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We read with interest the report on comparative risks of liver-related and cardiovascular disease (CVD)
outcomes among lean and obese patients with non-alcoholic fatty liver disease (NAFLD) by Younes et al. [1].
Recently, international experts proposed redefining NAFLD as metabolic dysfunction-associated fatty liver
disease (MAFLD) [2]. The impact of this name change on CVD risk prediction is not known.

We performed a meta-analysis of observational cohort studies (by searching PubMed, Scopus and Web of
Science from database inception to June 30, 2022) that simultaneously used the NAFLD and MAFLD definitions
for examining the risk of CVD events associated with both definitions, amongst adults with and without either
NAFLD or MAFLD, and in which hepatic steatosis was diagnosed by imaging techniques or blood
biomarkers/scores. The primary outcomes were CVD mortality, nonfatal CVD events, or both. Data from
selected studies were extracted, and meta-analysis was performed using random-effects models to obtain
summary hazard ratios (HR) with 95% Cls. In the case of studies reporting HRs with varying degrees of covariate
adjustment, those reflecting the maximum extent of adjustment for confounding factors were extracted. The
study was registered on Open Science Framework, number osf.io/gtvgm. Supplementary Table S1 and Figure
S1 summarize the syntax used as well as the results of search and selection processes.

We identified 7 cohort studies with aggregate data on 13,318,377 middle-aged individuals (52.5% men; mean
age 51 years; mean BMI 25 kg/m?) and 201,399 incident cases of CVD events over a median follow-up of 7.0
(interquartile range 5-13) years [3, 4, 5, 6, 7, 8, 9]. The overall prevalence of MAFLD and NAFLD was 30.8% and
24.8%, respectively. As shown in Table 1, most of these studies recruited participants either from general
populations or large health examination check-up programs, in which fatty liver was diagnosed by
ultrasonography (n=3 studies) or blood biomarkers/scores (n=4). Six studies were carried out in Asia; one study
was carried out in the United States. One study reported data only on CVD mortality, 3 studies reported data
only on nonfatal CVD events, and 2 studies reported data on the combined CVD outcome.

Figure 1 shows that each of the two definitions were associated with a higher risk of fatal or nonfatal CVD
events (pooled random-effects HR 1.50, 95%Cl 1.30-1.72 for MAFLD vs. no-MAFLD; and pooled random-effects
HR 1.27, 95%Cl 1.12-1.45 for NAFLD vs. no-NAFLD, respectively). These risks were independent of age, sex,
smoking or other traditional CVD risk factors (as specified in Table 1). Although MAFLD identified a greater
number of CVD events than NAFLD, the risk for incident CVD events associated with either definition was not
significantly different (Z-score=1.66, p=0.097 by comparison of pooled random-effects HRs for the two
definitions). Meta-regression analyses did not show any effect of body mass index or percentage of diabetes at
baseline on the association between each of the two definitions and risk of CVD events (supplementary Figure
S2).

This meta-analysis comparing the long-term risk of CVD events associated with NAFLD or MAFLD definitions is
the first and most comprehensive assessment to date. The quality of the selected studies was acceptable,
suggesting an overall medium-low risk of bias, according to the Newcastle-Ottawa scale (NOS) (Table 1). Funnel
plot did not reveal any significant publication bias (supplementary Figure S3). Our meta-analysis has some
important limitations, e.g., the relatively small number of cohort studies (mostly from Asian countries), the
methods used for diagnosing hepatic steatosis, and the incomplete adjustment for potential confounders
(including the change in status of the exposure variable between baseline and follow-up). Additionally, none of
the included studies had any data on non-invasive tests for liver fibrosis in order to compare potential
differences of NAFLD and MAFLD definitions on risk of CVD events, according to severity of liver disease.

Further studies from different countries are needed to test whether MAFLD better predicts incident CVD
events than NAFLD. However, our findings further emphasize that clinicians should have a high index of
suspicion that MAFLD individuals can have co-existing CVD.
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FIGURE LEGEND

Figure 1. Forest plots and pooled estimates of the prognostic effect of either MAFLD (A) or NAFLD (B) on the
risk of developing fatal and nonfatal CVD events in 7 eligible cohort studies that simultaneously used the
NAFLD and MAFLD definitions.
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Table 1. Eligible cohort studies examining the association between either MAFLD or NAFLD definition and the risk of developing fatal and/or nonfatal cardiovascular events
(ordered by publication year; n = 7 studies).

Author, Study Iﬁie;::::i:: CVD outcomes Covariate Main NOs
Ref. characteristics ey (number of total events) adjustment findings scale
Population-based cohort study: 2,985 Sri N.onfata.l myocardial Compared with those without MAFLD, subjects with 8
Lankan individuals (median age 53 years; infarction, stroke, MAFLD had increased risk of fatal and/or nonfatal
Niriella et al3 63% women; 29.4% T2DM). The Us v on Age, sex cardiovascular events (aHR 4.2, 95%Cl 1.5-11.5).
prevalence of NAFLD and MAFLD was procedures, or ’ Compared with those without NAFLD, subjects with NAFLD
31.5% (n=940) and 33.1% (n=990). cardiovascular,death had increased risk of fatal and/or nonfatal cardiovascular
Mean follow-up: 7 years (n=47) events (aHR 3.7, 95%Cl 1.3-10.3)
Population-based cohort study:
1,542,688 South Korean individuals 7
(mean age 46 years; mean BMI 25 kg/m?;
. 37% wqmen; 17.8% T2DM) werg Compared with those without MAFLD, subjects with
included in the NAFLD cohort, while . . .
P Nonfatal coronary heart . MAFLD had increased risk of nonfatal cardiovascular
Yoneda et al.* 2,452,949 individuals (mean age 46 FLI disease or stroke Age, sex, smoklng, LDL- events (aHR 1.89, 95%Cl 1.78-2.01). Compared with those
years; mean BMI 25 kg/m?; 38% were cholesterol, statin use . K . . .
R . (n=6,715) without NAFLD, subjects with NAFLD did not have a higher
women; 18% T2DM) were included in the . . o
MAFLD cohort. The prevalence of NAFLD risk of cardiovascular events (aHR 1.02, 95%Cl 0.92-1.14)
and MAFLD was 9.2% (n=142,158), and
9.7% (n=237,242).
Median follow-up: 4 years
Population-based cohort study: 7,761
United States individuals (mean age 41 °
years; mean BMI 26 kg/m?; 50% women; Age, sex, race/ethnicity, Compared with those without MAFLD, subjects with
7% T2DM) from the Third National Cardiovascular death mariltal stlatus educatior; MAFLD had increased risk of cardiovascular death (aHR
Kim et al. Health and Nutrition Examination Survey us ) ! ! 1.24, 95%Cl 1.01-1.51). Compared with those without
(1988-1994). The prevalence of NAFLD (n=576) smo.kmg, sedentary NAFLD, subjects with NAFLD did not have a higher risk of
and MAFLD was 29.5% (n=2,438) and lifestyle, ALT cardiovascular death (aHR 1.09, 95%Cl 0.88-1.35)
25.9% (n=2,256).
Median follow-up: 23 years
Nationwide health screening database:
333,389 South Korean participants 7
(mean age 57 years; mean BMI 23.9 Age, sex, insurance Compared with those without MAFLD, subjects with
kg/m?; 46% women; 9.6% T2DM) from Hospitalization due to premiL;m éMI smoking MAFLD had increased risk of nonfatal cardiovascular
Jeong et al.¢ the Korean National Health Insurance K-NAFLD score* nonfatal coronary heart alcohol ,const:lmption ! events (aHR 1.71, 95%Cl 1.22-2.41). Compared with those
Service database, who received a health disease or stroke physical activity ALT' without NAFLD, subjects with NAFLD had increased risk of
examination between 2009 and 2010. (n=10,370) Charlson comorbid’ity in’dex nonfatal cardiovascular events (aHR 1.55, 95%Cl 1.44-
The prevalence of MAFLD and NAFLD 1.65)
was 12.6% (n=41,915) and 7% (23,190).
Mean follow-up: 5.5 years
Nationwide health screening database: Nonfatal myocardial Age, sex, household Compared with those without MAFLD, subjects with
Lee et al? 8,962,813 South Korean participants FLI infarction, stroke, heart income, residential area, MAFLD had increased risk of fatal and nonfatal 7

(mean age 50 years; 52% women) from
the National Health Insurance Service.

failure, or cardiovascular
death (n=182,423)

smoking, physical activity,
estimated glomerular

cardiovascular events (aHR 1.52, 95%Cl 1.51-1.54).
Compared with those without NAFLD, subjects with NAFLD




The prevalence of NAFLD and MAFLD

was 28.0% (n=2,509,588) and 37.3%
(n=3,343,129).
Median follow-up: 10.1 years
Population-based cohort study: 6,873

comorbidity index

filtration rate, Charlson

had increased risk of fatal and nonfatal cardiovascular
events (aHR 1.41, 95%Cl 1.40-1.43)

Liang et al.®

Chinese individuals (mean age 62 years;
mean BMI 25 kg/m?; 58% women; 20%
T2DM). The prevalence of NAFLD and
MAFLD was 40.3% (n=2,545) and 46.7%
(n=2,950).
Mean follow-up: 4.6 years
Population-based cohort study: 8,919

us

Nonfatal coronary heart
disease or stroke (n=296)

Age, sex, education,

smoking, physical activity

Compared with those without MAFLD, subjects with
MAFLD had increased risk of nonfatal cardiovascular
events (aHR 1.44, 95%Cl 1.15-1.81). Compared with those
without NAFLD, subjects with NAFLD had increased risk of
nonfatal cardiovascular events (aHR 1.48, 95%Cl 1.17-
1.88)

Moon et al.®

0.105 - 20.929).

South Korean patients (mean age 52

years, mean BMI 24.4 kg/m?; 52%
women; 11.7% T2DM). The prevalence of
NAFLD and MAFLD was 12.8% (n=1,142)
and 16.9% (n=1,509).

Mean follow-up: 15.7 years

FLI

Nonfatal myocardial

disease, or
cerebrovascular disease
(n=972)

infarction, coronary heart

Age, sex, BMI, smoking,
alcohol intake, T2DM,

hepatitis, plasma CRP

hypertension, dyslipidemia,
chronic kidney disease, viral

Compared with those without MAFLD, subjects with
MAFLD did not have increased risk of nonfatal
cardiovascular events (aHR 1.08, 95%Cl 0.89-1.31).
Compared with those without NAFLD, subjects with NAFLD
did not have a higher risk of cardiovascular events (aHR

0.99, 95%Cl 0.82-1.21)

Note: *K-NAFLD score was calculated as follows = (0.913 * sex [2, if female; 1, if male] + 0.089 * waist circumference + 0.032 * [systolic blood pressure + fasting serum glucose] + triglycerides * 0.007 + alanine aminotransferase *

Abbreviations: aHR, adjusted hazard ratio; ALT, alanine aminotransferase; BMI, body mass index; Cl, confidence interval; CRP, C-reactive protein; CVD, cardiovascular disease; FLI, fatty liver index; MAFLD, metabolic dysfunction-
associated fatty liver disease; NAFLD, non-alcoholic fatty liver disease; NOS, Newcastle-Ottawa quality assessment scale; T2DM, type 2 diabetes mellitus; US, ultrasonography.




