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Abstract

Metabolic dysfunction-associated fatty liver disease (MAFLD) is
the evidence of steatosis in the setting of a metabolic risk condition
such as type 2 diabetes mellitus (T2DM). Indeed, T2DM and liver
steatosis share common pathophysiological mechanisms, and one
can lead to the other. MAFLD can progress from simple steatosis to
non-alcoholic steatohepatitis (NASH), fibrosis and cirrhosis as well
as hepatocellular carcinoma (HCC). Because of the lack / disparity
of guidelines for MAFLD screening, which is asymptomatic in
its early stages, it is not rare that diabetic patients are belatedly
diagnosed with NASH cirrhosis or HCC. We therefore recommend
systematic non-invasive tests (NITs) that calculate an estimate of
the risk based on readily available anthropometric and biological
parameters. These include the fatty liver index (FLI) for steatosis
detection and at least one of the following for fibrosis: non-alcoholic
fatty liver disease fibrosis score (NFS), fibrosis-4 index (FIB-4) or
Hepamet fibrosis score (HFS). Indeed, NFS and FIB-4 are the best
predictors of liver-related events, while FIB-4 and HFS correlate
with overall mortality. Systematic literature review found only few
retrospective or cross-sectional studies using NITs for systematic
steatosis and fibrosis screening in T2DM patients, with a crucial
need for prospective studies. This screening strategy will allow
targeted patients to be referred for further liver investigation (e.g.
ultrasound, elastometry) and care. Current treatment modalities
of MAFLD in T2DM patients range from lifestyle and dietary
interventions to specific glucose-lowering drugs that recently
showed some benefits regarding MAFLD, such as pioglitazone,
glucagon-like peptide-1 receptor agonists and sodium-glucose
cotransporter-2 inhibitors. Other treatments are currently under
investigation. (Acta gastroenterol. belg., 2022, 85, 1-12).

Keywords: Non-invasive tests, MAFLD, NAFLD, NASH, type 2
diabetes.

Introduction

Definition of MAFLD

Metabolic dysfunction-associated fatty liver disease
(MAFLD)was formerly known as non-alcoholic fatty liver
disease (NAFLD), which was a diagnosis of exclusion:
a chronic liver disease characterized by excessive fat
build-up in the liver without another clear cause such
as excessive alcohol consumption (> 210/140 g ethanol
/ week for male/female respectively), medications (e.g.
corticosteroids, tamoxifen), total parenteral nutrition,
viral and genetic diseases, etc. Recently, however,
experts opted for a more accurate nomenclature based on
positive diagnostic criteria (1), as shown in Table 1. Of
note, the vast majority of studies discussed in this review
were performed using the previous NAFLD definition.

MAFLD is thought to stem from the body’s inability to
store excess energy in adipocytes (considered as “healthy”
storage in subcutaneous fat). The pathogenesis of
MAFLD involves ectopic “unhealthy” fat accumulation,
which takes place in the liver, muscle and visceral fat
(2-5).

It is by definition coexisting with metabolic disorders
such as insulin resistance, type 2 diabetes mellitus
(T2DM), overweight or obesity. MAFLD has been
commonly viewed as the hepatic manifestation of
metabolic syndrome, the diagnostic criteria of which are
described in Table 1.

MAFLD disease spectrum

As a disease spectrum, MAFLD can progress from
simple steatosis to non-alcoholic steatohepatitis (NASH),
advanced fibrosis and cirrhosis as well as hepatocellular
carcinoma (HCC) (Figure 1) (6).

It is not yet known why the majority of MAFLD
patients (around 90 %) remain at stage of simple
steatosis, which generally has a benign course, whereas
others progress to more severe disease and develop liver
inflammation with hepatocyte damage (NASH), which
can progress to fibrosis and cirrhosis as well as to HCC.
Therefore, it is of utmost importance to determine the
stage of the disease.

Steatosis was historically defined as an abnormal
amount of liver fat exceeding 5% of total liver weight
or 5% of hepatocytes containing lipid droplets (steatotic
hepatocytes) on liver histology. This means that liver
tissue samples and/or histology are needed for the
diagnosis. However, as we will discuss further, in
clinical practice, the presence of liver steatosis can also
be detected with reasonable accuracy using biological
scores and/or radiological imaging modalities (7).
Moreover, these non-invasive methods suggestive of
steatosis (widely used in current practice) are part of the
current diagnosis of MAFLD (1).
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Table 1 — Diagnostic criteria for MAFLD (reproduced with permission from (Lanthier & Vanuytsel, 2020)
(1)) and criteria for metabolic syndrome in the Caucasian population
(according to the International Diabetes Federation)

1. Evidence of liver steatosis :
— by an imaging technique,

—and/or by liver histology,
+
2. Presence of a metabolic risk condition :
— overweight/obesity,
— and/or type 2 diabetes mellitus,

— and/or by the positivity of one score based on laboratory and anthropometric parameters (such as the Fatty Liver Index),

— and/or metabolic syndrome, which diagnostic criteria are :

Waist circumference

> 94/80 cm for Caucasian men/women with > 2 other criteria :

Arterial pressure

>130/85 mmHg or treatment for hypertension

Fasting glucose

> 100 mg/dl (or previous type 2 diabetes mellitus diagnosis)

Serum triglycerides

> 150 mg/dl or treatment for dyslipidemia

HDL cholesterol

<40/50 mg/dl for men/women or treatment for dyslipidemia
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Figure | — MAFLD disease spectrum and its interrelationship with insulin resistance. NASH : non-alcoholic steatohepatitis.
miRNA: micro-ribonucleic acid. Adapted from (Lanthier, 2018) (6) and partly created using Servier Medical Art templates,

https://smart.servier.com.

NASH is defined by the coexistence of three com-
ponents on liver histology: steatosis, cellular inflammation
within liver lobules and hepatocyte ballooning, the
latter being a feature of hepatocyte injury. This means
that a diagnosis of NASH requires a liver biopsy.
Further classification on disease severity (depending
on the degree of necroinflammation or fibrosis) can be
performed by histological scoring (7). For the biopsy
report, in addition to describing the observed lesions, it
is highly recommended to use the steatosis, activity and
fibrosis (SAF) scoring system. The latter is probably
more appropriate than the NAFLD activity score (NAS),
due to better definition of ballooning, distinction between

steatosis and necroinflammation, and balanced weighting
between ballooning and inflammation (8). Liver biopsy
also yields additional information such as the presence of
microvesicular steatosis, which was shown to associate
with NASH severity (9).

Liver fibrosis staging primarily relies on histology.
However, as we will discuss hereunder, clinico-biological
scores or imaging techniques can be used to rule out
advanced fibrosis using appropriate and age-adjusted
cut-offs (7).

Cirrhosis is characterized by diffuse nodular re-
generation surrounded by dense fibrotic septa with sub-
sequent parenchymal extinction and collapse of liver
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Table 2 — Prevalence of MAFLD disease spectrum in type 2 diabetes mellitus patients (T2DM), according to
(Younossi et al, 2019) (17). US: ultrasound. H-MRS: proton magnetic resonance spectroscopy

. Number of studies included Number of patients . .
Disease stage (and method of diagnosis) (interstudy range) Estimated global prevalence in T2DM
74 (US) 875 (55 - 234)
MAFLD 80 55.5% (95% CI1 47.3 - 63.7)
6 (H-MRS) 48,544 (35 - 8,571)
NASH 10 (biopsy) 892 37.3% (95% CI124.7 - 50.0%)
Advanced fibrosis 7 (biopsy) 439 4.80% (95% CIL 0.0 - 17.5)

structures, together causing pronounced distortion of
hepatic vascular architecture (10). This distortion results
in increased resistance to portal blood flow and hence in
portal hypertension and hepatic synthetic dysfunction.
Cirrhosis is notoriously asymptomatic until clinical
decompensation occurs, with e.g. ascites, sepsis, variceal
bleeding, encephalopathy and jaundice. Imaging of
an irregular and nodular liver together with impaired
liver synthetic function is sufficient for the diagnosis of
cirrhosis.

HCC accounts for the majority of primary liver
cancers. The majority of HCC occur in patients with
underlying cirrhosis, mostly as a result of chronic
hepatitis B or C viruses (HBV or HCV) infection, alcohol
abuse or NASH. Rarely, as seen in patients with chronic
HBYV infection, patients with NASH can develop HCC
without underlying cirrhosis (Figure 1).

Epidemiology and morbi-mortality

MAFLD is the most common liver disease worldwide
and particularly in Western countries where it affects
roughly a quarter of the population (11). Its prevalence is
still on therise, paralleling obesity and diabetes epidemics.
NASH concerns 2.5-5% of the adult population. Among
those patients with NASH, approximately 40% will
develop progressive fibrosis (11) (Figure 1).

MAFLD is responsible for a high morbi-mortality.
First of all, it is the source of hepatic complications
(NASH, cirrhosis (12), HCC). NASH has become the
leading cause for liver transplantation in the United
States, due to its rising prevalence alongside highly-
effective therapies for hepatitis C (13,14). Secondly
and probably more importantly, MAFLD is associated
with extra-hepatic morbi-mortality, mainly from insulin
resistance and cardiovascular disease (CVD) (Figure 1).
The majority of deaths in MAFLD patients are related to
CVD and, beyond the risk factors in common, MAFLD
independently increases the risk of CVD. Other strong
evidence exists for a causal link between MAFLD
and T2DM or chronic kidney disease (CKD) (Figure
1). Increasing evidence indeed supports the fact that
MAFLD itself participates in the pathogenesis of these
complications, rather than being a simple marker of
shared metabolic risk factors (15). MAFLD has also been
shown to be independently associated with obstructive
sleep apnea syndrome or colorectal cancer (16).
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Because MAFLD, NASH and NASH with advanced
fibrosis are closely associated with T2DM, it is important
to describe their global prevalence rates in that specific
population. Younossi ef a/ made a systematic review and
meta-analysis of the global epidemiology of MAFLD
in T2DM (17). Their study provides evidence of the
high prevalence of MAFLD (globally 55.5 % but it was
region-specific and likely underestimated as ultrasound
has low performance for the detection of mild steatosis)
(18), NASH (37.3 %) and advanced fibrosis (4.8 %) in
patients with T2DM (Table 2).

In another report, these authors estimated the major
economic burden of MAFLD using a Markov’s model:
it was estimated that 18.2 million people in the United
States were living with both T2DM and MAFLD, of
which 6.4 million have NASH. Twenty-year costs for
MAFLD in these patients were $55.8 billion. Over the
next 20 years, NASH with T2DM would account for
65,000 transplants, 1.37 million cardiovascular-related
deaths, and 812,000 liver-related deaths (19). Similar
alarming predictions were done in Belgium with direct
annual medical cost due to NASH estimated to range
between 100 to 400 million euro (20).

Interrelationship between MAFLD and T2DM

The liver constitutes a key organ in systemic meta-
bolism, contributing substantially to the development of
insulin resistance and T2DM (Figure 1). The mechanisms
underlying these processes are not entirely understood,
but involve hepatic fat accumulation, alterations of
energy metabolism and inflammatory signals derived
from various cell types including immune cells. In
addition, chronic hyperinsulinemia from systemic
(skeletal) insulin resistance promotes hepatic fat
accretion and triglyceride-rich lipoproteins export, the
former promoting liver insulin resistance and the latter
driving atherogenic dyslipidemia, the combination
of low high-density lipoprotein cholesterol (HDL-C)
and hypertriglyceridemia, a key driver of residual
cardiovascular risk in obesity and T2DM. Lipotoxins,
mitochondrial dysfunction, cytokines and adipocytokines
have been proposed to play a major part in both MAFLD
and T2DM (21) (Figure 1).

Through the use of advanced mass spectrometry
“omics” approaches and detailed experimentation in
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cells, mice, and humans, there is better understanding of
the mechanisms by which the liver secretes a wide array
of proteins (hepatokines), metabolites, and noncoding
ribonucleic acids (microRNAs), and how many of these
liver-derived factors exert powerful effects on metabolic
processes both in the liver and in peripheral tissues (e.g.
fetuin-A and selenoprotein-P promote insulin resistance
in adipose tissue and muscle respectively). There is
also some evidence that extracellular vesicles, and in
particular exosomes, may be an important mechanism
for intratissue communication (e.g. fibrosis progression)
but also for intertissue communication in promoting
metabolic dysregulation in MAFLD (22) (Figure 1).

Conversely, insulin resistance in adipocytes results
in lipolysis with excess release of free fatty acids (FFA)
and glycerol into the bloodstream, which predisposes
to lipotoxicity e.g. via excess lipid uptake by tissues
such as the liver, muscle and pancreas, impairing
insulin secretion in the latter (23) (Figure 1). FFA also
activate a fibrogenic response in hepatic stellate cells
that can promote progression to NASH and cirrhosis,
and production of reactive oxygen species. Moreover,
dysfunctional adipose tissue releases adipokines that
activate pro-inflammatory pathways in the liver, muscle
and pancreas (24) (Figure 1).

T2DM is also a chronic condition of glucotoxicity
which, alongside lipotoxicity, contributes to insulin
resistance, ectopic fat accumulation and beta-cell dys-
function (and vice versa) (24).

T2DM and MAFLD share insulin resistance and
compensatory portal or systemic hyperinsulinemia as a
common pathophysiological mechanism. Each of these
conditions not only increases the risk of developing
the other, but will also affect the course of each other.

Clinically, the mutual interrelationship between these
conditions is shown by findings suggesting that liver
steatosis is a rapid consequence of an unbalanced diet
and is associated with hepatic insulin resistance, a
major step to developing T2DM (25-27). T2DM can
exacerbate MAFLD by promoting progression to
NASH or fibrosis, while MAFLD causes the natural
course of diabetic complications (both micro- and
macrovascular) to worsen in T2DM patients (2,28).
For example, in a study by Targher et a/, MAFLD was
associated with increased rates of CKD (odds ratio
1.87; 95% CI 1.3-4.1, p=0.020) and proliferative/laser-
treated retinopathy (odds ratio 1.75; 1.1-3.7, p=0.031)
independently of age, sex, body mass index (BMI),
waist circumference, hypertension, diabetes duration,
diabetes control, lipids, smoking status and medications
use (29). Moreover, in a study by Ciardullo et al, liver
steatosis has been associated with higher prevalence of
microalbuminuria (FLI: OR: 3.49; 95% CI 2.05 to 5.94,
p<0.01) whereas liver fibrosis has been associated with
CKD (FIB-4: OR: 6.39; 95% CI 4.05 to 10.08, p<0.01)
and CVD (FIB-4: OR:2.62; 95% CI 1.69 to 4.04, p<0.01)
(30). However, contradictory results emerged from other
studies, such as Gninkoun et al. that describe an inverse
association between MAFLD (diagnosed by ultrasound)
and the presence of diabetic retinopathy, cataract and
ocular hypertonia (31). Therefore, prospective studies are
urgently needed to clarify the course of microvascular
complications in the setting of MAFLD.

MAFLD screening and disease severity evaluation

Recommendations from several international entities
(European Association for the Study of the Liver, National

Table 3 — Non-invasive score for steatosis. BMI: body mass index.
WBC: white blood cell count. HT: hypertension. LR-/+: negative/ positive likelihood ratio

Non-invasive score for

q Formula
steatosis

Reference

Interpretation

Fatty Liver Index (FLI) | Bedogni et a/,2006* | FLI = ¢ / (1 + ¢¥) x 100

Where y = 0.953 <30 Low risk Fatty liver ruled out
x In(triglycerides, mg/dL)
+0.139 x BMI, kg/m’
+0.718 x In (GGT, U/L) 30-60 |Indeterminate | Fatty liver neither ruled in nor ruled out
+0.053
x waist circumference, cm - . .
— 15.745 > 60 High risk Fatty liver ruled in
Hepatic Steatosis Index | Lee et al, 2010* HSI = 8 x (ALT/AST ratio) | < 30.0 Low risk Fatty liver ruled out

(HSI) + BMI (+2, if female; +2, if

diabetes mellitus)

30.0 - 36.0 | Indeterminate | Fatty liver neither ruled in nor ruled out

>36.0 High risk Fatty liver ruled in

NAFLD Ridge Score |Yip et al, 2017 NRS =-0,614 <024 Low risk Fatty liver ruled out
(NRS) +0,007 x ALT
- 0,214 x HDL

+ 0,053 x triglycerides
+0,144 x HbAlc
+0,032 x WBC
+0,132 x HT

0.24 - 0.44 | Indeterminate | Fatty liver neither ruled in nor ruled out

> 0.44 High risk Fatty liver ruled in
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Table 4 — Non-invasive scores for fibrosis. IFG: impaired fasting glucose. DM: diabetes mellitus. AST: aspartate
aminotransferase. ALAT: alanine aminotransferase. Fibrosis Severity Scale: FO = no fibrosis ; F1 = mild fibrosis ;
F2 = moderate fibrosis ; F3 = severe fibrosis; F4 = cirrhosis

Non-invasive

2006*

score for fibrosis Reference Formula Interpretation
NAFLD Fibrosis | Angulo ef al, NFS = -1.675 NFS: Correlated Fibrosis Severity
Score (NFS) 2007 +(0.037 x age [years]) <-1.455 FO - F2

+(0.094 x BMI [kg/m?]) -1.455-0.675 Indeterminant score

+ (1.13 x IFG/DM [yes = 1, no = 0]) >0.675 F3-F4
+(0.99 x AST/ALT ratio)
—(0.013 x platelet count [x10°/L])

—(0.066 x albumin [g/1])

FIB-4 index Sterling ef al, | FIB-4 = (Age* x AST) / (Platelet count x V(ALT)) | *Use with caution in patients < 35 years old, as the score

has been shown to be less reliable in these patients.
*Use age-adjusted cut-offs in patients > 65 years old.
(McPherson et al, 2017) =

FIB-4 . . .
36— 64 yo sczoges 5o Correlated Fibrosis Severity
<13 <2.0  Advanced fibrosis excluded

1.3-2.67 2.0-2.67 Further investigation needed

no DM] - 1.497 x HOMA [>4 with no DM] —2.184
x DM — 0.882 x platelet count [155-219] — 2.233 x

>2.67 >2.67  Advanced fibrosis (F3 — F4)
likely
Hepamet Fibrosis | Ampuero ef al, 1/(1+e(5.390 - 0.986 x Age [45-64 years old] HES Correlated Fibrosis Severity
Score (HFS) 2018 —1.719 x Age [>65 years old] + 0.875 x Male sex— <0.12 Low risk
0.896 x AST —2.126 x AST — 0.027 x Albumin 0.12-0.47 Intermediate risk
—0.897 x Albumin — 0.899 x HOMA [2-3.99 with >0.47 High risk for advanced fibrosis

(F3 - F4)

platelets [<155]).

Institute for health and Care Excellence, Asia-Pacific,
American Association for the Study of Liver Disease)
differ and there remains a lot of uncertainty on how to
handle MAFLD in practice. In this setting, Francque et
al published the Belgian Association for Study of the
Liver Guidance Document on the Management of Adult
and Paediatric Non-Alcoholic Fatty Liver Disease (Acta
Gastroenterol Belg, 2018) (7), that offers algorithms for
personalized screening, follow-up and management.
In this paper, we wanted to thoroughly review the
screening and diagnostic approaches for MAFLD in the
specific population of T2DM patients. Indeed, whereas
diabetic patients routinely benefit from an annual eye
fundus (to detect retinopathy), urinalysis (looking for
microalbuminuria) and cardiac stress test above 50 years
old (to rule out silent myocardial ischemia), it is not rare
that they are belatedly diagnosed with NASH cirrhosis
or HCC because of the lack / disparity of guidelines for
MAFLD screening, which is asymptomatic in its early
stages.

Appropriate identification of patients at increased risk
of NASH and advanced fibrosis is a critical step in the
assessment of MAFLD. Since liver biopsy is invasive,
expensive and prone to sampling error, it is difficult
to justify its use in all high-risk patients such as those
suffering from metabolic syndrome, obesity, T2DM or
ischemic CVD.

Non-invasive tests (NIT5)

Several clinical prediction rules and blood-based
biomarkers were developed as attractive and affordable
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alternatives for identification of patients at high risk of
NASH and significant fibrosis (= F2). They are called
NITs (non-invasive tests). Current biomarkers constitute
either predictive models (e.g. NAFLD fibrosis score
and FIB-4 index) or direct measures of inflammation
(e.g. circulating keratin 18 fragments) or fibrosis (e.g.
FibroTest®, Enhanced Liver Fibrosis (ELF™) test or
N-terminal type III collagen (Pro-C3) dosage). In the
clinical setting, use of biomarkers-based NITs might
discriminate between patients with NASH or advanced
fibrosis, predict dynamic changes in NASH/fibrosis over
time, and provide long-term prognostic information.
Although clinically useful, current biomarker-based
predictions can be influenced by hepatic and extrahepatic
conditions (e.g. age, patient comorbidities, and fibrosis
or NASH prevalence), which could lead to inaccurate
estimates in subsamples of patients. Unfortunately, no
highly-sensitive and specific tests are yet available to
differentiate NASH from simple steatosis (32).
Non-invasive clinico-biological tests for steatosis
(Table 3) include the fatty liver index (FLI) introduced
by Bedogni et a/ in 2006 (33) (Area Under the Receiving
Operating Characteristics (AUROC) 85 %; Sensitivity
(Sn) 87% and Specificity (Sp) 86% with dual cut-offs of 30
and 60) and the hepatic steatosis index (HSI) introduced
by Lee et al in 2010 (34) (AUROC 81%; Sn 93% and Sp
92% with dual cut-offs of 30 and 36) which were both
developed in comparison to ultrasound. Conversely, the
NAFLD Ridge score, introduced by Yip ef a/ in 2017
(AUROC 87 %; Sn 91 % and Sp 90 % with dual cut-
offs of 0.24 and 0.44), was developed in comparison
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with magnetic resonance spectroscopy. All three will
allow steatosis diagnosis with good accuracy but cannot
however provide a quantitative evaluation of liver fat.
Other tests include the SteatoTest™ (patented) and the
NAFLD liver fat score, but these will not be discussed
in this review since both require using laboratory data
not available in routine. Moreover, the SteatoTest™ was
developed and validated in non-diabetic cohorts, and was
shown to underperform when applied to a large cohort of
patients with T2DM (35).

Non-invasive clinico-biological tests for advanced
fibrosis (Table 4) include the NAFLD fibrosis score
(NFS) (AUROC 84%; Sn 82 % and Sp 98 % with dual
cut-offs of -1.455 and 0.676) (36) and the fibrosis-4
index (FIB-4) (AUROC 86%; cut-off 1.3; Sn 85 % Sp 95
% NPV 95%) (37) which are based on readily available
biochemical surrogates and clinical risk factors, and can
be used to rule in or rule out advanced fibrosis using
appropriate age-ajusted cut-offs (38). Their combined
use can increase accuracy. An important restriction is
that their accuracy is unacceptably low in patients below
35 years old. Even though guidelines do not specify
which test to use in specific populations, NFS in patients
with T2DM seems to identify most of the patients in
intermediate or high risk groups, probably due to the
variable hyperglycemia being included in the formula,
leading to spectrum bias and potentially over-referral
(30). In addition, it also requires the assessment of serum
albumin concentration, which is not a routine test in a
diabetes clinic. The FIB-4 index might therefore be more
relevant in T2DM populations.

The NFS and FIB-4 tend to be less accurate than
more ‘complex’ serum tests, which incorporate direct
measures of fibrogenesis or fibrolysis (e.g. hyaluronic
acid, N-terminal propeptide of type III collagen). Such
tests (ELF™, FibroTest®, ...) can be used according to
local expertise, but are proprietary and not reimbursed by
the National Health Service. Pro-C3 has however been
shown to perform well for the detection of fibrosis in
T2DM and showed promising results for the prediction
of histological changes in fibrosis stage with treatment
(39).

The Hepamet fibrosis score (HFS) (AUROC 85 %
for advanced fibrosis, Sn 71 % and Sp 98 % for dual
cut-offs of 0.12 and 0.47) (40) was recently proposed
to bring the greatest benefit in identifying patients
who should undergo liver biopsy analysis and lead to
significant improvements in reclassification, reducing
the number of patients with undetermined results to
20% from 30% for the FIB-4 and NFS systems (p <
0.05). One of its limitations is that the score calculation
requires an homeostasis model assessment of insulin
resistance (HOMA-IR test with fasting insulin and
glucose measurements). However, this is not the case in
T2DM patients for whom the test is validated with an
arbitrary high HOMA-IR value. Another limitation is the
inapplicability of the HOMA model equations in patients
with cirrhosis and redistribution of hepatic blood flow.

As regards future developments, recent studies have
demonstrated lipidomic, proteomic and gut microbiome
profiles (41,42), as well as microRNA signatures, to be
promising techniques for fibrosis assessment (43).

Literature review and discussion regarding the use of
NITs for MAFLD screening and staging in T2DM patients

There is a crucial need for prospective studies of
MAFLD screening and severity assessment in high-risk
populations, as a systematic literature review revealed
only few retrospective or cross-sectional studies using
non-invasive scores for systematic steatosis and fibrosis
screening in T2DM populations.

The first study in this setting was an Italian retrospective
study by Ciardullo et al (30) of T2DM patients attending
ambulatory care between 2013 and 2018 (n = 2770).
Steatosis was assessed using FLI, HSI and NAFLD
Ridge Score. The prevalence of steatosis using FLI was
65 % (cut-off > 60) with 24% of indeterminate results
(30-60). Fibrosis was assessed using NFS, FIB-4, APRI
and AST/ALT ratio. Outcome measures were altered
albumin excretion rate, CKD and CVD. The prevalence
of advanced fibrosis varied from 1% (APRI), 7 % (FIB-
4) to 33% (NFS). The application of the guidelines using
a sequential combination of FLI and FIB-4 would lead
to referral of 28.3% of patients when using standard
FIB-4 cut-offs, while this number dropped to 13.4%
when age-adjusted FIB-4 thresholds were applied. A
higher prevalence of (micro)albuminuria was associated
with liver steatosis (FLI: OR 3.49 [95% CI 2.05- 5.94];
p<0.01), whereas liver fibrosis was associated with CKD
(FIB-4: OR 6.39 [95% CI 4.05-10.08]; p<0.01) and CVD
(FIB-4: OR 2.62 [95%CI 1.69-4.04]; p<0.01).

The second report was an Italian retrospective
multicenter study by Morieri ef al (44) who collected data
from 46 diabetes clinics (n = 281381 patients), extracted
data to calculate the HSI in 78895 patients and validated
it against ultrasound-detected hepatic steatosis in 2179
patients. MAFLD (defined by HSI > 36) was present in
76.3% of the included population and was associated
with macroangiopathy and nephropathy, while only 2.7%
had HSI < 30 (low probability of steatosis). Treatment
with dapagliflozin or incretin-based therapies resulted in
a significant decrease of HSI after one year.

Limitations of those studies include mainly their
retrospective design, which means the non-invasive
scores might not have been appropriately calculated in all
patients because of the lack of crucial information (e.g.
abdominal circumference for the FLI) or because of non-
concomitant collection of anthropometric and biological
parameters. Secondly, they did not systematically assess
the presence of other etiologies for steatosis such as
excessive alcohol consumption. Furthermore, there was
no systematic research of other causes (e.g. viral) of liver
disease in case of elevated liver tests and the exclusion
was based on what was reported by the patients or on
available medical records. Thirdly, intermediate or
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high-risk non-invasive scores did not lead to medical
counseling and/or further investigation (e.g. imaging
studies, liver biopsy) as recommended in guidelines.

Regarding the detection of advanced fibrosis, a cross-
sectional study by Bril et a/ (45) compared the performance
of several of the hereabove described non-invasive tools
against liver histology in the specific T2DM population.
The tests performed as follow : pro-C3 (AUROC 0.90
[95% CI 0.85 - 0.95]) > aspartate aminotransferase (AST)
to platelet ratio index (APRI) (46) (AUROC 0.86 [95%
CI 0.80 - 0.91]) > AST (AUROC 0.85 [95% CI 0.80 -
0.91]) > FIB-4 (AUROC 0.78 [95% CI 0.69 - 0.86]) >
Fibrotest® (AUROC 0.70 [95% CI 0.59 - 0.81]) > NFS
(AUROC 0.64 [95% CI 0.54 - 0.75]). Surprisingly, none
of the studied approaches did significantly better than
plasma AST (45).

Several reasons may explain why these tests under-
performed in cohorts of patients with T2DM.
First, patients with T2DM may only represent a relatively
small part of the whole spectrum of MAFLD severity,
resulting in potential spread effect. Second, certain
glucose-lowering agents may significantly affect liver
fat accumulation and/or measurements used to calculate
these scores (e.g. plasma alanine aminotransferase
(ALT), AST, BMI, ...). In addition, many of these
diagnostic tools have been developed and validated in
Caucasian populations and they might not necessarily
apply to other ethnicities. Finally, observational studies
are always prone to some selection bias that can affect
generalizability of the study.

An option to reduce indeterminate results rate is
therefore to use sequentially different biomarkers of
liver fibrosis. Srivastava et al recently applied a two-
step strategy in a primary care setting in which patients
with a FIB-4 in the indeterminate range were evaluated
using the ELF test (47). This approach led to a reduction
in indeterminate results and in unnecessary referrals to
hepatology clinics and rescued several patients with
significant fibrosis that would have been falsely reassured
by the FIB-4 score. Although the setting was different,
a similar approach could potentially be more effective
than a single step algorithm in diabetes clinics as well,
although it remains to be proven. Bril e a/ studied the
use of sequential tools in the identification of advanced
fibrosis in the T2DM population (45). They assessed
which tool allowed for exclusion of more patients with a
negative predictive value (NPV) of 100%. The cut-off of
26 units/L for plasma AST excluded 44% of the patients.
In the remaining population, PRO-C3 (<10 ng/mL)
excluded an additional 19% of the cohort with an NPV
of 100%. This resulted in only 37% of the initial cohort
requiring liver biopsy, from whom 41% would have
advanced fibrosis. No patient with advanced fibrosis was
missed to diagnosis with this approach. The application
of this approach using FIB-4 (< 0.87) after AST allowed
for reducing the rate of biopsies to 48% of the entire
cohort. APRI and NFS showed similar results to FIB-4,
but the FibroTest” was unable to exclude any additional
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patients on top of plasma AST measurement. While one
sees some trends toward improvement in sensitivity
and specificity when these diagnostic approaches are
combined, larger studies are required to assess whether
these improvements are cost effective.

Imaging techniques

NITs are valuable for excluding steatosis or advanced
fibrosis, but are unfortunately not sufficiently predictive
when used alone. Moreover, NITs have not yet been
demonstrated to accurately reflect changes in fibrosis
following therapies targeting MAFLD, therefore
limiting their role in disease monitoring (43). In the
setting of intermediate or high NITs scores, further
exams are thus needed e.g. Doppler-ultrasound and/or
1-dimensional ultrasound vibration controlled transient
elastography (VCTE) (Fibroscan®, Echosens, Paris,
France). Combining serum and ultrasound / elastography
techniques increases diagnostic accuracy and can be used
as screening and confirmatory tests, respectively.

Conventional B-mode ultrasound with color
Doppler is the first line imaging modality frequently
used to assess the presence of MAFLD. It allows for
assessment of liver surface, parenchyma and vasculature
along with the other abdominal organs, particularly
the spleen and splenic vein. It is however insufficient
to evaluate steatosis severity (not sensitive enough
for mild steatosis and not precise enough for steatosis
quantification) or fibrosis (it will only allow for detection
of signs of cirrhosis and portal hypertension) (7).

VCTE is the most validated ultrasound-based
technique for measuring liver stiffness as a non-invasive
surrogate for fibrosis assessment. Its precise usefulness
for screening still needs to be determined, but taking
into account its availability and current lack of specific
reimbursement, it is probably to be positioned in
second line in case of non-invasive scores that show
intermediate or high probability of advanced fibrosis.
VCTE was shown to allow for excluding severe fibrosis
with high negative predictive value in MAFLD patients.
The technique suffers however from increasing rates of
unreliability with more severe obesity (7).

New imaging techniques were further developed,
including acoustic radiation force impulse (ARFI)
in 2009 and more recently supersonic shear wave
imaging (SSI) in 2011. Both techniques allow the
selection of the surface of interest (through a coupled
standard two dimension ultrasound image) to perform
fibrosis quantification. When compared to VCTE, those
techniques do not benefit from sufficient evidence for
their implementation in clinical practice (48).

Magnetic resonance elastography appears more
accurate than sonographic elastography and is considered
the most accurate non-invasive technique in diagnosing
fibrosis and cirrhosis in patients with chronic liver disease.
One noticeable advantage is that it is not impacted by
obesity. Limitations include its cost, test duration, pre-
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Type 2 diabetes mellitus patient
¥
Routine clinical examination (BMI, abdominal circonference)
& routine blood test (AST, ALT, albumine, triglycerides, platelet count)

NIT for steatosis NITs for fibrosis AST or ALT > ULN
LFI FIB-4 and/or NFS and/or HFS
X EE KN
E= =5 Euesl [Ea
>30 et 2-1,455 20,12
2 2(2 65y0)
A 4 v VL
Abdominal Doppler-ultrasound VCTE (Fibroscan®) Abdominal Doppler-ultrasound
HBV (HBcAb, HBsAg, HBsAb)
HCV Ab
Signs of cirrhosis, portal >7,8 kPa | (M probe) al-antitrypsin
hypertension or HCC >6,4 kPa | (XL probe) IgG
+/- others guided by clinician
v

» Refer to hepatologist <

Figure 2 — Screening algorithm for MAFLD in type 2 diabetes mellitus patients. BMI: Body Mass Index. AST: Aspartate
aminotransferase. ALT: Alanine aminotransferase. NIT: non-invasive test. ULN: upper limit of normal values. LFI: liver
fatty index. FIB-4: fibrosis-4. NFS: NAFLD fibrosis score. HFS: Hepamet fibrosis score. HCC: Hepatocellular carcinoma.
VCTE : vibration-controlled transient elastography. M and XL probes: medium and extra-large. HBV and HCV: hepatitis B
and C viruses. Ab: antibody. Ag: antigen. IgG: immunoglobulin G.

sence of contraindications such as claustrophobia or (BioPredictive), ActiTest (BioPredictive), HAIR (51),
presence of a pacemaker, and more importantly limited BARD (52),and OWLiver (53)). None of the noninvasive
availability (49,50). Moreover, it was not specifically tools assessed for the diagnosis of NASH in T2DM had
studied in T2DM populations. an optimum performance (all AUROCs <0.80) (35,45).
Of note, none of the panels or biomarkers outperformed
Screening algorithm plasma ALT (AUROC 0.78 [95% CI 0.71-0.84]).

Secondly the reliability of those scores in predicting
long-term outcomes for hepatic/extra-hepatic complica-
tions or death and their concordance in cross-sectional
and longitudinal risk stratification remains uncertain.
The largest study in a European cohort of biopsy-
proven MAFLD patients with a considerable follow-up
is the recent study by Younes et al (54), which assessed
the most common non-invasive scores (NFS, FIB-4,
BARD, APRI) and the HFS in 1173 MAFLD European
patients from tertiary centres (of which 331 also had
T2DM). Cross-sectional analysis revealed HFS as the
best performer for the identification of significant (FO-
1 vs F2-4, AUC=0.758) and advanced fibrosis (F0-2 vs
An approach which bases referrals only on fibrosis F3-4, AUC=0.805), while NFS and FIB-4 showed the

Based on the discussion hereabove, we suggest a
simple algorithm combining serum and ultrasound /
elastography techniques as screening and confirmatory
tests respectively, in order to increase diagnostic accuracy
(Figure 2). Moreover, in case of elevated liver enzymes,
other causes should be excluded; we recommend
an initial screening including at least HBc antibody,
HBs antigen, HBs antibody, HCV antibody, alpha-1-
antitrypsin, immunoglobulin G and others guided by
clinician, patient background and age.

Limitations of screening algorithms based on fibrosis

stage is insufficient. highest performance in detecting histological cirrhosis

First of all, it is likely to miss a subset of patients (range AUCs 0.85-0.88). Considering longitudinal data
with NASH and early fibrosis, who still need referral (follow-up between 62 and 110 months), NFS and FIB-
to a specialist since they are at high risk of developing 4 were the best at predicting liver-related events (end-
advanced fibrosis or cirrhosis in the upcoming years. This stage cirrhosis and cirrhosis decompensation including
underlines the need for reliable non-invasive biomarkers ascites, encephalopathy and variceal bleeding), NFS
of NASH, which are still not available in clinical practice. performed best for HCC, while FIB-4 and HFS showed
Several non-invasive clinical models/scores and plasma the best performance for overall mortality. All non-
biomarkers have been studied to identify NASH in the invasive scoring systems showed scarce performance

T2DM population (ALT, cytokeratin-18, NashTest 2 for extra-hepatic events. Overall, NFS, HFS and FIB-4
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outperformed APRI and BARD in both cross-sectional
identification of fibrosis and prediction of long-term
outcomes, showing to be useful tools for clinicians in
managing MAFLD patients at increased fibrosis risk and
liver-related complications or death. In diabetic MAFLD
patients, scores including diabetes in the algorithm had
inferior performance whereas APRI or FIB-4 performed
better for significant fibrosis and FIB-4 for overall
fibrosis risk predictions. However, the scores including
diabetes were more effective compared to the other
scores in predicting cardiovascular and extra-hepatic
cancer events, despite overall performance for these
events is low.

MAFLD management in T2DM patients

Unfortunately, therapeutic disease modifying options
for patients with MAFLD are currently still limited but a
lot of research is going on, focusing on fibrosing NASH
(8,55). Currently, lifestyle therapeutic changes remain
the cornerstone of treatment for T2DM patients with
MAFLD, who should be informed that these measures
are necessary to improve the condition of their liver.
The main strategies in the treatment of MAFLD are
summarized as follows :

(1) Lifestyle modifications : physical activity, caloric
restriction, Mediterranean diet, reduction of fructose
intake, > 7 - 10 % weight loss (56), alcohol abstinence...

(2) Treatment of metabolic traits e.g. dyslipidemia,
glycemic control, obesity (including bariatric surgery
when meeting local reimbursement criteria). ..

(3) Mostly off-label pharmacological treatments
for the treatment of NASH, but approved in specific
circumstances as glucose-lowering drugs in the treatment
of T2DM.

Pharmacological treatment of MAFLD should for now
on be limited to patients with comorbidities (e.g. T2DM,
persistently elevated ALT, metabolic syndrome) or with
histologically proved NASH with a NASH activity score
(NAS) > 4-5 and fibrosis (F) > 1-2 according to the
NASH-CRN scoring (7). When T2DM and MAFLD co-
exist, there are published data that can help inform the
clinician as to the most appropriate oral hypoglycemic
agent or injectable therapy that may improve MAFLD,
however most of these data are drawn from observations
in retrospective series and there is a paucity of well-
designed randomized double blind placebo controlled
studies with gold-standard endpoints. Data from a few
prospective phase 2 studies exist in the treatment of
fibrosing NASH but these studies included patients with
and without T2DM (57-61). Furthermore, given the
heterogeneity of inclusion criteria and primary outcomes,
as well as duration of follow-up, it is difficult to draw
robust conclusions that are applicable across the entire
spectrum of MAFLD and diabetes.

Thiazolodinediones or glitazones (peroxisome
proliferator-activated receptor gamma or PPARy
agonists) have shown to be effective in improving
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histological lesions of NASH. Indeed, PPARY activation
reverses insulin resistance and improves glucose
and lipid metabolism, with redistribution of excess
triglyceride accumulation from the liver to adipose
tissue, explaining the frequent weight gain (of 3 to 5%
in placebo-controlled trials lasting 6 months to 3 years)
observed. Other mechanisms include an increase in
plasma adiponectin and an amelioration of subclinical
inflammation (62). For example, pioglitazone has
showed a greater clinical benefit in NASH (related to
its partial PPARa agonism, unlike pure PPARY agonists
such as rosiglitazone) (63) and a more favorable safety
profile than other molecules of the same family regarding
cardiovascular risk. Its reimboursement in Belgium is
restricted to uncontrolled T2DM despite metformin or
sulfamide treatment (34). The clinical practice guidelines
recognize that pioglitazone may also be prescribed for
patients with biopsy-proven NASH, but those will not
get reimbursement in Belgium (64).

Glucagon-like peptide-1 receptor agonists (GLP1-
RAs), that belong to the incretin mimetics family,
improve glycemic control and reduce weight. They
became, along with SGLT2 inhibitors, the second line
therapy for T2DM after metformin, because of their
potent glucose-lowering effects as well as antiproteinuric
effects and a substantial effect (for some GLP1-RAs)
in reducing residual cardiovascular risk, irrespective of
glucose lowering or weight loss. They also have numerous
seemingly-beneficial metabolic effects relevant to the
pathophysiology of MAFLD, likely to go beyond weight
loss or glucose lowering (65). For example, liraglutide,
the current indications of which include obesity (BMI >
30 kg/m?) or overweight (BMI > 27 kg/m?) associated
with comorbidities (T2DM, arterial hypertension,
dyslipidemia, obstructive sleep apnea syndrome, NASH),
has been reported to beneficially affect liver histology.
Whereas weight loss is thought to be the main driver of
the histological benefit, direct intrahepatic effects cannot
be excluded (66). Another agent is semaglutide which
also showed significant beneficial effects on NASH
resolution but not on fibrosis stage improvement (58).

Dipeptidyl peptidase 4 (DPP-4) inhibitors exert
their glucose-lowering effects by blocking the DPP-4
enzyme that is involved in the degradation of incretins
ie. GLP-1 and glucose-dependent insulinotropic
polypeptide (GIP). Among DPP-4 inhibitors, sitagliptin
has been most widely studied in relation to its effects on
MAFLD/NASH. Besides the weight loss and reduction
in serum HbAlc, data are available from studies with a
small number of subjects but no large phase IIb trial with
histological endpoints has been reported (67).

Sodium-glucose cotransporter-2 (SGLT2) inhibi-
tors have been shown to improve glucose homeostasis
as well as conferring cardiorenal protection via multiple
mechanisms (68), placing them along with GLP1-RAs as
second-line agents for the management of T2DM. There
is also a growing expectation that this class of agents
will assist in the treatment of NASH as several studies
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report significant benefits regarding the reversal of liver
steatosis, hepatocyte necrosis, inflammation and fibrosis.
Dedicated prospective studies with histological outcomes
are needed to confirm supposed beneficial effects in the
treatment of NASH. Examples include dapaglifozin,
shown to significantly reduce steatosis and fibrosis in
T2DM patients with MAFLD (69) and empaglifozin,
shown to significantly reduce steatosis and ALT levels in
T2DM patients with MAFLD (70).

Other molecules that have no place in the treatment
of NASH in T2DM patients include metformin, vitamin
E and ursodeoxycholic acid. Metformin, although
often considered as indirect insulin sensitizer, does not
significantly impact resolution of NASH or fibrosis and
is considered neutral by current guidelines (64). Vitamin
E has shown beneficial effects on liver histology in non-
diabetic and non-cirrhotic NASH patients, so its use
should be restricted to this group (and shall therefore not
be discussed in this paper) (71). However, the potential
of increased prostate cancer in men is an unresolved issue
of concern (72). Ursodeoxycholic acid has been shown to
improve liver tests and histological features but fails to
maintain long-term histological benefit, and is therefore
not recommended (73).

Promising molecules that deserve mentioning are
resmetirom (MGL-3196), lanifibranor (IVA-337) and
pemafibrate. Resmetirom is a liver-directed, orally active,
selective thyroid hormone receptor-B agonist designed
to improve NASH by increasing hepatic fat metabolism
and reducing lipotoxicity. This treatment resulted in
significant reduction in hepatic fat after 12 weeks and
36 weeks of treatment in patients with NASH. Further
studies of resmetirom will allow assessment of its safety
and effectiveness in a larger number of patients with
NASH with the possibility of documenting associations
between histological effects and changes in non-invasive
markers and imaging (57). Lanifibranor is a panPPAR
agonist studied in the phase II NATIVE trial (59), that
showed impressive results on NASH resolution, fibrosis
regression and both lipid profile and insulin sensitivity
improvement in adult non-cirrhotic NASH patients,
with only 24 weeks of treatment. Lastly, pemafibrate, a
selective peroxisome proliferator-activated receptor o
modulator (SPPARMa), may also offer benefits on liver
function and glucose metabolism based on preliminary
studies (74,75).

All in all, adequate management relies on a multi-
layer prevention strategy where MAFLD staging plays a
central role. Professional health care providers should put
more efforts in primary prevention using a behavioral
therapy needing a multidisciplinary approach, in
secondary prevention applying on a regular basis in the
clinical setting available predictive algorithms to identify
the patients at higher cardiovascular and hepatologic risk
(Figure 2), and in tertiary prevention treating, when
not contraindicated, the diabetic patients preferentially
with drugs with proven benefit on MAFLD/NASH.
Effective and appropriate disease staging will not only

allow for prevention measures and targeted treatment
but also allow for a personalized follow-up and early
detection of complications of cirrhosis, such as hepatic
encephalopathy, spontaneous bacterial peritonitis, portal
vein thrombosis and hepatocellular carcinoma (76). It is
therefore crucial to measure insulin resistance and seek
for the presence of T2DM in a patient with MAFLD, but
also to look for MAFLD and assess its severity (NASH?
fibrosing disease?) in a patient with T2DM.

Conclusion

MAFLD is now recognized as the most prevalent
chronic liver disease worldwide. T2DM is an important
risk factor for MAFLD and vice-versa, and seems to
accelerate the progression of liver disease. Despite the
high prevalence and serious clinical implications of
MAFLD in patients with T2DM, it is usually overlooked
in clinical practice.

Because MAFLD is responsible for an important
(extra-)hepatic morbi-mortality, there is a need for
increased awareness among all important stakeholders
(primary care physicians, specialists, and health policy
makers) on adding MAFLD as a frequent end-organ
complication of T2DM, next to well-known micro- and
macrovascular complications. It is feasible to routinely
triage patients with potentially severe liver disease using
simple non-invasive tools so that only few selected
T2DM patients will eventually benefit from a liver biopsy
which remains the gold standard for MAFLD staging.

In clinical practice and for the specific population of
T2DM patients, we would recommend the systematic
calculation of the FLI for steatosis detection and at least
one of the following non-invasive tests for fibrosis:
NFS, FIB-4 and HFS. These scores are based on readily
available clinical and biological parameters, and could
therefore routinely be calculated by general practitioners
and diabetologists to detect patients that might benefit
from further investigation and counseling in an hepatology
consultation. In the setting of indeterminate results for
fibrosis or suspected advanced fibrosis, patients should
benefit from a VCTE for confirmation and an abdominal
Doppler-ultrasound to assess liver surface, parenchyma
and vasculature. In case of elevated liver enzymes, other
causes should be excluded. In order to confirm and
assess the feasibility and accuracy of such a systematic
screening, there is a crucial need for prospective studies
of MAFLD screening in high-risk patients such as those
with T2DM.

Management of patients with MAFLD and T2DM
relies on lifestyle optimization to achieve significant
weight loss. Currently, there is no drug approved for
the treatment of NASH in T2DM although pioglitazone
might be considered in selected patients. Approved
glucose-lowering medications (e.g. GLP1-RAs, SGLT2
inhibitors) hold promise for NASH treatment and several
liver-specific drugs are in evaluation clinical trials. A
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combination approach will likely represent the future of
MAFLD therapeutics.
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