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Insights into contribution of genetic variants towards
the susceptibility of MAFLD revealed by the NMR-based

lipoprotein profiling

A new definition of metabolic dysfunction-associated fatty liver
disease (MAFLD) has been proposed by a panel of international ex-
perts from22countries.1 Thediagnostic criteria forMAFLDarebased
on evidence of hepatic steatosis detected using imaging techniques,
blood biomarkers/scores and/or liver histology, in addition to one of
the following conditions: overweight/obesity, presence of type 2
diabetes, or evidence of metabolic dysregulation.1 Compared with
the diagnostic criteria of non-alcoholic fatty liver disease (NAFLD),2

the definition of MAFLD excluded patients with fatty liver
unrelated to metabolic dysfunction but included a large number of
patients with concomitant metabolic fatty liver and other known
liver diseases. Several genetic variants importantly contribute to
the development of NAFLD, such as the gene variants in Patatin-
like phospholipase domain-containing protein 3 (PNPLA3)3 and
transmembrane 6 superfamily 2 (TM6SF2).4 However, their
contributions to the development of MAFLD in combination with
individual metabolic dysfunction status were never investigated.

Herein, we examined the associations of several currently
recognized NAFLD-related gene variants with the prevalence of
NAFLD, MAFLD and non-metabolic dysfunction fatty liver disease
in 4,653 participants from Shanghai Changfeng Study, which was
a community-based prospective cohort study of multiple

metabolic diseases in middle-aged and elderly Chinese adults.5

Among the 6,595 participants enrolled at baseline from June
2009 to December 2012,6 4,653 participants with available
liver ultrasonography data were genotyped using an Illumina
Infinium BeadChip genotyping array (707,180 markers). The
diagnosis of fatty liver disease and the values of liver fat
content were determined using an ultrasound quantitative
method based on the computer-aided quantification of liver ul-
trasound attenuation and liver-kidney contrast, which showed
excellent consistency with the results of proton magnetic reso-
nance spectroscopy (r = 0.89, p<0.001).7 The prevalence of fatty
liver disease in the study population was 32.6%, which
consisted of 26.8% NAFLD and 5.8% alcoholic fatty liver disease
(AFLD)/viral hepatitis according to the diagnostic criteria of
NAFLD, or 28.0% MAFLD and 4.6% non-metabolic dysfunction
fatty liver disease according to the diagnostic criteria of MAFLD.1

We found that the risk alleles of PNPLA3 rs738409 and TM6SF2
rs58542926 were associated with a higher risk of NAFLD,
AFLD/viral hepatitis (with liver steatosis) and MAFLD, but not
non-metabolic dysfunction fatty liver, using logistic regression
models assuming an additive effect of gene variants and
adjusting for age, sex, BMI and the presence of type 2 diabetes
(Table S1). The liver fat contents in participants with metabolic
dysfunction who had at least one metabolic disorder according
to the MAFLD criteria were significantly higher in the PNPLA3
(p for trend <0.001) and TM6SF2 (p for trend = 0.002) gene
variant carriers, with age, sex, BMI and fasting blood glucose
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adjusted (Fig. 1A,B). The liver fat contents in participants without
metabolic dysfunction showed no significant difference between
PNPLA3/TM6SF2 gene variant carriers and non-carriers
(Fig. 1A,B). A recent study reported that adiposity augments
the genetic risk of NAFLD conferred by multiple loci.8 Our
current study further indicated that the presence of any
metabolic dysfunction, including but not limited to adiposity,
may be a prerequisite for the deleterious effect of multiple
genetic variants on the development of liver steatosis, and
PNPLA3 rs738409 and TM6SF2 rs58542926 gene variants were
associated with the development of MAFLD in Chinese adults.

To further examine the metabolic status-dependent asso-
ciation between the gene variants and fatty liver disease, we
assessed the associations of PNPLA3/TM6SF2 variants with
serum lipoprotein profiles using nuclear magnetic resonance
(NMR) in participants with or without metabolic dysfunction.
Each lipoprotein component was transformed to normality via
rank-based inverse normal transformation before analysis, and
the effect of each risk allele on lipoprotein profiling was

evaluated using a generalized linear model (GLM). Model 1
was adjusted for age, sex and BMI, and Model 2 was adjusted
for model 1 variables plus fasting blood glucose to further
exclude the effect of metabolic confounders. We considered
statistical significance at p<0.0071 (0.05/7), where 7 is the
number of principal components explaining 95% of the varia-
tion in the NMR lipoprotein profile data. All the comparison
results are listed in Tables S2-5. Notably, in participants with
metabolic dysfunction, the PNPLA3 variant was associated
with lower free cholesterol and triglycerides concentrations
in very low-density lipoprotein 1 (VLDL1) and the TM6SF2
variant was associated with a reduction in most VLDL, VLDL1,
VLDL2 and VLDL3 components (Fig. 1C,D), which indicated
reduced hepatic triglyceride export from the liver, consistent
with the function of PNPLA3 and TM6SF2 explored in animal
models.9,10 Several recent studies on the impact of genetic
variants on the lipoprotein profile showed that
polyunsaturated fatty acids (PUFAs) were depleted in the
VLDL triglycerides in PNPLA3 variant carriers,11 and the
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Fig. 1. Effect of PNPLA3/TM6SF2 variants on LFC and lipoprotein profile in participants divided by metabolic status. LFC in participants carrying (A) PNPLA3
rs738409 C>G and (B) TM6SF2 rs58542926 C>T alleles, with/without metabolic dysfunction. Data are presented as median ± IQR and transformed to normality
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secretion of lipoprotein was significantly reduced in TM6SF2
variant carriers.12 Our current study further indicated that
the PNPLA3 gene variant tended to reduce the triglycerides in
VLDL1, and the TM6SF2 variant widely reduced the secretion
of VLDL1, VLDL2 and VLDL3. In addition, LDL1 and LDL2
particle numbers and the cholesterol components and ApoB-
100 concentrations in LDL1 and LDL2 were reduced in
PNPLA3 variant carriers. LDL4 particle number and its choles-
terol ester, phospholipid, triglyceride and ApoB-100 concen-
trations, as well as the triglycerides and phospholipids in IDL,
were significantly reduced in TM6SF2 variant carriers. These
alterations may contribute to the reduced cardiovascular
mortality reported in PNPLA3 or TM6SF2 gene variant car-
riers.13 However, the whole serum lipoprotein profile showed
no significant alterations in PNPLA3 or TM6SF2 variant
carriers in the absence of metabolic dysfunction, which may
partially explain the disconnect between PNPLA3/TM6SF2
variants and fatty liver disease in participants without
metabolic dysfunction.

These findings, together with previous mechanistic studies
in animals,9,10 suggest that metabolic dysfunction status may
be a prerequisite for the contribution of PNPLA3/TM6SF2
variants to the development of liver steatosis. The genetic
risk of fatty liver disease in patients with AFLD/viral hepatitis
was easy to neglect under the diagnostic criteria of NAFLD,
and the diagnostic criteria of MAFLD would better represent
the population who needed an evaluation of the genetic risk
for fatty liver disease.
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Yet more evidence that MAFLD is more than a name change

To the Editor:
In their elegant study in 4,653 Chinese patients, Xia et al.1 provide
robust evidence that the presence of metabolic dysfunction,
including but not limited to adiposity, is a prerequisite for the
deleterious impacts of the PNPLA3 rs738409 and TM6SF2
rs58542926 risk alleles on hepatic steatosis and lipoprotein
profiles. They conclude that the MAFLD definition has dual
advantages compared to the old NAFLD definition: i) it better
captures the population who would benefit from an evaluation of
genetic risks for fatty liver and ii) it overcomes the issue that the
role of the variants was easy to neglect in those with alcoholic
fatty liver disease/viral hepatitis etc., under the NAFLD definition.
This and other reports add to mounting evidence demonstrating
the superiority of the MAFLD criteria for identifying patients at
high-risk of hepatic and extrahepatic complications, emphasising
that the re-definition extends far beyond a mere name change.2–8

Singh et al.9 have some comments on our work10,11 to which
we would like to respond.

The authors argue in favour of a name and a diagnosis of
exclusion (NAFLD), stating that in medicine, this has been prac-
ticed since time immemorial. This is right in many instances
when the pathophysiological basis of a disease is unknownwhen
first described, but once clarified, a change is needed. The change
from “non-A, non-B” to hepatitis C is an exemplar.12

Interestingly, the article by Dr. Reuben from 2002 that they
refer too13 stated that while “nonalcoholic fatty liver disease” –

and its acronyms NAFL and NAFLD – “encompasses all possible
histologic forms of the syndrome” it does not “articulate well.
and sounds more like military terms for a blunder than a liver
disease”! Yet, despite these very early caveats and repeated
acknowledgement of the same, clinical inertia has impeded
and stymied the correction process. After 4 decades,
hepatology would be ill served by further delays, particularly
as MAFLD more accurately reflects current understanding of
pathophysiology, and cold hard scientific evidence (rather than
opinion) can be brought to bear on the debate.7

Simplyput, a diagnosis byexclusion is a diagnosiswith “nomeans
of objective proof”.14 This lack of “objective proof” implicitly brings
heterogeneity, which consequently impedes the development of
rational, evidence-based therapies. The approach brings confusion,
resulting in increased healthcare costs, wastage of time and acts as a
barrier toeffective care.15 This iswhatwesee in “NAFLD”with clinical
trials increasingly attempting to correct for tremendous variability in
disease progression by only including individuals with advanced
histological forms of the disease. In contrast, MAFLD identifies
patients with advanced fibrosis and metabolic risk.2–7 Similarly,
irritable bowel syndrome (IBS) considered a diagnosis of exclusion
has now moved to a “positive diagnosis”.16 Notably, studies have
shown that providers who still believe IBS is a diagnosis of
exclusion ordered 1.6x more tests and consumed $364 more per
patient (p<0.0001), while experts were less likely than nonexperts
to endorse IBS as a diagnosis of exclusion (8% vs. 72%; p<0.0001)15.
The authors’ particular example of Non-“Hodgkin Lymphoma” is
not appropriate. The atypical B-cell blasts in Non-Hodgkin
Lymphoma (NHL) simulate the Hodgkin Reed-Sternberg cells,
leading to a mistaken diagnosis of classical Hodgkin lymphoma.17

Thus, NHL is an entirely appropriate definition with a definite set of
positive clinical, morphological, immunophenotypic, genetic and
molecular diagnostic criteria.17 It is not surprising that real-world
data reveals a diagnostic gap in NAFLD18 with a recent study that
included mainly academic hepatologists suggesting that clinical
practice patterns for the management of steatohepatitis frequently
deviate considerably from practice guidelines.19 A path to precision
medicine in fatty liver would not be possible under the guise of
NAFLD. The shift to MAFLD is likely the first pivotal step towards it.

Singh et al. mention that ‘NAFLD’ is diagnosed based on the
presence of fatty liver, without significant amounts of alcohol con-
sumption and not having any other causes of liver disease or
competing causes of steatosis, as per AASLD guidelines.20 Then, is it
logical to use the term NAFLD despite having other liver diseases or
the continuous use of alcohol as is happening currently and is the
basis of most population-based studies which only exclude an arbi-
trary amount of alcohol?21–23 Is it not time to correct this ambiguity?

The authors question the degree of assertion and the rationale
for why the European Liver Patients Association (ELPA)
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