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Abstract \

Type 2 diabetes mellitus (DM) is characterized by inability of faulty pancreatic p-cells to secret a normal amount of insulin to main-
tain normal body consumption, and/or peripheral tissue has a decreased susceptibility to insulin, resulting in hyperglycemia and
insulin resistance. Similar to other chronic systemic inflammatory diseases, DM is a result from dysregulated interactions between
ethnic, genetic, epigenetic, immunoregulatory, hormonal, and environmental factors. Therefore, it is rational to suppose the con-
cept as “To do one and to get more”, while using antidiabetic agents (ADA), a main pharmacologic agent for the treatment of DM,
can provide an extraglycemia effect on comorbidities or concomittent comorbidities to DM. In this review, based on the much
strong correlation between DM and metabolic dysfunction-associated fatty liver diseases (MAFLD) shown by similar pathophysi-
ological mechanisms and a high prevalence of DM in MAFLD and its vice versa (a high prevalence of MAFLD in DM), it is possible to
use the strategy to target both diseases simultaneously. We focus on a new classification of ADA, such as glucagon-like peptide-1
receptor (GLP1R) agonist and sodium-glucose cotransporter-2 (SGLT-2) inhibitors to show the potential benefits of extraglycemic
effect on MAFLD. We conclude that the management of DM patients, especially for those who need ADA as adjuvant therapy
should include healthy lifestyle modification to overcome the metabolic syndrome, contributing to the urgent need of an effective
weight-reduction strategy. GLP1R agonist is one of effective body weight-lowering medications, which may be a better choice for
DM complicated with MAFLD or its-associated severe form as metabolic associated steatohepatitis (MASH), although the role of
SGLIT-2 inhibitors is also impressive. The prescription of these two classes of ADA may satisfy the concept “To do one and to get
more”, based on successful sugar-lowering effect for controlling DM and extraglycemia benefits of hepatoprotective activity in DM
patients.
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1. INTRODUCTION

Diabetes mellitus (DM), a complex chronic systemic inflam-
matory disease, is a heavy socio-economic burden resulting
from the severe morbidity and mortality imposed by direct
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DM-associated diseases and indirect DM accompanied with
disorders,' secondary to the micro- and macrovascular dam-
age and dysfunction, resulting in hypertension,? ischemic
stroke,® ophthalmic problems (macular edema*® and neovas-
cularization®), kidney-associated diseases” and their related
complications,® sexual dysfunction,’ neurological disorders,'?
peripheral neuropathy,!! diabetic foot or other chronic subcu-
taneous ulcer problems,'? metabolic associated fatty liver dis-
ease (MAFLD, also called as metabolic dysfunction-associated
fatty liver disease [FLD], nonalcoholic FLD [NAFLD] or meta-
bolic associated steatohepatitis [MASH]),"* atherosclerosis'
and atherosclerotic cardiovascular disease,” osteoporosis,'®!”
and fracture.’® DM is also complicated by acute life-threatening
diseases,!” such as hyperglycemia (hyperglycemia hyperosmolar
nonketotic coma and diabetic ketoacidosis) or hypoglycemia
(syncope and sudden death)?*?! as well as exacerbation of many
chronic illnesses-related mortality (cancer as an example).?22*
Therefore, it is a long-term effort to achieve the aim as the nor-
malized sugar levels and maintenance of sugar homeostasis to
delay or stop hyperglycemia-related organ damages.?*® There
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are many strategies applicable to DM control, such as lifestyle
modification, routine and continuous blood glucose monitoring,
and pharmacological therapy (antidiabetic agents [ADA] and
sugar-lowering drugs),?’° and all of them attempt to minimize
DM-related adverse events (AEs) and maintain the quality of
life, similar to the therapy for other troublesome diseases by
multiple modality strategy.’!-*3

In fact, all aforementioned strategies are essential and criti-
cal, although some recommendations favoring strategies step
by step are proposed.***® However, sometimes, to obtain the
optimal sugar control, monotherapy or in a combination of
others is needed. The similar proposal is also suitable for many
chronic illnesses, including cancer, hypertension, autoimmune
diseases, chronic inflammatory diseases, etc.*=% In part I, we
try to demonstrate the policy as “To do one and to get more”
in the management of complicated diseases, such as DM, and
hope that one therapeutic approach can provide more benefits
beyond the sugar-lowering effect,! but unfortunately, evidence
about the impact of ADA on DM and bone health (prevention
of osteoporosis and reduction of fracture) seemed to be rela-
tively disappointing, based on failure to show that the use of
ADA can satisfy this proposal as “To do one and to get more”
concept.¥*# Uncertain conclusions are made after reviewing
recent publications from the systemic review and meta-analyses
to address the effect of ADA on both DM and bone health.!#-#
We still optimized the unlimited potential ability of ADA on
ameliorating bone loss (osteoporosis) and preventing fracture,
because advance of biomedical technology for ADA can be con-
tinuously and uninterruptedly progressed and this dream may
come true.!

Without evidence support to the “To do one and to get more”
concept by ADA, it is not disappointing since another therapeu-
tic strategy for DM-lifestyle modification to reach a healthy
lifestyle seems to work well. Lifestyle modification is always
considered as the front-line and best choice for all pre-DM and
DM populations.*-** The critical and essential components of
lifestyle medication include balanced food intake and caloric
restriction with adequate nutrition support (grains, fruits, veg-
etables, proteins, seeds, nuts, and dairy), and an ideal body
weight maintenance made by regular, appropriate, and tensely
exercise.’1™%

A healthy lifestyle modification takes many advantages, not
only for its safety and effectiveness for both pre-DM and DM,
but also directly strengthening viability of all structures and
organs in human beings, contributing to significant benefits.!
However, the poorer adherence to healthy eating patterns or
poorer consumption of major food groups are common in these
pre-DM and DM populations,’*>® contributing to the extra
need of application of the other one strategy as prescription of
ADA for these pre-DM and DM populations.>*-¢3

Since DM is frequently associated with major morbidities or
concomitant comorbidities, extraglycemic effect of ADA is still
highly expected. Liver is one of the most vital organs involving
in many detoxication and metabolism functions, and also a sig-
nificant target of metabolic syndrome (MeS), based on the obser-
vation that FLD occurs very commonly in DM,* contributing
to an establishment of a new term to describe this metabolic
dysfunction-related chronic disease as metabolic dysfunction-
associated FLDs (MAFLD, also called as metabolic associated
FLDs, and previously named NAFLD), which are based on evi-
dence of hepatic steatosis, in addition to one of the following
three criteria, namely overweight/obesity, presence of T2DM,
or evidence of metabolic dysregulation (lean/normal-weight
subjects with the coexistence of two other risk factors that are
related to metabolic dysregulation, including central obesity,
hypertension, prediabetes, hypertriglyceridemia, low levels of
high-density lipoprotein [HDL] cholesterol, insulin resistance
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(IR), and high-sensitivity-C-reactive protein [HS-CRP] levels).”
Moreover, there are many systemic reviews and meta-analyses
supporting the potential role of ADA in the effectiveness to
restore the normal function of liver or decrease the severity of
disease pattern in patients with FLD.”*$3 Therefore, it is sup-
posed that these ADA may play a protective role in the occur-
rence or development of MAFLD in DM patients.

2. METABOLIC DYSFUNCTION-ASSOCIATED FATTY
LIVER DISEASES (ALSO CALLED AS METABOLIC
ASSOCIATED FATTY LIVER DISEASES OR
PREVIOUSLY NAMED NONALCOHOLIC FATTY LIVER
DISEASES)

The literature involving in MAFLD can be found every-
where.'3%-% In brief, MAFLD, characterized by the fat accu-
mulation >5% (by histological examination) or >5.6% (by
magnetic resonance imaging (MRI)-derived proton density fat
fraction [MRI-PDFF]) of hepatocytes (presence of steatosis)
without excessive alcohol consumption or secondary causes of
hepatic steatosis, presents a biggest health hazard globally, based
on its potential continuous progression to advanced liver fibro-
sis (liver cirrhosis) and finally the development of hepatocellu-
lar carcinoma (HCC), contributing to the heavy economic and
social burdens worldwide.®5-67:88.20-100

Pathogenesis of MAFLD, similar to DM, is a result of mul-
tiple interactions and/or cross-talks among genetic, epigenetic,
environmental and micro-organisms (Fig. 1), including genetic
and epigenetic factors (acetyl-CoA carboxylase, adipophilin
[adipose differentiation-related protein], apolipoprotein C3,
adenosine triphosphate citrate lyase [Acly], calpain 10, carbo-
hydrate response element-binding protein, catalase, ectoenzyme
nucleotide pyrophosphate phosphodiesterase 1, Forkhead box
protein O1, free fatty acid [FFA] oxidation-related genes such as
branched-chain acyl-CoA oxidase, carnitine palmitoyltransferase
1la, cytochrome P450 2E1, cytochrome P4A11, long-chain acyl-
CoA dehydrogenase, long-chain L-3-hydroxyacylcoensyme A
dehydrogenase alpha, uncoupling protein 2, FFA synthase, glu-
tathione peroxidase [GPX], insulin receptor substrate, patatin like
phospholipase domain-containing protein-3, peroxisome prolif-
erator-activated receptor-y [PPAR-y], sterol regulatory element-
binding protein, and superoxide dismutase 2 [SOD2]) to result in
malfunction of metabolism and dysregulation of immunological
system, hormone system and other homeostasis status in human
body; gut metabolome and environmental factors, such as drugs,
heavy mental, toxins, infection to further augment oxidative stress
secondary to unbalance input and output-metabolic dysregula-
tion mediated by production of oxidative stress factors (fibroblast
growth factor 21 [FGF 21], thioredoxin, copper-to-zinc SOD2,
GPX, Mac-2 binding protein: M2BP, and others) as well as inflam-
matory factors (CC-chemokine ligand 2, c-Jun-N-terminal kinase,
CRP, glycogen synthase kinase 3, interleukin 1-beta, 2, 6 and 8,
and tumor necrosis factor-alpha), and formatting reactive oxygen
species-reactive oxygen species leading to the increase of superox-
ide anion radicals to form adducts with cellular nucleophiles, cel-
lular damage, and inflammatory responses as well as the release
of a lots of amount of cytokine, adipocytokines (adipokines, adi-
ponectin, apelin, hepcidin leptin, resistin, vaspin, and visfatin),
and therefore, IR and MeS develop with subsequently progression
to more specific diseases, such as DM, MAFLD, etc.!5:6586:26-99 A[],
augmented by each other for figuring out a vicious cycle play a
critical pathogenesis of MAFLD,!5:65:86.96-99

The clinical course of FLD is slowly progressed, and initiated
from MAFLD, nonalcoholic steatosis (metabolic dysfunction-
associated liver steatosis), MASH, hepatic fibrosis to hepatic cir-
rhosis (Fig. 2), although some arguments are present to show a
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Fig. 1 Pathogenesis of metabolic dysfunction-associated fatty liver diseases is a result of multiple interactions and/or cross-talks among genetic, epigenetic,

environmental, and micro-organisms.
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Fig. 2 The clinical course of fatty liver diseases is slowly progressed and initiated from metabolic dysfunction-associated fatty liver diseases (MAFLD), metabolic
dysfunction-associated liver steatosis (MAS), metabolic dysfunction-associated steatohepatitis (MASH), and hepatic fibrosis to hepatic cirrhosis.

significantly different prognosis between uncomplicated MAFLD
and MASH.”*% A normal healthy hepatocyte plays a major role
in the maintenance of general homeostasis, including nutrition,
energy, metabolism and detoxication or clearance of debris, and
removal of wastes in human body. Hepatocyte also possesses
the capacity to store fat in the form of lipids as energy storage.”
However, excessive accumulation of fat (hepatic steatosis) due
to disruption of liver capacity to balance between lipid acquisi-
tion (FFA derived from two major sources as lipolysis of triglyc-
erides [TG] in adipose tissue or FFA synthesis from glucose and
fructose by de-novo lipogenesis) and discharge mediated by the
processes of mitochondrial FFA oxidation or the production of
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very low-density lipoproteins (V-LDLs) to form hepatocyte bal-
looning and following lipotoxicity, and all attempt to disrupt the
cellular integrity, and in the un-compensatory status, it may lead
hepatocyte to die to secret several kinds of chemical mediators
and adipocytokines, which activates the stellate cells to proce-
dure connective tissue growth factor and collagen and cause an
accumulation in the extracellular matrix, and the parenchyma
of liver may be is subsequently replaced by fibroblast, and its-
associated fibrotic tissue and collagen deposits.®>86-9

Recently, Allen et al'® attempted to evaluate the clinical
course of MAFLD with a 23-year longitudinal population-
based cohort study, and identified that 3% of the MAFLD adults
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without cirrhosis will progress to cirrhosis and associated com-
plications over 15 years, but it is surprising to find that 14% of
patients will die from nonliver related cause; and additionally,
MAFLD spend approximately 4 years to reach the compensated
cirrhosis stage, and the risk of further progression to liver-related
AE:s is higher, and furthermore, MAFLD patients progressed to
decompensation during this timeframe, having a risk of death
up to 8% per year.!”” Review also showed the mortality rate
ratio of patients with liver fibrosis increased exponentially with
an increase in the stage of fibrosis (FO—F4), from 1.41 (95%
CI, 0.17-11.95) in stage 1, 9.57 (95% CI, 1.67-54.93) in stage
2, 16.69 (95% CI, 2.92-95.26) in stage 3, to 42.3 (95% CI,
3.51-510.34) in stage 4. It is relatively difficult to determine to
whom will develop to compensated cirrhosis or decompensated
cirrhosis among these MAFLD, because of absence of universal
systematic screening for cirrhosis in MAFLD as well as absence
of effective treatment for liver cirrhosis in the guidelines, indi-
cating the biggest challenges between both real-world scenarios
and clinical trials.!%%192 Therefore, the following section attempts
to explore the screening tools in DM patients with high risk to
develop MAFLD.

3. SCREENING OF MAFLD

The American Association of the Study of Liver Disease (AASLD)
recommends using the noninvasive tests, such as biochemistry
and image, or an invasive procedure, suchas liver biopsy, to eval-
uate the NAFLD.?¢-9%101,103-105 B]n0d test for biochemistry evalu-
ation is the most convenient and frequently used tool to evaluate
the severity of MAFLD, but the abnormality is seldom found
at the initial stage of MAFLD or mild MAFLD. These blood
tests include basic liver function test, serum iron contents (fer-
ritin, iron, and iron saturation), infection (hepatitis B or hepati-
tis C), and certain-type of autoimmune antibodies (antinuclear
antibody [ANA], antimitochondrial antibody, and antismooth
muscular atrophy) and others by indication.”® Among the blood
tests, the most common detectable abnormalities are an elevated
liver functional enzyme, such as elevated serum levels of alanine
transaminase (ALT) and/or aspartate transaminase (AST), and
v-glutamyl transferase (GGT).!°" Other serum markers, such as
elevated ferritin levels (40%-58%), positive ANA (33%), and
isolated alkaline phosphatase (10%), are also found in NAFLD
with varied percentages.”

Image evaluation is made by ultrasound, and ultrasound
is always considered as the first-line examination based on
Hamaguchi score and the utrasonographic FLD indicator) and
because of its low cost, making it suitable for screening rou-
tine, 36566104106 A meta-analysis about the role of ultrasound on
the diagnosis of MAFLD showed 84.8% sensibility (95% CI,
79.0%-88.9%) and 93.6% specificity (95% CI, 87.2%-97.0%)
for moderate-severe NAFLD.%%!% Unfortunately, the predictive
performance for FLD detection is insufficient based on lost abil-
ity to discriminate mild steatosis, and the reliability and sen-
sitivity are more defective in those obese individuals or those
with either mild steatosis or preexisting chronic liver diseases,
contributing to the urgent need of artificial intelligence (AI)
assistance with deep learning on a medical image to offer more
accurate, reproducible, and reliable diagnosis.'”” Additionally,
it can allow medical units to finish ultrasound assisted by Al
with the aid of a deep learning-based strategy to further classify
the degree of FLD and give a precise diagnosis.'” Furthermore,
advanced technology of ultrasound, such as vibration-controlled
transient elastography, measuring the shear wave velocity (the
time interval it takes for a sound wave to flow through the liver)
to predict liver parenchymal stiffness (liver stiffness measure-
ment [LSM] in kilopascals [kPa] for possible cutoff value of
12 kPa) or controlled attenuation parameter, further provides

1112

‘ ‘ CA9_V85N12_Text.indb 1112

J Chin Med Assoc

an additional value in diagnosis of FLD (with more accuracy
and quantifiability), although there is presence of many factors,
including marked steatosis, cellular inflammation, cholestasis,
increased central venous pressure, overweight, preexamination
food intake, ascites, and inter- and intraoperator’s experience
and all of them may result in measurement failure and the diag-
nostic accuracy.’®10!

With combination of blood tests and/or image evaluations,
the scoring systems according to anthropometric and biologi-
cal parameters, such as fatty liver index (including body mass
index [BMI], waist circumference, plasma TG level, and GGT),
MAFLD fibrosis score, Fibrosis-4 score (including age, AST,
ALT, and platelet count for possible cutoff value of 1.3), BARD
score, NAFIC score based on clinical parameters, including
hematological examination, such as ALT, AST, albumin, plate-
let counts, and physical examination, such as age, BMI, and
medical history, can be applied for those patients at risk to be
associated with FLD.®%% However, the aforementioned scor-
ing system is easily confounded by liver function test and age,
and additionally, the cutoff values are also easily changed based
on the different studies, leaving an uncertain diagnosis.!* Many
novel biomarkers (serum cytokeratin-18 [CK-18] fragment as
an example) and surrogate scores have been reported to tar-
get the following components, such as a presence of severity
of NAFLD, a prognostic value, and a predictive value not only
to stratify the progression and/or treatment response, but these
biomarkers may be of high cost, not popular, and need a valida-
tion about their reliability and feasibility,!*'% contributing to
uncertainty of the diagnosing MAFLD. Therefore, MRI-PDFF
or high-resolution magnetic resonance spectroscopy (H-MRS),
another choice of noninvasive tool may be needed based on its
potential surrogate for histologic improvement,'”” although it
may be still underestimated in patients with advanced fibrosis,
and defect by high cost and limited availability leading to limit
the routine clinic use of MRI-PDFE.,!04105

Although these noninvasive diagnostic tools have received
increasing attention, based on the absence of consensus scor-
ing system,'°"'?2 the definite diagnostic procedure, such as an
invasive procedure, may be needed. That is why the AASLD still
recommends high-risk patients, such as patients with MeS (of
course, DM is included) should be considered for liver biopsy for
the identification of severity of MAFLD and offering the better
chance to slow or cease the progression of MAFLD. Liver biopsy
is the most effective and reliable diagnostic tool to identify
MAFLD, and is needed to distinguish uncomplicated MAFLD
from MASH, according to the fact that the latter is associated
with more severe and possible life-threatened clinical situations,
such as the developing liver cirrhosis, HCC, and requiring a liver
transplantation.’® However, there is no doubt that liver biopsy
is a highly invasive testing tool, not only accompanied with a
high cost, but also associated with high risk of procedure-related
AEs.%8

Taken together, an early and accurate diagnosis of MAFLD
is needed for general population because of its high prevalence
as well as its related life-threatened sequelae, such as cirrhosis
and HCC if prompt and appropriate intervention is not initi-
ated. According to the statement of the AASLD, it is essentially
important and critical for DM patients, suggesting the DM and
MAFLD may be twins and live together.

4. DIABETES MELLITUS AND METABOLIC

DYSFUNCTION-ASSOCIATED FATTY LIVER DISEASE
Globally, it is estimated that 25% to 30% of the general adult
population may have MAFLD, and 3% to 6% may have

MASH. "% MAFLD is a reflective of hepatic manifestation of the
MeS or a spectrum of metabolic dysfunction,® which contains
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hyperglycemia, IR, dyslipidemia, hypertriglyceridemia, and obe-
sity, 519619 and it is further supported by those patients with
MAFLD have high rates of MeS (43%), hyperlipidemia (69%),
obesity (51%),and DM (23%).%* Furthermore, the exacerbation
or severe forms of FLD are apparently accompanied with meta-
bolic dysfunction, and it is reported that up to 81% of MASH
patients were obese.®”

Vice versa, the high prevalence of MAFLD in those DM, dys-
lipidemia, IR, hypertriglyceridemia, and obesity populations
is also noted.'°!% One meta-analysis tried to summarize the
prevalence of MAFLD in DM population and found among
49 419 DM patients (mean age: 58.5 years; mean BMI: 27.9 kg/
m?; males: 52.9%), the prevalence of MAFLD was 55.5% (95%
CI, 47.3-63.7), and it was apparent in Europe (68.0%; 95%
CI, 62.1%-73.0%).'” Besides strong association between DM
and MAFLD, DM patients are at higher risk to have much
severe FLD. For example, 37.3% (95% CI, 24.7%-50.0%) of
DM patients were associated with NASH and 17.0% (95% CI,
7.2%-34.8%) were complicated with advanced fibrosis.!” This
is highly alarming, reflecting the high rates of severe liver disease
in DM patients.?”

In fact, DM and MAFLD frequently coexist, acting syner-
gistically to increase the adverse hepatic and extrahepatic out-
comes in MAFLD population as well as to increase the worse
DM and extra-DM outcomes in DM patients. For example, the
faster progression of MAFLD to MASH, liver cirrhosis, or HCC
occurred in DM patients compared with that in general popula-
tion.”" Furthermore, DM patients have an increase in the likeli-
hood of developing MASH, cirrhosis, and HCC, and this risk
has been positively correlated with the duration of DM, and,
moreover, DM patients have a dramatically reduced disease-free
survival and overall survival when they are complicated with
HCC‘71,88—90

Dr. Allen found DM patients have an extremely high risk to
develop decompensation in MASH cirrhosis with an odds ratio
of 3.4 (95% ClI, 1.06-9.60) compared with all covariate param-
eters.!” Taken together, all support a bilateral pathogenic rela-
tionship between DM and MAFLD and the interaction between
each other may exert significant impact on their mortality.”"!%
Additionally, FLD tends to be more common in DM and these
patients usually have severer form of FLD, and prevalence of
DM is high in FLD and severe form of FLD, suggesting that
screening of DM in FLD patients and FLD in DM patients is
critical for both.?$:10

5. STRATEGY FOR TARGETING DM AND NAFLD
SIMULTANEOUSLY: HEALTHY LIFESTYLE

As shown above, DM and MAFLD share the similar pathophys-
iological process (one of the MeS or a spectrum of metabolic
dysfunction), contributing to the rationale to use the same strat-
egy for the treatment of DM to MAFLD patients or both. In
part I, we found that establishment of the healthy lifestyle may
be one of the best strategies in the management of DM patients
with a high risk of concomittent with osteoporosis and frac-
ture, because it improves the status of IR and subsequently helps
sugar control to delay and possibly avoid the DM-related micro-
and macrovascular injuries damaging to bony and muscular
structure, and additionally strengths the general performance of
musculoskeletal system and further decrease the risk of fall and
fall-related fracture.! Since the relationship between DM and
MAFLD is more apparent than that between DM and osteopo-
rosis, the effectiveness of using the same therapeutic strategy as
shown by DM and bone health may be more attractive in DM
patients with coconcomitant MAFLD, based on strong linkage
between MAFLD and obesity with high prevalence of MAFLD
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in obese patients undergoing weight-reduction surgery (95%),
and in Chinese obese general patients (66.2%) compared with
only 11.7% in those of normal BMI or less,'® contributing to
the recognition of a critical role about the weight-reduction as a
cornerstone of lowering the DM-MAFLD-related disability and
mortality.?”11%111 ¢ is reported that 3% to 5% weight loss can
significantly decrease the transformation rate from MAFLD to
MASH, and ~7% reduction of weight reduce inflammation and
at least 10% body loss can initiate regression of liver fibrosis.!'?
Healthy eating pattern, such as a Mediterranean eating pat-
tern may effectively reduce IR independent of weight loss and
NASH. 1012113 Eyrthermore, weight-reduction surgery, such as
bariatric surgery was shown to reduce body weight, HbAlc, IR,
and even led to partial or complete remission of DM as well as
MAFLD or MASH or more severe form FLD in some cases.!''?
In summary, there is significant overlap in several aspects of
using lifestyle modification for the treatment of MAFLD and
DM. Dietary can be emphasized on consumption of vegetables,
fruits, legumes, nuts, whole grains, and fish, as well as on reduc-
ing intake of cholesterol and sodium, limitation of processed
meats, refined carbohydrates, and sweetened beverages.!?"!'2 Of
most importance, calorie restriction is always encouraged and
recommended for MASH management.”®!® Finally, moderate-
intensity and vigorous-intensive exercise may reduce IR and
ameliorate metabolic overload to effectively treat both DM and
MAFLD'101,112

Taken together, modification of lifestyle should include the
followings, including caloricity-limitation of diet and weight-
reduction goals but avoidance of very low-calorie diets (<500
Kcal per day); reduction of saturated fats consumption to
less than 7% as well as increased polyunsaturated fatty acids
(omega-3 group) and monounsaturated fatty acids; a decrease in
the consumption of simple carbohydrates and complete exclu-
sion of added sugar or fructose and sucrose; rich protein diet
(40% of energy resource) but avoidance of AEs for renal func-
tion or bone health; the use of anthocyanins, resveratrol, cin-
namon, turmeric and adequate amount of antioxidant-rich food
(vitamin C, E, etc.); supplementation with probiotics, prebiotics,
and oligofructose to correct intestinal dysbiosis, which is associ-
ated with MAFLD by: (1) increasing energy absorption from
food due to the altered capacity to digest and ferment complex
polysaccharides; (2) increasing intestinal epithelial damage by
ethanol produced by bacteria; (3) increasing transmission or
transportation of endotoxins produced by bacteria to the portal
circulation and activation of proinflammatory signaling of liver;
(4) modifications of bile acid synthesis; (5) a decrease in choline
metabolism, resulting in reduced liver export of VLDL; reduction
of alcohol consumption; and aerobic exercise >150 min/week
and preferably 30min/day with moderate-to-high—intensity
aerobic training, since nonpharmacological treatment remains a
first-line strategy in MAFLD and DM management.!!'>!!3

6. STRATEGY FOR TARGETING DM AND MAFLD
SIMULTANEOUSLY: ADA

The close and dynamic association between MAFLD and MeS
(IR as one of major components) suggests the ADA may play a
role for the prevention and/or treatment of MAFLD, and it is
especially important that there are no approved drugs, which are
recommended for the treatment of MAFLD.!'>1'* Additionally,
many preclinical data also supported the potential role of ADA in
the management of MAFLD and/or its severe form, such as cir-
rhosis.!> So far, evidence, including randomized controlled trials
(RCTs), review, and meta-analyses shows at least three classes
of ADA, such as insulin sensitizers (metformin and thiazolidin-
ediones), sodium-glucose cotransporter-2 inhibitors (SGLT-21i),
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glucagon-like peptide-1 receptor agonist (GLP-1R agonist),
and so on that may have favorable effects on the spectrum of
MAFLD (Table 1 ).Z7,28,30,63,65,67,69,71—84,87,96—98,101,102,108—110,112—114,116,117

The first class of ADA is an insulin sensitizer, including an
adenosine monophosphate (AMP)-activated protein kinase
(AMPK) activator and a thiazolidinedione, which have been
evaluated for the treatment of MAFLD. Metformin, an AMPK
activator, is considered the first-line agent for pre-DM and
DM, except for those patients with poor estimated glomeru-
lar filtration rate (<30 mL/min).30:33:36:60.112,117-120 Jnfortunately,
there are several RCTs that failed to support the effectiveness
of metformin in the prevention and treatment of MAFLD, sug-
gesting no improvement in MASH stages in patients treated
with metformin.!?-!12116.117 By contrast, reports suggested that
the use of metformin may decrease the risk of developing HCC
(hazard ratio [HR], 0.25) in MAFLD as well as decrease the
overall mortality of patients with liver cirrhosis and DM (HR,
0.42)."2 Of course, metformin successfully reduced glyco-
sylated hemoglobin (HbA, ) and fasting plasma glucose and
led to significant weight reduction and subsequent reduction
Of IR‘116,117

Pioglitazone (a thiazolidinedione), works as insulin sensitizer
to decrease IR through binding PPAR-y (also called glitazone
receptor, nuclear receptor subfamily I, group C, member 3) to
enhance white adipocyte differentiation and lipid storage and
subsequently increase sequestration of lipids and further lower
serum levels of FFA, contributing to totally decrease FFA delivery

J Chin Med Assoc

to the target organs, such as liver and skeletal muscular system,
with resulting in amelioration of lipotoxicity of the liver and skel-
etal muscular system to improve insulin sensitivity and reduce
glucose output (suppression of glucogenesis process).!ob!15 A
meta-analysis enrolling 10 RCTs and 887 subjects found piogl-
itazone consistently improved histological features of MAFLD
(to decrease the severity of steatosis, hepatocyte injury, lobular
inflammation, Mallory bodies, and fibrosis), and normalized
liver function test, and also significantly decrease insulin concen-
tration, serum FFA levels and signaling a marked increment in
insulin sensitivity.''® Furthermore, the effectiveness of pioglita-
zone is more apparent in DM and MASH populations.!'® Tang
et al' (eight RCTs, 412 participants, 60% male) found that
pioglitazone significantly decreased liver functional enzymes
compared with placebo (weighted mean difference [WMD]:
-22.27%) and the aforementioned benefits are also reflective by
improved liver histology of steatosis, such as decreased balloon-
ing necrosis, and inflammation compared with placebo. Luo et
al'™* (20 RCTs, 1506 subjects) found pioglitazone significantly
decreased the ALT or AST levels with MD (mean difference)
of -14.94 or -7.96. Additionally, the authors also found that
pioglitazone may be the most effective intervention to reduce
the liver fat contents of patients using MRI-PDFF or H-MRS. !
Unfortunately, AEs are significant, including weight gain, exac-
erbation of heart failure, osteoporosis, and possibly increased
risk of fracture, limiting widespread use of a thiazolidinedione
as a purpose in the management of DM and MAFLD patients,

Sodium-glucose cotransporter-2 inhibitors and nonalcoholic fatty liver diseases

Authors (y) General data Liver function Imaging
SGLT-2i wk/mg WMD WMD WMD
Nonspecific Mantovani (2020) BW: —3.74 kg ALT/AST/GGT: —10.0/—1.9/~14.5 MRI: —2.05
For the total HbA, : ~0.19 LSM: ~0.65
Nonspecific Zafar'(2022) FIB-4: -0.21 AST/ALT/GGT: —2.31/-5.53/—6.49
For the total
Canaglifiozin Li*(2018) ALT/AST/GGT: —11.68/—7.5/—15.17
For the total
Canaglifiozin Li*(2018) ALT/AST/GGT:
() 26/100 () —7.39/-/-16.00
(b) 26/300 (b) =10.30/-/-12.60
(c) 52/100 (c) —11.05/—9.85/-13.99
(d) 52/300 (d) —14.95/-11.35/—16.50
Canagliflozin Lee (2021) GGT. —5.47
AST: —4.07
ALT: =5.94
Dapaglifiozin Lee (2021) HbA,;: —0.73
HOMA-IA: —0.80
Dapaglifiozin Luo® (2022) AST: —7.49
Dapaglifiozin Hed (2022) BMI: —1.20 ALT/AST/GGT: —5.58/—6.17/—4.87
BW: —3.60 kg
HbA, : ~0.28
FIB-4: -0.19
Dapaglifiozin Sune (2022) BMI: —1.33 ALT/AST/GGT: —6.62/—4.20/—7.28
BW: —3.79 kg LDL-C: —2.66
HOMA-IR: —0.88 TG: —16.77
Empaglifiozin Zhang (2022) BMI: —0.98 AST: =3.10 LSM: —0.49
HOMA-IR: —0.45
Ipragliflozin Luo (2022) ALT: —17.41

95% Cl = 95% confidence interval; AST = aspartate aminotransferase; BMI = body mass index; FIB-4 = Fibrosis-4 score; GGT = gamma-glutamyl transferase; HBA, . = glycated hemoglobin; HOMA-IR =
homeostasis model assessment of insulin resistance; LSM = liver stiffness measurement; MD = mean difference; MRI-PDFF = magnetic resonance image-proton density fat fraction; SGLT-2i = sodium-glucose

cotransporter-2 inhibitors; WMD = weighted mean difference.

#Zafar: for a total, including 40 eligible studies containing 13134 subjects, but for each item of specific interest, eligible studies and subjects were varied.
"Li: for a total, including 11 eligible studies containing 6745 subjects, but for each item of specific interest, eligible studies and subjects were varied.
“Luo: for a total, including 27 eligible studies containing 3416 subjects, but for each item of specific interest, eligible studies and subjects were varied.
He: for a total as 11 eligible studies, but for each item of specific interest, eligible studies and subjects were varied.

eSun: for a total as 7 eligible studies, containing 390 subjects, but for each item of specific interest, eligible studies and subjects were varied.
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although all may be possibly complicated by a result of comor-
bidity cofounders of DM and/or MAFLD. 11115116118

The second important class is SGLT-2i, which has been tested
for the effectiveness in treatment of patients complicated with
NAFLD (Table 1). There are many products available in the
market for the purpose as ADA, such as canagliflozin, dapagli-
flozin, empagliflozin, ipragliflozin, luseogliflozin, and tofogliflo-
zin.'" All of them are also tested their effect on the reduction of
NALFD or its severe forms as MASH and more.

Mantovani et al**! in 2020 conducted a meta-analysis enroll-
ing 12 reactive chemical species to test the efficacy of SGLT-2
inhibitors (canagliflozin [n = 1], dapagliflozin [n = 6], empa-
gliflozin [n = 3], and ipragliflozin [n = 2]) for the treatment
of MAFLD and the results show the dramatically significant
effects of SGLT-2 inhibitors on reduced severity of MAFLD,
including decreased serum ALT (WMD: -10), GGT (WMD:
-14.5) as well as the absolute of percentage of liver fat con-
tents on MRI-based techniques (WMD: -2.01%). Lee et al'??
in 2021 further showed canagliflozin significantly reduced the
ALT, AST, and GGT levels (WMD: -5.94, -4.07, and -5.47,
respectively) compared with other comparators. Zafar et al”!
(22 studies, 27 studies, 12 studies, 4 studies) also confirmed
the aforementioned benefits of SGLT-2 inhibitors on the man-
agement of MAFLD, based on significant improvement of liver
function test, including AST (WMD: -2.31), ALT (WMD:
-5.93), GGT (WMD: -6.49), and FIB-4 (WMD: -0.21), sug-
gesting SGLT-2 inhibitors have been proven to have hepatopro-
tective effects in patients with DM and MAFLD.

In terms of the impact of canagliflozin on MAFLD, Li et
al''® enrolled 11 RCT or active-controlled, parallel group tri-
als containing 67435 subjects to perform a meta-analysis and the
results showed that canagliflozin decreased serum concentra-
tions of AST (WMD: -9.85) in 52 week/100 mg (52/100) group
and WMD -11.35 in 52 week/300mg (52/300) group. Other
data all demonstrated the beneficial effects on reduced severity
of MAFLD (Table 1). Lipid profiles also favored the benefits
of canagliflozin treatment (a decreased LDL/HDL ratio as an
example), and this benefits is positively correlated with dosage
and duration of treatment.'"’

In term of empagliflozin, the meta-analyses favored the ben-
efits of using empagliflozin in the management of patients with
DM and MAFLD because of its positive impact on the improve-
ment of MAFLD.!02113.120.121 Eor example, Zhang et al'®* con-
ducted a meta-analysis enrolling four studies including 244
participants to test the empagliflozin effect on MAFLD and
found the significant improvement of BMI, LSM, liver func-
tion test, and homeostasis model assessment of IR (HOMA-IR)
severity.

J Chin Med Assoc

In term of dapagliflozin, evidence from meta-analyses favored
the use of dapagliflozin for the treatment of MAFLD.!02113.115-123
He et al'® enrolling 11 eligible studies containing more than
one thousand subjects found that dapagliflozin significantly
improved metabolic syndrome, such as decreased body weight
as well BMI (MD: -3.60kg and MD: -1.20 BMI), the reduced
serum levels of ALT/AST/GGT (MD: -5.58/-6.17/-4.87 U/L,
respectively). Additionally, levels of TG, HbA, _or fasting plasma
sugar (MD: -0.16 mmol/L; MD: -0.28%; MD: -0.69 mmol/L)
is also improved in dapagliflozin treatment.!?* All are reflective
by improvement of FIB-4 level or HOMA-IR (MD: -0.19 or
MD: -0.22, respectively).!??

Sun et al'?* (seven RCTs) further augmented the evidence to
support the effectiveness of using dapagliflozin in the manage-
ment of MAFLD, which not only improved liver function test,
but also improved metabolic syndrome, such as reduced levels
of ALT (WMD: -6.62 U/L); AST (WMD: -4.20 U/L;); body
weight (WMD: -3.79 kg); BMI (WMD: ~1.33); LDL-C (WMD:
-2.66mg/dL), and TG (WMD: -16.77 mg/dL). One study also
claimed that dapagliflozin is the most effective SGLT-2 inhibi-
tor for reducing GGT level compared with other SGLT-2
inhibitors.!!*

The other SGLT-2 inhibitors, such as ipragliflozin,''*!# luse-
ogliflozin,'?26 and tofogliflozin,'* also showed the benefits on
reduction of metabolic syndrome for DM patients, supporting
the potential role in treatment for MAFLD.

The third class is GLP-1R agonist,”!73747%114119,126 the effect
of this class may provide a protective role in the ceased progres-
sion of MAFLD (Table 2), and it is reported that GLP-1R may
have much stronger benefit on the reduction of IR in MAFLD
compared with other ADA.'2¢ Zafar et al”* (10 studies, 5 studies,
4 studies, 2 studies) also confirmed the aforementioned benefits
of GLP-1R agonists on the management of MAFLD, based on
significant improvement of liver function test, including AST
(WMD: -3.29), ALT (WMD: -9.92), GGT (WMD: -12.38), and
FIB-4 (WMD: -0.15), suggesting that DM patients who take
GLP-1R agonists also have extraglycemic benefits on MAFLD.
In theory, this class medication is linked to the suppression of
dysfunctional endoplasmic reticulum stress response, sparing
hepatocytes from damage by FFA; the blockage of the process
of macroautophagy to injury hepatocytes, and inhibition of FGF
21 production to avoid obesity-related liver injury.”!

Yan et al'?® (25 studies, 1595 subjects) found that GLP-1R
agonists decreased the HOMA-IR (MD: -1.57), visceral fat
(MD: -0.64), body weight (MD: -2.39), fasting blood sugar
(MD: -0.66), and TG (MD: -0.610) during the mean treatment
duration of 29 weeks. Additionally, compared with SGLT-2
inhibitors, GLP-1R agonists significantly decreased visceral fat

Glucagon-like peptide-1 receptor agonists and nonalcoholic fatty liver diseases

Authors (y) General data Liver function Imaging
GLP-1R agonist Study/subject WMD WMD WMD
Nonspecific Yan (2022) BW: —2.39 kg Visceral fat: —0.64
For the total 25/1595 HOMA-IA: —1.57

Fasting sugar: —0.66

Nonspecific Zafar4(2022) FIB-4. -0.15 AST/ALT/GGT. —3.29/-9.92/-12.38
For the total
Semaglutide Luo® (2022) ALT/AST/GGT: —17.72/-14.88/-12.38 LSM: -0.49
Liraglutide Luo® (2022) CAP: -30.30

‘ ‘ CA9_V85N12_Text.indb 1115

95% Cl = 95% confidence interval; AST = aspartate aminotransferase; BW = body weight; CAP = controlled attenuation parameter; FIB-4 = Fibrosis-4 score; GGT = gamma-glutamyl transferase; GLP-1R
agonist: glucagon-like peptide-1 receptor agonists; HBA, . = glycated hemoglobin; HOMA-IR = homeostasis model assessment of insulin resistance; LSM = liver stiffness measurement; MD = mean difference;
WMD = weighted mean difference.

“Zafar: for a total, including 40 eligible studies containing 13 134 subject, but for each item of specific interest, eligible studies and subjects were varied.

"Luo: for a total, including 27 eligible studies containing 3416 subjects, but for each item of specific interest, eligible studies and subjects were varied.
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(MD: -0.56) and TG (MD: -0.61).'2” Although clinical approve-
ment of GLP-1R agonists for MAFLD or MASH is available,
GLP-1R agonist monotherapy and/or in a combination regimen
is a ray of hope for successful treatment of MASH.!?

In conclusion, with better understanding of underlying patho-
physiology of MAFLD and DM, as well as the mechanisms of
ADA, the management of DM patients, especially for those who
need ADA as adjuvant therapy should include healthy lifestyle
modification to overcome the MeS status, contributing to the
urgent need of an effective weight-reduction strategy. GLP-1R
agonist is one of effective body weight-lowering medications,
which may be a better choice for DM complicated with MAFLD
or its-associated severe form as MASH, although the role of
SGLT-2 inhibitors are also impressive. Of course, all prescrip-
tions about ADAs for the aforementioned purposes should be
according to the patient’s age, patient’s compliance, patient’s
general condition, comorbidities, disease courses, drug efficacy,
and drug-related side effects.!
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