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Abstract

Background & Aims: There is intense research for drugs able to reduce disease pro-
gression in nonalcoholic fatty liver disease. We aimed to test the impact of novel an-
tidiabetic drugs (dipeptidyl-peptidase-4 inhibitors - DPP-4ls, glucagon-like peptide-1
receptor agonists - GLP-1RAs, sodium-glucose cotransporter-2 inhibitors - SGLT-2ls)
on non-invasive biomarkers of steatosis (fatty liver index, FLI) and fibrosis (Fibrosis-4
score, FIB-4) in patients with type 2 diabetes (T2D).

Methods: Clinical, anthropometric and biochemical parameters were retrospectively
analysed in 637 consecutive T2D patients switched from metformin w/wo sulfony-
lureas and/or pioglitazone to DPP-4ls, GLP-1RAs and SGLT-2Is in a tertiary care set-
ting. 165 patients maintained on original treatments served as controls. The effects
on FLI and FIB-4 at 6- and 12-month follow-up were analysed by logistic regression
after adjustment for baseline differences, computed by propensity scores, and ad-
ditional adjustment for changes in glycosylated hemoglobin (HbA1c) and body mass
index.

Results: Body mass index, HbAlc and aminotrasferases significantly decreased fol-
lowing switching to GLP-1RAs and SGLT2-Is, compared with both controls and DPP-
4ls, whereas only HbA1c was reduced on DPP-4ls. FLI and FIB-4 were reduced on
GLP-1RA and SGLT-2I; logistic regression analysis confirmed a significant improve-
ment of both biomarkers after adjustment for propensity score. The shift of FIB-4
values towards the category ruling out advanced fibrosis was maintained after ad-
ditional adjustment for confounders. These effects were confirmed in a sensitivity

analysis on effect size.

Abbreviations: AIFA, Agenzia Italiana del Farmaco; ANOVA, analysis of variance; APRI, albumin to platelets ratio index; AST-ALT, aspartate and alanine aminotransferases; BMI, body
mass index; Cl, confidence interval; CTRL, controls; DPP-4ls, dipeptidyl-peptidase-4 inhibitors; ELF, enhanced liver fibrosis; EMA, European Medicines Agency; FDA, Food and Drug
Administration; FIB-4, Fibrosis-4 score; FLI, fatty liver index; GLP-1RAs, glucagon-like peptide-1 receptor agonists; HbAlc, glycosylated Alc hemoglobin; HPLC, High Performance
Liquid Chromatography; MET, metformin; NAFLD, nonalcoholic fatty liver disease; OR, odds ratio; RCT, randomized controlled trial; SD, standard deviation; SGLT-2ls, sodium-glucose
cotransporter-2 inhibitors; SULF, sulfonylureas; T2D, type 2 diabetes mellitus.
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1 | INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD), a common disorder closely
associated with the metabolic syndrome,! causes a high burden to
National Health Systems worldwide.? Disease progression from fatty
liver to steatohepatitis (NASH), fibrosis and cirrhosis is favoured by
obesity and type 2 diabetes,>* which make lifestyle changes aimed
at weight loss the backbone of prevention and treatment.>®

Several randomized controlled trials (RCT, phase 2-3) have
been completed or are underway to test the effects of pharmaceu-
tical compounds against placebo on liver histology in NAFLD,” as
required by FDA, EMA or national drug agencies.2 However, the
need for liver biopsy limited enrolment and fostered intensive re-
search for non-invasive markers for NAFLD diagnosis and staging‘9
Several biomarkers have been developed on clinical and laboratory
values'®; their use facilitates patients’ selection for RCT, and helps
determine the effectiveness of treatment in the real world. The fatty
liver index (FLI)* is the standard biomarker of pathological liver fat
content, following extensive validation in subjects with/without di-
abetes against ultrasonography and liver biopsy.'?*® Among fibrosis
biomarkers, the Fibrosis-4 (FIB-4) score!* has received validation by
liver biopsy and transient elastography and is largely used to rule in/
out advanced fibrosis.?>1¢

Subjects with type 2 diabetes constitute a selected cohort in
which new classes of drugs could be tested for their potential positive
effects on NAFLD progression, outside placebo-controlled trials. In
the past 15 years, both dipeptidyl-peptidase-4 inhibitors (DPP-4ls)
and glucagon-like peptide-1 receptor agonists (GLP-1RAs) and later
gliflozins (sodium-glucose cotransporter-2 inhibitors - SGLT-2ls)
have entered the diabetes drug market. Incretin analogs (GLP-1RAs)
exert a direct stimulatory effect on pancreatic $-cells, whereas DPP-
4ls reduce endogenous incretin degradation. In both cases, glucose
disposal is increased via an insulin-dependent mechanism. On the
contrary, SGLT-2Is promote insulin-independent glucose control
by decreasing glucose reabsorption in the proximal renal tubule.
All these drugs are associated with a low risk of hypoglycemia, and
both GLP-1RAs and SGLT-2Is have been shown to reduce cardiovas-
cular events vs squonyIureas.”‘18 Novel drugs have been recently
upgraded as first-line treatment for type 2 diabetes,” but their use
is lower than recommended, because of treatment inertia and bud-
get restrictions.?%?? Few data are available on the effects of novel

23,24

drugs on liver histology and limited evidence comes from real-

world experience (phase 4),2>2% or post-hoc analysis of registration

Conclusions: Glucagon-like peptide-1 receptor agonists and SGLT-2Is improve bio-
markers of steatosis and fibrosis, in keeping with beneficial effects on liver disease

progression, and should be considered the treatment of choice in T2D.

dipeptidyl-peptidase-4 inhibitors, glucagon like peptide-1 receptor agonists, NAFLD, sodium-

glucose cotransporter-2 inhibitors, surrogate biomarkers

Key points

e In poorly controlled type 2 diabetes, the impact of
switch to novel antidiabetic agents (DPP-4 inhibitors,
GLP-1 receptor agonists and SGLT-2 inhibitors) was
tested on surrogate biomarkers of steatosis and fibrosis.

e Compared to patients maintained on usual treatment,
GLP-1 receptor agonists and SGLT-2 inhibitors, not
DPP-4 inhibitors, significantly improved steatosis and
reduced the risk of significant fibrosis.

e GLP-1 receptor agonists and SGLT-2 inhibitors qualify
for the treatment of NAFLD in subjects with diabetes at

risk of disease progression.

or cardiovascular outcome trials.?”?® The results are generally based
on changes in enzymes and surrogate markers of liver steatosis and
fibrosis, the factor most closely associated with liver- and non-liver-
related outcomes.

We aimed to analyse the 6- and 12-month impact of the novel
drug classes for type 2 diabetes on surrogate markers of both ste-
atosis and fibrosis in a cohort of patients enrolled in a tertiary centre.
Results were analysed after adjustment for propensity score, to ac-
count for differences in baseline, and for changes in metabolic con-

trol and body weight.

2 | MATERIALS AND METHODS
2.1 | Patients

We retrospectively analysed all patients with type 2 diabetes who
were consecutively prescribed DPP-4ls, GLP-1RAs, SGLT-2Is in our
metabolic and diabetes unit, in the period 2014-2017, following the
implementation of a new digital registration system. According to
initial rules dictated by the Italian Medicines Agency (AIFA), the pa-
tients had to fulfil definite criteria and to undergo a monitoring sys-
tem, only based on body weight, metabolic control and renal function.
However, in the majority of cases, other biochemical and clinical data
were available and were regularly registered. Liver ultrasonography
(usually within 1 year of the visit) was part of their routine check-up

and hence not specifically performed by a dedicated radiologist. We
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TABLE 1 Baseline datain the whole population and according the drug classes

Variables Total (n = 802) CTRL (n = 165)
Male gender (n, %) 476 (59.4) 91(55.2)
Age (y) 61.5 + 10.5 60.9 +11.6
BMI (kg/m?) 348 +71 32.7+53
Weight class 1/2/3/4/5 5/20/33/23/19 3/30/41/16/10
(%)
Glucose (mg/dL) 162.7 + 47.8 143.6 + 38.8
HbA1c (%) 8.11+1.20 7.48 + 0.96
HbA1c (mmol/mol) 65.1+9.6 583+77
<7;7-8; 8-9; >9 (%) 16/28/34/22 31/23/42/4
Waist circumference (cm) 109.3 + 14.4 106.0 + 13.1
AST (U/L) 26.8 +14.4 28.7 +10.9
ALT (U/L) 34.5+20.5 36.2+15.0
Normal ALT (n, %)° 311 (38.8) 42 (25.5)
Gamma-GT (U/L) 420+ 174 42.5 +10.7
Platelets (10° x pL) 211.9 +40.7 207.7 + 28.4
Creatinine (mg/dL) 0.88 +0.27 0.94 +0.27
Total cholesterol (mg/dL) 184.0 + 46.7 200.1 +45.1
HDL-cholesterol (mg/dL) 44.6 + 10.9 470+ 121
Triglycerides (mg/dL) 185.1 + 112.4 184.8 + 75.7
Systolic Pressure (mmHg) 134.1 +15.8 136.8 + 134
Diastolic Pressure (mmHg) 83.7 +17.9 84.9 + 9.6
Steatosis at US (%) 666 (83.0) 148 (89.8)
Fatty liver index (%) 83.8 + 17.9 81.5+16.3
No steatosis (n, %) 14 (1.7) 1(0.6)
Undetermined (n, %) 72 (9.0) 16 (9.6)
Steatosis (n, %) 716 (89.3) 148 (89.87)
Fibrosis-4 (score) 1.40 + 0.65 1.45 +0.56
No advanced fibrosis 391 (40.8) 61 (37.0)
(n, %)
Undetermined (n, %) 384 (47.8) 98 (59.4)
Advanced fibrosis (n, %) 27 (3.4) 6(3.6)
Microalbuminuria (mg/L)* 11 [29] 11 [17]

iver WILEY-"2
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SGLT-2Is
DPP-4 s (n = 104) GLP-1RAs (n=338)  (n=195)
59 (56.7) 188 (55.6) 138 (70.8)%¢
62.7 +10.2 61.0+10.5 62.1+9.7
30.9 + 6.7° 37.7 £ 7.0%¢ 33.6 + 6.8°
18/38/22/11/11 1/8/32/28/31 7/25/33/24/11
161.4 + 46.0¢ 162.9 + 43.3¢ 177.7 + 55.5%¢
7.95 + 1.00° 8.25 + 1.27%¢ 8.51 + 1.15%¢
63.4+8.0 66.7 +10.2 69.5+9.2
11/47/32/10° 14/28/27/31%¢ 8/23/41/28%¢
101.3 + 12.6¢ 114.7 + 13.9%¢ 107.1 + 13.9¢
249 +12.8¢ 26.4 +14.9 269 +16.6
29.9 + 15.9%¢ 35.7 +£22.2 34.0 +23.0
55 (52.9)¢ 120 (35.5)%¢ 94 (48.2)
39.1+11.4¢ 43.5+22.0 40.5 +15.1
214.4 + 399 209.3 + 36.8 218.6 + 53.8¢
0.93+0.43 0.84 +0.23%¢ 0.89 +0.19
183.9 + 45.9¢ 179.9 + 45.2¢ 177.4 + 47.9¢
481+ 111 44.0 + 10.5%¢ 41.7 + 9.6%¢
171.7 £ 99.0 183.1 + 102.0 195.8 + 154.2
129.0 + 13.74 133.4 + 15.9%¢ 135.8 + 18.0°
79.7 £ 13.1¢ 83.7 +12.1° 82.4 + 12.8¢
57(53.9) ¢ 307 (94.4)° 140 (71.8)°
69.7 + 23.8¢ 90.9 + 10.7%¢ 80.5 + 19.7°
6(5.8) 0(0.0) 7(3.6)
30(28.8) 10 (3.0) 16 (8.2)
68 (65.4)° 328 (97.0)%¢ 172 (88.2)
1.40 + 0.59 1.35 £ 0.62 1.43+£0.78
52 (50.0)¢ 178 (52.7)¢ 100 (51.3)¢
47 (45.2) 151 (44.6) 88 (45.1)
5(4.8) 9(2.7) 7(3.6)
10 [22] 12 [35] 13 [30]

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CTRL, controls; DPP-4ls, dipeptidyl-
peptidase-4 inhibitors; GLP-1RAs, glucagon-like peptide-1 receptor agonists; HbAlc, glycosylated Alc haemoglobin; SGLT-2Is, sodium-glucose

cotransporter-2 inhibitors.

Weight class: normal weight/overweight/obesity class I/class Il/class Il1.
PALT < 31 U/L in males and < 19 U/L in females.

¢ Median [interquartile range].

dSignificantly different from the corresponding value in CTRL group.
€Significantly different from the corresponding value in DPP-4ls.

found 637 patients whose treatment was switched from metformin
with/without sulfonylureas and/or pioglitazone to the novel antidia-
betic drugs, excluding those who had moved to centres outside the
metropolitan area of Bologna, had discontinued treatment for adverse
events (approximately 10%), or added insulin to their initial treatment
(<5%). Switching was dictated by a comprehensive analysis of meta-

bolic control, cardiovascular risk - supposed to be lowered by novel

agents -, frailty, patients’ preferences and adherence, life expectancy.
In the DPP-4l group (n = 104), the vast majority of cases had been
switched to sitagliptin (n = 88), with a few cases treated by linaglip-
tin (n = 10) and three cases treated by alogliptin and vildagliptin. In
the GLP-1RA group (n = 338), 186 cases had been switched to lira-
glutide (1.2 or 1.8 mg daily), 70 to dulaglutide (1.5 mg weekly), 82 to
weekly exenatide LAR. Finally, among SGLT-2Is (n = 195), dapagliflozin,
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empagliflozin and canagliflozin had been used in 81, 72 and 42 cases,
respectively. The groups treated by novel antidiabetic agents were
compared with a cohort (n = 165) on continuous metformin (MET)
treatment (all cases), associated with sulfonylureas (SULF) or glinides
(n = 32; mainly gliclazide or repaglinide) or pioglitazone (30 mg/day)
(n = 16), who were considered as control group (CTRL). The reasons
for not switching were again the comprehensive analysis of patients’
conditions, as well physicians’ or patients’ inertia and fear of adverse
events. The clinical data of the whole cohort are reported in Table 1.
At all visits, patients received reinforcement for lifestyle changes and
adherence to a healthy diet and habitual physical activity. The protocol
of the study was approved by the ethical committee of the Azienda
Ospedaliero-Universitaria Sant’Orsola-Malpighi, protocol 238/2018/
Oss/AOUBOo, as internal audit. As a result of the retrospective nature of
the study and the de-identified code of patients’ records, no informed

consent was required according to Italian law.

2.2 | Biochemical non-invasive tests

At time of first visit in the diabetes centre and at all control visits,
body weight and height, waist circumference and blood pressure
were recorded, as well as blood glucose, lipid profile (total choles-
terol, HDL-cholesterol, triglycerides), HbAlc (HPLC method), renal
function (creatinine, glomerular filtration rate [eGFR] and microal-
buminuria), liver enzymes, blood cell count, platelets and serum pro-
tein. A program for the standardization of biochemical assays had
been active in Bologna laboratories since 2008, and was later turned
into a Laboratorio Unico Metropolitano, serving the whole area of
Bologna.

Based on anthropometric and laboratory data, FLI and FIB-4
were computed. FLI (%) determines the risk score of having/not hav-
ing excess liver fat based on a formula including plasma triglycerides,
gamma-GT, waist circumference and BMI. FLI > 60% rules in signifi-
cant liver fat (specificity, 86%), FLI < 30% rules out (sensitivity, 87%),
values between 30% and 60% define a grey zone of indefinite risk.'*
FIB-4 is a biomarker based on aspartate and alanine transaminases
(AST and ALT), age and platelet count optimized to determine the
risk of advanced fibrosis in NAFLD patients.** FIB-4 score >2.67 has
97% specificity and rules in advanced fibrosis, whereas FIB-4 score
<1.30 has a high negative predictive value (90%) and rules out ad-
vanced fibrosis, thus also leaving a large undetermined area.’? An
upper cut-off of 2.0 ruling in advanced fibrosis for patients aged 265
was also reported.®°

FLI and FIB-4 were preferred to other biomarkers (eg, NAFLD
fibrosis score) considering data availability and their independence

of diabetes in validation studies.

2.3 | Statistical analysis

After anonymous downloading of records from hospital database,

the data were implemented in StatView" 5.0 program (SAS Institute,

Inc) and Stata (StataCorp. 2019. Stata Statistical Software: Release
16.: StataCorp LLC) for analysis. A descriptive statistic was initially
carried out (means, standard deviation [SD], prevalence, 95% confi-
dence interval [Cl]) on continuous and nominal variables, and data
were initially compared by unpaired t-test, repeated-measures anal-
ysis of variance, Mann-Whitney or Kruskal-Wallis test. Considering
the significant differences in baseline data among groups treated
with different drugs, a propensity score was calculated by logistic
regression analyses as the conditional probability to be either main-
tained on the previous drugs (metformin with/without sulfonylu-
reas) or being assigned to a novel treatment. The following variables
were included in the regression: age, gender, BMI, HbA1c. Levels of
aminotransferases were not considered, since new treatments were
not intentionally favoured in patients with suspected liver disease.
A similar procedure was used to calculate a propensity score for
being assigned GLP-1RAs or SGLT-2Is vs DPP-4ls.

The effects of the new drugs on steatosis and fibrosis were tested
at 6 and 12 months after drug switch. The dependent variables were
an improvement of at least one category of FLI and FIB-4 (FLI from
>60% to the intermediate area (30%-60%) or from the intermediate
area to <30%,; FIB-4 from >2.67 to values in the range 1.30-2.67 or
from the intermediate area to <1.30). The odds ratio (OR) and 95% ClI
were computed in two logistic regression models, having the CTRL
group as reference. Model 1 was adjusted for propensity score (ie,
for baseline demographic data, obesity grade and metabolic control)
and model 2 was additionally adjusted for changes in metabolic pa-
rameters (percent changes in BMI and absolute changes in HbA1c).
The same models were used to test the difference between DPP-4|
use (the earliest novel treatment, used since 2008) and GLP-1RAs
or SGLT-2Is, rapidly become the most common treatments, follow-
ing the accumulated evidence of their advantage on cardiovascular
outcomes and the expected impact on body weight, potentially im-
proving metabolic control.

In a sensitivity analysis, the upper FIB-4 cut-off of 2.0 was also
considered for patients aged 265. Additionally, the previous mod-
els were tested in a multivariable logistic regression analyses where
the dependent variables were absolute reductions of FLI score and
FIB-4 score 20.5 SD (effect size, 0.5), calculated at baseline on the
total cohort, ie, FLI 28 points and FIB-4 20.325.

All P values refer to two-tailed tests of significance. P < .05 was

considered significant.

3 | RESULTS
3.1 | Baseline data

The cohort of the study was representative of patients with type
2 diabetes attending a specialized centre. Metabolic control was
largely suboptimal; the vast majority of cases fell into the obesity
classes, with HBA1c well above the accepted therapeutic targets.
In response, patients were invited to adhere to healthier lifestyles,

and novel treatments were implemented in 79.4% of cases, with
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differences in relation to clinical and anthropometric parameters
(Table 1). In particular, GLP-1RAs were more frequently prescribed
in subjects with severe obesity, whereas SGLT-2Is were largely
preferred in males, considering the higher risk of genito-urinary
infections associated with their use in females. DPP-4ls were less
commonly prescribed and preferred in lean or moderately over-
weight, actively working patients. Finally, a considerable number of
young patients, in a better metabolic control, maintained their usual
treatment.

At initial assessment, ALT exceeded the revised upper normal
limits (31 U/L for males and 19 U/L for females)® in nearly 40% of
cases and were more commonly normal in the DPP-4l cohort, where
the prevalence of steatosis at ultrasonography was much lower than
in all other groups. No remarkable differences were observed in lipid
levels and renal function. The two surrogate biomarkers of steatosis
(FLI) and fibrosis (FIB-4) confirmed the lower prevalence of steatosis
in the DPP-4l cohort and a low prevalence of advanced fibrosis in all

groups (Table 1).

Il CTRL

A Body Mass Index (%)

i 735
IN’I!E}QI/\IgCr)-NAL Wl LEY

3.2 | Follow-up of anthropometric and
biochemical data

Figure 1 shows the changes in BMI, HbA1c at 6- and 12-month fol-
low-up (Upper two panels). BMI decreased in all groups, with a highly
significantreductioninthe GLP-1RA and SGLT-2l cohorts (with differ-
ences also when compared with DPP-4I-treated patients). In particu-
lar, BMI decreased by 4.0 + 5.9% in the GLP-1RA and by 3.9 + 5.4%
in the SGLT-2I cohorts, respectively, vs only 0.8 + 3.4% in DPP-4ls
and 1.1 + 2.6% in CTRL after 12 months, with more limited differ-
ences after 6 months. Similarly, HbAlc decreased by 0.69 + 0.84%,
1.02 + 1.36 and 1.00 + 1.13 (5.5 + 6.7 mmol/mol, 8.0 + 10.9,
8.0 + 9.1, respectively) in the DPP-4l, GLP-1RA and SGLT-2I groups
after 6 months, vs only 0.08 + 0.78% (0.6 + 6.2 mmol/mol) in the
control group (all, P < .001). The differences were also significant
when GLP-RA and SGLT-2| cohorts were compared with DPP-4|
treatment (P < .05) and were all maintained to a similar extent at the

12-month follow-up.

[ Dppp-4is @ GLP-1RAs B sGLT-2Is

FIGURE 1 Changesin BMI,
glycosylated haemoglobin and alanine
aminotransferase levels at 6 and 12 mo

A Hemoglobin Alc (%)

in the groups treated by the different
glucose-lowering drug classes. Data are

expressed as mean and 95% confidence
interval. CTRL represents continuous
treatment with metformin + sulfonylureas
and/or pioglitazone. *Significantly
different from CTRL values. $Significantly
different from the corresponding value

of the DPP-4l group. ALT, alanine
transaminase; BMI, body mass index;
CTRL, controls; DPP-4ls, dipeptidyl-
peptidase-4 inhibitors; GLP-1RAs,
glucagon-like peptide-1 receptor agonists;

AALT (U/L)

SGLT-2Is, sodium-glucose cotransporter-2
inhibitors

6-month 12-month
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A Fibrosis-4 (score)
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6-month
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FIGURE 2 Changesin surrogate
biomarkers of steatosis and fibrosis
(fatty liver index and Fibrosis-4 score,
respectively) at 6 and 12 mo by the
different T2DM drug classes. Data are
expressed as mean and 95% confidence
interval. CTRL represent treatment with
metformin w/wo sulfonylureas and/or
pioglitazone. *Significantly different from
control values. $Significantly different
from the corresponding value of the
DPP-4l group. CTRL, controls; DPP-4ls,
dipeptidyl-peptidase-4 inhibitors; GLP-
1RAs, glucagon-like peptide-1 receptor
agonists; SGLT-2ls, sodium-glucose
cotransporter-2 inhibitors

TABLE 2 Fatty liver index and Fibrosis-4 score (% of cases in different cells) at baseline and after 6 and 12 mo of treatment by the
different drug classes

Fatty liver index (%)

No steatosis
(<30%)

Undetermined
(30%-60%)

Steatosis
(>60%)

P vs baseline®
Fibrosis-4 score

No advanced
fibrosis
(<1.30)

Undetermined
(1.30-2.67)

Advanced
fibrosis
(>2.67)

P vs baseline®

CTRL group (n = 165)

DPP-4l group (n = 104)

GLP-1RA group (n = 338)

SGLT-2I group (n = 195)

Baseline

0.6

9.7

89.7

39.4

57.0

3.6

6-mo

0.6

11.5

87.9

NS

44.2

5313

2.5

0.045

12-
mo

0.6

9.7

89.7

NS

43.6

52.8

3.6

NS

Baseline

5.8

25.8

68.4

50.0

45.2

4.8

6-mo

5.8

279

66.3

NS

49.0

471

3.9

NS

12-
mo

9.6

24.0

66.4

NS

52.9

45.2

4.8

NS

Baseline

0.0

3.0

97.0

52.9

44.4

2.7

6-mo

0.9

3.8

95.3

NS

67.2

30.5

2.4

<0.001

12-mo Baseline 6-mo 12-mo

0.6 3.6 5.6 7.2
6.8 8.2 14.9 15.9
92.6 88.2 79.5 76.9
0.004 0.027 0.005
73.1 51.3 65.6 70.8
257 451 30.8 27.2
1.2 3.6 3.6 21
<0.001 0.004 <0.001

Abbreviations: CTRL, controls; DPP-4ls, dipeptidyl-peptidase-4 inhibitors; GLP-1RAs, glucagon-like peptide-1 receptor agonists; NS, not significant;
SGLT-2ls, sodium-glucose cotransporter-2 inhibitors.

2Calculated on percent of cases positive for steatosis.

bCalculated on percent of cases defined as “no advanced fibrosis”.
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ALT values were unchanged after 6 and 12 months in the CTRL
and DPP-41 group, whereas they decreased significantly with GLP-
1RAs (by 4.0 U/L and 3.8 U/L at 6 and 12 months, respectively; P
vs baseline, <.001 for both) and SGLT-2Is (by 6.0 U/L, P < .01; and
by 4.8 U/L; P < .001). Notably, ALT returned within the normal lim-
its of 31 U/L for males and 19 U/L for females in 15% and 16% of
cases with elevated values at baseline after 6 months and in 19% and
16% after 12 months in response to GLP-1RA and SGLT-2 treatment,
respectively, whereas normal values were only achieved in 6%-7%
of CTRL- or DPP-I-treated patients (XZ test; P values, <.005). The
responses of AST and GGT levels were also different between treat-
ments (not reported).

In the whole population, percent changes in BMI were signifi-
cantly associated with changes in ALT and AST at 6 months (r =.168
and r = .159; both, P < .001), not with changes in GGT (r = .067;
P = .070). Similar data were found at 12-month follow-up (r = .147,
r=.112 and r = -.004, respectively).

3.3 | Effects of anti-diabetic treatments on non-
invasive biomarkers

The changes in the biomarkers of steatosis and fibrosis are also
presented in Figure 2. Both FLI and FIB-4 decreased significantly
in the course of follow-up following treatment with GLP-1RAs and
SGLT2-Is, when compared with both the CTRL and the DPP-4l|
group. The decrease in FLI observed on GLP-RAs and SGLT2Is trans-
lated into a lower number of cases classified as steatosis or indeter-
minate at 6 and 12 months in the whole cohort (n = 691 and n = 680,
respectively, vs n = 716 at baseline), despite very few passages into
more severe FLI classes. The difference being entirely because
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of changes observed in GLP-RAs and SGLT2Is (Table 2; Figure 3).
Similar improvements were observed in FIB-4, with the number of
cases classified as advanced fibrosis reducing from 27 to 23 and 19
after 6 and 12 months, respectively, and the number classified as
no advanced fibrosis increasing from 396 at baseline to 479 after
6 months and 512 after 12 months (both, P < .001).

In the whole population, changes in FLI at both 6- and 12-month
follow-up were significantly associated with percent changes in BMI
(r = .468 and r = .516; both, P < .001), whereas changes in FIB-4
showed a less strict correlation (r=.122; P < .01 and r=.078: P < .05).
Changes in the two biomarkers maintained a strict correlation with
changes in liver enzymes (FLI with GGT; FIB-4 with AST and ALT as
part of their constitutive algorithms).

At logistic regression analysis having CTRL as reference, at 6-
month follow-up we observed a significant improvement of at least
one FLI class only after switch to SGLT-2Is after adjustment for
propensity score (OR, 5.44; 95% Cl, 1.87-15.79) and the improve-
ment was maintained in the fully adjusted model (OR, 3.88; 95%
Cl, 1.27-11.83). No intra-class effects were demonstrated in FIB-4.
After 12 months, the treatment with both GLP1-RAs and SGLT-2ls,
compared to the CTRL group, induced significant changes on FLI and
FIB-4 when adjusted by propensity score (Figure 4). The improve-
ment in the steatosis biomarker (FLI) was maintained only for SGLT-
2ls in the fully adjusted model, whereas the improvement in FIB-4
was maintained for both drugs (OR, 2.56; 95% Cl, 1.45-4.50 and OR
2.76; 95% Cl, 1.52-6.06, respectively). Treatment with DPP-4ls, in all
models/adjustments and for both biomarkers, was never associated
with significant improvement when compared to CTRL, whereas the
effects of treatment with GLP-1RAs and SGLT-2Is towards lower
grades of steatosis and fibrosis were always significant when com-
pared with DPP-41 use.
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FIGURE 3 Changesin FLI and FIB-4 class at 6- and 12-mo follow-up vs baseline in subjects with and without (CTRL) switch in their
antidiabetic treatment. Data are expressed as percent of cases within the class and as absolute numbers. Decreased by 1 class indicates an
improvement of at least one category of FLI and FIB-4 (FLI from > 60% to the intermediate area (30%-60%) or from the intermediate area
to < 30%,; FIB-4 from > 2.67 to intermediate values (1.30-2.67) or from intermediate values to < 1.30). Increased by 1 class is the opposite.
#Changes in FLI status at 6 mo; °Changes in FLI status at 12 mo; AChanges in FIB-4 status at 6 mo; *Changes in FIB-4 status at 12 mo.
CTRL, controls; DPP-4ls, dipeptidyl-peptidase-4 inhibitors; FIB-4, Fibrosis-4 score; FLI, fatty liver index; GLP-1RAs, glucagon-like peptide-1

receptor agonists; SGLT-2ls, sodium-glucose cotransporter-2 inhibitors
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0.68 (0.23-2.03) HbA1c). BMI, body mass index; CTRL,
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2.17 (1.17-4.04)
2.36 (1.23-4.53)

In the different groups no significant differences were observed
in relation to the type of DPP-4l, GLP-1RA and SGLT-2I used (not
reported in details).

In the sensitivity analysis having the upper FIB-4 cut-off of 2.0
for patients 265, the results did not systematically change (Table S1).
Considering the old age of the population, the number of patients
with FIB-4 values ruling in significant fibrosis was more than dou-
bled at baseline (n = 70, 8.8%, without differences between treat-
ment groups), and decreased progressively at follow-up, whereas
the number of cases where FIB-4 ruled out significant fibrosis in-
creased, particularly in the groups switched to GLP-1RAs and to
SGLT-2Is. Logistic regression analysis confirmed the significant ef-
fects of switching to GLP-1RAs and to SGLT-2Is on fibrosis at 6 and
12 months, in both models, as well as in comparison to both CTRL
and DPP-4l treatments (Table S2).

In the sensitivity analyses having an effect size of 0.5 for FLI and
FIB-4 in the different treatment cohorts as dependent variables, the
results on class shift were largely reproduced (Table S3), with minor
differences. In particular, a significant effect was maintained for
SGLT-2Is on FLI at both 6 and 12 months and for GLP-1RA on FIB-4
at 12 months, again with superiority of both treatments vs DPP-4ls.

4 | DISCUSSION

The study shows that both GLP-1RAs and SGLT-2Is produce signifi-
cant improvements on steatosis and fibrosis biomarkers of NAFLD in
patients with type 2 diabetes, and both drugs are far more effective
than DPP-4ls. Adjustment for changes in metabolic control and BMI
maintains a significant effect on fibrosis for GLP-1RAs and SGLT-
2ls and tends to cancel any significant effect on steatosis improve-
ment, suggesting that the effect on stestosis is principally driven by
changes in body weight, further strengthening the importance of
lifestyle on hepatic fat accumulation.®?

Data are derived from a systematic analysis of the database of a
metabolic and diabetes centre, treating patients addressed by pri-
mary care physicians because of insufficient metabolic control. The
population is characterized by a high rate of fatty liver, both at ultra-
sonography and by FLI score, as expected considering the high BMI;
by contrast, the prevalence of advanced fibrosis (ruled in by FIB-4
score) was unexpectedly low compared with literature,®® frequently
biased by selection procedures carried out in liver Units. This prev-
alence, however, more than doubles using the age-adjusted cut-offs

proposed for FIB-4, considering the old age of our population. Our
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analysis takes advantage of the specificity of diabetes treatment ac-
cording to the Italian healthcare system, which limits the use of more
recently developed antidiabetic drugs to specialist prescription. All
analyses were adjusted by propensity score, a technique used mainly
in the analysis of real-world data,®* likely to balance the effects of
treatment for baseline differences.

According to lItalian rules and the protocols of our centre, all
patients with type 2 diabetes should receive a consultation with a
specialist every year or second year, depending on metabolic con-
trol, and should be switched to novel anti-diabetic drugs to improve
metabolic control, whenever appropriate. Drug selection, as well
as the maintenance of previous treatment, depends on a variety of
elements, including frailty, patients’ preferences and acceptance of
new treatments, considering the possible change from oral to in-
jectable drugs (daily or weekly GLP-1RAs), the expected benefits of
weight loss, as well as cardiovascular risk, significantly reduced by
GLP-1RAs and SGLT-21s.}718 patients are also counselled for lifestyle
changes, which explains the observed weight loss in CTRL, per se
improving metabolic control.

Among novel antidiabetic agents, DPP-4I prescription produced
a systematic improvement in glycosylated hemoglobin, but no ef-
fects on weight loss, as expected based on the literature and registra-
tion trials. DPP-4ls are commonly prescribed to individuals scarcely
adhering to lifestyle counselling, because of drug safety and lack of
side effects (no hypoglycemia risk). According to the present report,
their use - namely sitagliptin use, the most commonly employed
DPP-4l - did not produce any relevant improvement in NAFLD bio-
markers. Following limited initial experiences,?® Cui et al reported
no differences between sitagliptin and placebo in reducing liver en-
zymes, liver fat, measured by magnetic resonance-derived proton
density-fat fraction, and liver fibrosis (by magnetic resonance elas-
tography) in a 24-week RCT in patients with prediabetes.®®> Only Yan
et al found a decreased intrahepatic lipid content in patients with
type 2 diabetes treated with sitagliptin, unexpectedly associated
with weight loss,¢ which might be the reason for reduced liver fat
accumulation. Surprisingly, DPP-41 treatment was even modestly
less effective than the maintenance of original treatment, a result
that paralleled changes in BMI achieved by the two strategies. We
speculate that the improved metabolic control might be a likely rea-
son for scarce interest and adherence to lifestyle changes, nullifying
the effects on body weight and liver fat in this younger, free living
cohort.

Many more data support the use of GLP-1RAs to reduce liver
fat in NAFLD. Exenatide, added to pioglitazone, produced a signifi-
cant decrease in liver fat content after 26-50 weeks intervention,®’
and liraglutide was more effective than glimepiride combined with
metformin for 25 weeks.®® In both studies, the effects of GLP-1RAs
were fostered by weight loss. Both lixisenatide (a rapid-acting GLP-
1RA) and dulaglutide, a weekly GLP-1RA, significantly decreased
the levels of aminotransferases or achieved ALT normalization in a
higher percentage of cases in post-hoc analyses of the registration
programs.?”-?8 In the Liraglutide Efficacy and Action in Non-alcoholic

steatohepatitis (LEAN) randomized phase 2 trial, liraglutide at the
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dose of 1.8 mg/day reached the primary outcome of NASH reso-
lution without worsening of fibrosis after 48 weeks, and fibrosis
progression was reduced in patients with/without diabetes.?® More
recently, a phase 2 study of semaglutide, a longer-acting, weekly
dosing GLP-1RA has also been completed. Semaglutide effectively
reduced liver enzymes39 and also met the primary end-point of
NASH resolution and no worsening in liver fibrosis, after 72 weeks
of therapy at the dose of 0.4 mg.*° However, the study failed to
demonstrate any significant improvement in fibrosis stage (F2-F3 at
liver biopsy at entry into the trial). The authors argue that failure to
meet the fibrosis end-point might stem from a longer time needed
for NASH resolution to produce effects on fibrosis, particularly in
the setting with significant fibrosis,*® which was in general not the
case in our population. Notably, semaglutide produced an import-
ant reduction in body weight, and even higher weight losses may
be achieved at higher doses (up to 18.2% in subjects who stayed
on 2.4 mg semaglutide for 68 weeks).** All these results are con-
sistent with the data observed in the present study, where the
effects of GLP-1RAs on steatosis were systematically associated
with a remarkable reduction in percent BMI, with minor effects on
fibrosis improvement. Interestingly, GLP-RAs, by favouring weight
loss, might also strengthen the beneficial effects of lifestyle coun-
selling,*? further improving NAFLD biomarkers. Nonetheless, a sys-
tematic effect GLP-1RAs on FIB-4 is maintained - and confirmed in
the sensitivity analyses -, requiring additional validation in unrelated
settings and by different fibrosis markers (eg, commercial ELF test or
transient elastography).

Also, SGLT-2Is are receiving increasing attention for NAFLD
treatment. By blocking glucose resorption from the proximal tu-
bule, gliflozins promote calorie waste and weight loss, reducing lipid
burden to the liver. Approved SGLT-2ls have been tested for their

4345 and a network

effects on biomarkers of steatosis and fibrosis,
meta-analysis of 29 RCTs confirmed that dapagliflozin, empagliflozin
and canagliflozin, the gliflozins used in our cohort, are all significantly
likely to induce a 25% weight loss compared with placebo.*® Indeed,
compared with CTRL group, gliflozin-treated patients achieved a
mean additional weight loss of 3.1 and 2.8 kg at 6 and 12 months,
respectively, a figure of the same magnitude as that achieved by
GLP-1RA treatment.

The specific effectiveness of GLP-1RAs and SGLT-2Is for the
treatment of NAFLD should be discussed, based on evidence that
their effects on fibrosis were not cancelled by adjustment for met-
abolic control and weight loss. Changes of FLI class, although quan-
titatively important in terms of score, were rare compared with
shifting to lower FIB-4 classes, but FLI scores were largely well
above the cut-off of 60% ruling in steatosis in the GLP-1RA and
SGLT-2l cohorts. This explains the much larger Cls in the models.
The effects of these quantitative changes, largely driven by weight
loss, on fibrosis remain a matter of discussion, requiring validation by
imaging (transient elastography) or by long-term analysis of clinical
events in the real world. In principle, a decrease in liver fat by GLP-
1RA and SGLT-2I treatment, also demonstrated by histology or by

magnetic resonance spectroscopy in other settings, is expected to
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reduce necroinflammation - ie, reduced liver enzymes, documented
in the present and in other studies - and lower inflammation would
in turn stop or reverse fibrosis progression. However, this process is
likely to take a lot of time to become clinically relevant. The analysis
of large clinical databases may help support this conclusion. At the
end of our follow-up the number of patients of our cohort with FIB-4
values ruling out advanced fibrosis increased from 398 (49.4%) at
baseline to 512 (63.8%; P < .001). Also limiting the analysis to the
cohort with evidence of fatty liver by ultrasonography or biomark-
ers, the number ruling out advanced fibrosis increased to 363 to 474
(+30.6%; P < .001). According to European guidelines,®> NAFLD pa-
tients in this category do not need any additional investigation for
their liver disease. Notably, the percent of patients on treatment
with pioglitazone - the only drug so far associated with fibrosis re-

47 _ as well as the duration of treatment (from 4 months to

gression
over 10 years), was not different between groups. This makes any
effect of pioglitazone very unlikely as cause of fibrosis improvement
after switching.

The present study has both strengths and limitations. The main
strengths are the large sample size, the comparison of different
treatments covering the whole spectrum of possible interventions,
allocation to treatment according to a defined protocol, and the
computation of non-invasive biomarkers based on data derived
from a single, standardized laboratory. A few limitations should also
be discussed. Firstly, not all cases could be classified as NAFLD on
the basis of ultrasonography and surrogate biomarkers. Although a
post-hoc analysis limited to subjects with ultrasonography-assessed
NAFLD does not qualitatively change the results, the results of im-
aging should be taken with caution considering that the technique
has a high risk of underreporting, as it was not carried out by ded-
icated radiologists. Secondly, whereas FLI and FIB-4 may be confi-
dently used to predict or exclude steatosis and fibrosis, based on
solid histological evidence, more data are needed to determine their
ability to capture longitudinal changes in liver histology. In a post-
hoc analysis of the FLINT trial, a correlation was found between
changes in surrogate biomarkers of fibrosis (FIB-4, APRI and ELF)
and changes in histology after 72-week treatment,*® and in a 5-year
follow-up study subjects with worsening FIB-4 had a higher likeli-
hood of progressive liver disease,*’ but the correlation was poor.
Also in this case, validation by elastography might provide important
clues. Finally, biomarkers were calculated on a single sample, and
their day-to-day reproducibility has never been adequately demon-
strated. This last limitation applies to individual cases, but it is not
likely to affect the final conclusions.

In summary, our results have relevant pathogenic implications.
Lifestyle intervention aimed at weight loss, irrespective of the pres-
ence of obesity and/or diabetes, is presently the most effective
therapeutic strategy for NAFLD patients. In the past few months,
several drugs have failed the primary outcome in phase 2 or 3 tri-
als.’® However, in the presence of type 2 diabetes, the selection
of antidiabetic agents may make a difference, promoting a reduc-
tion of intrahepatic fat and, possibly, direct or indirect advantages

on fibrosis progression. Real-world data, either based on surrogate

biomarkers or imaging techniques (transient elastography coupled
with controlled attenuation parameter) will contribute to define the

most effective therapeutic strategy.
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