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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.
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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), βoxidation 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).1–3 Early, stable and
minimal hepatic steatosis per se does not appear to have
serious clinical implications.2 However, nonalcoholic steatohepatitis (NASH), deﬁned as fatty liver plus hepatic
damage with inﬂammation, elevated aminotransferase
levels, and ﬁbrosis, has been associated with higher incidence of cirrhosis and a risk for hepatocellular carcinoma.2
Additional important clinical implications of NAFLD are
derived from the clinical burden of the associated metabolic comorbidities including obesity, hyperlipidemia,
hypertension, metabolic syndrome, and type 2 diabetes
(T2DM).3
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 interventions with proven beneﬁt in patients with NAFLD.4,5 It has
been shown that the more advanced the disease, the more
weight loss is required to achieve a meaningful
improvement.6 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:7 The ﬁrst
group targets hepatic fat accumulation resulting in reductions in metabolic stress and insulin resistance; pioglitazone
is an example of this modality;8 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;9 a third group targets the gastrointestinal system,
including agents that promote weight loss (eg, orlistat), as
well as fecal microbial transplantation;10,11 and ﬁnally, antiﬁbrotic agents such as simtuzumab.7 In addition to the
above, a newly described therapeutic strategy is to inhibit
the Notch signaling pathway that appears to have a proﬁbrotic role in development of NAFLD.12
To the best of our knowledge, none of the available
studied therapeutics has been approved by the FDA;13 however, pioglitazone, Glucagon Like Peptide-1 (GLP-1) receptor agonists (GLP-1RA), and Vitamin E are considered
reasonable options given their positive effect on NAFLD.14
Sodium glucose cotransporter-2 inhibitors (SGLT2i(s)) that,
similar to GLP-1RA, were initially introduced as glycemialowering agents were found to have beneﬁcial effects on
cardiovascular, renal, and metabolic outcomes, including
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NAFLD.15–18 And, use of GLP-1RA and SGLT2i(s) has
resulted in a paradigm shift in the management of T2DM.19
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; additional beneﬁts include improvements in metabolic and
inﬂammatory parameters, and possibly lower rates of
liver ﬁbrosis and HCC.15,16,20–23 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 metabolic syndrome including central obesity, insulin resistance,
hypertension, and hypertriglyceridemia as well as T2DM.14
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.24 Of note,
elevated liver enzymes underestimate the diagnosis of
NAFLD when compared to non-invasive imaging techniques, and the degree of elevation of liver enzymes do not
correlate with the extent of inﬂammation or ﬁbrosis.3,24
Liver biopsy is the gold standard test for the diagnosis of
NAFLD and for staging the liver disease.14 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 hepatocytes that are steatotic using mild (0–33% of hepatocytes),
moderate (33–66%), or severe (>66%) steatosis.25
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;26
it is not as speciﬁc or sensitive compared to other imaging
techniques especially in morbidly obese patients.27
Transient elastography detects and quantiﬁes steatosis
and ﬁbrosis by measuring ultrasound signals emitted
from the FibroScan probe.26 Magnetic resonance imaging
(MRI) and magnetic resonance spectroscopy (MRS) are
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considered the most accurate imaging modalities for estimation of intrahepatic fat content.15,16
Scoring systems have also been developed for estimation 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 levels),26 the NAFIC score (NASH
Ferritin and type IV collagen 7S: using levels of ferritin,
fasting insulin, and T4C7S [Type 4 Collagen 7S]),28 or the
NFS score (NAFLD Fibrosis Score: using age, BMI, AST/
ALT ratio, serum glucose, and albumin).24 The above
information can also be used to select patients in whom
liver biopsy is needed for further classiﬁcation, management, 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.3,14,29
Approximately one-fourth of individuals with NAFLD progress to non-alcoholic steato-hepatitis (NASH) over a period
of 3–7 years,29 and in some the disease progresses to hepatocellular carcinoma (HCC). Due to the pandemic of obesity
and T2DM, NAFLD has become the most common cause of
liver disease worldwide.29 The prevalence of T2DM has
been reported as 22.5% among patients with NAFLD and
43.6% among patients with NASH.3,30 The continuous hepatic inﬂammation can result in cirrhosis and ultimately
increases the risk of HCC.31 This may explain the reported
two-fold increase in the risk of HCC in obese individuals.32
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.33 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.33

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.34 IR is considered to be a critical pathophysiologic
mechanism underlying NAFLD; this understanding is
based on results of studies in rodent models and humans
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with multiple proposed mechanisms including augmented
inﬂammatory state, decreased ability to reverse cell injury,
and hepatic fat accumulation.14,21,35–37 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.21 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 associated with an increase in systemic IR.21 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.35 Traditionally, systemic
IR has been thought to lead to NAFLD; however, recent
evidence indicates that NAFLD could be the inciting etiology of systemic and hepatic IR, not the reverse.35,38
Nevertheless, it is likely that once the process is initiated,
the two mechanisms augment and amplify each other.39
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 synthesis of triglycerides and cholesterol in the liver, c) decreased
hepatic oxidation of fatty acids, and d) decreased export of
triglycerides from the liver (Figure 1).40,41 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.40 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).42
Activation of ChREBP stimulates the synthesis of several
enzymes of lipid synthesis. Separately, phosphorylation of
insulin receptors by insulin leads to activation of sterol regulator element-binding protein-1c (SREBP-1c) that in turn
stimulates the transcription of genes involved in lipid
synthesis.40 The third mechanism for control of hepatic
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Figure 1 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 betaoxidation (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 β-oxidation of fatty acids. This pathway is
sensitive to stimulation by glucagon,37,43 and increased βoxidation of fatty acids can lead to elevation of blood
ketones.36,37 Finally, export of hepatic triglycerides through
VLDL transport supplies energy to peripheral tissues and
helps decrease the level of hepatic lipids.40,41
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 dysregulations 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.41 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.40 There is
slight (or no) increase in the rate of β-oxidation while
glucagon levels are somewhat elevated and the glucagon/
insulin ratio is somewhat decreased.44 Finally, although
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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.40,42 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.45
Expression of SGLT2 appears to be limited to the kidneys,
with the exception of its expression in alpha cells of
pancreatic islets.43,46 There is little or no expression in
other tissues.45,47 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 1, 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.16–18,48,49 Members of this
class of agents also exhibit cardiac and renal protective
qualities.17–19,50 Serious adverse events associated with
their use include volume depletion and euglycemic diabetic ketoacidosis apparently related to the increased glucagon levels that result in stimulation of β-oxidation of
fatty acids and production of ketones by the liver.36,37
There is also an increased risk of genital infections, urosepsis, and amputations associated with use of some members of this class of medications.17,18 Overall, the degree
of weight loss with SGLT2i(s) is modest at approximately
3 kilograms; there is a net loss of body water and electrolytes during the ﬁrst 4 weeks of treatment that is followed
by a preferential loss of fat mass.20,22
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.15,16,28,49,51,52 The effect of
SGLT2i(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
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urinary calorie loss.53 The concentration of free fatty acids
increases or remains unchanged.36,37,54 Treatment with
SGLT2i(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.37 As noted above,
glucagon-secreting alpha cells of pancreatic islets express
SGLT2, and inhibition of the co-transporter (which presumably reduces intracellular glucose concentration in these cells –
an important signal for glucagon release) results in increased
secretion and blood levels of glucagon.37,43,46 The high glucagon levels (and elevated glucagon/insulin ratio) lead to stimulation of β-oxidation (and hepatic ketone production and
elevated blood ketone levels) and cause a shift from carbohydrate to fatty acid metabolism and help reduce liver triglyceride
content.36,37,54 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 control, it also increased their ALT levels and signiﬁcantly
increased hepatic fat content.55 Finally, the potential effect of
SGLT2i(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 betaoxidation (and hepatic ketone production), causing a shift from carbohydrate to fatty acid metabolism and increase blood ketones (β-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.56 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.51,52 This effect
was initially attributed to signiﬁcant reductions in body
mass and glycated hemoglobin (HbA1c).57 However,
further studies showed that the reduction in liver enzymes
can occur irrespective of changes in weight.58 In addition, it

1006

Powered by TCPDF (www.tcpdf.org)

Insulin

submit your manuscript | www.dovepress.com

DovePress

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.16–18,36 It is therefore thought
that improvements in blood liver enzyme levels are likely
related to additional pathways discussed above.59
An early study examining the potential beneﬁcial effects of
the SGLT2i, Ipragliﬂozin, 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 Factoralpha (TNF-alpha) and Interleukin-6 (IL-6) all decreased.60
Similar evidence was presented using Dapagliﬂozin in patients
with T2DM and NAFLD showing improvement in inﬂammatory and oxidative stress markers (myeloperoxidase and reactive
oxygen species).61 A retrospective study performed in patients
with T2DM and NAFLD compared the effect of SGLT2i (used
either Canagliﬂozin 100 mg or Ipragliﬂozin 50 mg) versus
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Sitagliptin, a dipeptidyl peptidase-4 inhibitor, on body
composition.62 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 ALTor HbA1c.62 Evidence from other studies also
suggests that effect of SGLT2i(s) on liver fat can occur irrespective of changes in glycemic control.15
Treatment with Canagliﬂozin reduced hepatic fat and
body fat mass without signiﬁcantly reducing muscle
mass.16 Ipragliﬂozin compared with Pioglitazone
showed a similar reduction in serum ALT and HbA1c;
however, body weight and visceral fat were only signiﬁcantly reduced in those treated with Ipragliﬂozin.63
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.64 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 Dapagliﬂozin. Monotherapy with
Dapagliﬂozin reduced measures of hepatocyte injury
and Fibroblast Growth Factor 21 (FGF-21) consistent
with a disease-modifying effect on NAFLD.65 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 Ipragliﬂozin 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 suggests potential additive effect of these agents on
NAFLD.66
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 Dapagliﬂozin resulted in
signiﬁcant reductions in fasting glucose, insulin, and
HbA1c levels with increased plasma adiponectin level
(perhaps related to reduced visceral fat mass); this effect
was seen as soon as 4 weeks of treatment.28 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 borderline to non-NASH status.67 In addition to non-invasive
measures, more studies using patients with biopsy-proven
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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).37,63,66–74 As 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.4,14 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 associated with improvement in arterial stiffness and alteration
in their microbiome.76 Whether similar effects will be
observed in patients with T2DM remains to be determined.
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Moderate

~39% improvement in
steatohepatitis, limited

steatohepatitis

~47% resolution of

Biopsy outcomes

−35%

$

Dehydration, urogenital

Antioxidant

↔

↓

↓

Strong

steatohepatitis

~36% improvement in

low-up
−43%

$

and hemorrhagic stroke

with T2DM, questionable
risk of prostate cancer

Limited data in patients

concern

Regression of different

patients, and short fol-

Weak

lin, increased glucagon

↑

infections, euglycemic
DKA, and skeletal safety

↓

of pancreatitis

Gastrointestinal side
effects, questionable risk

gain, congestive heart
failure, and osteoporosis

Fluid retention, weight

Limitations

stages of NAFLD, done
on limited number of

↓

$$$$

$

Cost

reabsorption, decreased
blood glucose and insu-

Decreased renal glucose

−35%

−33%

in ALT

% Improvement

Notes: Some reported effects of each agent listed are at times discordant among different studies. Hence, we have relied on meta-analyses and reviews as references and have also included some landmark original articles.
Abbreviations: ALT, Alanine Transaminase; PPAR, Peroxisome Proliferator-Activated Receptor; DKA, Diabetic Ketoacidosis.

Vitamin E68,69,72,73

SGLT2i(s)37,63,66,67

↓

Strong

evidence

Histologic

short follow-up

↓

↓

↔

glucagon

Serum

number of patients, and

Increased satiety, PPARα activation, decrease in

GLP-1RA(s)70,74

↓

↑

resistance

lin secretion

PPARγ agonist

Pioglitazone63,71

Insulin

Effect on
weight

glucagon, increase insu-

Mechanism of action

Medication

Table 1 Efﬁcacy of pioglitazone, GLP-1RA(s), SGLT2i(s), and vitamin E for treatment of NAFLD
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Randomized, parallel assignment

Germany

open Label

(n=84)

Randomized,

Korea

open Label

(n=20)

(n=44)

NonRandomized,

Trial design

United
Kingdom

Population
and (n)

6 months

6 months

3 months

Treatment
duration

6 months

Placebo

Ipragliﬂozin

Pioglitazone versus added

Metformin and

Metformin

Comparison

Placebo

GLP-1RA or combination
of GLP-1RA and SGLT2i

Placebo

None

Glimepiride

No

No

No

Histology

No

No

Yes

Yes

Yes

Liver fat change measured

No

sured with magnetic resonance spectroscopy

Liver fat content mea-

area measured by DEXA

Changes in visceral fat

Magnetic resonance imaging/spectroscopy

Primary Outcome

Change in hepatic fat
fraction

Systemic and splanchnic
FFA and VLDL-TG balance

Score of liver histology

serum FGF-21

Histologic grade and

NAFLD

Histologic features of

by MRI-PDFF

Primary outcome

Histology

Notes: Data from https://clinicaltrials.gov (2019).75
Abbreviations: MRI-PDFF, Magnetic Resonance Imaging-Derived Proton Density Fat Fraction; FGF-21, Fibroblast Growth Factor-21; FFA, Free Fatty Acids; VLDL-TG, Very Low-Density Lipoprotein- Triglycerides; DEXA, Dual-energy
X-ray absorptiometry.

metabolism, and body composition in patients
with type 2 diabetes (EmLiFa)

Effects of empagliﬂozin on liver fat, energy

pioglitazone
Empagliﬂozin

Dapagliﬂozin

SGLT2 inhibitors and metformin on metabolism
and NASH

patients treated with metformin and

SGLT2i used

Questions under study

(B) Completed (not yet published) Trials

(n=40)

United
States,

Double blind placebo controlled

Empagliﬂozin

SGLT2i(s) as a novel treatment for pediatric
NAFLD

48 months

Not speciﬁed

Hepatic metabolic ﬂexibility in obese patients
with NAFLD and NASH

12 months

6 months

Prospective
cohort

domized, placebo-controlled

(n=100)

Denmark
(n=16)

Multicenter, ran-

China

Dapagliﬂozin

Efﬁcacy of dapagliﬂozin and its action in NASH

label

Prospective open-

Malaysia
(n=25)

Empagliﬂozin

Effect of empagliﬂozin on NAFLD in Asian

patients with T2DM

randomized

11.2 months

Open label,

with T2DM and NAFLD

Japan (n=40)

Effect of SGLT2i versus sulfonylurea in patients

Tofogliﬂozin

Empagliﬂozin

single-institution

NAFLD in T2DM patients with fatty liver

Pioglitazone, combination
of pioglitazone and

label, randomized,

6 months

Prospective, open

South Korea
(n=60)

Empagliﬂozin

SGLT2i alone, and combination therapy on

Comparison

Treatment
duration

Comparison of the effects of thiazolidinediones,

Trial design

Population
and (n)

SGLT2i used

Questions under study

(A) Ongoing Trials

Table 2 Ongoing and completed (not yet published) clinical trials to address the proposed effects of SGLT2i(s) on NAFLD

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 18.207.249.15 on 12-Nov-2019
For personal use only.

Dovepress
Gharaibeh et al

1009

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy downloaded from https://www.dovepress.com/ by 18.207.249.15 on 12-Nov-2019
For personal use only.

Gharaibeh et al

Future research could explore combination of therapeutics 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 identical, overlapping, or additive with the other member is
essential in planning such studies. One possible combination could be the use of a SGLT2i added to pioglitazone.
An advantage of this combination would be that the ﬂuidretaining properties of thiazolidinediones could be nulliﬁed 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 better understanding of the mechanisms underlying the pathogenesis of NAFLD and the beneﬁcial actions of SGLT2i(s).
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