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Abstract

Nonalcoholic fatty liver disease (NAFLD) is a multisystemic 
clinical condition that presents with a wide spectrum of ex-
trahepatic manifestations, such as obesity, type 2 diabe-
tes mellitus, metabolic syndrome, cardiovascular diseases, 
chronic kidney disease, extrahepatic malignancies, cogni-
tive disorders, and polycystic ovarian syndrome. Among 
NAFLD patients, the most common mortality etiology is 
cardiovascular disorders, followed by extrahepatic malig-
nancies, diabetes mellitus, and liver-related complications. 
Furthermore, the severity of extrahepatic diseases is par-
allel to the severity of NAFLD. In clinical practice, aware-
ness of the associations of concomitant diseases is of major 
importance for initiating prompt and timely screening and 
multidisciplinary management of the disease spectrum. In 
2020, a consensus from 22 countries redefined the disease 
as metabolic (dysfunction)-associated fatty liver disease 
(MAFLD), which resulted in the redefinition of the corre-
sponding population. Although the patients diagnosed with 
MAFLD and NAFLD mostly overlap, the MAFLD and NAFLD 
populations are not identical. In this review, we compared 
the associations of key extrahepatic diseases between 
NAFLD and MAFLD.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) has become the 
leading cause of chronic liver disease worldwide, with an 
estimated global prevalence of 25%, placing a significant 
burden on the healthcare system.1 NAFLD is defined as 
the presence of hepatic steatosis, detected either by im-
aging or histology when secondary causes for hepatic fat 
accumulation are excluded.2 Given the close association of 
NAFLD with its causative drivers, such as obesity, meta-
bolic syndrome (MS), and type 2 diabetes mellitus (T2DM), 
the increasing trend of these metabolic diseases is also 
expected to cause an increasing tendency in NAFLD inci-
dence.3,4 As such, an international panel of experts from 
22 countries proposed a change in terminology and defi-
nition that more accurately reflects the pathogenesis of 
the disease.5,6 The suggested terminology of metabolic 
(dysfunction)-associated fatty liver disease (MAFLD) is de-
fined as hepatic steatosis entity in addition to the presence 
of overweight or obesity, diabetes mellitus, or evidence 
of metabolic dysfunction.6 The semantic modification of 
“NAFLD” as “MAFLD” highlights the role of metabolic fac-
tors in the disease etiology, which would hopefully facili-
tate understanding of the disease and patient-physician 
communication.7

NAFLD patients are at higher risk of not only liver-re-
lated complications but also cardiovascular and all-cause 
mortality. Indeed, cardiovascular disorders are the lead-
ing cause of mortality in patients with NAFLD, followed 
by extrahepatic malignancies and liver-related complica-
tions, indicating the multisystemic involvement in the dis-
ease.8 In addition to cardiovascular disorders, NAFLD is 
also associated with other extrahepatic diseases, such as 
MS, obesity, T2DM, chronic kidney disease (CKD), poly-
cystic ovarian syndrome (PCOS), obstructive sleep apnea 
(OSA), extrahepatic malignancies, osteoporosis, and cog-
nitive disorders (Fig. 1).9–11 As such, the possible extra-
hepatic involvements of NAFLD need to be screened and 
treated.12

However, despite increasing evidence on the strong rela-
tionship between extrahepatic diseases and NAFLD, studies 
on the effect of the redefinition of the patient population as 
“MAFLD” on the clinical reflection of extrahepatic diseases in 
this population are still lacking. This review will focus on the 
association of NAFLD with various extrahepatic diseases and 
discuss the influence of the semantic change to “MAFLD” 
in reanalyzing extrahepatic diseases in this newly defined 
group of patients.
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Impact of redefinition on selected patients in studies

As is known, the redefinition of “NAFLD” as “MAFLD” is more 
than a single-letter change.7 Recently, this change was vali-
dated in the Third National Health and Nutrition Examina-
tion Surveys (NHANES-III 1988–1994) database, which 
defined hepatic steatosis according to ultrasonographic ex-

amination. It was concluded that MAFLD was able to iden-
tify patients with a high risk of disease progression more 
practically and accurately compared to NAFLD. This state-
ment was concluded following a comparison of non-invasive 
scores including the fibrosis-4 index (FIB-4), NAFLD fibrosis 
score (NFS), and BARD score.13 Accordingly, in that study, 
MAFLD patients were older (48.79±15.06 vs. 46.81±15.77, 
p<0.001), mostly male (1959 [50.42%] vs. 2014 [46.33%], 

Fig. 1.  MAFLD and its association with extrahepatic diseases. MAFLD, Metabolic (dysfunction)-associated fatty liver disease.
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<0.001), higher body mass index (BMI) level (31.14±6.05 
vs. 29.49±6.69, p<0.001) higher proportions of T2DM (1171 
[30.14%] vs. 1092 [25.12%], p<0.001) and hypertension 
(1405 [36.16%] vs. 1343 [30.89%], p<0.001) compared to 
NAFLD patients. Moreover, MAFLD patients showed higher 
insulin resistance, serum lipid, and transaminases.13 On the 
other hand, in a smaller population who underwent vibration 
controlled transient elastography (VCTE) examinations from 
2017–2018, advanced fibrosis showed similar proportions in 
the MAFLD and NAFLD populations (7.5% vs. 7.4%). Moreo-
ver, the two definitions showed a high rate of agreement, 
with a Kappa coefficient of 0.92.14 The NHANES-III database 
from 1988–1994, which diagnosed hepatic steatosis with ul-
trasonography, showed that MAFLD and NAFLD overlapped 
mostly, with an agreement coefficient of 0.76.15 These data 
suggest that the two definitions are able to define mostly 
similar but not identical populations.14,15 When the NHANES-
III 1988–1994 database was analyzed with 2015 mortality 
data, it was revealed that both MAFLD and NAFLD showed 
similar rates of overall, cardiovascular- and neoplasm-relat-
ed mortality, when age and sex were adjusted (hazard ratio 
[HR]: 1.27 (confidence interval [CI]: 1.16, 1.41) vs. 1.05 
(0.87, 1.28), 1.17 (0.96, 1.42) vs. 1.07 (0.89, 1.30), and 
1.16 (0.94, 1.42) vs. 1.01 (0.82, 1.25), respectively). On 
the other hand, after adjustment according to age, sex and 
ethnicity, T2DM-related mortality was markedly elevated in 
MAFLD patients compared to NAFLD patients (4.57 (2.63, 
7.97) vs. 2.54 (1.49, 4.34)).15

Similar analyses were conducted in population-based co-
horts. Yamamura et al.16 enrolled a total of 765 Japanese 
patients with fatty liver defined by ultrasonography. In their 
cohort, MAFLD patients were mostly male (308 (50.6%) vs. 
138 (33.8%), p<0.001), had higher BMI (median [mini-
mum-maximum]: 25.0 [23.2–26.9] vs. 24.0 [21.7–26.1], 
p<0.001) and higher rates of hypertension and dyslipidemia 
(252 (41.4%) vs. 160 (29.6%), p<0.001 and 289 (47.5%) 
vs. 210 (38.8%), p=0.003, respectively). On the other hand, 
the prevalence of T2DM did not significantly differ between 
MAFLD and NAFLD (89 (14.6%) vs. 59 (10.9%), p=0.060). 
Similar to the analysis with the data from the NHANES-III 
database,13 MAFLD patients had increased parameters in-
dicating increased risk for fibrosis. In addition, those pa-
tients showed a more severe metabolic profile, with high 
serum creatinine, uric acid, alanine transaminase, aspartate 
transaminase, and gamma-glutamyl transferase levels.16

Wong et al.17 evaluated 1,016 Chinese patients with in-
trahepatic triglyceride accumulation >5% defined by mag-
netic resonance imaging proton density fat fraction (MRI-
PDFF). In total, 25.9% and 25.7% of the patients were 
classified as MAFLD and NAFLD cases, respectively. Of the 
277 subjects with evidence of MRI-PDFF-based hepatic ste-
atosis, 247 (89.2%) showed overlaps with both MAFLD and 
NAFLD. Meanwhile, 14 patients (5.1%) were not diagnosed 
with MAFLD, despite having evidence of hepatic steatosis 
on MRI-PDFF. Follow up of patients without fatty liver indi-
cated that the incidence of MAFLD is 25% lower than that of 
NAFLD in this population. The authors attributed this lower 
incidence to the lower metabolic burden of these patients. 
Following the study by Wong et al.,17 Angelico et al.18 evalu-
ated an Italian cohort of 795 NAFLD patients diagnosed by 
ultrasonography. In total, 96.5% of the patients had both 
MAFLD and NAFLD; however, 3.5% of the patients remained 
with the NAFLD diagnosis and not MAFLD. They also ob-
served higher non-invasive scores in patients with MAFLD 
than in those with NAFLD.

Genetic aspects of NAFLD and MAFLD

NAFLD progression is associated with at least five differ-

ent genes, namely patatin-like phospholipase domain-
containing protein 3 (PNPLA3), transmembrane 6 su-
perfamily member 2 (TM6SF2), glucokinase regulator, 
membrane-bound O-acyltransferase domain containing 7, 
and 17β-hydroxysteroid dehydrogenase type 13.19,20 Mean-
while, the understanding of MAFLD seems to be challeng-
ing, owing to the limited number of genetic studies in pa-
tients with MAFLD. Further, the authors if the related papers 
have tended to define MAFLD according to the diagnostic 
criteria for NAFLD. Lee et al.21 compared the association 
of genetic alleles such as NCAN, glucokinase regulator, LY-
PLAL1, PNPLA3, PPP1R3B, FDFT1, COL13A1, EFCAB4B, PZP, 
and TM6SF2 between MAFLD patients and patients without 
hepatic steatosis in their Chinese cohort. They found that 
the PNPLA3 homozygous GG allele, higher BMI, and hy-
pertriglyceridemia were independent predictors of MAFLD. 
However, they had recruited their population following the 
criteria for NAFLD. Similarly, Gu et al.22 showed that varia-
tions in fat mass and obesity-associated genes are associ-
ated with a higher risk of MAFLD in their Chinese cohort. 
However, they also defined MAFLD according to the NAFLD 
criteria.

Obesity, diabetes mellitus, and metabolic syndrome

The modification of “NAFLD” to “MAFLD” emphasized the 
role of metabolic dysfunction and highlighted the underly-
ing metabolic drivers for the development of the disease.23 
Obesity is a well-known risk factor of NAFLD.24,25 Indeed, in 
the most recent decade, the prevalence of NAFLD showed 
a similar increasing trend, parallel to the increasing preva-
lence of obesity.26,27 More than 90% of morbidly obese pa-
tients who undergo bariatric surgery have NAFLD.28,29 On 
the other hand, lean patients with evidence of hepatic stea-
tosis were also to no less a degree. In a recent meta-anal-
ysis by Young et al.,30 “lean NAFLD” was prevalent in 11% 
and 25% of the general and NAFLD populations, respec-
tively. Lean NAFLD patients presented with a more abnor-
mal metabolic profile than healthy individuals and showed 
a higher prevalence of hypertension, insulin resistance, 
dyslipidemia, and metabolic syndrome and higher levels of 
inflammatory parameters.30,31 On the other hand, obese 
NAFLD patients showed higher levels of blood pressure, 
homeostatic model assessment for insulin resistance, he-
moglobin A1C, alanine transaminase, and serum creatinine 
and albumin.31 Lean NAFLD patients also have higher lev-
els of hemoglobin, hematocrit, and ferritin than overweight 
NAFLD patients.32,33,34 However, these patients also have a 
more favorable metabolic and histologic presentation than 
obese NAFLD patients.31

Notably, there are recommended ethnicity-specific BMI 
cutoffs to define “lean NAFLD”. The BMI cutoffs for defin-
ing lean are <25 kg/m2 for Caucasians and <23 kg/m2 for 
Asians.32 Therefore, the ethnicity of the study population 
should be identified when defining lean NAFLD. In general, 
lean NAFLD is prevalent in 5–45% of Asians and in 5–20% 
of Europeans.33 However, applying the proposed cutoff for 
Asians would lower the lean NAFLD prevalence. Therefore, 
accurate definition of obesity is crucial for an accurate 
MAFLD diagnosis. In this regard, the recent MAFLD guide-
lines recommend a BMI cutoff of 23 kg/m2 for Asians.35 
Weight reduction and dietary interventions are considered 
the cornerstone of NAFLD treatment, both in obese and lean 
patients.36,37 The beneficial effects of lifestyle modifications 
targeting weight reduction and exercise have been consist-
ently shown to be beneficial in the resolution of hepatic 
steatosis in both lean Asian and Caucasian NAFLD popula-
tions.38,39,40

The new definition as “MAFLD” emphasized the impor-
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tance of metabolic dysfunction criteria or T2DM crucial for 
the diagnosis of the disease. In this concept, there are also 
patients who are classified with NAFLD but not MAFLD ac-
cording to the new terminology. In the analysis performed 
by Angelico et al.,18 3.5% of the 795 NAFLD patients did 
not fulfill the MAFLD criteria due to not being overweight or 
obese and not having diabetes or metabolic dysfunction cri-
teria. Wong et al.17 also reported that the lower prevalence 
of MAFLD than NAFLD among lean patients is due to the lack 
of other metabolic dysfunction criteria among lean patients. 
In line with these data, it appears that the new terminol-
ogy would result in a non-classified group, that is, “NAFLD 
but not MAFLD”. However, further studies investigating the 
characteristics of newly defined lean MAFLD populations are 
needed.

T2DM accelerates disease progression, as evidenced by 
the higher rates of advanced fibrosis and adverse outcomes 
in diabetes patients with NAFLD.36 Moreover, the coexist-
ence of NAFLD and T2DM is associated not only with in-
creased liver-related mortality but also with cardiovascular 
and all-cause mortalities. Notably, microvesicular diabetic 
complications, such as retinopathy, nephropathy, and pol-
yneuropathy, more frequently occur in diabetes patients 
with coexisting NAFLD, independent of confounding fac-
tors.37,41,42 Therefore, a first-line stratification algorithm 
with non-invasive diagnostic scores was recently recom-
mended for T2DM patients with NAFLD.43 The FIB-4 can be 
easily calculated in ambulant clinical settings, and identi-
fying patients with an FIB-4 >1.3 might be useful in the 
timely recognition of severe disease.44

Insulin resistance also plays a major role in disease de-
velopment.45 Traditionally, insulin resistance is the first hit 
of the “two-hit hypothesis”, followed by oxidative stress, li-
pid peroxidation, and mitochondrial dysfunction as the sec-
ond hit.46 Although there are multiple pathways in disease 
development, insulin resistance constitutes a major path-
way in NAFLD. Patients with insulin resistance have more 
severe liver histology. Further, insulin resistance is an inde-
pendent risk factor for advanced fibrosis.47,48

The new definition of MAFLD has led to an increase 
in its prevalence in T2DM patients.13 However, there are 
scarce data supporting the possibility that there is no sig-
nificant difference in T2DM prevalence between NAFLD and 
MAFLD.16 Further studies are needed to highlight the possi-
ble impact of this terminology change. Recent MAFLD guide-
lines recommend that T2DM populations be screened for 
MAFLD.35 There also seems to be a bidirectional relationship 
between metabolic syndrome and NAFLD,49 as NAFLD itself 
is associated with MS and each of its components, namely 
abdominal obesity, hyperglycemia, hypertension, and dys-
lipidemia.50 In the meta-analysis performed by Ballesteri et 
al.,51 NAFLD was associated with incident MS in the 5-year 
follow-up. Similarly, another study found that patients with 
metabolic components were at higher risk of developing 
incident NAFLD.52 Lin et al.13 compared MAFLD with tra-
ditional NAFLD and found higher proportions of metabolic 
comorbidities in patients with MAFLD, indicating the impact 
of positive diagnostic criteria.

Cardiovascular diseases (CVDs)

Increasing evidence supports that CVD is a matter of de-
bate in NAFLD. Patients with NAFLD have been reported to 
have a higher risk of CVD-related death than of liver-relat-
ed death.53,54 A meta-analysis by Targher et al.55 involv-
ing 34,000 individuals followed-up for 6.9 years found an 
increased risk of fatal and non-fatal cardiovascular events 
(odds ratio [OR:] 1.64, 95% CI: 1.26–2.13). When the 
analysis was adjusted for the conventional cardiovascular 

risk factors, severe NAFLD increased the risk of a cardio-
vascular event (OR: 2.58, 95% CI: 1.78–3.75). Moreover, 
in the meta-analysis by Oni et al.,56 NAFLD was significant-
ly associated with increased carotid artery intimal-medial 
thickness, impaired flow-mediated vasodilation, increased 
arterial stiffness, and coronary artery calcification, which 
are the main indicators of subclinical atherosclerosis. This 
association was found to be independent of traditional risk 
factors and metabolic components.

The risk of cardiovascular events and mortality pertained 
to NAFLD patients who were on the waiting list for liver 
transplantation and in the post-transplantation period.57,58 
Even in primary care settings, there is an independent as-
sociation between myocardial infarction and NAFLD.59 Ad-
vanced fibrosis is the most important prognostic factor in 
NAFLD. Therefore, initiating and planning therapy is of par-
amount importance.54,60 Among biopsy-proven NAFLD pa-
tients with incident cardiovascular events, advanced fibrosis 
on liver histology is an independent predictor of cardiovas-
cular events.61 In a recent nationwide study from Korea, the 
multivariable-adjusted HRs for developing a cardiovascular 
event among patients with NAFLD and MAFLD were 1.09 
(95% CI: 1.03–1.15) and 1.43 (95% CI: 1.41–1.45), re-
spectively. This finding highlights that the redefinition of the 
disease may identify more patients with a high risk of devel-
oping cardiovascular events.62 Guerreiro et al.63 investigat-
ed 109 patients with hepatic steatosis, and 90% and 64% 
fulfilled the MAFLD criteria and NAFLD criteria, respectively. 
CVD occurred in 20% and 13%, respectively (p=0.137). 
These rates could be due to the inclusion of metabolic dys-
function criteria, which are associated with increased CVD 
rates, in the definition.64

NAFLD has also been reported to be associated with car-
diac arrhythmias, including atrial fibrillation (AF), prolonga-
tion of the corrected QT interval (QTc), some cardiac con-
duction defects, cardiac autonomic dysfunction, and sudden 
cardiac death.65,66 NAFLD doubles the risk of AF (OR: 2.07; 
95% CI: 1.38–3.10) independent of the traditional risk fac-
tors for AF.66 This relationship was confirmed in another 
meta-analysis involving a larger population of more than 
600,000 individuals.67 Increasing evidence suggests an as-
sociation between prolongation of QT interval (QTc) and 
ventricular arrhythmias in patients with MAFLD.66,67 The 
increased risk of QTc interval prolongation is in line with 
increased severity of ultrasonographically-defined NAFLD. 
After adjusting for factors associated with QTc prolongation, 
all types of NAFLD were associated with an increased risk 
of QTc prolongation in women, with ORs (95% CIs) of 1.11 
(1.01–1.21) for mild, 1.61 (1.36–1.9) for moderate, and 
1.31 (1.16–2.24) for severe. The corresponding ORs (95% 
CI) for men were 1.11 (1.01–1.21), 1.39 (1.22–1.59), and 
1.87 (1.16–2.24), respectively. This significant association 
remained in the subgroup analysis of the diabetes and non-
diabetes populations.68 In another retrospective analysis, 
the rates of nonsustained ventricular tachycardia and >30 
premature ventricular complexes per hour were significant-
ly higher in T2DM patients with an ultrasonographically-
proven NAFLD diagnosis compared to non-NAFLD patients 
with diabetes. In the adjusted analysis for age, sex, BMI, 
smoking, hypertension, ischemic heart disease, valvular 
heart disease, chronic kidney disease, chronic obstructive 
pulmonary disease, serum gamma-glutamyl transferase 
levels, medication use, and left ventricular ejection fraction, 
NAFLD patients had a 3.5-fold higher risk of ventricular ar-
rhythmias compared to non-NAFLD patients.69

NAFLD also appears to be associated with further struc-
tural cardiac pathologies. NAFLD was found to be signifi-
cantly associated with a nearly 3-fold higher risk (OR: 2.70, 
95% CI: 1.23–7.38) of aortic valve sclerosis and mitral 
annulus calcification, which are predictors of adverse car-
diac outcomes.70 Moreover, a case-control study found that 
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both hepatic steatosis and fibrosis were are associated with 
subclinical myocardial dysfunction on fluorodeoxyglucose-
positron emission tomography.71 NAFLD severity assessed 
by the FIB-4 score is also independently associated with 
left ventricular diastolic dysfunction, larger atrial volume, 
and higher all-cause mortality in patients with known heart 
failure.72 This positive association between NAFLD severity 
and myocardial abnormalities was also confirmed in smaller 
studies of biopsy-proven NAFLD.73,74

The relation between increased cardiovascular burden 
and NAFLD is multifactorial. Abnormal blood glucose levels 
triggered by insulin resistance are a common pathophysi-
ological condition. Another shared mechanism is endothelial 
dysfunction that is significantly associated with atheroscle-
rosis. NAFLD patients have a decreased balance in proco-
agulant metabolism, which also plays a significant role in 
the development of cardiovascular events.75 Ectopic fat ac-
cumulation enhances the development of atherosclerosis. 
Moreover, it leads to the secretion of proinflammatory adi-
pokines that results in atrial and ventricular fibrosis.76 Col-
lectively, these induce systolic and diastolic dysfunction or 
cardiac arrhythmias.77 Meanwhile, although they are signifi-
cantly associated with NAFLD and NAFLD severity, genetic 
variants of PNPLA3 and TM6SF2 were shown to be cardio-
protective. This is probably due to the strong association 
of those variants with lower levels of triglycerides and low 
density lipoproteins.78

Collectively, these data support the significantly higher 
risk of cardiovascular-related morbidity and mortality in the 
NAFLD population, indicating the importance of first-line 
screening for cardiovascular disorders independent of tra-
ditional cardiovascular risk factors in these patients. MAFLD 
patients also have a higher risk of developing cardiovascular 
events, and this issue has gained more importance.

CKD

There is growing evidence supporting a close relationship 
between NAFLD and CKD. This association could be related 
to a high prevalence of both diseases or an independent 
occurrence.79 Nevertheless, NAFLD and CKD share common 
risk factors, including abdominal obesity, insulin resistance, 
atherogenic dyslipidemia, and hypertension.80 Moreover, 
recent studies have consistently demonstrated that NAFLD 
is independently associated with a higher prevalence of 
CKD.81–83 However, a cross-sectional study by Akahane et 
al.84 showed that the link between NAFLD and CKD was 
mediated by shared risk factors rather than an independent 
association. Similarly, the association of NAFLD with CKD 
appears to arise from increased adipose tissue-related in-
flammation. Therefore, a CKD-focused screening of NAFLD 
patients with obesity, hypertension, and hyperuricemia is 
recommended.85

T2DM is an important driving factor for both NAFLD and 
CKD. However, the prevalence of CKD was higher in NAFLD 
patients, regardless of diabetes status, than in patients 
without NAFLD (50% vs. 5–30%).86–89 Moreover, patients 
with severe liver histology were more likely to develop in-
cident CKD.90 In contrast, hepatic steatosis has no adverse 
impact on renal function.91 In the meta-analysis by Musso 
et al.,92 advanced fibrosis and inflammation were associated 
with more severe kidney dysfunction than hepatic steatosis 
itself. They concluded that the more severe the liver histol-
ogy, the more severe the CKD. Even early kidney dysfunc-
tion was proposed to be associated with more severe liver 
histology in biopsy-proven NAFLD patients, highlighting the 
importance of early screening for the timely management 
of kidney disease.93,94 MAFLD patients have been found to 
have a higher burden of CKD. Data from NHANES-III 1988–

1994 revealed that CKD is more prevalent in MAFLD pa-
tients than in NAFLD patients. This suggested that MAFLD 
could identify more patients with a higher risk of CKD in 
addition to other comorbidities.95

Extrahepatic malignancies

Extrahepatic malignancies are one of the leading causes of 
mortality in NAFLD.8,9 Thus, hepatocellular cancer (HCC) 
surveillance is recommended in MAFLD patients with cirrho-
sis.35 The possible mechanism of carcinogenesis in NAFLD is 
derived from proinflammatory and procarcinogenic aspects 
of insulin resistance through activation of the insulin growth 
factor-1 axis. These induce antiapoptotic effects and adi-
pose tissue dysfunction that increase inflammation and tu-
mor proliferation. Gut dysbiosis was also found to be a pos-
sible contributing factor in promotion of tumorigenesis.96 
A meta-analysis by Musso et al.97 found that extrahepatic 
malignancies were the most common cause for mortality, 
accounting for 28% of all deaths, followed by ischemic heart 
disease (25%) and liver-related diseases (13%). In a large 
Korean cohort, the prevalence rate of cancer was higher in 
the NAFLD group than in the non-NAFLD group (782.9 vs. 
592.8 per 100,000 person-years; HR: 1.32; 95% CI: 1.17–
1.49; p<0.001). Accordingly, the most common cancer type 
was HCC in the general population, colorectal carcinoma in 
males, and breast cancer in females.98

Allen et al.99 recently investigated the incidence of cancer 
in a large community cohort within a median follow-up of 
8 years and found that NAFLD patients had a 2-fold higher 
risk of developing cancer. The most common cancer type 
was HCC, followed by uterine, gastric, pancreatic, and co-
lonic cancers. Moreover, they showed that NAFLD was more 
strongly associated with cancer development than obesity. 
In the absence of NAFLD, obesity was less strongly associ-
ated with cancer development, which indicates the possible 
role of NAFLD in promoting cancer development in obese 
patients. Unlike in obese women, NAFLD was associated 
with breast cancer, independent of traditional risk factors, 
in non-obese women.100

In a recent meta-analysis of studies published between 
1996 and January 2020, NAFLD was significantly associated 
with gastrointestinal cancers (colorectal cancer and colorec-
tal adenoma), cholangiocarcinomas, and other cancers (in-
cluding breast, gastric, pancreatic, prostate, and esophage-
al cancers), indicating that NAFLD is a potential influencing 
factor in extrahepatic diseases.101 A systemic review and 
meta-analysis suggested that NAFLD increased the risk of 
cholangiocarcinoma, and the increased risk was more pro-
nounced for intrahepatic cholangiocarcinoma than for extra-
hepatic cholangiocarcinoma.102 A meta-analysis also found 
that NAFLD is significantly associated with extrahepatic 
cholangiocarcinoma but not with intrahepatic cholangio-
carcinoma after excluding confounding factors.103 Another 
meta-analysis found that NAFLD increased the risk of colo-
rectal adenoma and carcinoma.104,105 Among patients with 
NAFLD, the overall risk was higher for right colon tumors 
than for left colon tumors.106 Fukugana et al.107 recently 
demonstrated that MAFLD more accurately identifies colo-
rectal adenoma than does NAFLD. Specifically, non-obese 
MAFLD is an independent factor for the presence of colorec-
tal adenomas. As such, the authors recommended colonos-
copy screening in patients with MAFLD.

Depression and cognitive disorders

Depression and cognitive impairment have been recently 
shown to be associated with NAFLD;108 however, this rela-
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tionship remains unclear. Tomeno et al.109 detected major 
depressive disorder in 12% of their patients with biopsy-
proven NAFLD. Moreover, liver histology was more severe 
in patients with depression than in patients without depres-
sion, in line with the findings by Youssef et al.110 In contrast, 
Lee et al.111 did not identify this association. In a large pop-
ulation-based study, hepatitis C infection was the chronic 
liver disease significantly associated with depression.

In line with this, there have been attempts to compare 
total brain volume, gray and white matter volumes, and 
lateral ventricle volume between patients with and with-
out NAFLD. The results showed a greater risk for cognitive 
disorders in patients with NAFLD.112 Further studies found 
that MAFLD patients were at higher risk for early or subtle 
cognitive dysfunction than healthy individuals, but this re-
lationship was not shown to be significantly correlated with 
the presence of metabolic syndrome. Cognition is mainly 
regulated by visuospatial and executive function domains 
associated with the prefrontal cortex.113 Weinstein et al.114 
suggested that patients at higher risk for advanced fibro-
sis but not MAFLD were also at higher risk for cognitive 
impairment development. The association between Alzhei-
mer’s disease and NAFLD remains to be clarified. However, 
increasing evidence from various animal studies suggested 
a possible significant association,115,116 although further 
investigations are still needed. The underlying mechanism 
between these associations was suggested to be dysfunc-
tion in lipid metabolism and insulin resistance, which have 
been previously proposed to trigger the development of 
Alzheimer’s disease.108 However, to our best knowledge, 
no study has compared between the impact of MAFLD and 
NAFLD on cognitive disorders.

PCOS

NAFLD and PCOS share several common comorbidities, 
such as obesity, insulin resistance, diabetes mellitus, hy-
pertension, and metabolic syndrome.11,117 Accordingly, 
more than half of patients with PCOS also have NAFLD.118 
A recent large population-based study found that PCOS pa-
tients were more likely to be diagnosed with NAFLD (OR: 
4.3) even after adjusting for confounding factors. Thus, 
the risk of developing NAFLD has also been reported to 
increase independent of metabolic factors.119 Hyperandro-
genism is another factor associated with an increased risk 
of MAFLD.120 In a study by Jones et al.,121 patients with 
hyperandrogenism showed significantly higher hepatic fat 
content in magnetic resonance spectroscopy examinations 
than did patients without hyperandrogenism and controls, 
even after adjusting for BMI.

Additionally, the severity of PCOS, in addition to the dis-
ease itself, appeared to be a significant factor influencing the 
prevalence of NAFLD. In a group of biopsy-proven NAFLD 
patients, women with PCOS had more severe liver histol-
ogy and higher prevalence of advanced fibrosis than women 
without PCOS. They also had more advanced disease at a 
younger age.122 A FibroScan study in PCOS patients with 
and without NAFLD revealed that liver stiffness, as an indi-
cator of liver fibrosis, was significantly higher among PCOS 
patients with NAFLD than in those without NAFLD.123 De-
spite the lack of exclusive studies on the MAFLD popula-
tion, the common metabolic comorbidities indicate that the 
prevalence of PCOS may be higher in the MAFLD population.

Osteoporosis and sarcopenia

NAFLD has been shown to be associated with non-obesity-
related diseases, such as osteoporosis and sarcopenia.124,125 

In Chinese cohorts, bone mass density was negatively cor-
related with the presence of NAFLD in both sexes.126,127 
Sarcopenia is also associated with severe NAFLD histol-
ogy.128 As such, an increase in body muscle mass results 
in the resolution of NAFLD.129 The underlying pathological 
mechanisms seem to be associated with vitamin D defi-
ciency, altered growth hormone/insulin-like growth factor 1 
axis, and chronic inflammation.130

Hypothyroidism

Even if there is not enough evidence on cost-effectiveness 
of screening hypothyroid patients in terms of NAFLD, both 
subclinical and overt hypothyroidism are known to be asso-
ciated with increased NAFLD prevalence.131,132 The relation-
ship between hypothyroidism is both indirect and direct. In-
directly, due to association of hypothyroidism with increased 
visceral obesity, impaired lipid metabolism and induction of 
metabolic syndrome. However, increased levels of thyroid-
stimulating hormone also directly affect hepatocytes and 
contribute to development of NAFLD.133 In biopsy-proven 
NAFLD cohorts, hypothyroidism was significantly more 
prevalent.134,135 In a population-based study conducted 
with USA NHANES data from 2007 to 2012, low-normal thy-
roid function and subclinical hypothyroidism increased the 
advanced fibrosis risk 1.9-fold and 2.1-fold, respectively.136

OSA

OSA plays a significant role in the development and pro-
gression of NAFLD.137 The parameters determining OSA se-
verity, such as the apnea-hypopnea index, oxyhemoglobin 
desaturation index, and nocturnal oxyhemoglobin satura-
tion, are associated with hepatic steatosis.138,139 In addition 
to the high prevalence of NAFLD in OSA, OSA severity was 
found to be an independent predictor of the presence and 
severity of liver fibrosis.140

The relationship between OSA and NAFLD remains con-
troversial, owing to the confounding effects of obesity. How-
ever, the combination of early time sleepiness and OSA re-
mains to have a significant impact in the development of 
NAFLD even after adjusting for visceral fat area.141 Chronic 
intermittent hypoxia has been suggested to play a signifi-
cant role in the development of liver inflammation in OSA 
patients.142 Accordingly, an effective continuous positive air-
way pressure was proposed to be associated with improve-
ment and even complete reversion of hepatic steatosis.143

Psoriasis

NAFLD and psoriasis co-exist frequently, with approximately 
half of psoriasis patients also having NAFLD.144,145 In a me-
ta-analysis by Candia et al.,146 patients with psoriasis had a 
2-fold higher risk of developing NAFLD (OR: 2.15, 95% CI: 
1.57–2.94). Further, the severity of psoriasis influenced the 
prevalence of NAFLD. The underlying mechanism explaining 
the association between NAFLD and psoriasis is not fully 
understood; however, increased expression of pro-inflam-
matory cytokines, such as interleukin-6, interleukin-17 and 
tumor necrosis factor-alpha, is known to influence the de-
velopment of insulin resistance and, finally, NAFLD.147

Both psoriasis and NAFLD are associated with MS, in-
sulin resistance, and an increased cardiovascular risk.148 
Psoriasis patients with NAFLD have a significantly higher 
10-year risk of cardiovascular events (OR: 6.0, 95% CI: 
3.3–11.1).149 Despite the lack of studies in biopsy-proven 
NAFLD patients, data suggest an increased risk of advanced 
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fibrosis in NAFLD patients with psoriasis.150,151 Accumulat-
ing evidence also suggests that patients with psoriasis have 
a higher risk of hepatic complications. Therefore, regular 
follow-up should be considered, especially for psoriasis pa-
tients undergoing treatment.147

Conclusion

MAFLD must be evaluated as a multisystemic disease af-
fecting many extrahepatic organs. The disease burden ex-
tends beyond liver-related complications, underlining the 
importance of multidisciplinary screening and disease man-
agement. Routine screening for MAFLD is recommended in 
patients with obesity/overweight, T2DM, or MS. Moreover, 
patients with MAFLD should also be examined for CVD and 
cardiovascular risk. Further, treatment of dyslipidemia, 
T2DM, and hypertension is recommended to decrease the 
risk of cardiovascular and kidney diseases. Importantly, 
the high rate of co-existing CVD, CKD, OSA, hypothyroid-
ism, osteoporosis, and PCOS indicates that MAFLD patients 
should be evaluated for these extrahepatic diseases.
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