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Abstract

BACKGROUND

Sodium glucose cotransporter-2 inhibitors (SGLT2-I) are the most recently approved
drugs for type 2 diabetes (T2D). Recent clinical trials of these compounds reported
beneficial cardiovascular (CV) and renal outcomes. A major cause of vascular
dysfunction and CV disease in diabetes is hyperglycemia associated with inflammation
and oxidative stress. Pre-clinical studies demonstrated that SGLT2-I reduce

glucotoxicity and promote anti-inflammatory effects by lowering oxidative stress.

AIM
To investigate the effects of SGLT2-I on markers of oxidative stress, inflammation, liver

steatosis, and fibrosis in patients of T2D with non-alcoholic fatty liver disease (NAFLD).

METHODS

We referred fifty-two consecutive outpatients treated with metformin monotherapy and
exhibiting poor glycemic control to our centre. We introduced the outpatients to an
SGLT2-1 (dapagliflozin, empagliflozin, or canagliflozin; n = 26) or a different
hypoglycemic drug [other glucose-lowering drugs (OTHER), n = 26]. We evaluated
circulating interleukins and serum hydroxynonenal (HNE)- or malondialdehyde
(MDA)-protein adducts, fatty liver index (FLI), NAFLD fibrosis score, aspartate
aminotransferase (AST)/alanine aminotransferase (ALT) ratio, AST-to-platelet-ratio
index (APRI), and fibrosis-4 on the day before (T0) and following treatment for six
months (T1). We also performed transient elastography at TO and T1.

RESULTS

Add-on therapy resulted in improved glycemic control and reduced fasting blood
glucose in both groups. Of note, following treatment for six months, a reduction of FLI
and APRI, as well as of the FibroScan result, was reported in patients treated with

SGLT2-1, but not in the OTHER group; furthermore, in the SGLT2-I group, we reported
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lower circulating levels of interleukin (IL)-1f3, IL-6, tumor necrosis factor, vascular
endothelial growth factor, and monocyte chemoattractant protein-1, and higher levels
of IL-4 and IL-10. We did not observe any modification in circulating interleukins in the
OTHER group. Finally, serum HNE- and MDA-protein adducts decreased significantly
in SGLT2-I rather than OTHER patients and correlated with liver steatosis and fibrosis

scores.

CONCLUSION
The present data indicate that treatment with SGLT2-I in patients with T2D and NAFLD
is associated with improvement of liver steatosis and fibrosis markers and circulating

pro-inflammatory and redox status, more than optimizing glycemic control.

Key Words: Sodium glucose cotransporter-2 inhibitors; Non-alcoholic fatty liver

disease; Oxidative stress; Type 2 diabetes; Liver fibrosis; Inflammation

Bellanti F, Lo Buglio A, Dobrakowski M, Kasperczyk A, Kasperczyk S, Aich P, Singh SP,
Serviddio G, Vendemiale G. Impact of SGLT2 inhibitors on markers of liver

steatosis/fibrosis, inflammation and redox balance in patients affected by type 2

diabetes and NAFLD. World | Gastroenterol 2022; In press

Core Tip: Non-alcoholic fatty liver disease (NAFLD) is the most common hepatic
disorder, and it is often associated with type 2 diabetes mellitus (T2DM). Diabetic
patients often suffer from advanced NAFLD and are keen on progressing toward severe
fibrosis and end-stage liver disease. There is no approved treatment for NAFLD, but
new drug classes introduced to treat T2DM can exert favorable effects beyond glucose
control. This pilot study demonstrates that treatment with sodium glucose
cotransporter-2 inhibitors in patients with T2DM and NAFLD is associated with
improving liver steatosis and fibrosis markers and circulating pro-inflammatory and

redox status.
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INTRODUCTION

Patients affected by type 2 diabetes mellitus (T2DM) present with an increased risk of
cardiovascular (CV) disease, which is associated with a high mortality rate and low
quality of lifel*2l. T2DM is strongly associated with non-alcoholic_fatty liver disease
(NAFLD), whose prevalence in diabetic patients is over 60%P4. NAFLD is the most
common chronic liver disease, characterized by a broad spectrum of hepatic disorders,
ranging from simple steatosis to steatohepatitis (non-alcoholic steatohepatitis), fibrosis,
and cirrhosisl®. The co-existence of NAFLD and T2DM pushes the progression of liver
damage, increasing the risk of advanced fibrosisl¢l. Besides, NAFLD is an independent
risk factor of CV disease. Patients with T2DM and NAFLD present a higher CV risk
than diabetic patients without NAFLD, suggesting that these conditions share common
pathophysiological mechanisms, including low-grade systemic inflammation and
oxidative stressl7l.

Studies using new classes of antidiabetic ugs, such as sodium-glucose co-
transporter-2 inhibitors (SGLT2-I) and glucagon-like peptide-1 receptor agonists (GLP1-
RA), demonstrated definite CV advantage in patients with T2DI8l. Several clinical trials
suggest that both classes also ameliorate liver steatosis and inflammation, potentially
reversing fibrosis in NAFLDL The currently approved SGLT2-1 are dapagliflozin,
canagliflozin, empagliflozin, and ertugliflozin, which increase urinary glucose excretion
and improve glycemic control independent of insulin. Furthermore, these drugs reduce
body weight, visceral adiposity, blood pressure, and arterial stiffness(®l. Real-world
CVD-REAL and CVD-REAL 2 studies have demonstrated that the benefits of SGLT2-I
on CV outcomes observed in clinical trials may be attributed to a class effect and may be
extended to a broad range of patients11.12l. Despite clinical evidence on the efficacy of
SGLT2-I in both the reduction of CV events and the improvement of hepatic damage in
NAFLD, human mechanistic trials remain elusive.

Pre-clinical studies demonstrated that dapagliflozin, empagliflozin, and canagliflozin

attenuate inflammation in apolipoprotein E knockout micel’>"], reduce oxidative stress
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and improve mitochondrial function through direct pleiotropic and epigenetic
effectsl'617]. Furthermore, these compounds may also exert antifibrotic effects in diabetic
and non-diabetic cardiopathy or nephropathyl!820. Such results strongly encourage
clinical studia to clarify the impact of SGLT2-1 on systemic inflammation, oxidative
stress, and liver fibrosis in diabetic patients with NAFLD. Thus, the present
investigation was aimed to evaluate the effects of SGLT2-1 addition to metformin on
circulating markers of inflammation and oxidative protein damage in patients affected
by uncontrolled T2DM and NAFLD and compare these outcomes with other glucose-
lowering drugs (OTHER).

MATERIALS AND METHODS

Study design

We collected and analyzed data from 204 patients affected by T2DM who underwent
outpatient consultation between June 2017 and June 2018 at the University Internal
Medicine clinic of the “Policlinico Riuniti” in Foggia (Italy). We designed the
investigation as an observational pilot study considering the problematic setting, the
limited scale, and the multiple outcome parameters. Patients aged > 18 years old who
were: (1) Diagnosed with NAFLD; and (2) Presented with glycated hemoglobin equal to
or greater than 7% after at least three months of treatment with metformin
monotherapy at the maximal tolerated dosage were assessed for eligibility. NAFLD was
suspected on previous ultrasound imaging and/or altered liver function testsizll. We
did not consider subjects diagnosed with viral or autoimmune hepatitis, atherosclerotic
CV disease, chronic inflammatory disorders, or those diagnosed with active cancer for
the study. Further exclusion criteria were alcohol consumption > 20 g/d (women) or >
30 g/d (men), anemia, severe hepatic failure, glomerular filtration rate < 60
mg/min/m?, use of drugs affecting redox balance, use of anti-inflammatory
medications or corticosteroids during the observational period, use of medications

associated with fatty liver (amiodarone, tamoxifen, sodium valproate, methotrexate),
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current smoker status, and prescription of a glucagon-like peptide-1 agonist
(Supplementary Figure 1).

52 patients were finally referred to a combination therapy; of these, 26 patients were
treated with an SGLT2-1, while 26 patients were treated with OTHER. The combination
therapy was not randomized, and the second compound was chosen according to the
standard of medical care in diabetes - 2017, considering the clinical characteristics of
patients to maximize therapeutic advantages and minimize risks and side effects22l.
Compliance and adverse events were assessed by a verbal questionnaire. The frequency
and distribution of the different compounds prescribed are reported in the
Supplementary Table 1. For the study purposes, patients enrolled were assessed at
baseline (T0) and after six months (T1). Our Institutional Review Board approved the
study at the Policlinico Riuniti in Foggia (reference number 2325/2018) and performed

it according to the Declaration of Helsinki. All patients gave written informed consent.

Laboratory measurements

Blood samples were obtained from a brachial vein between 8:00 and 9:00 AM, after an
overnight fast, and immediately processed. Standard laboratory measurements
included glycated hemoglobin Alc (HbAlc), fasting serum glucose, serum triglycerides,
serum aspartate aminotransferase (AST), alanine aminotransferase (ALT) and gamma-
glutamyl transpeptidase (gamma-GT) activities, platelet count, and serum albumin. The
concentrations of serum cytokines and growth factors, including several interleukins
(IL), such as IL-1a, IL-1B, IL-2, IL-4, IL-6, IL-8, IL-10, tumor necrosis factor (TNF),
interferon-y (IFN-y), monocyte chemoattractant protein-1 (MCP-1), epidermal growth
factor (EGF), and vascular endothelial growth factor (VEGF), were measured using the
EV 3513 cytokine biochip array and competitive chemiluminescence immunoassays
(Randox Laboratories Ltd, Crumlin, United Kingdom), according to the manufacturer’s
instructions, using the Randox Evidence Investigatorl?l. As previously reported, serum

fluorescent adducts formed between peroxidation-derived aldehydes [hydroxynonenal
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(HNE) and malondialdehyde (MDA)] and proteins were measured by

spectrofluorimetry(24l.

Non-invasive markers of liver steatosis and fibrosis

Patients were assessed at baseline and after six months of treatment for the following
parameters: Fatty liver index (FLI), calculated according to the formula e’ / (1 + e¥) x
100, where “y” = 0.953 x In(triglycerides, mg/dL) + 0.139 x body mass index (BMI),
kg/m2 + 0.718 x In (gamma-GT, U/L) + 0.053 x waist circumference, cm - 15.745[25];
AST-to-platelet ratio index (APRI), calculated according to the formula AST, IU/L/AST
upper limit of normal, IU/L/platelets, 10°/LI26]; NAFLD fibrosis score, calculated
according to the formula - 1.675 + 0.037 x age, years + 0.094 x BMI, kg/m? + 1.13 x
impaired fasting glucose or diabetes (yes = 1, no = 0) + 0.99 x AST/ALT ratio - 0.013 x
platelets, 109/L - 0.66 x albumin, g/dLIZl. The cut-off values chosen to categorize
fibrosis grades FO-F2 or F3-F4 were < -1.455 and > 0.675, respectively; fibrosis-4 (FIB-4),
calculated according to the formula (age, years x AST, IU/L)/(platelets, 10°/L x rad
ALT, IU/L)I2I. The cut-off values chosen to categorize fibrosis grades FO-F1 or F3-F4
were < -1.30 and > 2.67, respectively; AST/ALT ratio, whose cut-off value > 0.8 is

associated with advanced diseasel29],

Transient elastography

Transient elastography (TE) was performed by a Fibroscan (Echosense, Paris) on supine
patients with the right arm elevated. The probe tip was put on the intercostal space at
the level of the right liver lobe. The Fibroscan probe contains an ultrasound transducer
and a mechanical device that provides a controlled vibrating external shot on the body
surface to generate shear waves. TE measures liver stiffness (LS) in 1 cm cylindric
volume (width: 25-65 mm, M probe; 35-75 mm, XL probe) below the skin surface.
Criteria for a valid examination were as follows: (1) At least 10 valid measurements; (2)

A success rate [(valid + invalid measurements)/total measurements] > 70%;and (3) An
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interquartile range < 30% of the median value. Measurements were expressed as

KPal30l,

Statistical analysis

Data were expressed as count and percentages for categorical variables and as mean *
SDM for quantitative variables. Gaussian distribution of the samples was evaluated by
Kolgomorov-Smirnov test. The significance of differences between the 2 treatment
groups (SGLT2-I1 vs OTHER) at baseline was assessed by student’s t-test (continuous
variables) or in contingency tables by Pearson’s Chi-squared test and Fisher’s exact test
(categorical variables). The significance of differences between the 2 treatment groups
between the beginning (T0) and the end of the observational period (T1) was assessed
by the two-way analysis of variance to test the main effects of time and treatment as a
between-subject factor; the interaction time X treatment was studied, and a Tukey test
was applied as post hoc test for multiple comparisons. The correlation analysis between
changes in non-invasive markers of hepatic steatosis and fibrosis with fasting serum
glucose or HbAlc, serum interleukins, or serum HNE- and MDA-protein adducts was
performed using Pearson correlation test followed by linear regression. All tests were 2-
sided, and P < 0.05 were considered statistically significant. Statistical analysis was
performed with the Statistical Package for Social Sciences version 23.0 (SPSS, Inc.,
Chicago, IL) and Graph-Pad Prism 6.0 for Windows (GraphPad Software, Inc., San
Diego, CA).

2

RESULTS

Baseline characteristics of the subjects included in the SGLT2-I or the OTHER group are
represented in Table 1. The two groups were comparable in terms of clinical and
biochemical features. No side effects in both groups were reported. After six months of
treatment, a lowering effect on both fasting serum glucose (time factor: F, 100) = 16.04, P
< 0.0001) and HbAlc (time factor: F, 100y = 14.83, P < 0.0001) was observed, with a
significant reduction from T0 to T1 in both groups (Figures 1A and B). No significant
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variations were reported as regards serum triglycerides after 6 mo of treatment (Figure
1C). Interestingly, we observed an impact of time, treatment and interaction on body
mass index (time factor: F(, 100 = 4.146, P = 0.0444; treatment factor: F(1, 100 = 4.169, P =
0.0438; interaction factor: Fyi, 100 = 5.650, P = 0.0194), and the post hoc analysis resulted
in significant differences between the two treatment groups at T1, and between T0 and
T1 in the SGLT2-I group (Figure 1D). These data suggest that 6 mo of add-on treatment
to metformin improves glycemic control compared to baseline; nevertheless, this
improvement is not related to a particular drug class. Furthermore, a beneficial impact

on weight loss is exerted by SGLT2-1 but not by other glucose-lowering agents.

Effect of different add-on therapies on liver function tests and non-invasive markers of
hepatic steatosis/fibrosis

We then compared the impact of combined treatment with SGLT2-I vs OTHER on
circulating liver enzymes. The effect of treatment was significant for serum AST level
(Fa, 100 = 7.703, P = 0.0066), and the post hoc analysis showed lower values in SGLT2-1
rather than the OTHER group at T1 (Figure 2A). No significant variations were reported
for serum ALT and gamma-GT activities (Figures 2B and 2C). Non-invasive liver
steatosis and fibrosis markers were further evaluated at baseline and after 6 mo of
therapy in both groups. We observed the effect of both time and treatment on FLI (time
factor: Fp, 100 = 8.279, P = 0.0049 and treatment factor: Fy, 100) = 5.113, P = 0.0259), but
after 6 mo it decreased only in the SGLT2-I group - and not in OTHER patients - with
respect to baseline (Figure 3A). A significant effect of treatment was also observed for
the APRI (F, 100y = 5.309, P = 0.0233), with a lower value in SGLT2-I rather than OTHER
group at T1 (Figure 3B). The proportion of patients affected by a fibrotic form of liver
disease according to NAFLD fibrosis score, FIB-4, and AST/ALT ratio reduced
significantly after 6 mo of therapy in the SGLT2-I group rather than in the OTHER
group (Table 2). Finally, we observed a significant effect of time (F, 100 = 7.996, P =
0.0057) and interaction (F, 100 = 4.772, P = 0.0313) on hepatic elastometry, and LS in
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patients treated with SGLT2-I for six months was lower with respect to baseline and to

the OTHER group (Figure 3C).

Effect of different add-on therapies on circulating markers of inflammation and
oxidative stress

We further analyzed markers of systemic inflammation, such as circulating interleukins
and growth factors. Table 3 summarizes the results related to serum levels of 12
different cytokines and growth factors evaluated at baseline (T0) and after 6 mo of
therapy (T1) in both treatment groups. We could not observe any significant impact of
time, treatment, or interaction on IL-1q, IL-2, IL-8, IFN-y, and EGF. On the contrary, the
time effect was observed for IL-1p, IL-4, IL-10, and TNF; the treatment effect was
reported for IL-4, IL-6, IL-10, and TNF; the interaction effect was described for IL-1p, IL-
6, IL-10, VEGF, and MCP-1. According to the post-hoc analysis, SGLT2-I patients at T1
showed: (1) Lower values of the pro-inflammatory cytokines IL-1p and TNF, and VEGF
than TO; (2) Lower values of the pro-inflammatory cytgkines IL-6 and TNF, VEGF, and
MCP-1 than OTHER patients at T1; and (3) Higher values of the anti-inflammatory
cytokines IL-4 IL-10 as compared to SGLT2-I at TO and OTHER at T1.

We evaluated systemic oxicﬁtive stress markers changes by measuring serum HNE-
and MDA-protein adducts. A significant effect of treatment and interaction was
observed for both HNE-protein adducts (treatment factor: F, 100) = 7.924, P = 0.0059;
interaction factor: Fp, 100) = 4.820, P = 0.0305) and MDA-protein adducts (treatment
factor: Fg, 100 = 10.17, P = 0.0019; interaction factor: Fy, 100 = 5.844, P = 0.0174). The post
hoc analysis showed that, after 6 mo of therapy, circulating markers of oxidative stress
were lower in the SGLT2-I group rather than OTHER patients; furthermore, HNE-
protein adducts were significantly reduced from TO to T1 in SGLT2-I patients (Figures
4A and 4B).

Reduction of liver steatosis and fibrosis markers is associated with decreased

circulating oxidative stress in patients treated with SGLT2-1
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We then focused on patients treated with SGLT2-I. We performed a Pearson’s
correlation analysis on non-invasive markers of hepatic steatosis and fibrosis,
circulating parameters of glucose metabolism, inflammation, and oxidative stress after 6
mo of therapy. Of note, the FLI, the APRI, and LS showed: (1) A positive bivariate
relationship with pro-inflammatory cytokines (IL-1B, IL6, TNF); and (2) A negative
correlation with the anti-inflammatory cytokines (IL-4 and IL-10). Interestingly, all the
non-invasive liver steatosis and fibrosis markers were strongly related to HNE- and
MDA -protein adducts (Supplementary Table 2).

To verify whether the improvement of non-invasive markers of liver steatosis and
fibrosis reported in patients treated with SGLT2-I after 6 mo of therapy was associated
with the observed reduction of serum HNE- and MDA-protein adducts, a linear
regression analysis on T1-TO difference values was performed. Further, SGLT2-I
treatment related alterations in both markers of circulating oxidative stress were

directly related to variations in FLI, APRI, and LS (Figures 5A, 5B and 5C).

DISCUSSION

The present study demonstrates that the addition of an SGLT2-I - as compared to
dipeptidyl peptidase-4 inhibitors (DPP4-I) or pioglitazone - to metformin monotherapy
exerts a positive impact on systemic inflammation and circulating oxidative stress in
patients with T2D mellitus and NAFLD. It is associated with favorable changes in the
non-invasive hepatic steatosis and fibrosis markers. The incidence of T2DM is
exponentially increasing worldwidelPll. T2DM often presents associated with NAFLD
since insulin resistance accounts for the alteration of lipid homeostasis, favoring hepatic
fat accumulation by induction of lipogenesis and inhibition of wvery-low-density
lipoprotein secretionl3233l. Furthermore, hyperglycemia in diabetic patients worsens
insulin resistance through mechanisms induced by glucose toxicity[34l. In addition, the
efficacy of several antidiabetic drugs is lost during the time, leading to the progression
of T2DM, which could worsen NAFLDB5I. There are currently no approved therapies

for the treatment for NAFLD. Several compounds tested in phase 2 and phase 3 clinical
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trials target metabolic stress as a critical factor for the initiation and progression of
hepatic injury. Data on the effects of antidiabetic drugs in NAFLD are limited although
pioglitazone and GLP1-RA have demonstrated some protective effectsl®*l. SGLT2-I are
molecules with direct action on the kidney, reduce the reabsorption of filtered glucose
and significantly decrease blood glucose levels both in fasting and post-prandial
conditions, with consequent decline of glucose toxicity and improvement of insulin
resistancel?’l. Moreover, these drugs may interfere with several mechanisms involved in
the progression of T2DM, such as dysfunction or apoptosis of pancreatic -cellsl®l.

Clinical studies testing the efficacy of SGLT2-I on NAFLD demonstrated that this
class of drugs reduces both hepatic steatosis, as evaluated by several imaging
techniques, and serum liver enzymes!®!. Our study confirms these observations since
we report that the addition of SGLT2-I to metformin reduces both the FLI and serum
AST after 6 mo; this effect is not observed when pioglitazone or DPP4-I are added to
metformin. Furthermore, our data show that six months of therapy with an SGLT2-I are
associated with reducing hepatic fibrosis - which occurs mainly in NAFLD patients
with higher fibrosis grade - as suggested by decrease in NAFLD fibrosis score, FIB-4, as
well as LS measured by TE. These results are comparable to the reported outcome in a
similar study, suggesting that SGLT2-I are superior to other oral hypoglycemic agents
in reducing hepatic steatosis and fibrosis!*l.

Among other glucose-lowering agents, pioglitazone and GLP1-RA were
demonstrated to reduce hepatic steatosis, inflammation, and fibrosis/142. We designed
this study by excluding patients treated with GLP1-RA, even though 38.5% of patients
of the OTHER group were treated with pioglitazone added to metformin. Despite this
subgroup of patients in the comparison group, SGLT2-I improved non-invasive liver
steatosis and fibrosis markers. A previous randomized trial compared the SGLT2-I
ipragliflozin against pioglitazone, showing that both treatments were equivalent in
reducing liver fat infiltration and serum aminotransferase levels, even though
ipragliflozin effected a reduction in body weight and abdominal fat areal*3l. However, it

is worth noting that more than one-third of patients included in our study showed a
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high grade of steatosis and fibrosis as assessed by non-invasive markers. In contrast,
previous studies using pioglitazone enrolled patients with milder hepatic injury. More
than potentially explaining differences between the present results and those of
different studies, our results suggest that SGLT2-I treatment would be more beneficial
in T2DM patients with advanced NAFLD.

Mechanisms explaining the benefits of SGLT2-1 therapy in T2DM and NAFLD are
primarily undefined, but the results of this study lead to several speculations. Even
though SGLT2-1 significantly controls blood glucose, an improvement in glucose
metabolism was described in all patients treated with additional drugs. However, other
studies could not demonstrate that amelioration of NAFLD after SGLT2-I treatment was
dependent on improved circulating glucose concentration/*-*I, Weight loss induced by
non-pharmacological interventions such as diet, exercise, or bariatric surgery, may
ameliorate liver damage in NAFLDW¥I], SGLT2-I decreases body weight and fat mass,
reducing hepatic steatosis and serum liver enzymes/#l. Our data show that SGLT2-1
effectively promoted weight loss after 6 mo of therapy in patients with T2DM and
NAFLD. However, there was no relationship between BMI reduction and the
improvement of non-invasive markers of hepatic steatosis and fibrosis.

Besides, previous studies have also shown improved liver function tests, and steatosis
irrespective of weight loss in patients affected by T2DM and NAFLD treated with
SGLT2-114950, The evidence so far indicated that SGLT2-I would induce different
beneficial mechanisms than glucose control and weight loss in NAFLD. The present
results further revealed that SGLT2-I - and not pioglitazone or DPP4-1 - favorably
modulate circulating cytokines, switching from pro-inflammatory to anti-inflammatory
patterns, and reducing systemic markers of oxidative stress. These results are further
buttressed by pre-clinical studies providing proving2-I inhibits pro-inflammatory
cytokine secretion and reduces oxidative stress!16-5152. Our study clearly demonstrates a
significant association between improving hepatic steatosis/fibrosis markers and
reducing circulating oxidative stress in patients treated with SGLT2-I for 6 mo. On the

other hand, we could not find any relationship between changes in circulating cytokines
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and reduction of liver injury markers. Reactive oxygen species (ROS) and reactive

nitrogen species (RNS) represent physiological products of cellular metabolism, which
are normally counteracted by endogenous antioxidants. When ROS/RNS production
overwhelms the antioxidant defense, oxidative stress occurs with consequent injury of
macromolecules such as nucleic acids (DNA oxidation), lipids (lipoperoxidation), and
proteins, which ig turn leads to an impairment of normal cellular functions.
Oxidative stress promotes the generation of HNE and MDA, lipid peroxidation
products which are able to generate adducts with cellular and circulating proteins,
which may be used as systemic markers of injury. Oxidative stress is considered one of
the main determinants of NAFLD pathogenesis and progression!34. For the first time,
our study provides evidence that the reduction of circulating oxidative stress induced
by SGLT2-I is related to improved markers of hepatic damage in T2DM patients with
NAFLD, suggesting a potential protective mechanism by this drug class. Studies to
define how SGLT2-I modulate molecular pathways that impact redox balance need to
be designed.

This study suffers from the following limitations: (1) It was not designed as a
randomized placebo-controlled trial since the type of combined treatment was decided
according to a patient-centered approach (of note, the newest Standards of Medical
Care in Diabetes were not available at the time of enrolment); (2) Patients treated with
GLP-1 agonists were not included; (3) Since this study was performed at a single-center,
it may have presented some bias, resulting in slightly larger intervention effects than
multicenter studies; (4) Our small pilot study was not designed to determine the impact
of single compounds; and (5) Liver histology was not performed to evaluate steatosis,

inflammation, and fibrosis.

CONCLUSION
In conclusion, treatment with SGLT2-I in T2DM patients affected by NAFLD is

associated with a rapid improvement of non-invasive markers of hepatic steatosis and

fibrosis, providing insights into the mechanisms by which such class of antidiabetic
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drugs may reduce liver damage in humans. More extensive randomized controlled

trials are encouraged to confirm these preliminary observations, and fundamental
studies are needed to define the molecular mechanisms underlying the effects of

SGLT2-1in NAFLD.

ARTICLE HIGHLIGHTS

Research background
Clinical trials of sodium glucose cotransporter-2 inhibitors (SGLT2-I), recently approved
drugs for type 2 diabetes (T2D), reported beneficial cardiovascular (CV) and renal

outcomes.

earch motivation
Inflammation and oxidative stress are major causes of vascular dysfunction and CV
disease in diabetes and pre-clinical studies demonstrated that SGLT2-I promote anti-

inflammatory effects by lowering oxidative stress.

Research objectives &
[

To investigate the effects of SGLT2-I on markers of oxidative stress, inflammation, liver

steatosis, and fibrosis in patients of T2D with non-alcoholic fatty liver disease (NAFLD).

Research methods

Observational prospective study enrolling 52 consecutive outpatients treated with
metformin monotherapy and exhibiting poor glycemic control, which were introduced
to an SGLT2-1 (n = 26) or a different hypoglycemic drug (n = 26). Circulating
interleukins and serum hydroxyngnenal (HNE)- or malondialdehyde (MDA)-protein
adducts, fatty liver index (FLI), NAFLD fibrosis score, aspartate aminotransferase
(AST)/alanine aminotransferase (ALT) ratio ratio, AST-to-platelet-ratio index (APRI),
and fibrosis-4, as well as transient elastography (FibroScan) on the day before (T0) and

following treatment for six months (T1) were evaluated.
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Research results

With respect to other hypoglycemic drugs, treatment with SGLT2-I resulted in a
reduction of FLI and APRI, as well as of the FibroScan result, as well as lower
circulating levels of interleukins (IL)-1b, IL-6, tumor necrosis factor, wvascular
endothelial growth factor, and monocyte chemoattractant protein-1, higher levels of IL-
4 and IL-10, decreased serum HNE- and MDA-protein adducts. Markers of circulating

oxidative stress correlated with liver steatosis and fibrosis scores.

Research conclusions
This study indicates that, more than optimizing glucose control, treatment with SGLT2-
I in patients with T2D and NAFLD is associated with improvement of liver steatosis

and fibrosis markers and circulating pro-inflammatory and redox status.

Research perspectives @
1
This study encourages extensive randomized controlled trials to confirm these

preliminary observations, and basic investigations to define the molecular mechanisms

underlying the effects of SGLT2-1in NAFLD.
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