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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease worldwide and is characterized by a
high burden of metabolic alterations. It exposes patients to increased morbidity and mortality, mostly driven by
cardiovascular (CV) complications. Despite its large use, the nomenclature NAFLD has some limitations, due to
the exclusion of patients with hepatic fat and concomitant other liver diseases or moderate alcohol consumption
possibly contributing to hepatic damage. Therefore, a new and more inclusive dvefinition of fatty liver has recently
been proposed, namely metabolic associated fatty liver disease (MAFLD). It comprises patients with hepatic
steatosis and associated metabolic comorbidities, without exclusion of other liver diseases. As for the nature of the
new definition of MAFLD, it could be speculated that an increased risk of cardiovascular complications should be
expected. Therefore, our review aims at answering the question about possible differences in cardiovascular risk
and mortality in patients with NAFLD compared to MAFLD. We selected 8 studies out of 1130 by searching in the
PubMed database. Data from literature seem to report an increased risk of CV events and mortality in patients
affected by MAFLD compared to NAFLD, possibly due to the metabolic burden and coexistence of other liver
diseases typical of MAFLD. However, further prospective studies are warranted to confirm this preliminary
hypothesis.
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INTRODUCTION
From NAFLD to MAFLD: a new definition for hepatic steatosis

Nonalcoholic fatty liver disease (NAFLD) is the most common liver disease worldwide, with the prevalence
increasing up to 30% over the last years, paralleling the spread of metabolic alterations and changes in
lifestyle[1]. It is defined by the presence of fat in more than 5% of hepatocytes in the absence of excessive
alcohol consumption and other causes of liver disease. It encompasses a wide spectrum of hepatic diseases
ranging from simple steatosis to steatohepatitis, where inflammation arises, possibly progressing to fibrosis
and cirrhosis[2].
NAFLD exposes patients to increased morbidity and mortality, mostly driven by cardiovascular (CV)
complications[3,4]. Hepatic fibrosis and metabolic alterations, especially type 2 diabetes (T2DM)[5,6], have been
identified as the most unfavorable prognostic factors for both hepatic and extrahepatic NAFLD
complications.
Despite NAFLD being strictly associated with metabolic alterations, its current definition, proposed nearly
35 years ago[7], does not include patients with hepatic fat and concomitant other liver diseases or moderate
alcohol consumption [Figure 1]. Indeed, these patients may be exposed to either progressive forms of
hepatic disease or increased cardiovascular risk, especially if metabolic features coexist[8,9].
Therefore, a new concept has recently emerged and in 2020 a new inclusive term able to cover this gap has
been proposed, namely metabolic associated fatty liver disease (MAFLD)[10]. As depicted in Figure 2, the
diagnosis of MAFLD is based on the evidence of hepatic fat (diagnosed by histology, imaging, or blood
biomarkers) along with one of these three criteria: overweight/obesity, T2DM, or evidence of metabolic
dysregulation. The latter is defined by at least two criteria in patients with normal body mass index (BMI):
(1) enlarged waist circumference; (2) hypertension or anti-hypertensive treatment; (3) increased
triglycerides or treatment with hypolipemic drugs; (4) low high-density lipoprotein cholesterol (HDL); (5)
prediabetes; (6) high Homeostatic Model Assessment of Insulin Resistance score; and (7) high-sensitivity Creactive protein ≥ 2 mg[11]. In fact, lean individuals are also at risk of developing MAFLD possibly
progressing to advanced liver disease[12] and even of having an increased cardiovascular risk compared to
their overweight counterparts[13]. Finally, besides embracing metabolic abnormalities, MAFLD is also
comprehensive of inflammatory markers, a well-known CV risk factor[14].
Only one study evaluated and validated the diagnostic criteria of MAFLD in a very large American
population-based dataset, analyzing data from 13,083 individuals from the National Health and Nutrition
Examination Surveys III (NHANES III) cohort. The results show that, despite a similar prevalence of
MAFLD and NAFLD (around 30%), MAFLD patients presented a higher burden of metabolic
comorbidities, as well as higher liver enzymes and hepatic fibrosis stages, possibly suggesting that MAFLD
criteria can better discriminate patients at risk[15].
Given the metabolic hallmark of the new definition of MAFLD, as well as the possible coexistence of other
liver diseases along with hepatic steatosis, it could be speculated that an increased risk of cardiovascular
complications should be expected[16]. Indeed, data about CV alterations in MAFLD are limited and not
conclusive, possibly because of the very recent coining of the concept of MAFLD itself.
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Figure 1. Definition of nonalcoholic fatty liver disease (NAFLD).

Figure 2. Definition of metabolic associated fatty liver disease (MAFLD).

Therefore, this review focuses on the difference in cardiovascular risk and mortality in patients with
NAFLD compared to MAFLD. Published data for this review were identified by search and the selection of
the PubMed database using the search terms “NAFLD” AND “MAFLD” combined with “cardiovascular
risk”, “cardiovascular disease”, “cardiovascular damage”, “carotid plaques”, “atherosclerosis”, “epicardial
fat”, and “mortality”. Relevant articles were selected, including observational, retrospective, and prospective
studies. In total, 1130 studies were found. After excluding duplicates, congress abstracts, and review articles,
as well as studies not reporting results on the comparison between NAFLD and MAFLD, eight studies were
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selected and included in the review.

CARDIOVASCULAR DISEASE
A high cardiovascular risk has been reported in patients with NAFLD, especially if metabolic comorbidities
are present[17], and a recent and large meta-analysis of observational studies (n = 34,043 adult individuals)
reported a 1.63-fold increased risk of CV events[18]. In addition, NAFLD has been associated with subclinical
atherosclerosis, endothelial dysfunction, myocardial remodeling, heart failure, and cardiac arrythmias[19-23].
Even though NAFLD prevalence varies according to race, with the highest presence in Hispanics and lowest
in African-American individuals[24], a multi-ethnic study including more than 6800 participants with
NAFLD did not highlight an established role for race in determining an augmented risk of both clinical and
subclinical CV damage, as well as of mortality[25-27].
Given the recent change in nomenclature from NAFLD to MAFLD addressing the issue of liver steatosis,
questioning on the possible changes in CV outcomes related to this condition is mandatory.
As a consequence, data in the literature comparing the cardiovascular risk of patients affected by NAFLD or
MAFLD are emerging, however they are scarce and not conclusive [Table 1].
Cardiovascular events in patients with NAFLD and MAFLD

A prospective study by Niriella et al.[28] enrolled a cohort of 2985 patients with ultrasound-detected (US)
steatosis and compared incidence of fatal (i.e., death from myocardial infarction or stroke) and non-fatal
CV events (myocardial event, stroke, coronary artery bypass surgery, and percutaneous transluminal
coronary angiography) between NAFLD and MAFLD and a control group without steatosis after seven
years of follow-up. The results show a similar prevalence of NAFLD and MAFLD (31% and 33%,
respectively) and superimposable metabolic and anthropometric traits at baseline. The risks of having
fatal/non-fatal CV events at follow-up were similar in the two groups, but significantly higher in both
groups compared to controls (RR = 3.7, 95%CI: 1.3-10.3 for NAFLD; RR = 4.2, 95%CI: 1.5-11.5 for
MAFLD). However, when considering subjects not included in the NAFLD definition but captured by the
MAFLD one (MAFLD-only group) (2.9%) and vice versa (NAFLD-only group) (1.3%), patients included in
the MAFLD definition presented higher risk of developing CV events compared to controls (RR = 7.2,
95%CI: 2.4-21.5), whereas those in the NAFLD group did not (RR = 1.9, 95%CI: 0.25-14.8). Similarly, when
considering lean subjects (i.e., those with BMI < 25 kg/m2), there was no difference in the occurrence rate of
CV events in MAFLD and NAFLD subjects; however, MAFLD-only patients presented a higher ratio of CV
events compared to controls, whereas NAFLD-only patients did not. The authors concluded that MAFLD
definition identified more high-risk subjects compared to NAFLD. Nonetheless, the loss to follow-up in
nearly 30% of the cohort may weaken this conclusion, even though Lee et al.[29] also confirmed this evidence.
In fact, analyzing data from the Korean nationwide health information database, the authors retrieved
information of more than nine million people, finding a prevalence of NAFLD and MAFLD of 28% and
37%, respectively. Most importantly, cumulative incidence of fatal (death from a CV event) and non-fatal
CV events (myocardial infarction and ischemic stroke) was higher in the MAFLD-only group compared to
the NAFLD-only group. When considering a control group without steatosis as reference, the hazard ratio
for CV events were 1.09 (95%CI: 1.03-1.15) in the NAFLD-only group, 1.43 (1.41-1.45) in the MAFLD-only
group, and 1.56 (1.54-1.58) in patients fulfilling criteria of both MAFLD and NAFLD. Moreover, a subgroup
analysis showed that the CV events incidence rate was higher in the lean MAFLD group compared to the
obese MAFLD group, confirming the highly unfavorable profile of lean subjects with hepatic steatosis[29]. In
addition, the association between MAFLD and CV disease remained significant even when adjusted for or
stratified by the cardiometabolic risk factors (overweight, diabetes, hypertension, and dyslipidemia) and was
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Table 1. Literature comparing the cardiovascular risk of patients affected by NAFLD or MAFLD

Authors

Year

Type of
study

Population

FollowEndpoint
up

Prevalence of
NAFLD and
MAFLD

Results

Risk of/association with
CV disease or mortality
of patients with MAFLD
vs. NAFLD

Cardiovascular events
Niriella et al.

[28]

[29]

Lee et al.

Guerreiro et al.

[30]

[31]

Zhang et al.

2021 Longitudinal

2895 Japanese subjects from an
urban population aged 35-64
years

7 years

- Fatal CV events (i.e.,
death from MI or stroke)
- Non-fatal CV events (MI,
stroke, CABS,
percutaneous transluminal
coronary angiography)

31.5% NAFLD
33.2% MAFLD
1.3% NAFLD-only
2.9% MAFLD-only
(steatosis diagnosed
by US)

• Risk of fatal and non-fatal CV events:
• Higher
MAFLD group (RR = 4.2; 95%CI: 1.511.5), NAFLD group (RR = 3.7; 95%CI: 1.313.3)
• Incidence of fatal and non-fatal CV
events: MAFLD-only group 14.3% vs.
NAFLD-only group 3.4%

2021 Longitudinal

9,584,399 Korean subjects from
the Nationwide health screening
database aged 40-64 years

10 years Composite CV event (first
hospitalization for MI,
ischemic stroke, heart
failure, or CV-related
death)

28% NAFLD
37% MAFLD
0.6% NAFLD-only
9.9% MAFLD-only
27% both
NAFLD/MAFLD
(steatosis diagnosed
by FLI)

• Risk of CV events: non-steatosis group • Higher
(HR = 1.00), NAFLD-only group (HR =
1.09; 95%CI: 1.03-1.15), MAFLD-only
group (HR = 1.43; 95%CI: 1.41-1.45),
NAFLD/MAFLD group [1.56 (1.54-1.58)]

2021 Retrospective 1233 Brazilian patients aged > 18
Crossyears submitted to liver biopsy at a
sectional
referral service of a university
hospital [of whom 171 (13.9%)
with steatosis]

Composite CV event
(Ischemic heart disease,
MI, atherosclerosis, aortic
valve stenosis, and stroke)

63.7% NAFLD
• Prevalence of CV events in MAFLD
• Similar
90.1% MAFLD
group vs. NAFLD group (20% vs. 13%, P =
(steatosis diagnosed 0.137)
by histology)

2021 Crosssectional

MI, stroke

47.9% to 47.8%
NAFLD
47.4% to 48.2%
MAFLD
(from 1999 to 2016,
steatosis diagnosed
by US-FLI)

• Risk of MI: MAFLD group (OR = 1.79;
• Similar
95%CI: 1.5-2.13), NAFLD group (OR =
1.78; 95%CI: 1.5-2.11)
• Risk of stroke: MAFLD group (OR = 1.63;
95%CI: 1.32-2.0), NAFLD group (OR =
1.60; 95%CI: 1.27-2.0)

28% NAFLD
37% MAFLD
0.6% NAFLD-only
9.9% MAFLD-only
27% both
NAFLD/MAFLD
(steatosis diagnosed
by FLI)

• Prevalence of KRPM > 10%: nonsteatosis group (3.1%), in NAFLD only
group (2.1%), MAFLD only group (11%),
NAFLD/MAFLD group (9.5%)

Non-institutionalized US
population from the US National
Health and Nutrition Examination
Surveys (NHANESs)

-

9,584,399 Korean subjects from
the Nationwide health screening
database aged 40-64 years

10 years Korean Risk Prediction
Model (KRPM)

Cardiovascular risk scores
[29]

Lee et al.

Guerreiro et al.

2021 Longitudinal

[30]

2021 Retrospective 1233 Brazilian patients aged > 18
Crossyears submitted to liver biopsy at a
sectional
referral service of a university

• Higher

Atherosclerotic
63.7% NAFLD
• Prevalence of high-risk class of CV
• Similar
cardiovascular disease risk 90.1% MAFLD
scores in MAFLD group vs. NAFLD group
estimator of ACC/AHA
(steatosis diagnosed (36.4% vs. 25.7%, P = 0.209)
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by histology)

2021 Crosssectional

Non-institutionalized US
population from the US National
Health and Nutrition Examination
Surveys (NHANESs)

-

2021 Prospective

2306 Japanese patients with
steatosis

10 years - Worsening of the FRS
- Worsening of the Suita
score

2021 Longitudinal

12,480 non-institutionalized
20-30
participants from the Third
years
National Health and Nutrition
Examination Survey (NHANES III)

2021 Longitudinal

2997 non-institutionalized
15 years
participants from the Third
National Health and Nutrition
Examination Survey (NHANES III)
with US evidence of steatosis

- Framingham risk score
(FRS)
- Atherosclerotic
cardiovascular disease risk
estimator of ACC/AHA

47.9% to 47.8%
NAFLD
47.4% to 48.2%
MAFLD
(from 1999 to 2016,
steatosis diagnosed
by US-FLI)

• 10-year cardiovascular risk by
• Higher
Framingham: MAFLD group (beta 2.6,
95%CI: 2.2-2.9), NAFLD group (beta 2.1,
95%CI: 1.8-2.5)
• 10-year risk of cardiovascular events by
ACC/AHA scores: MAFLD (beta 1.9,
95%CI: 1.5-2.2), NAFLD (beta 1.5, 95%CI:
1.1-1.8)

63.4% NAFLD
80.7% MAFLD
(steatosis diagnosed
by US)

• Cumulative incidence of worsening of
• Higher
scores in MAFLD group compared to
NAFLD group (Wilcoxon test P = 0.0378
Suita and FRS P = 0.0097)

- All-cause mortality
- CV-related mortality
- Neoplasm-related
mortality
- T2DM-related mortality

27.4% NAFLD
27.9% MAFLD
5.1% NAFLD-only
4.6% MAFLD-only
22.8% both
NAFLD/MAFLD
(steatosis diagnosed
by US)

• Risk of overall-cause mortality: MAFLD
group (HR = 2.07, 95%CI: 1.86-2.29),
NAFLD group (HR = 1.47, 95%CI: 1.201.79)

- All-cause mortality
- CV-related mortality
- Neoplasm-related
mortality
- Other-cause mortality

8% NAFLD-only
17% MAFLD-only
75% both
NAFLD/MAFLD
(steatosis diagnosed
by US)

• Cumulative all-cause mortality: MAFLD- • Higher
only group (26%); NAFLD + MAFLD
group (21.1%); NAFLD-only group
(10.6%)

Mortality
[44]

Huang et al.

[45]

Nguyen et al.

[46]

Semmler et al.

2021 Cohort study 4718 Austrian patients aged 4085 years, enrolled during
colorectal cancer screening
program

7.5 years - 5-year survival
- All-cause mortality
- CV-related mortality
- Neoplasm-related
mortality
- Liver-related mortality

• 5-year overall survival rate: MAFLD
46.9% NAFLD
47.4% MAFLD
group (93.9%), NAFLD group (98.2%)
(steatosis diagnosed
by US)

• Higher

• Similar

CV: Cardiovascular; MI: myocardial infarction; CABS: coronary artery bypass surgery; FLI: fatty liver index; ACC/AHA: American College of Cardiology/American Heart Association; US: ultrasound; KRPM: Korean
Risk Prediction Model; T2DM: type 2 diabetes; MAFLD: metabolic associated fatty liver disease; NAFLD: nonalcoholic fatty liver disease.

independent of alcohol consumption, suggesting that liver fat per se in the context of metabolic dysregulation is associated with incident CV events. The
authors then concluded that NAFLD without metabolic abnormality was associated with lower CV risk compared to MAFLD; however, the limitation of the
use of a non-invasive score (fatty liver index) for the diagnosis of steatosis should be taken into account.
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In complete opposition to these statements are the results reported by Guerreiro et al.[30] in a cohort of
Brazilian patients with steatosis at histology. Out of 1233 biopsies performed, 171 subjects (14%) presented
hepatic steatosis, of whom 64% were diagnosed with NAFLD and 90% with MAFLD. Data were
retrospectively retrieved from 2013 and 2018, and the occurrence of non-fatal CV events (i.e., ischemic
heart disease, myocardial infarction, atherosclerosis, aortic valve stenosis, and stroke) was evaluated[30].
Reports of CV events did not differ between patients with NAFLD (13%) and MAFLD (20%), nor did the
severity of histological liver damage influence the CV risk. Interestingly, if MAFLD was associated with viral
hepatitis, the prevalence of CV events increased (31% vs. 13% in MAFLD patients with/without viral
hepatitis (B and/or C, P = 0.007). However, the small sample size, as well as the low prevalence of steatosis
found at histology, may somehow justify the lack of association between MAFLD and CV events. Similarly,
another study examined data from the US National Health and Nutrition Examination Surveys (NHANES)
from 1999 to 2016 to evaluate the occurrence of CV events (myocardial infarction or stroke) in patients with
MAFLD and NAFLD over time[31]. The authors showed that, despite an increasing prevalence of MAFLD in
the American population over time compared to that of NAFLD, the OR of myocardial infarction or stroke
was similar between MAFLD and NAFLD (myocardial infarction: OR = 1.79, 95%CI: 1.5-2.13 and OR =
1.78, 95%CI: 1.5-2.11; stroke: OR = 1.63, 95%CI: 1.32-2.0 and OR = 1.60, 95%CI: 1.27-2.0). Nevertheless, a
real analysis comparing patients MAFLD vs. NAFLD is missing, and the results are observational.
Cardiovascular risk scores

Since patients affected by NAFLD present a high incidence of CV events, preventing their occurrence
remains a public health issue. For that reason, several predictive scores have been constructed based on the
most known CV risk factors, such as age, high blood pressure, high cholesterol, smoking, and T2DM[32].
The Framingham risk score was first created in the 1990s and estimated the 10-year risk of developing
coronary heart disease (CHD)[33]. In 2008, it was revised to include other variables in the score such as age,
total and high density cholesterol, systolic blood pressure, T2DM, and smoking[34]. In a prospective study
involving more than 300 patients affected by NAFLD and followed up for 11 years, the baseline
Framingham risk score was higher in NAFLD patients compared to controls, and it was the only
independent risk factor significantly associated with new onset of coronary heart disease[35]. Even though it
is considered the reference standard, this score has some limitations such as estimating the risk only in
American subjects and only predicting CHD. Therefore, other scoring systems have been developed, such as
the one proposed by the European Society of Cardiology, namely the systematic coronary risk evaluation,
able to predict 10-year risk of cardiovascular death in Europe and based on age, blood pressure, and total
cholesterol[36]. Similarly, the American College of Cardiology (ACC) and the American Heart Association
(AHA) proposed another risk score able to predict 10-year risk of both fatal and non-fatal cerebral and
cardiac events based on age, total and HDL cholesterol, systolic blood pressure (including treated or
untreated status), diabetes, and current smoking status[37]. Indeed, in a cohort of 2804 Iranian subjects,
Motamed et al.[38] demonstrated that both the ACC/AHA and the Framingham cardiovascular risk scores
were significantly higher in patients with NAFLD compared to those without it.
Finally, other scores have been developed to predict the risk of CV events in specific populations, such as
the Suita score or the Korean Risk Prediction Model (KRPM). The first was developed to predict the risk of
a 10-year occurrence of CHD in a healthy Japanese population of more than 5000 individuals, performing
even better than the Framingham score[39]. The second was built on using factors significantly associated
with the incidence of fatal or non-fatal CV events in a population of more than 200,000 Korean subjects
without pre-existing CV events and followed up for 12 years (age, total cholesterol, high density cholesterol,
T2DM, smoking, and systolic blood pressure)[40].
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Depending on the score results, clinicians may decide to start or implement a drug therapy able to reduce
CV risk factors (i.e., lipids or blood pressure lowering agents) or to intensify lifestyle correction (i.e., diet
and physical activity aimed at weight loss or smoke cessation).
Cardiovascular risk scores in NAFLD and MAFLD

A study by Tsutsumi et al.[41] enrolled 2306 Japanese subjects with fatty liver diagnosed by US, of whom
80.7% were diagnosed with MAFLD and 63.4% with NAFLD, and divided the whole cohort into three
group: NAFLD with no metabolic dysfunction (NAFLD-only), overlapping (NAFLD + MAFLD), and
MAFLD with moderate alcohol consumption (MAFLD-only). The cohort was followed up over a 10-yearperiod and the risk of coronary disease was evaluated by both the Framingham and the Suita score. The
endpoint was the worsening of the scores from the low‐risk to the high‐risk category. The results show that
the cumulative incidence of worsening of the scores was significantly higher in the MAFLD group than in
the NAFLD group, only MAFLD was an independent risk factor for worsening of the scores, and the risk
was only minimally consequent to alcohol consumption[41]. Similarly, when the KRPM was calculated,
participants with MAFLD, with or without overlapping NAFLD, presented an elevated 10-year risk score
compared to the NAFLD-only group and the control group without hepatic steatosis; conversely, patients in
the NAFLD-only group did not[29]. In addition, this study, which examined data from the US NHANES,
highlighted that MAFLD patients had a significantly greater 10-year risk of CV events supported by the
Framingham and ACC/AHA scores compared to those with NAFLD[31]. In contrast with this evidence,
Guerreiro et al.[30], in a cohort of 171 biopsy proven NAFLD, showed no difference in the ACC/AHA CV
risk score between patients with NAFLD and those with MAFLD, even when considering each histology
feature.

MORTALITY
As already mentioned, patients with NAFLD are exposed to a high risk of mortality, mostly driven by
cardiovascular disease, hepatic complications (hepatocellular carcinoma and end stage liver disease), and
extra-hepatic cancers[5]. A recent population-based study analyzed more than 10,500 Swedish patients with
histologically proven steatosis compared to an age- and sex-matched control group without steatosis (n =
49,900) and followed up over a median of 14 years. Compared to the controls, NAFLD subjects had an
increased mortality (28.6 vs. 16.9/1000 person/year), and the more was the advanced the histological liver
damage, the higher was the risk[42]. A recent meta-analysis comprising 14 studies with more than 49,800
patients diagnosed with NAFLD confirmed the high risk of all-cause mortality of patients with steatosis
compared to those without it (HR = 1.34; 95%CI: 1.17-1.54), independently of age, sex, follow-up duration,
body mass index, diabetes, smoking, or hypertension[43]. Nevertheless, this meta-analysis did not show any
association between NAFLD and mortality specifically from CV disease or cancer.
Given the new nomenclature of hepatic steatosis, the question of whether the change from NAFLD to
MAFLD could affect the association between fatty liver and long-term clinical outcomes needs to be
answered. In particular, whether the MAFLD term is superior to NAFLD in predicting the risk of mortality
and specific causes of mortality needs to be determined.
Mortality in NAFLD and MAFLD patients

As depicted in Table 1, very few studies have explored this topic, and the data are not conclusive.
Huang et al.[44] followed up for 22 years 12,480 patients with steatosis diagnosed by US enrolled from the
Third NHANES III register and investigated prevalence of NAFLD or MAFLD and their association with
mortality. Despite very similar prevalence at baseline (around 27%), MAFLD increased the risk for all-cause
mortality by a greater magnitude than NAFLD (HR = 2.07, 95%CI: 1.86-2.29 vs. HR = 1.47, 95%CI: 1.20-
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1.79); however, the association with mortality was not confirmed after adjusting for metabolic parameters in
both cases. When considering patients classified as only NAFLD or MAFLD, solely the MAFLD-only group
independently increased the risk of all-cause mortality by 47% and of cancer-related mortality by 58%,
whereas the NAFLD-only group did not. No association with CV mortality was found, when considering
patients fulfilling the criteria for NAFLD, MAFLD, or both, possibly emphasizing the impact of MAFLD on
total mortality risk rather than on specific outcomes. In addition, these results highlight the role of
metabolic alterations in predicting the risk of mortality. Based on the same population from the NHANES
study, Nguyen et al.[45] focused specifically on mortality outcome over a 15-year follow-up time in patients
with NAFLD and/or MAFLD (n = 2997), comparing the NAFLD-only group (8%), the MAFLD-only group
(17%), and the NAFLD + MAFLD one (75%). They found the highest cumulative all-cause mortality in the
MAFLD-only group (26%), followed by the NAFLD + MAFLD group (21.1%) and the NAFLD-only group
(10.6%). Similar differences were found with respect to CV-related mortality (log rank test P = 0.002) but
not for cancer-related mortality (log rank test P = 0.2). Moreover, MAFLD-only status was independently
associated with a higher risk of all-cause mortality (HR = 2.4; 95%CI: 1.2-4.6) compared with the NAFLDonly one. In MAFLD patients, the risk of mortality was associated with advanced fibrosis assessed by noninvasive scores and concomitant presence of viral hepatitis.
Conversely, Semmler et al.[46] did not find any association between MAFLD and increased mortality
compared to NAFLD, identifying metabolic alterations and age as the driving factors to death. The authors
analyzed 4718 Austrian patients screened for colorectal cancer and with ultrasound evidence of steatosis
and divided them into different groups according to BMI and the presence of NAFLD, MAFLD, or both.
Over a 7.5-year period, 278 deaths were registered, but the overall survival was comparable across all
groups. When comparing MAFLD vs. non-MAFLD patients, a significantly decreased survival was observed
(P = 0.021), however the association between MAFLD and mortality was not confirmed in multivariate
analysis adjusted for age and metabolic comorbidities. This lack of association was confirmed in all groups
according to BMI classes (i.e., lean, overweight, and obese).

CONCLUSIONS AND OPEN QUESTIONS
As extensively reported in the literature, both NAFLD and MAFLD are characterized by an increased
burden of CV alterations[3] and mortality[43]. However, given the recent modification in nomenclature from
NAFLD to MAFLD, questioning the possible changes in CV outcomes related to these conditions is
mandatory.
The new inclusive term MAFLD encompasses a variety of liver disease along with hepatic steatosis which
may expose patients to an increased risk of cardiovascular risk such as viral hepatitis and moderate alcohol
consumption[8,9]. Therefore, an increased risk of cardiovascular complications could be expected.
In fact, despite a similar prevalence of NAFLD and MAFLD (around 30%), some data report an increased
incidence of CV events in patients affected by MAFLD but not NAFLD compared to control groups
without steatosis, thus those authors concluded that the MAFLD definition identified more high-risk
subjects compared to NAFLD[28,29]. Interestingly, the association between MAFLD and CV events seems
related more to the burden of metabolic alterations or coexistence of viral hepatitis rather than to alcohol
consumption[29,30]. This could explain to some extent the higher risk of CV alterations in MAFLD compared
to NAFLD. On the other hand, some authors contrasted this evidence, but the results are observational and
often obtained in small cohorts[30,31].
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An interesting aspect emerging from the literature is that data evaluating differences in subclinical
cardiovascular damage are completely missing. Only a few studies compared atherosclerotic CV scores able
to predict a 10-year CV event (Framingham, Suita, ACC/ACH, etc.), between patients with NAFLD and
MAFLD. The results seem orienteering towards higher CV scores in patients with MAFLD; however, the
data are limited, and the use of specific population-tailored scores prevents generalization of this
evidence[29,41].
Finally, as for mortality, MAFLD seems to increase the risk of death to a greater extent compared to
NAFLD, however the burden of metabolic alterations characterizing MAFLD seems prevalent over that of
steatosis itself, common to both diseases. In addition, the association with specific CV cause of death is
weak[45].
Our review points out some relevant differences in cardiovascular risk and mortality in patients with
NAFLD compared to MAFLD. However, the data in the literature are limited, often contrasting and either
retrospective or retrospectively analyzed over time, so that the results cannot be considered exhaustive.
In addition, the lack of data about subclinical CV damage is a big caveat in this scenario, since
understanding whether MAFLD patients present higher subclinical atherosclerotic damage or myocardial
dysfunction compared to NAFLD ones could help clinicians in applying different and stricter preventive
and therapeutic strategies able to prevent occurrence of CV events and death.
Therefore, despite the preliminary evidence is inclined to an increased CV risk and mortality in patients
affected by MAFLD compared to NAFLD, further prospective studies are warranted to confirm this
hypothesis, possibly evaluating also subclinical aspects of the CV damage and application of preventive
approaches.
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