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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most prevalent cause of chronic
liver disease worldwide. NAFLD is considerably more frequent in patients with
type 2 diabetes mellitus (T2DM) than in the general population and is also more
severe histologically in this group. Sodium-glucose co-transporter-2 (SGLT2)
inhibitors, the newest class of antidiabetic agents, appear to represent a
promising option for the management of NAFLD in patients with T2DM. In a
number of studies, treatment with SGLT2 inhibitors resulted in a reduction in
hepatic steatosis and in transaminase levels. However, existing studies are small,
their follow-up period was short and none evaluated the effects of SGLT2
inhibitors on liver histology. Accordingly, larger studies are needed to verify
these preliminary results and define the role of SGLT2 inhibitors in the treatment
of NAFLD in patients with T2DM.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is more frequent and more severe in
patients with type 2 diabetes mellitus (T2DM) than in the general population. Sodium-
glucose co-transporter-2 (SGLT2) inhibitors appear to represent a promising option for
the management of NAFLD in patients with T2DM. However, existing studies are small,
their follow-up period was short and none evaluated the effects of SGLT2 inhibitors on
liver histology. Accordingly, larger studies are needed to verify these preliminary results
and define the role of SGLT2 inhibitors in the treatment of NAFLD in patients with
T2DM.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most prevalent cause of chronic liver
disease worldwide and is defined as increased intrahepatic fat accumulation, in the
absence of a history of alcohol abuse, intake of steatogenic medications and other
causes of chronic liver disease[1].  NAFLD covers a wide range of histological and
clinical disorders, from nonalcoholic fatty liver, which refers to isolated steatosis
affecting hepatocytes, to nonalcoholic steatohepatitis (NASH), where inflammation
and fibrosis coexist with steatosis and might progress to cirrhosis and hepatocellular
carcinoma  (HCC)[2-4].  The  current  prevalence  of  NAFLD  is  proportional  to  the
increasing  rates  of  obesity  and  is  estimated  to  affect  24%-46%  of  the  general
population[4,5]. On the other hand, the prevalence of NAFLD is considerably higher in
patients with type 2 diabetes mellitus (T2DM) than in the general population, ranging
between 50%-75%[4,6,7]. Moreover, NAFLD appears to be more severe histologically in
patients with T2DM[4,6,7]. Importantly, T2DM is a risk factor not only for NASH but
also for the development of cirrhosis and HCC[8,9]. Indeed, NAFLD is considered as
the  hepatic  phenotype of  metabolic  syndrome,  a  prediabetic  disorder  related to
insulin resistance and abdominal obesity[10]. The pathogenesis of NAFLD also involves
the increased efflux of free fatty acids to the liver as well as with oxidative stress,
inflammation, mitochondrial dysfunction and hepatocellular apoptosis[11]. Notably,
both T2DM and NAFLD are associated with increased risk for cardiovascular disease,
which represents the leading cause of death in both diseases[12,13]. Currently, there are
no  approved  pharmacological  treatments  for  NAFLD  and  the  mainstay  of
management is lifestyle changes, including diet and exercise[1]. Among antidiabetic
agents, limited data suggest that glucagon-like peptide-1 receptor agonists might
exert  a  beneficial  effect  on  NAFLD  whereas  other  classes  do  not  appear  to  be
effective[1].  Given  the  frequent  coexistence  of  NAFLD and T2DM as  well  as  the
increased  liver-  and  cardiovascular-related  morbidity  associated  with  their
coexistence, there is a pressing need to develop effective therapeutic interventions for
patients with T2DM-associated NAFLD.

ACTIONS OF SODIUM-GLUCOSE CO-TRANSPORTER 2
INHIBITORS
In this context, emerging evidence suggests that sodium-glucose co-transporter 2
(SGLT2) inhibitors might represent a useful tool for the management of these patients.
SGLT2 inhibitors are the newest class of oral hypoglycemic agents and reduce blood
glucose levels by inhibiting renal tubular glucose reabsorption[14].  This results in
increased urinary glucose excretion without stimulating insulin release and hence
without a risk of hypoglycemia. In addition to their hypoglycemic action, SGLT2
inhibitors induce weight loss by inducing urinary glucose excretion and osmotic
diuresis[14].  They  also  reduce  blood  pressure  by  stimulating  urinary  sodium
excretion[15]. Notably, recent large randomized controlled trials showed that SGLT-2
inhibitors reduce cardiovascular morbidity in patients with T2DM[16,17].

EFFECTS OF SGLT2 INHBITORS ON NAFLD
Regarding  the  effects  of  SGLT2 inhibitors  on  NAFLD in  patients  with  T2DM,  a
number of  small  studies (n  = 16-84) with a relatively short  follow-up (12-24 wk)
yielded encouraging  results[18-23].  Indeed,  a  reduction  in  hepatic  fat  content  was
observed  as  evaluated  with  magnetic  resonance  imaging  or  computed  tomo-
graphy[18-21,23]. A decrease in transaminase levels was also recorded in most studies[18-22].
Moreover, a reduction in markers of hepatocellular apoptosis (cytokeratin 18-M30 and
18-M65)  was observed[18].  A small  study (n  =  16)  reported a  decrease  in  type IV
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collagen 7S levels, a marker of hepatic fibrosis, after treatment with dapagliflozin for
24 weeks[22] but another study (n = 40) reported no change in type IV collagen 7S levels
or in other markers of fibrosis (Fibrosis-4 index and NAFLD fibrosis score) after
treatment with luseogliflozin for 24 wk[21]. Weight loss, a reduction in blood pressure,
a decrease inHbA1c and fasting glucose levels as well as an improvement of the lipid
profile were also recorded[18-23]. Treatment with SGLT2 inhibitors was generally well-
tolerated, apart from an increased incidence of genitourinary tract infections[18-23].
Interestingly, in a comparative study, ipragliflozin was as effective as pioglitazone in
the  reduction  of  hepatic  steatosis[19].  Moreover,  in  another  comparative  study,
luseogliflozin was more effective than metformin in reducing hepatic steatosis[23].

Several mechanisms appear to be implicated in the beneficial effects of SGLT-2
inhibitors  on  T2DM-associated  NAFLD  (Figure  1).  Weight  loss  is  an  important
mediator  of  the  improvement  in  hepatic  steatosis[18-21,23].  Furthermore,  a  relative
increase in fatty acid oxidation instead of carbohydrate oxidation could also play a
role in the reduction of hepatic fat accumulation and might also suppress hepatic
inflammation[14]. Moreover, data from animal models support a direct positive effect
of SGLT-2 inhibitors on insulin resistance and an inhibitory effect on liver injury and
lipotoxicity[24,25]. Importantly, a recent preclinical study also showed that canagliflozin
reduces the risk for hepatocellular cancer in an animal model of NASH[26].

CONCLUSION
SGLT2 inhibitors appear to represent a promising option for the management of
NAFLD in patients with T2DM. However, existing studies are small, their follow-up
period  was  short  and  none  evaluated  the  effects  of  SGLT2  inhibitors  on  liver
histology. Moreover, these agents induce a notable increase in non-serious adverse
events, particularly urinary and genital tract infections, and their glucose-lowering
benefit  might  have  been  overestimated[27].  In  addition,  even  though  the  phar-
macokinetics of SGLT2 inhibitors are unlikely to be affected by the presence of hepatic
impairment, there are limited data regarding the safety of these agents in patients
with  severe  liver  dysfunction  (e.g.,  Child-Pugh  grade  C)[28-30].  Therefore,  close
monitoring is required during the administration of SGLT2 inhibitors in patients with
advanced cirrhosis, particularly in patients with ascites who are receiving diuretics.
Overall, larger studies are needed to verify the preliminary findings suggesting a
benefit of SGLT2 inhibitors in NAFLD and to define their role in the treatment of this
common comorbidity in patients with T2DM.
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Figure 1

Figure 1  Mechanisms implicated in the beneficial effects of sodium-glucose co-transporter-2 inhibitors on type 2 diabetes mellitus-associated
nonalcoholic fatty liver disease.
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