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With Type 2 Diabetes Mellitus and
Nonalcoholic Fatty Liver Disease

Won Euh™, Soo Lim 2™ and Jin-Wook Kim""2*1

" Department of Internal Medicine, Seoul National University College of Medicine, Seoul, South Korea, 2 Department of
Internal Medicine, Seoul National University Bundang Hospital, Seongnam, South Korea

Sodium-glucose cotransporter-2 inhibitors (SGLT2is) are reported to reduce body fat in
patients with type 2 diabetes mellitus (T2DM), and SGLT2i-induced weight reduction may
help improve comorbid nonalcoholic fatty liver disease (NAFLD). This study aimed to
investigate the potential benefit of SGLT2is over other oral antidiabetic drugs (OADs) in
patients with T2DM-associated NAFLD. We enrolled real-world Korean patients with
T2DM-associated NAFLD in whom initial metformin therapy had been modified by
stepwise addition of OAD(s) due to insufficient glucose control. Propensity score (PS)
matching was used for the comparison of changes in clinical and biochemical parameters
to balance potential covariates. Among the 765 enrolled patients, 663 patients received
additional OADs other than SGLT2i and 102 patients received SGLT2i therapy. PS
matching selected 150 and 100 patients from the control and the SGLT2i group,
respectively. The SGLT2i group lost more weight than the control group at 6 months
(mean-1.3 kg vs. 0.0 kg; P < 0.001). Alanine aminotransferase (ALT) levels also decreased
more in the SGLT2i group at 3 (-11 U/L vs. =1 U/L), 6 (<12 U/L vs. —1 U/L), and 12 months
(=14 U/L vs. =2 U/L) (all P < 0.05). Addition of SGLT2is was an independent predictor of
ALT improvement in a multivariate logistic regression model (odds ratio 1.91; P = 0.016).
Compared with other OADs, addition of SGLT2is was more effective in weight reduction
and ALT improvement in patients with T2DM and comorbid NAFLD.

Keywords: type 2 diabetes mellitus, sodium-glucose cotransporter 2 (SGLT2) inhibitor, alanine aminotransferase,
body weight, propensity score (PS) matching (PSM)

INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a common comorbidity of type 2 diabetes mellitus
(T2DM) and one half to two thirds of T2DM patients have NAFLD (1). Close association between
T2DM and NAFLD is related to the fact that metabolic syndrome is a common risk factor for both
conditions, frequently associated with adiposity and insulin resistance (2, 3).
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The shared disease pathogenesis between T2DM and NAFLD
raised the possibility of the potential role of antidiabetic drugs in
NAFLD management. There have been several studies which
investigated the effects of oral antidiabetic drugs (OADs) such as
metformin (4), thiazolidinediones (5, 6) and dipeptidyl peptidase
4 inhibitors (DPP4is) (7) on NAFLD. Although some studies
reported histologic improvements in NAFLD, the clinical benefit
of OADs lack sufficient evidence for them to be routinely
recommended in NAFLD treatment (8, 9).

Sodium-glucose cotransporter 2 inhibitors (SGLT2is)
decrease blood sugar levels by increasing urinary glucose
excretion. Interestingly, SGLT2is are shown to decrease total
body and visceral fat masses in patients with T2DM (10-12).
Since weight reduction is the main strategy for decreasing
hepatic steatosis, it may be postulated that SGLT2is have
potential for the management of T2DM-associated NAFLD. In
a recent phase 4 study (n = 84), empagliflozin 25 mg/day for 24
weeks reduced liver fat content by 22% as measured by magnetic
resonance imaging (MRI) in European patients with T2DM (13).
Notably, the addition of 10 mg empagliflozin daily led to a
significant reduction in the MRI proton density fat fraction
(MRI-PDFF), a useful quantitative indicator of the liver fat
content, from 16.2% to 11.3% at 20 weeks in Indian patients
with T2DM (n = 50) (14). After treatment for 24 weeks with 2.5
mg luseogliflozin, another SGLT2i, the MRI-PDFF was reduced
significantly from 21.5 +7.2% to 15.7 + 6.8% in Japanese patients
with T2DM (n = 40) (15). In another European study (n = 32),
treatment with dapagliflozin 10 mg/day for 8 weeks significantly
decreased liver MRI-PDFF by 13% in patients with T2DM (16).
These findings suggest that SGLT2is may have additional benefit
of improving steatosis in T2DM-associated NAFLD.

Since alanine aminotransferase (ALT) is commonly used to
measure liver injury, ALT has been used as an endpoint marker
in many NAFLD and nonalcoholic steatohepatitis (NASH)
studies. Several observational studies and recent small,
controlled trials also reported that SGLT2i therapy improved
ALT levels in T2DM-associated NAFLD (17-19). A recent meta-
analysis reported that SGLT2is could reduce the level of ALT, an
easily accessible serum marker of hepatic steatosis, although
heterogeneity of the studies included in this analysis was
substantial (I* = 73%) (20). Thus, the effect of SGLT2i on liver
enzyme levels is yet to be confirmed in larger studies.

In this study, we aimed to investigate the benefit of SGLT2is
over other OADs, especially effect on serum transaminase levels,
in a real-world practice of T2DM-associated NAFLD. For this
purpose, we assessed changes in serum transaminase levels as an
endpoint in a propensity score (PS) matched cohort of T2DM
patients with comorbid NAFLD.

METHODS
Study Design

This single-center retrospective cohort study recruited
consecutive patients with T2DM and NAFLD who visited
Seoul National University Bundang Hospital (SNUBH),

a tertiary medical center in South Korea, between September
2014 and September 2018. An electronic cohort was
established retrospectively by using the electronic medical
record system of SNUBH (21). The eligibility criteria were as
follows: patient age >18 years, presence of fatty liver by
ultrasound, and at least 3 months of metformin-alone therapy
for T2DM followed by stepwise addition of OADs and
maintenance for at least 3 months. The exclusion criteria
were as follows: treatment with a glucagon like peptide-1
receptor agonist (GLP-1 RA) or insulin within 6 months from
the initial metformin therapy, chronic liver diseases other
than NAFLD (e.g., viral hepatitis, autoimmune liver disease
and drug-induced liver injury), significant alcohol consumption
(daily intake >30 g for men and >20 g for women),
or malignancies.

The enrolled patients were classified into either SGLT2i or
control groups according to the modification of metformin
therapy. The SGLT2i group added one of the available
SGLT2is (dapagliflozin, empagliflozin, or ipragliflozin) to
metformin. The control group added OAD(s) other than
SGLT2is, i.e., DPP4is, sulfonylureas, or thiazolidinedione, to
metformin. The choice of additional OADs was at the
discretion of the attending physicians. All patients in this study
were advised to maintain a healthy lifestyle by being more active
in daily life and to avoid consuming a high fat, high carbohydrate
diet. Diagnosis of fatty liver was made when ultrasonographic
findings showed increased hepatic echogenicity compared with
the right renal cortex (22). Hepatic steatosis manifests as
increased echogenicity and beam attenuation in the
ultrasonographic examination (22). This results in liver
parenchyma appearing relatively hyperechoic compared with
the renal cortex (normally liver and renal cortex are of a similar
echogenicity) (23). Fatty liver also shows hyperechogenicity
relative to the spleen (23).

PS matching was used to balance potential covariates between
the two groups by matching the following baseline variables as
covariates: age, body mass index (BMI), hypertension,
dyslipidemia, and circulating glycated hemoglobin (HbAlc)
and ALT levels. The PS was calculated from a logistic model,
and k-nearest-neighbor matching without replacement and
caliper of 0.01 was performed using the “psmatch2” tool of
STATA software (version 14, STATA Corporation, College
Station, TX, USA).

This study was performed in accordance with the Ethical
Principles for Medical Research Involving Human Subjects
outlined in the Declaration of Helsinki in 1975 (revised in
2013; https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-
human-subjects/). The institutional review board of SNUBH
reviewed the study protocols and case report form and
approved this study (IRB No: B-1810/497-007). Informed
consent was waived because of the retrospective nature of the
study and anonymous nature of the clinical data according to the
by Guideline for Good Clinical Practice of International Council
for Harmonization of Technical Requirements for Registration
of Pharmaceutical for Human Use (E6R2).
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Assessment of Anthropometric
Parameters

Clinical parameters, including blood pressure, body weight,
and BMI, were measured using standard methods. The BMI
was calculated by dividing the subject’s weight (kg) by height
squared (m?). Systolic and diastolic blood pressures (SBP
and DBP, respectively) were measured with subjects in a
seated position using an electronic blood pressure meter (UA-
1020 device; A&D Co., Tokyo, Japan). Blood pressure was
measured twice 5 min apart and the mean value was used in
the analysis.

Measurement of Biochemical Factors

Blood sampling was carried out after a 10-h overnight fast. The
samples were centrifuged immediately at 3,000 rpm for 10 min at
4°C. HbAlc level was measured using a Bio-Rad Variant II
Turbo HPLC analyzer (Bio-Rad, Hercules, CA, USA) in SNUBH,
the National Glycohemoglobin Standardization Program level II
certified laboratory. Fasting plasma glucose (FPG) levels were
analyzed using the hexokinase method. Triglyceride (TG) levels
were measured by the glycerol-3-phosphate oxidase peroxide
method, and high-density lipoprotein (HDL)- and low-density
lipoprotein (LDL)-cholesterol were measured by homogeneous
enzymatic assays. ALT and aspartate aminotransferase (AST)
levels were measured using the NADH-UV method. Hepatic
steatosis index (HSI) was calculated: HSI = 8 x ALT/AST ratio +
BMI (+2, if diabetes mellitus; +2, if female) (24). Serum
creatinine (Cr) was measured by Jaffe’s kinetic method using a
Hitachi 747 chemistry analyzer (Hitachi, Tokyo, Japan). The
Chronic Kidney Disease Epidemiology Collaboration (EPI)
equations were employed to derive the estimated glomerular
filtration rate (eGFR).

Efficacy Assessment

The primary endpoint was a change in the ALT concentration
from baseline. Secondary outcomes included changes in FPG and
HbAlc levels, changes in AST, and changes in lipid profiles.
Renal function was also assessed. The relationship between
changes in ALT levels and pre-specified parameters such as
age, sex, and BMI was also investigated.

Statistical Analysis

Clinical and biochemical parameters were compared using
Student’s ¢ tests for continuous variables and chi-square tests
for categorical variables. The Mann-Whitney nonparametric
U test and 7 test were used for the assessment of continuous
and categorical variables, respectively. Subgroup analysis was
performed to identify subsets of patients who would be
more likely to benefit from therapy with SGLT2is. The
“ipdover” tool of STATA was used to generate data for forest
plots outside the context of meta-analysis, without pooling or
heterogeneity testing. Ipdover creates forest plots of subgroup
analyses within one trial dataset. A p value < 0.05 was considered
to be significant.

RESULTS

Baseline Characteristics Before and After
PS Matching

The selection process of the study population is shown in
Figure 1. A total of 1,736 records of patients with T2DM were
retrieved from the databank, who had received initial
metformin-based therapy for at least 3 months and subsequent
additional OAD(s) for =3 months. After excluding 971 patients
due to use of insulin or GLP-1 RA (n = 397), missing laboratory
data (n = 87), a lack of liver ultrasound data (n = 416), and other
liver diseases such as viral hepatitis, autoimmune liver diseases
and drug-induced liver injury (n = 71), 765 patients with T2DM
and NAFLD were finally enrolled.

The baseline characteristics of the study population are
presented in Table 1. Before PS matching, the SGLT2i group
(n = 102) was significantly younger and had higher body
weight and BMI compared with the non-SGLT2i control group
(n = 663). The HSI was significantly higher in the SGLT2i group
(24). The prevalence of hypertension, triglyceride levels, HbAlc
and ALT levels were also significantly different between the
two groups. The PS matching procedure selected 95 patients
from the SGLT2i group and 188 from the control group. After
PS matching, the two groups were balanced for all parameters,
including HSL

Among other OADs, DPP4is were the most common agent
used (n = 160), followed by sulfonylureas (n = 23) and
thiazolidinedione (n = 5). Among the SGLT2is, dapagliflozin
was most frequently used (n = 58), followed by empagliflozin
(n = 34) and ipragliflozin (n = 3).

Changes in Body Weight, FPG, HbA1c,
Lipid Profiles, and Transaminases

by SGLT2is

Table 2 shows the changes in body weight and laboratory
values at 6 months after the addition of OADs to metformin.
Body weight reduced more in the PS-matched SGLT2i group
(mean -2.5 kg, 95% confidence interval [CI]: -0.6 to -4.5)
compared with controls (mean -0.2 kg, 95% CI: 0.2 to -0.5)
(P = 0.001). Changes in HbAlc and lipid levels were similar
between the two groups, whereas glomerular filtration rate
increased significantly in the PS-matched SGLT2i group.
Changes in AST levels were similar between the two groups,
whereas ALT levels decreased more in the PS-matched SGLT2i
group than in controls 6 months (-13 U/L vs. -5 U/L; P = 0.033)
and 9 months (-15 U/L vs. -5 U/L; P = 0.014; Table 3). The HSI
also decreased significantly more at 6 months in the SGLT2i
group (-1.1 vs. 0.2, P = 0.005; Table 3). When the comparison
was limited to DPP4i vs. SGLT2i, ALT responses were still better
in the SGLT2i group (Supplementary Table 1).

Predictors of ALT Improvement by

SGLT2i Therapy

Next, logistic regression analysis was performed to identify
predictors of ALT improvement (>15% reduction from baseline)
during the OAD therapy (Table 4). Younger age, male sex, body
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T2DM patients who received metformin monotherapy (= 3 mo),
followed by additional antihyperglycemic agent(s) for> 3 mo (n

cotransporter-2 inhibitor.

mass index, TG levels and addition of SGLT2is were identified as
significant predictors by univariate analysis. In the multivariate
analysis, addition of SGLT2is remained significant as a predictor
for ALT improvement (odds ratio [OR] 1.73; 95% CI: 1.04-2.92;
P = 0.036), along with baseline TG levels.

Finally, we performed a sensitivity analysis to gain additional
insights as to how SGLT2i therapy might improve ALT levels in
T2DM-associated NAFLD (Figure 2). The beneficial effect of
SGLT?2is over other OADs was evident in younger patients (<55
years), male patients, patients with baseline BMI >26 kg/m?, and
patients with less weight reduction during treatment with the
study drugs.

=1,736)
Exclusion:
p - GLP-1 receptor agonist or insulin as an
additional antihyperglycemic agent (n = 397)
- Incomplete data (n = 87)
=1,252
\ 4
US-confirmed fatty liver
n =836
Exclusion:
- Other liver diseases™ (n =71)
n =765
Control SGLT2i
n =663 n =102
Propensity score matching
\ 4 A 4
Control SGLT2i
n=188 n =95

FIGURE 1 | Flowchart of the selection process. *Other liver diseases included viral hepatitis B and C, autoimmune hepatitis, drug-induced liver injury, and history of
excessive alcohol intake (daily intake > 30 g for men and > 20 g for women). GLP-1, glucagon-like peptide-1; US, ultrasound; SGLT2i, sodium-glucose

DISCUSSION

Our study showed that addition of SGLT2is induced significantly
greater ALT and HSI improvements compared with other OADs
in patients with T2DM and ultrasound-confirmed NAFLD on
metformin. SGLT2is have emerged as a promising candidate for
treating NAFLD because of their potential favorable effect on
hepatic fat content in several small studies (14, 25, 26). A
retrospective study of 102 Korean patients with T2DM and
NAFLD showed that dapagliflozin therapy exhibited greater
improvement in liver enzyme levels than DPP4is when used
with metformin (27). A few small placebo-controlled trials

Frontiers in Endocrinology | www.frontiersin.org

June 2021 | Volume 12 | Article 613389


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Euh et al.

SGLT2is in T2DM With NAFLD

TABLE 1 | Baseline characteristics of the study population.

Original cohort

Propensity score-matched cohort

Control SGLT2i P Control SGLT2i P
n=663 n=102 n=188 n=95

Age (years) 63 (18) 54 (17) <0.001 58 (17) 56 (14) 0.138
Male gender 338 (52%) 63 (62%) 0.080 112 (60%) 58 (61%) 0.811
Body weight (kg) 69.0 (15.7) 76.5 (22.4) <0.001 72.7 (16.4) 73.0 (22.2) 0.240
BMI (kg/m?) 25.7 (3.9) 27.7 (5.3) <0.001 26.7 (4.2) 27.5(5.0) 0.229
Fasting glucose (mg/dL) 146 (41) 145 (38) 0.256 130 (38) 125 (35) 0.105
HbA1c (%) 7.4 (0.9 7.3(1.0) 0.007 7.4(0.8) 7.3(1.1) 0.438
Total cholesterol (mg/dL) 165 (35) 170 (34) 0.201 159 (55) 162 (49) 0.376
Triglyceride (mg/dL) 134 (83) 1 55 (104) 0.006 1 40 (76) 147 (93) 0.135
HDL-cholesterol (mg/dL) 49 (10) 0 (10) 0.482 7(12) 49 (12) 0.220
LDL-cholesterol (mg/dL) 90 (38) 90 (34) 0.926 9 (39) 87 (35) 0.889
Serum creatinine (mg/dL) 0.8(0.2) 8(0.2) 0.395 8(0.3) 0.8 (0.4) 0.394
eGFR-EPI (mL/min/1.73 m?) 91 (21) 99 (21) <0.001 5 (16) 99 (29) 0.075
AST (UL) 27 (25) 29 (15) 0.501 9 (18) 29 (17) 0.908
ALT (UL 26 (25) 36 (31) 0.021 0 (37) 35 (31) 0.809
YGT (UL) 56 (65) 54 (68) 0.768 7 (48) 32 (28) 0.319
Hepatic steatosis index* 36.8 (7.2) 40.1 (10.1) < 0.001 37.9 (8.5) 39.4 (7.1) 0.409
Comorbidity

Hypertension (%) 343 (52%) 42 (41%) 0.047 89 (47%) 41 (43%) 0.505
Dyslipidemia (%) 324 (49%) 52 (51%) 0.691 99 (53%) 48 (51%) 0.734
Statin usage (%) 458 (69%) 75 (74%) 0.363 134 (71%) 73 (77%) 0.318
Liver cirrhosis (%) 28 (4%) 1(1%) 0.110 2 (1%) 0 (0%) 0.313

Continuous variables are expressed as the median (interquartile range) and categorical variables are expressed as the number (percentage). P values were calculated by using Mann—
Whitney nonparametric U test and y test for continuous and categorical variables, respectively. BMI, body mass index; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
VGT, yglutamyl transferase; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

*Hepatic steatosis index = 8 x ALT/AST + BMI (+2 if diabetes mellitus yes, +2 if female) (24).

TABLE 2 | Comparison of 6-month changes in body weight, serum glucose, and
lipid profiles between the propensity score-matched control and SGLT2i groups.

TABLE 3 | Comparison of changes in transaminase levels and hepatic steatosis
index between the propensity score-matched control and SGLT2i groups.

Control SGLT2i P Control SGLT2i P
n=188 n=95 n=188 n=95
AWeight (kg) -0.2 (-0.5,0.2) -2.5(-4.5, -0.6) 0.001 AST changes (IU/L)
AHbA1C (%) 5 (0.6, -0.4) -0.6 (0.8, -0.4) 0.273 3 months -2 (-5,0) -7 (12, 1) 0.109
AFasting glucose (mg/dL) -14 (=20, -8) —21 (-26, -15) 0.130 6 months -4 (-7,-1) -7 (-13,-1) 0.363
ATriglyceride (mg/dL) -11 (=20, -1) -16 (-28, -4) 0.510 9 months -4 (-7, 0) -8 (-14,-2) 0.135
AHDL-cholesterol (mg/dL) 0(-1,1) 10,2 0.267 ALT changes (IU/L)
ALDL-cholesterol (mg/dL) -1(-4,2) -4 (-7, 0) 0.309 3 months -4 (-8, 0) -11 (= 18 -4) 0.063
AeGFR (mL/min/1.73 m?) -1.6 (3.0, -0.9) 1.2(-1.4,39) 0.035 6 months -5(9,0) -13 (-20, -6) 0.033
; 9 months 5 (-9, 0) -15 (=22, -7) 0.014
A: changes at 6 months from baseline values, expressed as the mean and (95% HSI change at 6 months 0. 2( ~0.5,1.0) =11 (- 2 O 0) 0.005

confidence interval). P values were calculated using Student’s t-test. HbATc, glycated
hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

reported significant decreases in hepatic fat content and/or
serum ALT levels by SGLT2i treatment in patients with T2DM
and NAFLD (14, 19). However, decreases in ALT were not
significantly different in other randomized trials of patients
with NAFLD using metformin (26) and pioglitazone (28) as an
active control. Inadequate statistical power might have been the
reason for these negative results. Our present study included
sufficient patient numbers to observe significant changes in ALT
levels produced by SGLT2i therapy. Of note, our PS-matching
analysis suggests that the use of SGLT2is might confer additional
benefits for liver function compared with other OADs among
patients with T2DM and NAFLD.

In this study, the HSI was improved by SGLT2i therapy. HSI
was derived and validated in a large cohort of >10,000
individuals who underwent health check-ups (24). However, it

Values are expressed as the mean (95% confidence interval). P values were calculated
using Student’s t-test. ALT, alanine aminotransferase; AST, aspartate aminotransferase;
HSI, hepatic steatosis index.

has a moderate accuracy to detect fatty liver as determined by
ultrasonography (24, 29). In a recent prospective cohort study
from the Nonalcoholic Steatohepatitis Clinical Research
Network (NASH CRN), changes in the ALT levels were
significantly associated with fibrosis regression in NAFLD (30).

Reductions in body fat mass and subsequent improvements in
insulin resistance might account for the reduction in hepatic fat
and ALT levels by SGLT2i therapy. Indeed, addition of SGLT2is
significantly reduced body weight compared with other OADs
(Table 2). Interestingly, the superiority of SGLT2is over other
OADs in ALT improvement was observed in patients with less
than 5% of weight reduction (Figure 2). This result suggests that
other mechanisms, such as reduction in inflammatory markers,
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TABLE 4 | Logistic regression analyses for predictors of ALT decrease greater than 15% of baseline over 9 months in the propensity score-matched cohort (1=283).

Baseline parameter

Univariate analyses

Multivariate analysis

<=5%in6mo 225

1.961 (1.100, 3.497)

OR 95% ClI P OR 95% ClI P
Age 0.98 0.96-1.00 0.047 1.00 0.98-1.2 0.995
Male sex 1.63 1.00-2.64 0.049 1.48 0.88-2.49 0.140
Body mass index (kg/m?) 1.10 1.03-1.18 0.008 1.07 0.99-1.16 0.076
Fasting glucose (mg/dL) 1.00 0.99-1.01 0.532
HbA1c (%) 1.06 0.84-1.35 0.623
Triglyceride (mg/dL) 1.01 1.00-1.01 0.003 1.01 1.00-1.01 0.010
LDL-cholesterol (mg/dL) 1.00 0.99-1.01 0.427
HDL-cholesterol (mg/dL) 0.99 0.97-1.02 0.681
SGLT2i vs.control 1.78 1.08-2.93 0.023 1.73 1.04-2.92 0.036
OR, odds ratio; Cl, confidence interval; other abbreviations as described in Table 1.
No.
Subgroup pts Odds Ratio (95% Cl)
Age
<=55Yr 125 + 2.284 (1.085, 4.808)
1
>55Yr 158 ——=—:— 1.370 (0.690, 2.720)
1
|
Sex :
1
female 113 - 1.169 (0.523,2.614)
1
male 170 ————  2.349(1.222,4.515)
1
I
BMI :
1
<=26 114 -— 1.388 (0.629, 3.062)
1
> 26 169 + 2.121(1.106, 4.069)
1
:
Weight reduction ;
1

> 5% in 6mo 58

Overall 283

1.154 (0.411, 3.237)

1.782(1.083, 2.933)

favors other OHAs

1 2

|
5

favors SGLT2i

FIGURE 2 | Sensitivity analysis of odds ratio of SGLT2is for managing ALT levels. This Forest plot indicates the odds ratio of SGLT2i over control for the endpoint of
ALT decrease > 15% of baseline values. The benefit of SGLT2i for ALT decrease was more prominent in younger patients, male sex, high baseline BMI, and patients
with less weight reduction.
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decreased oxidative stress, and decreased hepatic lipogenesis
might have been involved independently of weight reduction
(31, 32). Further studies are needed for a mechanistic
explanation for the SGLT2i-induced reduction of ALT levels.
Being younger and male were also found to be better factors for
responding to therapy with SGLT2is in terms of the
improvements in liver function.

Small case studies have reported histological improvements in
T2DM-associated NAFLD by SGLT2i therapy (33-35). Although
our study did not take histological changes into account,
previous studies reported associations between ALT
improvement and hepatic fat content reduction, as assessed by
MRI or computed tomography (14, 19, 26). Because we only
assessed ALT changes up to 9 months, long-term hepatic
outcomes such as prevention of hepatic fibrosis and hepatic
carcinogenesis need to be determined by longer studies.

Current standards of medical care guidelines for T2DM (36,
37) and NAFLD (8) do not recommend specific classes of OADs
for T2DM patients with NAFLD, except for pioglitazone in
patients with biopsy-proven NASH. Collaborative studies by
endocrinologists and hepatologists might help elucidate the
natural history and long-term prognosis of T2DM-associated
NAFLD and establish a standard-of-care guideline for optimal
management. We believe that our real-world study may be of use
in designing further collaborative studies on the role of SGLT2is
in such patients.

In this study, we found that male sex and younger age group
showed more favorable results with SGLT2is. In a recent study
on patients with T2DM, empagliflozin treatment decreased liver
fat content in males but not in females, although the interaction
of sex and treatment was not significant (13). In a randomized,
active-controlled trial on patients with T2DM and NAFLD, 5 mg
dapagliflozin treatment for 24 weeks improved the controlled
attenuation parameter, which was significantly correlated with
younger age (18). In another study on patients with T2DM and
NAFLD, younger age was associated with a greater reduction in
ALT levels with dapagliflozin treatment, but it was not
statistically significant (OR = 0.954, P = 0.147) (27). Thus,
males and younger age people are likely to respond to the
SGLT?2i therapy for fatty liver. Additional targeted randomized
controlled trials focusing on age and sex are required to confirm
this finding.

We also found that the advantage of SGLT2i in the
improvement of ALT levels was more prominent in patients
with baseline BMI > 26 kg/m® and with less weight reduction
during follow-up. To our knowledge, the effect of SGLT2i
therapy on liver enzyme activities relative to BMI has not been
reported in previous studies. This finding warrants mechanistic
explanation through further studies and may provide some clue
to the mechanism of action of SGLT2i on fatty liver. Since the
effect on glucose control was similar between SGLT2i and other
OADs (Table 2), SGLT2is may improve adipose tissue-induced
hepatic inflammation (38) and oxidative stress (39) before weight
reduction is achieved. Of note, the effect of non-pharmacologic
intervention of body weight reduction might have overshadowed
the weight-reducing effect of SGLT?2i therapy.

Many studies have discovered a close association between
NAFLD and impaired glucose regulation, resulting in the
development of T2DM (40). Recent studies provide much
evidence for an association between NAFLD and atherosclerosis
and cardiovascular diseases (CVD) (41). Of note, the new
descriptor ‘metabolic dysfunction-associated fatty liver disease’
(MAFLD) is proposed to replace the term NAFLD, because it
more closely implicates obesity and metabolic dysregulation,
leading to better identification of individuals with metabolic
liver disease (42). MAFLD is not only associated with liver-
related complications, but also with adverse cardiometabolic
outcomes. Moreover, since many international guidelines
recommend using SGLT2is for patients with established
atherosclerotic CVD (ASCVD) or chronic kidney disease
(CKD) or at high such risk (43, 44), it would be more prudent
to conduct randomized controlled trials on people with good
glycemic control and no ASCVD or CKD, in order to confirm the
magnitude of the beneficial effect of SGLT2is and its mechanism
of action.

Our study had several limitations. First, ALT was used as a
surrogate marker for NAFLD activity in this study. It has been
reported that ALT is a suboptimal marker for diagnosis of NASH
with the area under the receiver operating characteristics for ALT
level of 0.61-0.62 for NASH (45, 46). However, since ALT
response may reflect histologic improvement in NASH (47),
transaminase response is suggested as a better endpoint in early
phase development trials (48). Apparently, the effect of SGLT2is
on NAFLD needs to be further validated by long-term studies
with histologic confirmation. Second, since our study was
retrospective and observational, our results were prone to
selection bias. We have matched most relevant variables by PS
to minimize unbalancing, but the potential influence of
unmeasured variables might still have biased the outcome.
Applying PS matching is likely to achieve a better balance of
covariates, but there is no consensus on the best way of capturing
all relevant confounders for incorporation into the PS model. PS
matching has advantages in situations with large numbers of
covariates but relatively few outcome events captured in
databases. By contrast, unmatched patients are excluded from
analysis, thus increasing validity but at the expense of loss of
information and generalizability (49). Moreover, various
combinations of OADs have been used in our patients, so the
potential interactions of SGLT2is and other OADs could not be
fully controlled. These potential sources of bias can only be
controlled by further prospective randomized trials. Third,
different types of SGLT2is might have affected the outcome
differently, but we did not assess the potential difference
between individual SGLT2is because of limitations in statistical
power given the patient numbers were not large. Fourth, as
mentioned above, the hepatic histologic improvement by SGLT2i
therapy needs to be assessed by long-term follow-up trials.
Finally, since our data were obtained from Korean patients,
further validation would be warranted in other ethnic groups.

In conclusion, this PS-matched comparative real-world study
showed that the addition of SGLT2is decreased body weight and
ALT levels significantly compared with other OADs in T2DM
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patients with NAFLD on metformin therapy. SGLT2is might be
a preferable option for these patients.
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