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Abstract: Nonalcoholic fatty liver disease (NAFLD) is increasingly recognized as a major
expanding national and international health problem. Despite numerous investigations using a
variety of therapeutic agents, the positive result on any single medication has not been established
enough to gain widespread approval. This is in part related to concerns regarding side effects of
agents, but is also related to the complex etiology of NAFLD. An often discussed question has been
whether insulin resistance that is frequently present in those with NAFLD is a cause of NAFLD or is
merely associated with the condition. Nevertheless, it is clear that a very high proportion of patients
with NAFLD are obese, have elements of metabolic syndrome, or have type 2 diabetes (T2DM).
Also, much progress has been made toward a better understanding of the pathophysiology of
NAFLD. Life-style interventions resulting in weight loss remain the foundation for the prevention
and treatment of NAFLD. In addition, agents such as Vitamin E and pioglitazone as well as other
glycemia-lowering agents including Glucagon Like Peptide-1 (GLP-1) receptor agonists and
Sodium Glucose Contransporter-2 inhibitors (SGLT-2i(s)) exhibit positive effects on the clinical
course of NAFLD. This narrative review summarizes the current understanding of the diagnosis,
epidemiology, and pathophysiology of NAFLD and specifically focuses on the efficacy of SGLT2i
(s) as a potentially promising group of agents for the management of patients with NAFLD.
Keywords: fatty liver, insulin resistance, beta-oxidation, liver biopsy, de novo lipid
synthesis

Plain language summary

Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) are major
growing national and international health problems. NAFLD is commonly associated with obesity,
metabolic syndrome, type 2 diabetes. There is high insulin resistance that is irrespective of presence
of diabetes. Hepatic lipid content is a function of food intake and fatty acid delivery from adipose
tissue, de novo synthesis in liver (a process stimulated by elevated glucose and insulin levels), -
oxidation of fatty acids (a process stimulated by glucagon), and export of triglycerides from the liver
by VLDL particles. Use of SGLT2 inhibitors has been shown to reduce insulin resistance, glucose
and insulin concentrations while increasing glucagon levels and glucagon/insulin ratios, all changes
that decrease liver fat content. Recent evidence suggests that use of SGLT2 inhibitors represents a
promising new approach for the management of patients with NAFLD and NASH.

Introduction
Nonalcoholic fatty liver disease (NAFLD) refers to a wide spectrum of conditions
with excessive deposition of lipids in the liver in the absence of alcohol abuse. The
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spectrum ranges from simple steatosis to steatohepatitis
followed by advanced fibrosis and cirrhosis that can lead
to hepatocellular carcinoma (HCC).' > Early, stable and
minimal hepatic steatosis per se does not appear to have
serious clinical implications.> However, nonalcoholic stea-
tohepatitis (NASH), defined as fatty liver plus hepatic
damage with inflammation, elevated aminotransferase
levels, and fibrosis, has been associated with higher inci-
dence of cirrhosis and a risk for hepatocellular carcinoma.”
Additional important clinical implications of NAFLD are
derived from the clinical burden of the associated meta-
bolic comorbidities including obesity, hyperlipidemia,
hypertension, metabolic syndrome, and type 2 diabetes
(T2DM).?

Much research effort has been focused on finding one
or more effective modalities for prevention and treatment
of NAFLD; however, up to the present time, weight loss
and exercise continue to be the cornerstone of interven-
tions with proven benefit in patients with NAFLD.*" It has
been shown that the more advanced the disease, the more
weight loss is required to achieve a meaningful
improvement.® However, it is also well known that weight
loss and exercise programs are difficult to maintain.

Based on better understanding of the pathophysiology of
the disease, different therapeutic modalities, in addition to
changes in lifestyle, have been explored for treatment of
NAFLD; these target four different pathways:” The first
group targets hepatic fat accumulation resulting in reduc-
tions in metabolic stress and insulin resistance; pioglitazone
is an example of this modality;® the second group includes
medications that are aimed at inhibiting oxidative stress and
hepatic inflammation and injury; an example is the use of
vitamin E;” a third group targets the gastrointestinal system,
including agents that promote weight loss (eg, orlistat), as

well as fecal microbial transplantation;'®'"

and finally, anti-
fibrotic agents such as simtuzumab.” In addition to the
above, a newly described therapeutic strategy is to inhibit
the Notch signaling pathway that appears to have a pro-
fibrotic role in development of NAFLD.'?

To the best of our knowledge, none of the available
studied therapeutics has been approved by the FDA;'* how-
ever, pioglitazone, Glucagon Like Peptide-1 (GLP-1) recep-
tor agonists (GLP-1RA), and Vitamin E are considered
reasonable options given their positive effect on NAFLD."*
Sodium glucose cotransporter-2 inhibitors (SGLT2i(s)) that,
similar to GLP-1RA, were initially introduced as glycemia-
lowering agents were found to have beneficial effects on
cardiovascular, renal, and metabolic outcomes, including

NAFLD.">'® And, use of GLP-IRA and SGLT2i(s) has
resulted in a paradigm shift in the management of T2DM. "

This article is focused on the potential benefits from
the use of SGLT2i(s) as a treatment modality for NAFLD.
Benefits include weight loss with decreases in total and
visceral fat, hepatic fat content, transaminase levels, blood
glucose and insulin levels and insulin resistance; addi-
tional benefits include improvements in metabolic and
inflammatory parameters, and possibly lower rates of
liver fibrosis and HCC.'>'%?*"% To prepare this analysis,
PubMed was searched for the published literature in
English from 1990 to 2019 for the pathogenesis, diagnosis,
and treatment of NAFLD, and for SGLT2i(s) and their use
in patients with NAFLD. Based on this search, relevant
references were selected for this analysis.

Diagnosis of NAFLD and modes of

evaluation

NAFLD is commonly associated with components of meta-
bolic syndrome including central obesity, insulin resistance,
hypertension, and hypertriglyceridemia as well as T2DM."*
Generally, patients with NAFLD are asymptomatic and are
diagnosed incidentally by presence of mild to moderate
elevations in alanine transaminase (ALT) and aspartate
transaminase (AST) levels (and ALT/AST ratio of greater
than 1.0), as well as increased serum ferritin.”* Of note,
elevated liver enzymes underestimate the diagnosis of
NAFLD when compared to non-invasive imaging techni-
ques, and the degree of elevation of liver enzymes do not
correlate with the extent of inflammation or fibrosis.***
Liver biopsy is the gold standard test for the diagnosis of
NAFLD and for staging the liver disease.'* NAFLD is
defined as more than 5% steatotic hepatocytes in a liver
tissue section. To evaluate the extent of steatosis in the liver,
a commonly used method assesses the percentage of hepa-
tocytes that are steatotic using mild (0-33% of hepatocytes),
moderate (33—66%), or severe (>66%) steatosis.>’

Several non-invasive imaging methods have been
developed to evaluate the degree of hepatic steatosis.
Ultrasonography is a screening technique that typically
shows a diffuse increase in echogenicity in fatty liver;*
it is not as specific or sensitive compared to other imaging
techniques especially in morbidly obese patients.?’
Transient elastography detects and quantifies steatosis
and fibrosis by measuring ultrasound signals emitted
from the FibroScan probe.?® Magnetic resonance imaging
(MRI) and magnetic resonance spectroscopy (MRS) are
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considered the most accurate imaging modalities for esti-
mation of intrahepatic fat content.'>'®

Scoring systems have also been developed for estima-
tion of the degree of liver fibrosis. Frequently used are the
FIB-4 index (Fibrosis Index Based on 4 factors: using age,
AST, ALT, and platelet 1eve:ls),26 the NAFIC score (NASH
Ferritin and type IV collagen 7S: using levels of ferritin,
fasting insulin, and T4C7S [Type 4 Collagen 7S1),%® or the
NFS score (NAFLD Fibrosis Score: using age, BMI, AST/
ALT ratio, serum glucose, and albumin).?* The above
information can also be used to select patients in whom
liver biopsy is needed for further classification, manage-
ment, and follow-up.

Epidemiology
NAFLD is a common condition with a global prevalence of
approximately 25%; the highest prevalence is in the Middle
East and South America and the lowest is in Africa.>'**’
Approximately one-fourth of individuals with NAFLD pro-
gress to non-alcoholic steato-hepatitis (NASH) over a period
of 3-7 years,” and in some the disease progresses to hepa-
tocellular carcinoma (HCC). Due to the pandemic of obesity
and T2DM, NAFLD has become the most common cause of
liver disease worldwide.?> The prevalence of T2DM has
been reported as 22.5% among patients with NAFLD and
43.6% among patients with NASH.>~*° The continuous hepa-
tic inflammation can result in cirrhosis and ultimately
increases the risk of HCC.>' This may explain the reported
two-fold increase in the risk of HCC in obese individuals.**
It has been proposed that development of advanced
fatty liver disease/steatohepatitis requires a “double hit”:
the first resulting in excessive hepatic fat accumulation,
the second, stressful oxidative injury that initiates lipid
peroxidation and fibrosis.*> This concept provides an
essential thesis for approaches aimed at prevention and
treatment of NAFLD. It may also explain the discrepancy
between the higher prevalence of the commonly observed
early fatty liver versus the more advanced stages of
NAFLD and NASH.>

Pathophysiology of NAFLD

It is well established that fatty liver is a common finding in
obese individuals with metabolic syndrome and in patients
with T2DM, and that individuals with fatty liver exhibit
increased insulin resistance (IR) even in the absence of
T2DM.** IR is considered to be a critical pathophysiologic
mechanism underlying NAFLD; this understanding is
based on results of studies in rodent models and humans

with multiple proposed mechanisms including augmented
inflammatory state, decreased ability to reverse cell injury,
and hepatic fat accumulation.'**'*>>7 Kumashiro and
others evaluated the effect of these potential etiologies in
morbidly obese patients with insulin resistance in the
absence of T2DM using liver biopsy specimens obtained
during bariatric surgery.”! Inflammatory and endoplasmic
reticulum stress markers in addition to hepatic fat content
were evaluated. Only accumulation of diacyl glycerol
(DAG) — and not total hepatic lipid content — was asso-
ciated with an increase in systemic IR.?' Further, it was
found that accumulation of the hepatic DAG results in
activation of Protein Kinase C(epsilon) which in turn
leads to increased hepatic IR.*>> Traditionally, systemic
IR has been thought to lead to NAFLD; however, recent
evidence indicates that NAFLD could be the inciting etiol-
ogy of systemic and hepatic IR, not the reverse.*>®
Nevertheless, it is likely that once the process is initiated,
the two mechanisms augment and amplify each other.*

Many studies have focused on the mechanisms leading
to fatty liver. Increased fat deposition in the liver can result
from one or a combination of the following mechanisms: a)
increased delivery of lipids to the liver from high dietary
intake or from increased release of fatty acids from an
expanded adipose tissue mass, b) increased de novo synth-
esis of triglycerides and cholesterol in the liver, ¢) decreased
hepatic oxidation of fatty acids, and d) decreased export of
triglycerides from the liver (Figure 1).***' We will discuss
these steps briefly to help gain a better understanding of
how treatment with SGLT2 inhibitors can counteract some
of these steps to alleviate NAFLD.

As shown in Figure 1, in healthy individuals, dietary
triglycerides in chylomicrons are removed by the liver and
deposited. Likewise, there is a constant flow of non-esterified
free fatty acids emanating from adipose tissues, a process that
is inhibited by insulin; in liver, the fatty acids are esterified to
triglycerides and deposited in lipid-containing vesicle.*® A
second pathway involves de novo synthesis of lipids and is
mediated by both glucose and insulin. Following entry of
glucose into hepatocytes and its phosphorylation, certain
derivatives of glucose-6-phosphate activate the transcription
factor carbohydrate response element protein (ChREBP).**
Activation of ChREBP stimulates the synthesis of several
enzymes of lipid synthesis. Separately, phosphorylation of
insulin receptors by insulin leads to activation of sterol reg-
ulator element-binding protein-1c (SREBP-1c¢) that in turn
stimulates the transcription of genes involved in lipid
synthesis.*” The third mechanism for control of hepatic
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Figure | Lipid synthesis and deposition in hepatocytes in normal individuals. Blood glucose level is determined by food intake and endogenous glucose production from
hepatic gluconeogenesis and glycogenolysis. Systemic and hepatic insulin resistance is normal. Increased glucose levels stimulate insulin secretion and increase blood insulin
levels. Glucose and insulin each stimulate a cascade of metabolic events in liver to increase de novo fatty acid and cholesterol synthesis. In addition, hepatic lipid content is
directly related to quantity and composition of food, and uptake of circulating non-esterified fatty acids released from adipose tissue. On the other hand, hepatic beta-
oxidation (and ketogenesis) that can be activated by glucagon, and export of very low-density lipoprotein (VLDL) are the main mechanisms through which liver fat content is

decreased. Blood glucagon/insulin ratio is normal.

liver content is B-oxidation of fatty acids. This pathway is

3743 and increased p-

sensitive to stimulation by glucagon,
oxidation of fatty acids can lead to elevation of blood
ketones.**” Finally, export of hepatic triglycerides through
VLDL transport supplies energy to peripheral tissues and
helps decrease the level of hepatic lipids.***!

Disturbances in the above pathways that can result in
excessive fat deposition in the liver and lead to fatty liver
and NAFLD are depicted in Figure 2. Here, multiple dys-
regulations are present. Increased food intake especially in
obese individuals and increased fatty acids released from
the expanded adipose tissue (and decreased insulin action
due to high insulin resistance in adipose tissue) deposit
extra lipids in hepatocytes.*' Chronically elevated insulin
levels in response to high glucose levels in T2DM and
prediabetes as well as to the increased systemic insulin
resistance stimulate de novo lipid synthesis.** There is
slight (or no) increase in the rate of P-oxidation while
glucagon levels are somewhat elevated and the glucagon/

insulin ratio is somewhat decreased.** Finally, although

there is an increase in VLDL synthesis and release by the
liver, the magnitude of this change appears not to be
large enough to overcome the increased rate of lipid
deposition.***? In the following sections, we will discuss
the actions of SGLT2i(s) and their effects on counteracting
some of the above underlying abnormalities (Figure 3).

SGLT-2 co-transporter, its inhibitors,
and their role in hepatic lipid

metabolism

Sodium Glucose cotransporter-2 (SGLT-2) is highly
expressed in proximal tubular cells of the kidney and
plays an essential role in reabsorption of filtered glucose.*
Expression of SGLT2 appears to be limited to the kidneys,
with the exception of its expression in alpha cells of
pancreatic islets.***® There is little or no expression in
other tissues.*>*’ SGLT2i(s) have been approved for use
in patients with T2DM; they cause glycosuria and osmotic
diuresis, reduce body and fat mass, reduce blood pressure,
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Figure 2 Lipid synthesis and deposition in hepatocytes in individuals with NAFLD irrespective of type 2 diabetes. In individuals with NAFLD (especially those with high
caloric intake and obesity), hepatic glucose production is stimulated in association with increases in systemic and hepatic insulin resistance. The elevated blood glucose and
the beta-cell response to the insulin resistant state both lead to increases in insulin release and blood insulin levels. As noted in Figure I, elevated blood glucose and blood
insulin levels stimulate de novo fatty acid and cholesterol synthesis. Adipose tissue resistance to insulin action leads to increased release of free fatty acids from the expanded
adipose tissue mass and fatty acid uptake by the liver. Glucagon levels tend to be slightly increased (but with low glucagon/insulin ratios) leading to slight or no increase in
beta-oxidation. Although there is an increase in VLDL synthesis and release by the liver; the magnitude of this change appears not to be large enough to overcome the

increased rate of lipid deposition.

and improve glucose control.'®'®4%4° Members of this
class of agents also exhibit cardiac and renal protective
qualities.'”'”° Serious adverse events associated with
their use include volume depletion and euglycemic dia-
betic ketoacidosis apparently related to the increased glu-
cagon levels that result in stimulation of B-oxidation of
fatty acids and production of ketones by the liver.***’
There is also an increased risk of genital infections, uro-
sepsis, and amputations associated with use of some mem-
bers of this class of medications.'”'® Overall, the degree
of weight loss with SGLT2i(s) is modest at approximately
3 kilograms; there is a net loss of body water and electro-
lytes during the first 4 weeks of treatment that is followed
by a preferential loss of fat mass.?%*2

Based on the positive effects of SGLT2i(s) on reducing
body weight, total body and visceral fat mass, and reducing
serum AST and ALT levels, studies were initiated to test the
efficacy of these agents on NAFLD.,'%16-28:4%51:52 The effect of
SGLT?2i(s) on the metabolic abnormalities present in patients
with NAFLD (Figure 2) is depicted in Figure 3. There is some
increase in food intake that is more than offset by the increased

urinary calorie loss.>® The concentration of free fatty acids
increases or remains unchanged.’*~’"* Treatment with
SGLT?2i(s) results in decreases in both glucose and insulin
levels (especially in those with T2DM) which lead to a large
decrease in hepatic de novo lipid synthesis.?” As noted above,
glucagon-secreting alpha cells of pancreatic islets express
SGLT2, and inhibition of the co-transporter (which presum-
ably reduces intracellular glucose concentration in these cells —
an important signal for glucagon release) results in increased
secretion and blood levels of glucagon.>”**¢ The high gluca-
gon levels (and elevated glucagon/insulin ratio) lead to stimu-
lation of PB-oxidation (and hepatic ketone production and
elevated blood ketone levels) and cause a shift from carbohy-
drate to fatty acid metabolism and help reduce liver triglyceride
content.***7>* In keeping with the importance of glucagon in
the pathogenesis of NAFLD, a recent study showed that while
a reduction in glucagon receptor expression (using antisense
technology) in patients with T2DM improved glycemic con-
trol, it also increased their ALT levels and significantly
increased hepatic fat content.” Finally, the potential effect of
SGLT?2i(s) on VLDL metabolism has not been studied in detail
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Figure 3 Lipid synthesis and deposition in hepatocytes of individuals with T2DM and NAFLD who are being treated with SGLT2 Inhibitors. Treatment of patients with
T2DM and NAFLD with SGLT2i(s) lowers blood glucose (and glucotoxicity), blood insulin levels, and body mass, all leading to decreased systemic and hepatic insulin
resistance. There is a reduction of de novo lipid synthesis reflecting the decreases in blood glucose and insulin levels. There is often some increase in food intake which is
more than counteracted by the caloric loss due to glycosuria. There is some increase in circulating levels of non-esterified fatty acids. However, as noted in the text, SGLT2i
(s) directly stimulate the release of glucagon from alpha cells of the pancreas. Elevated blood glucagon levels (and high glucagon/insulin ratios) lead to stimulation of beta-
oxidation (and hepatic ketone production), causing a shift from carbohydrate to fatty acid metabolism and increase blood ketones (B-hydroxybutyrate). An increase in
gluconeogenesis is noted, but the net effect on blood glucose levels is negative due to glycosuria. The sum total of the effect of SGLT2i(s) is to decrease hepatic lipid content.

in humans. In a study in rats, SGLT2i(s) were found to enhance
VLDL metabolism.>® In sum, the major positive effect of
SGLT2i(s) in reducing hepatic lipid content is mediated by
reduction in de novo lipid synthesis (by reduced blood glucose
and insulin levels) and increased beta-oxidation of fatty acids.

Outcomes of studies designed to
evaluate the efficacy of SGLT2i(s) on
NAFLD

Previous studies performed in human subjects to assess the
safety and efficacy of SGLT2i(s) in patients with T2DM
showed significant reductions in serum ALT.>'-* This effect
was initially attributed to significant reductions in body
mass and glycated hemoglobin (HbAlc).’” However,
further studies showed that the reduction in liver enzymes
can occur irrespective of changes in weight.*® In addition, it

has been demonstrated that the reduction in body weight
with the use of SGLT2i(s) is not large, and reaches a plateau
rather than being sustained.'®'®2° It is therefore thought
that improvements in blood liver enzyme levels are likely
related to additional pathways discussed above.*’

An early study examining the potential beneficial effects of
the SGLT?2i, Ipraglifiozin, on NAFLD in patients with T2DM
reported that after 4 weeks of treatment, glucose and insulin
levels and the degree of insulin resistance, serum inflammatory
and hepatic injury markers including Tumor Necrosis Factor-
alpha (TNF-alpha) and Interleukin-6 (IL-6) all decreased.®®
Similar evidence was presented using Dapagliflozin in patients
with T2DM and NAFLD showing improvement in inflamma-
tory and oxidative stress markers (myeloperoxidase and reactive
oxygen species).®’ A retrospective study performed in patients
with T2DM and NAFLD compared the effect of SGLT2i (used
either Canagliflozin 100 mg or Ipraglifiozin 50 mg) versus
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Sitagliptin, a dipeptidyl peptidase-4 inhibitor, on body
composition.®* After 24 weeks of treatment, the groups treated
with SGLT2i(s) had a reduction of body mass index compared to
the group treated with Sitagliptin; this effect was independent on
reductions in ALT or HbA 1¢.°* Evidence from other studies also
suggests that effect of SGLT2i(s) on liver fat can occur irrespec-
tive of changes in glycemic control.'

Treatment with Canagliflozin reduced hepatic fat and
body fat mass without significantly reducing muscle
mass.'® Ipraglifiozin compared with Pioglitazone
showed a similar reduction in serum ALT and HbAlc;
however, body weight and visceral fat were only sig-
nificantly reduced in those treated with Ipraglifiozin.®®
Studies using Canagliflozin in patients with T2DM and
NAFLD showed significant reduction in FIB-4 index
values and ferritin levels (a marker of hepatic oxidative
stress) suggesting improvement in hepatic fibrosis.®* In
a randomized, double-blind placebo-controlled study,
patients with NAFLD and T2DM were randomized to
placebo, omega-3, Dapagliflozin, and a combination of
both omega-3 and Dapaglifiozin. Monotherapy with
Dapaglifiozin reduced measures of hepatocyte injury
and Fibroblast Growth Factor 21 (FGF-21) consistent
with a disease-modifying effect on NAFLD.®> In an
interesting small study involving 24 patients with
NALFD who continued to have elevated ALT levels
while being treated with a GLP-1RA or Dipeptidyl
Peptidase-4 inhibitors, addition of Ipraglifiozin resulted
in a significant reduction of ALT levels and Fibrosis
Index-4 (FIB-4) in approximately half of the patients
irrespective of their initial treatment; this finding sug-
gests potential additive effect of these agents on
NAFLD.®

Few studies have used liver biopsy to monitor the
efficacy of SGLT2i(s) on progress or regression of
NAFLD. In one study, treatment of patients with T2DM
and biopsy-proven NASH with Dapaglifiozin resulted in
significant reductions in fasting glucose, insulin, and
HbAlc levels with increased plasma adiponectin level
(perhaps related to reduced visceral fat mass); this effect
was seen as soon as 4 weeks of treatment.”® Results of a
preliminary study using serial liver biopsies in five
Japanese patients receiving Canagliflozin for 24 weeks
showed remarkable histologic improvement of NASH;
four patients improved from having NASH to borderline
levels of disease, and one patient improved from border-
line to non-NASH status.®’ In addition to non-invasive
measures, more studies using patients with biopsy-proven

NAFLD with or without T2DM are needed to validate the
efficacy of SGLT2i(s) in treatment of NAFLD.

Comparison of efficacy of SGLT2i(s)
with other modes of therapy for
NAFLD

Multiple studies using a variety of agents in addition to
lifestyle modifications have been tested in patients with
NAFLD with and without T2DM with moderate success
(Table 1).37:63:67% Ag detailed in the table, some of the
studies have included one or more liver biopsies to more
exactly quantify the efficacy of the employed agents and
strategies. Use of Vitamin E, Pioglitazone, and GLP-1RA
has shown prevention of progression and some reversal of
the disease process in a subgroup of patients with NAFLD
and NASH.

Ongoing clinical trials assessing the
effect of SGLT2i(s) on NAFLD

It is of note that most of the evidence accrued to date on
the effect of SGLT2i(s) on NAFLD has been derived from
studies on rodents and from a limited number of studies in
relatively small number of Japanese patients with T2DM.
Table 2 summarizes ongoing and recently completed (yet
unpublished) trials listed in www.ClincalTrials.gov that
are focused on the potential beneficial effects of SGLT2i
(s) on NAFLD. Three of the studies listed include use of
liver biopsy in their protocol.

Future directions and conclusions

The accumulated evidence demonstrates the promising
effect of SGLT2i(s) as a treatment modality in patients
with T2DM and NAFLD. Some effects of these agents on
NAFLD could be through their effect on body weight and
fat mass, with weight loss being a well-established and
effective strategy for control or even reversal of
NAFLD.*'* However, the overall degree of weight loss
is modest and it is likely that other mechanisms detailed in
Figure 3 are operative. In keeping with the possibility of
additional mechanisms, it was recently shown that in
obese mice with diabetes resulting from homozygous
mutation of the leptin gene (leprdb/leprdb), treatment with
dapagliflozin resulted in improved glycemic control asso-
ciated with improvement in arterial stiffness and alteration
in their microbiome.”® Whether similar effects will be
observed in patients with T2DM remains to be determined.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

1007

Dove


http://www.ClincalTrials.gov
http://www.dovepress.com
http://www.dovepress.com

Dove

Gharaibeh et al

*SISOpI2B01RY| d1_Gel] “¥H 101da9Yy PaIBAIIDN/-I0IRID)I|0Id DWOSIX0Idd “YVdd ‘OSBUIWESUR| dUIUE]Y ‘| TV :SUOIIBIARIGQY

'S3|21348 [BUISIIO SJJBWPUE| SWOS PIPN|OUl OS[E DABY PUE SIOUDIDJD. SB SMIIASI PUE SISA[EUB-BIDW UO P3I[J DABY DM ‘9OUSH ‘SIIPNIS JUIayIp SUOWE JUBPIODSIP SIWID IB . Paisl| uade Yoes Jo s109ye pailodad awog :S330N

0415 diSeyliowsy pue
J9oued @3EIs0.d JO dfsi
a|qeuonsanb ‘LATL YIm sniedayoleals
sjuanyed ul e3ep pajiwi $ %Eh— u1 JuswaAosdwl %9e~ Suons T T > Juepixonuy err69geT UILIEIA
dn-moy
UJa3u0d -|o} 2u0ys pue ‘syuapned uogeon|3 paseadoul ‘ul|
A1ajes [e39]fs pue ‘vHA JO Jaqwinu panwi| uo -nsu| pue asodn|8 poojq
21Wa24|8na ‘suondajul auop ‘Q14VN jo sa8ers paseaudap ‘uondiosqead
[enuadoun ‘uonelpAysq $ %S E— JUSURYIP JO UOISSAISDY PLETV | 1 1 9502n|3 |BUSJ paseaUd 19996926 (NTLTDS
dn-moj|o} 1u0ys uona.Jes ul|
spieasdued jo pue ‘syusned jo Jsquinu -nsul aseaJtoul ‘uo3edn|3
3sla 3|qeuonsanb ‘s1oaye panuwy| ‘snpedsyoleads Ul 9SB3JD9P ‘UOIIBANDE 0
opis [eunsajuiosisery | $$¢$ %SG E— ui uawaAoudwl %66~ | 3esapoly il i 1 -dVdd ‘“39nes pasea.tou) w0/ (SIVHI-d1D
sisoiodoaiso pue ‘aunjie}
14e3Y 9ASa3U0d ‘ured snnedayolesls
1ySIam ‘uonualad pinj4 $ %EE— JO uonN|OSAU %/~ Suong — 1 1 Isiuode AYvdd _h%m:onﬁ__mo_n_
11V w 25uapiAd | uodeon|8 | aduelsisad y3om
suonejiwig | 3son | juswenroaduwiy 9 sawod3no Asdoig | di30jo3siH winJag ulnsuj uo 3233 | uonde jJo wsiueyd9l uonedIpa

QT4VN JO 3uBWIE.Y 10} T UIWEA PUE ‘(S)IZ1TDS (S)WY [-d1D ‘duozenjSod jo Adeoyyg | alqeL

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

submit your manuscript

1008

Dove


http://www.dovepress.com
http://www.dovepress.com

Gharaibeh et al

Dove

“Answondiosqe Aed-x
A8asus-enQ ‘vXIQ ‘sopMadA[8Li] -ueroadodi] Aisusg-moT AIsA ‘D 1-TQTA SPRRY A13e4 9.4 ‘Y44 {| T~103084 YIMOID) ISBIqOIqIY ‘| T-4D4 ‘Uondel4 84 Asusg uolodd paAlisg-3uidew| soueuosay dnaudel| Y4Qd-I4IA :SUoIRIARIqqY
, (6107) AoZ'siernjeaiuld//:sdiy wouy ereq :s330N

Adoosouydads adueu

(e4w3) se3aqelp 7 2dhy yam

-0saJ dndU3eW YIM padns Juawu3isse |9|e (p8=u) sjuaned ui uonisodwod Apoq pue ‘wsijoqejaw
-B3W JUSIUOD 1B} JIAI oN ogade|d syauow g | -ued ‘paziwopurey Auewaan) uizojySedwig A843ua ‘ye} 4aAl] uo uizopiedws jo syday]
uizopyl|Seud) auozeyy|3oid
vX3a 4Aq painsesw eaJe pappe sns.aA auozey|3old |oqe uado (pp=u) pUE UIWLIOBW Y3IM pajeau) sjyuanyed
e} [BJIDSIA Ul saSuURYD oN puE ulwIopa syauow 9 ‘paziwopuey ©2.0Y| uizopy8ead) WAZL ul a14VvN uo uizopiSeadi jo s3day3
|2ge] uado (oz=u)
Adodsourdads/3uid ‘paziwopury wop3ury| HSVN pue
-BW| 9dUBUOSAJ JNdUSE] oN ulwIopaly sjauow ¢ -uoN| paiun uizoyljSedeq | wsijogeaw uo UIWLIOIBW puE s103IqIyul Z11DS
uoneanp (u) pue
awonnQ Atewrid | A8ojo3siH uositedwo) | juswyeaay uBisop el | uonendod | pasn 1IZ119DS Apn3s 4apun suonsan®d
sferL (paysiiqnd 394 jou) pajsjdwod (g)
(o=v)
uonoely pajjoJauod 0gad ‘sareag aldvN
18} oneday ul adueyd oN ogede|d syauow g | -eyd puiq a|gqnog pauun uizojyidedwy s1a3e1pad 40} Juswjead) [9Aou e se (s)IZ11DS
ddueleq H1-1A7TA PUE V44 1T119S PUB VY |-d1D jo 3ioyod (91=u) HSVN Pue gTdVN Y3m
sjuyoue|ds pue d1wa3sAg OoN | uoneuiquod Jo yy|-419 syauow gy aAndadsoug suewuaq payioads 10N syuaped asaqo ui yjiqixaly d1joqeraw snedaH
pa||0J3u03-0Gad
-g|d ‘paziwop (001=Y)
A30|03s1Y J3AI| JO B400G SoA ogadeld syauow 7| -UeJ U33ULdR|NLY BUIYD uizoydedeq | HSWVN u!l uonoe sy1 pue uizopijSedep jo A>ediyg
17494 wn.as 1oqe| (5z=u) WAzl ym spuaned
pue ape.3 di80jo1sIH S9p auoN syauow 9 | -uado aAndadsoug eisAeje|y uizopy3edwy ueisy ul @14VN uo uizopiSedws jo 309)3
a14vN paziwopued dTdVN Pue WAZl Ym
Jo saunyeay d130|o3sIH Sap spuidswin | syauow 7' | ‘loqe| uado | (op=u) uedef uizoyij3ojo] | sjuaed ul eaanjAuojns snsJaA 17 11DS JO 312943
uizoyiSedwy uonnnsul-a|3uls J49A1] K338} y3m sausned WQZL U A14dVN
44ad-T4IW Aq pue suozeyjdoid jo ‘paziwopuel ‘|aqe| (09=u) uo Adeisayy uoneuiquod pue ‘Suoje 1I7]1DS
paJnseaw aSueyd 3e} JSAI oN uoneuIquod ‘Buozel|Soly syauow 9 | uado ‘eAndadsoud | BaJoy| Yinog uizoyij3edwy | ‘ssuoipaulpijozely) jo s3days ay3 jo uosiiedwo)
uoneanp (u) pue
swod3no Arewrid | A8ojoisiH uosiiedwon | juswyead) uSisop e | uopendod | pasn 1z11OS Apnjs 4apun suonsand

sferL 3uo3uQ (v)

AT4VN uo (S)Iig119S jo s109ya pasodoud aya ssauppe 01 sjeli [ediuld (paysiignd 194 10u) paisjdwod pue Sulo3uQ g 3jqelL

1009

submit your manuscript

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12

Dove


https://clinicaltrials.gov
http://www.dovepress.com
http://www.dovepress.com

Gharaibeh et al

Dove

Future research could explore combination of therapeu-
tics that have shown promising results in the treatment of
NAFLD in patients with and without T2DM. Knowledge
of whether the mechanisms underlying the effect of each
member of the combination with other members is iden-
tical, overlapping, or additive with the other member is
essential in planning such studies. One possible combina-
tion could be the use of a SGLT2i added to pioglitazone.
An advantage of this combination would be that the fluid-
retaining properties of thiazolidinediones could be nulli-
fied by the osmotic diuretic effect of the SGLT2i. Another
possible combination could be a SGLT2i and a GLP-1
receptor agonist, given their different mechanisms of
action (Table 1) and their probable additive effect on
weight loss and glycemic control.

Finally, large-scale multicenter randomized controlled
trials are necessary to examine the efficacy of SGLT2i(s)
on NAFLD and NASH in patients with and without T2DM.
Such studies could include use of genetic analysis and
biomarkers. Further mechanistic studies would lead to bet-
ter understanding of the mechanisms underlying the patho-
genesis of NAFLD and the beneficial actions of SGLT2i(s).
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