has the critical importance 
of proposing a diagnosis based on inclusion criteria. Younossi 
et al.7,8 reckoned that the term is ambiguous, as it is never 
accurate to assign a single name to a disease as heteroge-
neous as NAFLD. Hence, there is no clear consensus on the 
change in definition from NAFLD to MAFLD.
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While cross-sectional studies point to the difference in the 
features of MAFLD and NAFLD,9,10 it is not clear whether the 
MAFLD definition is more practical for identifying patients 
with worse clinical features. Inconsistencies in cross-section-
al studies may have many reasons, including limitation of 
study design, small sample size, and reverse causation. A 
cohort study, which is prospectively designed from cause to 
outcome, can examine the causal association between FLD 
groups and the long-term outcome. Therefore, risk assess-
ment of long-term outcomes based on cohort study data may 
provide real-world evidence to provide the reasoning for the 
change in definition. To fill this gap in the literature, we con-
ducted a large retrospective cohort study of 72,392 Chinese 
adults to evaluate the rationality of the MAFLD definitions by 
assessing the risk of liver-related and cardiac-cerebral vas-
cular diseases.

Methods

Study participants
This was a single-center, retrospective cohort study con-
ducted in China. We enrolled 121,020 health check exami-
nees who visited the Health Promotion Center of the First 
Affiliated Hospital of Nanjing Medical University in Jiangsu 
between January 2014 and December 2015. All patients un-
derwent abdominal ultrasonography as part of their routine 
health examination. Of those, 31,886 were excluded because 
of duplicate records, lack of data for the diagnosis of MAFLD 
(n=11,893), lack of data for alcohol consumption (n=3,310), 
having a history of hepatocellular carcinoma (HCC), cirrho-
sis, liver failure, cardiovascular or cerebrovascular disease 
(n=1,539). The study cohort thus comprised 72,392 partici-
pants (Supplementary Fig. 1). The First Affiliated Hospital 
with Nanjing Medical University Ethics Review Board ap-
proved the study protocol and informed consent was ob-
tained from all subjects.

Group definitions
According to the guidelines for the prevention and treat-
ment for NAFLD (2018 update), abdominal ultrasonogra-
phy was performed for hepatic steatosis.11 The severity of 
hepatic steatosis (negative, mild, moderate, and severe) 
was assessed based on the imaging findings retrieved from 
medical records. The MAFLD group included participants 
with fatty liver with the following three conditions: over-
weight or obese, a body mass index (BMI) ≥23 kg/m2 in 
Asians, type 2 diabetes mellitus (T2DM), or two or more of 
the following metabolic conditions:6 (1) waist circumference 
≥90 cm in men and ≥80 cm in women (central obesity); 
(2) blood pressure ≥130/85 mmHg or receiving antihyper-
tension medication; (3) plasma triglycerides ≥1.7 mmol/L 
or receiving lipid-lowering drugs; (4) plasma high-density 
lipoprotein-cholesterol (HDL-C) < 1.0 mmol/L in men and 
<1.3 mmol/L in women, or receiving specific drug treat-
ment; (5) prediabetes, a fasting plasma glucose (FPG) of 
5.6–6.9 mmol/L or a hemoglobin A1c (HbA1c) of 5.7–6.4%; 
(6) a homeostasis model assessment of insulin resistance 
(HOMA-IR) score ≥2.5; and (7) plasma high-sensitivity 
C-reactive protein level >2 mg/L. Participants with a BMI 
<23.0 kg/m2 who had ≥2 or ≥3 metabolic abnormalities 
were recorded as thinner with ≥2 metabolic abnormalities 
(1,242 participants) or thinner with ≥3 metabolic abnor-
malities (457 participants).

The definition of NAFLD was based on ultrasound evidence 
of fatty liver and the exclusion of both secondary causes 
such as viral hepatitis or drug-induced hepatitis, and exces-

sive alcohol consumption (≥30 g/d for men and ≥20 g/d 
for women) based on the detailed medical history including 
medications, alcohol consumption, and laboratory data. The 
non-MAFLD-NAFLD group included those who satisfied the 
diagnostic criteria for NAFLD but not the definition of MAFLD. 
The group was characterized by fatty liver without compet-
ing causes of steatosis (e.g., alcohol, viral hepatitis, or other 
causes), obesity, metabolic dysfunction, and diabetes. Simi-
larly, the non-NAFLD-MAFLD group included those who met 
the diagnostic criteria for MAFLD but not those of NAFLD. 
The non-NAFLD-MAFLD group included fatty liver patients 
with obesity, metabolic dysfunction, or diabetes regardless 
of having other competing causes of steatosis. The MAFLD 
with NAFLD group included those who met the diagnostic 
criteria for both MAFLD and NAFLD, and the non-NAFLD with 
non-MAFLD group included those not satisfying the diagnos-
tic criteria of either MAFLD or NAFLD.

Demographic and clinical characteristics
Demographic and clinical variables were obtained from the 
health examination database, including age, sex, alcohol 
consumption, weight, height, waist circumference, severity 
of hepatic steatosis estimated by ultrasound (mild, moder-
ate, or severe hepatic steatosis), history of diabetes and 
hypertension, hepatitis B virus (HBV) and hepatitis C vi-
rus (HCV) infection, laboratory indices (related metabolic 
indices, liver biochemistry, and tumor markers), and BMI 
(kg/m2). Venous blood samples for laboratory testing were 
collected after overnight fasting of at least 8 h. The meta-
bolic indices included blood urea nitrogen (BUN), creatinine, 
albumin, HbA1c, FPG, total cholesterol (TC), triglyceride 
(TG), low-density lipoprotein-cholesterol (LDL-C), and HDL-
C. Liver biochemistry included total bilirubin (TBIL), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
γ-glutamyl transferase (GGT), alkaline phosphatase (ALP), 
and lactic dehydrogenase (LDH). Tumor markers includ-
ed alpha fetoprotein (AFP) and carcinoembryonic antigen 
(CEA). Two noninvasive liver fibrosis scores with published 
formulae and cutoffs were calculated to evaluate liver fi-
brosis, AST-to-platelet ratio index (APRI) and fibrosis-4 in-
dex (FIB-4). The APRI index was calculated as (AST level/
upper limit of normal) / platelet count (109/L) × 100. The 
higher cutoff value (1.50) was identified as the criteria for 
significant fibrosis.12 The FIB-4 index was derived by age 
(years), serum levels of AST (U/L), ALT (U/L), and plate-
let count (109/L) as previously described.13 The low cut-off 
value (1.30) was found to have good diagnostic accuracy for 
discriminating advanced fibrosis.

Outcomes
For each participant, hospitalization information was obtained 
by telephone interviews conducted yearly. We collected the 
diagnoses and International Classification of Diseases–Tenth 
Revision (ICD-10) codes from electronic medical records 
(EMR). The primary outcomes were liver-related and cardiac-
cerebral vascular event, including cirrhosis (ICD-10 K70.2-
K70.3, K74.1-K74.6), HCC; ICD-10 C22.1, C24.0, and C24.8-
C24.9), liver failure (hepatic failure; ICD-10 K72.0, K72.1, 
and K72.9), coronary heart disease (ICD-10 I24.0-I24.1, 
I25.0-I25.1), stroke (ICD-10 I63, I69.3-I69.4, and G46.3-
G46.4), heart failure (ICD-10 I11.0, I11.9, I13.0, I13.2, and 
I50), and cardiomyopathy (ICD-10 I40-I43). Person-years of 
follow-up were calculated as the time from enrolment to the 
diagnosis of the event, or the date at death, or the last date 
of data collection (June, 2020), whichever came first. Median 
follow-up was calculated using the more robust reverse Ka-
plan–Meier method.
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Statistical analysis
Continuous variables were reported as means ± standard de-
viation (SD) and between-group differences were assessed 
using the Student’s t-test, Welch’s t-test, or the Wilcoxon 
rank-sum (Mann-Whitney U) test. Multigroup comparisons 
were performed using one-way analysis of variance or the 
linear mixed-effects model depending on whether the as-
sumption of variance equality for analysis of variance was 
confirmed, followed by post-hoc Bonferroni’s correction. 
Multiple comparisons and the unequal sample size between 
groups increase the probability of type I error. Categorical 
variables were reported as frequency and percentage, and 
between-group differences were assessed using chi-squared 
or Fisher’s exact tests. Comparisons of categorical variables 
between multiple groups were followed by Bonferroni’s cor-
rection. Survival analysis was performed using Cox propor-
tional hazards models or the accelerated failure time (AFT) 
model. Multivariable analysis was used to estimate the as-
sociation between the FLD groups and outcomes, adjusting 
for age at baseline (continuous) and sex (female or male). 
As previously described, the multivariable model was ad-
justed by sociodemographic indices including age, sex, race, 
income, and marital status.14,15 However, owing to the lack of 
availability of data for other sociodemographic features, only 
age and sex were adjusted for in the model.

We performed stratified analysis by sex and HBV infec-
tion status. The statistical analysis was performed with Stata 
version 15.0 (Stata Corp, TX, United States) and R version 
4.0.3. Two-sided p-values <0.05 were considered statisti-
cally significant. For comparisons among four groups in Ta-
ble 1 and among five groups in Supplementary Table 1, all 
p-values shown are the Bonferroni-corrected with six and 
ten multiple tests in consideration of convenience. Statisti-
cal tests were performed for six or ten comparisons, with a 
type I error threshold of p′<0.0083 and 0.005 (α=0.05 with 
Bonferroni’s correction for multiple comparisons).

Results

Baseline characteristics
Of the 72,392 eligible participants, 22,835 (31.54%) satis-
fied the NAFLD criteria. The prevalence of FLD was lower 
when defined by MAFLD (28.33%, Table 1), and 2,574 par-
ticipants previously classified as NAFLD did not meet the 
MAFLD criteria (non-MAFLD-NAFLD), 246 (0.34%) classified 
as MAFLD did not satisfy the NAFLD criteria (non-NAFLD-
MAFLD), and 20,261 (27.99%) who met the criteria for both 
NAFLD and MAFLD (Supplementary Table 1). Compared with 
the NAFLD group, the MAFLD group was more likely to be 
male, overweight, and have severe hepatic steatosis and 
higher biochemical indices, including serum levels of ALT, 
GGT, FGP, TG, and HDL-C (Table 1). Besides, only 84 patients 
in the MAFLD group had alcohol-associated liver disease. 
Although not satisfying the conditions for NAFLD, the non-
NAFLD-MAFLD group were also predominantly male, over-
weight, had worse hepatic steatosis, and higher non-invasive 
liver fibrosis scores, and had significantly worse biochemical 
indices, including serum levels of liver enzymes and related 
metabolic and liver biochemical indices compared with the 
non-FLD (normal) group and the non-MAFLD-NAFLD group 
(Supplementary Table 1). Of note, after excluding patients 
with concurrent diagnosis of NAFLD and MAFLD, differences 
of the biochemical indices between the non-MAFLD-NAFLD 
and the non-NAFLD-MAFLD group were greater than those 
between the NAFLD and MAFLD group (Table 1 and Sup-
plementary Table 1). The non-MAFLD-NAFLD group versus 

non-NAFLD-MAFLD group: mean ALT, 26.59 vs. 43.65, mean 
GGT, 33.69 vs. 54.85, and mean TG, 1.56 vs. 2.04; NAFLD 
versus MAFLD group: mean ALT, 33.47 vs. 34.45, mean GGT, 
43.15 vs. 44.52, and mean TG, 2.13 vs. 2.19. Comparative-
ly, the non-MAFLD-NAFLD group had a more modest clinical 
features than the NAFLD and MAFLD groups. The results of 
the comparison indicated the capacity of packing more se-
vere cases of the new FLD definition.

The clinical indices of different MAFLD subtypes were com-
pared (Supplementary Table 2). Among the 20,507 MAFLD 
patients, 19,053 with BMIs ≥23.0 kg/m2 were assigned to 
the BMI-related MAFLD group (obese-MAFLD), and 2,763 
with diabetes assigned to the diabetes-related MAFLD group 
(diabetes-MAFLD). We found that the two groups had similar 
clinical manifestations, except for metabolic abnormalities. 
The thinner with ≥2 metabolic abnormalities group was char-
acterized by generally worse clinical features compared with 
the participants without fatty livers, including serum levels of 
liver enzymes, HbA1c, FPG, serum lipids, and indicators of 
hepatic fibrosis.

Risk of liver-related and cardiac-cerebrovascular dis-
ease
In the 72,392 participants, 1,274 stroke, 952 coronary 
heart disease, 793 liver failure, 522 heart failure, 123 cir-
rhosis, 40 cardiomyopathy, and 39 hepatocellular carcino-
ma (HCC) events occurred during the median follow-up of 
5.22 (interquartile range: 5.21–5.22) years. The incidence 
rates of the events were 357.49/100,000, 280.07/100,000, 
229.34/100,000, 147.60/100,000, 31.22/100,000, 12.05/ 
100,000, and 10.47/100,000 participant years, respec-
tively (Supplementary Fig. 2).

Supplementary Figure 3 shows the incident rates of 
liver-related and cardiac-cerebral vascular diseases in the 
FLD groups. The association of different FLD groups with 
the risk of liver-related and cardiac-cerebral vascular dis-
eases was examined by the Kaplan-Meier method (Fig. 1). 
The MAFLD and NAFLD groups had a higher cumulative risk 
of stroke, CHD, liver failure, and heart failure than the nor-
mal group. Multivariable Cox regression analysis showed 
that MAFLD and NAFLD were significantly associated with 
increased risk of the diseases. The adjusted hazard ratios 
(HRs) for stroke were 1.27 and 1.23 (95% CI, 1.13–1.42 
and 1.10–1.38, respectively; both p<0.001). The adjusted 
HRs for stroke were 1.27 and 1.23 (95% CI, 1.13–1.42 
and 1.10–1.38, respectively; both p<0.001). The adjusted 
HRs for CHD were 1.68 (95% CI, 1.48–1.92; p<0.001) and 
1.63 (95% CI, 1.43–1.85; p<0.001). The adjusted HRs for 
liver failure were 1.61 (95% CI, 1.39–1.86; p<0.001) and 
1.61 (95% CI, 1.40–1.85; p<0.001). The adjusted HRs for 
heart failure were 1.34 (95% CI, 1.13–1.60; p=0.001) and 
1.30 (95% CI, 1.00–1.55; p=0.003)  (Fig. 2). Similar re-
sults were seen after adjusting for age and sex (p<0.05, 
Supplementary Table 3). We did not observe significant dif-
ferences in the risk of HCC or cirrhosis, mostly because of 
insufficient outcomes. We did not detect significant differ-
ences in the risk of liver-related or cardiac-cerebral vascu-
lar disease in the non-MAFLD-NAFLD and normal groups.

The MAFLD participants were assigned to three subtypes, 
obese-MAFLD, diabetes-MAFLD, and lean-MAFLD (partici-
pants with BMIs <23.0 kg/m2 and with ≥2 metabolic ab-
normalities) (Table 2). Diabetes-MAFLD had the highest inci-
dence of liver-related and cardiac-cerebral vascular disease, 
lean MAFLD had the second-highest incidence, and obese-
MAFLD had the lowest incidence. Unadjusted logistic regres-
sion results showed that the three subtypes were signifi-
cantly associated with increased risk of liver failure, coronary 
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heart disease, and stroke. In addition, diabetes-MAFLD and 
lean MAFLD were associated with significantly higher risk.

Association of steatosis severity with liver-related and car-
diac-cerebral vascular outcomes is shown in Supplementary 
Table 4. The moderate and severe FLD group had higher cu-
mulative risks of stroke, CHD, liver failure, heart failure, and 
cirrhosis than the non-FLD group (Fig. 3). Multivariable Cox 
regression analysis found that moderate and severe FLD pa-
tients had a significant association with increased risk of the 
diseases [adjusted HR for stroke: 1.24 (95% CI, 1.07–1.44) 

and 1.35 (95% CI, 0.50–3.60), p=0.005 and 0.552, respec-
tively; adjusted HR for CHD: 1.54 (95% CI, 1.30–1.83) and 
2.42 (95% CI, 1.00–5.84), p<0.001 and p<0.049, respec-
tively]. The adjusted HRs for liver failure were 1.99 (95% 
CI, 1.67–2.38; p<0.001) and 2.68 (95% CI, 1.11–6.47; 
p<0.029). The adjusted HRs for heart failure were 1.34 (95% 
CI, 1.06–1.68; p=0.014) and 0.78 (95% CI, 0.11–5.54; 
p=0.802) (Supplementary Table 4). We conducted sensitiv-
ity analyses stratified by sex (Supplementary Table 5) and 
HBV infection (Supplementary Table 6). The associations of 

Fig. 1.  Cumulative risk of developing incident (A) Stroke, (B) Coronary heart disease, (C) Liver failure, (D) Heart failure, (E) Cirrhosis, (F) Hepatocel-
lular carcinoma, (G) Cardiomyopathy in four different classifications of fatty liver. The normal group was the reference. Survival models were adjusted for 
age and sex. *p<0.05, **p<0.01. ***p<0.001.
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MAFLD and NAFLD with liver failure and individual cardiac-
cerebral vascular diseases were statistically significant in all 
subgroups. We did not observe significant differences in risk 
in the non-MAFLD-NAFLD and normal group in any subgroup.

Discussion
The principal finding of this study was that MAFLD definition 
had better ability to identify patients with clinical character-
istics significantly worse than the NAFLD definition. Although 
a significant proportion of patients qualified the diagnos-
tic criteria for both NAFLD and MAFLD, non-NAFLD-MAFLD 
group showed significantly worse clinical manifestations. In 
addition, thin patients diagnosed with ≥2 or ≥3 metabolic 
abnormalities presented a similar clinical manifestation. We 
saw that FLD was associated with a higher risk of cardiac-
cerebral vascular events, despite whether defined as MAFLD 

or NAFLD. Participants with NAFLD but not MAFLD had a simi-
lar risk with those without fatty liver, but were at risk lower 
than those with MAFLD.

Ever since the introduction of MAFLD to replace NAFLD 
by a panel of international experts, the novel terminology of 
MAFLD has sparked widespread discussion and concern, but 
has gained increasing acceptance and endorsement.6,16–19 
Real-world studies on MAFLD must provide strong evidence 
for rationally assessing the benefit and practicability of the 
change in terminology. Our study confirmed the rationality of 
the term change from three parts: 1) MAFLD was found more 
sensitive than NAFLD in discriminating patients with poor-
er clinical features and fibrosis at risk. Our results followed 
an earlier cross-sectional study based on the third Nation-
al Health and Nutrition Examination Surveys of the United 
States (NHANES III).9 The study found that compared with 
NAFLD, MAFLD patients were significantly older, had higher 

Fig. 2.  Impact of four different classifications of fatty liver on liver-related and cardiovascular disease outcomes. Hazard ratios were obtained from 
adjusted survival models with the normal group as reference. 
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BMI level, higher proportions of metabolic comorbidities, and 
were at a higher risk of disease progression. Another study 
of 765 Japanese patients also showed that the MAFLD defini-
tion better identified patients with significant fibrosis evalu-
ated by non-invasive tests, which follows our results.20 2) 
Patients diagnosed with NAFLD but without MAFLD had a 
similar risk of liver-related and cardio-cerebral vascular dis-
eases as in those without fatty liver. Similarly, in recent stud-
ies, the NAFLD-only group was associated with lower CVD 
risk and CVD-related mortality and all-cause mortality.14,21 

the NAFLD-only patients had a generally “healthier” charac-
teristics when compared with MAFLD patients. 3) Another 
concern is the cut-off threshold for the number of meta-
bolic abnormalities. To date, this is among the few studies 
reporting that lean-MAFLD with ≥2 metabolic abnormalities 
has similar clinical features as those with ≥ 3 metabolic ab-
normalities. On the whole, the new definition of MAFLD can 
identify patients with metabolically complicated fatty liver, 
and leaves out a small fraction of individuals with metaboli-
cally uncomplicated fatty liver, which confers a lower risk of 

Fig. 3.  Cumulative risk of developing incident (A) Stroke, (B) Coronary heart disease, (C) Liver failure, (D) Heart failure, (E) Cirrhosis, (F) Hepatocel-
lular carcinoma, (G) Cardiomyopathy in four groups by steatosis severity. Non-fatty liver was the reference. Survival models were adjusted for age and sex. 
*p<0.05, **p<0.01. ***p<0.001.
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disease progression.
NAFLD is strongly associated with metabolic conditions 

such as overweight/obesity and T2DM.22 However, NAFLD 
can be diagnosed in so-called lean (non-obese) individuals 
with BMI < 23 kg/m2, the prevalence of which ranges be-
tween 3.7% and 7.0% in the general population.23 A me-
ta-analysis suggested that the non-obese or lean NAFLD 
population was more likely to die from causes related to car-
diovascular disease than the obese NAFLD population [car-
diovascular-related mortality (per 1,000 PY), 4.0 (0.1–14.9) 
vs 2.4 (0.0–13.3)], indicating that individuals with BMI < 23 
kg/m2 cannot be overlooked.23 In our analysis, the cardiac-
cerebral vascular disease incidence rate was higher in the 
lean MAFLD group than in the obese MAFLD group, which 
follows the previous findings. Of note, the diabetes-MAFLD 
group had the highest risk of cardiac-cerebral vascular dis-
ease, which should be further elucidated.

Another recently published research based on NHANES III 
(1988–1994) data and the NHANES survey cycle (2017–2018) 
showed different findings from our study.24 This discrepancy 
may be attributable to the vast differences in the study pop-
ulation, classification details and the study outcomes. The 
participants in our study were Chinese (predominantly Han 
ethnicity) and had a greater proportion of males (57.89%) 
and lesser proportion of alcohol-drinkers (0.26%). In con-
trast, the study population in the previous study comprised 
of 76.0% non-Hispanic White, 49.5% males, and 15.0% 
excessive drinkers. The proportion of excessive drinkers in 
our study was similar to that in a cohort study exploring the 
epidemiological impact of MAFLD which randomly sampled 
from the census database of the Hong Kong Government, 
in which the proportion was only 0.9%.10 Beyond that, in 
our study, only 34.15% patients in non-NAFLD-MAFLD group 
were noted to have alcoholic fatty liver (ALD), but in the re-
search, 99% patients in non-NAFLD-MAFLD group had ALD 
and the identification ability of MAFLD for high-risk FLD pa-
tients was attributed to the impact of ALD on poor outcomes. 
On the other hand, when diagnosing FLD, our study included 
all patients with hepatic steatosis, which follows previous 
studies,9,14,20 despite the severity (mild, moderate, or se-
vere), but the research only focused on individuals with mod-
erate or severe hepatic steatosis. In addition, the grouping 
approach based on NAFLD, MAFLD, and non-MAFLD-NAFLD 
in our study is similar to that in earlier studies but different 
from the research.9 Considering the overlapping patients in 
the NAFLD and MAFLD groups, we also compared the non-
MAFLD-NAFLD group and the non-NAFLD-MAFLD group, and 
the significant differences of biochemical indices were still 
seen. Moreover, our study focused on the incidence risk of 
liver-related and cardio-cerebral vascular disease while the 
outcomes of the research were mortality from any cause and 
specific causes.

To the best of our knowledge, this is the first large-size Chi-
nese population study to describe the distinctions in clinical 
features and disease progression between MAFLD and NAFLD. 
This study confirms the diagnostic ability and the efficacy of 
the new diagnostic criteria in identifying high-risk individu-
als and supports the redefinition of the nomenclature con-
sidering the inclusive and clinically practical value of MAFLD. 
However, some limitations of our study should be considered 
while interpreting the results. First, the study population was 
derived from physical examinees at a single hospital. This 
may have limited the representativeness of our findings and 
our results may have been affected by referral bias. However, 
the relatively long enrolment period and follow-up time and 
the large-size of the cohort add to the robustness of the cor-
relation results. Second, all hepatic steatosis patients were 

diagnosed by ultrasonography examination instead of liver 
biopsy, the gold-standard. Liver biopsy is not recommended 
and practiced for the diagnosis of hepatic steatosis because of 
its invasiveness, high costs, sampling variability, and poor ac-
ceptability.25 Ultrasonography examination is the most com-
monly used imaging method because of its wider availability, 
low-cost, convenience, and acceptability.25 Besides, ultra-
sonography has an acceptable diagnostic accuracy for hepatic 
steatosis, with sensitivity and specificity of 84.8% and 93.6% 
for moderate to severe steatosis and 82% and 80% for ≥5% 
histologically defined steatosis.26,27

Conclusions
In a large-sized longitudinal Chinese cohort, MAFLD defini-
tion showed a distinct advantage over NAFLD in identifying 
a significant subset of patients with worrying clinical mani-
festations and worse prognosis. Participants with NAFLD but 
without MAFLD did not show a significantly higher risk of 
poor prognosis than those without fatty liver. The proposed 
concept of MAFLD can promote early identification and in-
terventions for hepatic steatosis patients at a higher risk of 
intrahepatic and extrahepatic complications. The redefinition 
can help reduce the long-term risks of cardiovascular and 
cerebrovascular diseases.
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