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Abstract

Background and Aims: 1t is currently unclear whether sodium-glucose co-transporter 2
(SGLT2) inhibitor administration can improve the insulin sensitivity as well as rapidly
reduce plasma glucose concentrations in humans during the early phase of treatment
initiation. This study aimed to investigate the effect of SGLT2 inhibitor on insulin

sensitivity in the early phase of treatment initiation.

Methods and Results: This single-center, open label, and single-arm prospective study
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recruited 20 patients (14 men) with type 2 diabetes mellitus (T2DM). We examined the
patients’ metabolic parameters before and 1 week after SGLT2 inhibitor (10 mg/day

of empagliflozin) administration. The glucose infusion rate (GIR) was evaluated using
the euglycemic hyperinsulinemic glucose clamp technique. Changes in laboratory and
anthropometric parameters before and after SGLT2 inhibitor administration were
analyzed according to the change in the GIR. The BMI, body fat amount, skeletal muscle
amount, systolic blood pressure, and triglyceride level significantly decreased along
with the treatment, while urinary glucose level and log GIR value significantly increased.
Notably, changes in the GIR after SGLT2 inhibitor administration, which indicated
improvement in peripheral insulin sensitivity, were negatively correlated with T2DM
duration and positively with reduction in fluctuation of daily plasma glucose profiles

before and after treatment.

Conclusion: SGLT2 inhibitor improved insulin sensitivity in the skeletal muscle independent
of anthropometric changes. Patients with short duration of T2DM and insulin resistance

can be good candidates for short-term SGLT2 inhibitor administration to improve insulin

sensitivity in the skeletal muscle.
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Introduction

Sodium-glucose co-transporter 2 (SGLT2) inhibitors
exert plasma glucose-lowering effects via urinary glucose
excretion. Recent clinical trials have shown the various
beneficial effects of SGLT2 inhibitors, including reductions
in the risk of cardiovascular events and mortality in diabetes
mellitus (1, 2). SGLT2 inhibitors exert glucose-lowering
effects, improving insulin sensitivity through the changes
in the body composition over long-term treatment (3, 4).

While short-term intensive insulin  therapy
improves glycemic control and p-cell function (5), rapid
ameliorations of insulin sensitivity in response to plasma
glucose normalization have been controversially discussed
(6, 7). In addition, insulin resistance is a major risk factor
for the development of macrovascular complications
in patients with type 2 diabetes mellitus (T2DM) (8, 9).
Thus, glucose regulation therapy for the improvement of
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insulin sensitivity, the avoidance of obesity, and the
inhibition of hypoglycemia are required to prevent
macrovascular complications (1, 10, 11).

In an animal model, SGLT2 inhibitors exerted
amelioration effects against insulin resistance by reducing
ectopic fat volume (12, 13) and increasing the glucose
consumption rate (12) in the muscle. However, it remained
unclear whether SGLT2 inhibitor administration can
improve insulin sensitivity and rapidly reduce plasma
glucose concentrations in humans during the early phase
of treatment initiation.

Herein, we aimed to investigate the improvement
in insulin sensitivity after short-term administration of
SGLT2 inhibitor. In addition, we analyzed factors related
to the amelioration of peripheral insulin sensitivity by the
administration of SGLT2 inhibitor.

Materials and methods
Study population

This prospective, single-center, and single-arm clinical
study evaluated 269 patients with T2DM who were
admitted to the Kurume University Hospital between
July 1, 2017 and December 31, 2018. Patients aged over
20 years with glycated hemoglobin (HbA1c) levels higher
than 8.0%/63 mmol/mol (National Glycohemoglobin
Standardization Program) (International Federation
of Clinical Chemistry and Laboratory Medicine) and
preserved insulin secretion (fasting serum C-peptide
>0.6 ng/mL) (14) were included. After excluding 249
patients due to the change of medication for the
treatment of diabetes during the evaluation period
(n=117), use of s.c. insulin injection (n=106), severe
liver and/or renal dysfunction (n=14), and refusal to
participate (n=12), 20 patients (14 men and 6 women)
were finally included.

All procedures were performed in accordance with
the ethical standards of the Institutional Review Board of
Kurume University School of Medicine and the principles
of the Declaration of Helsinki 2013. Written informed
consent was obtained from all participants. This study was
approved by the Ethics Committee of Kurume University
School of Medicine (approval number 17147).

Experimental protocol

Empagliflozin, an SGLT2 inhibitor, was orally administered
at a dose of 10 mg/day for 1 week. Metabolic and
anthropometric data were collected before and 1 week
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after the initiation of empagliflozin. Metabolic parameters
included plasma glucose concentration, HbAlc, low- and
high-density lipoprotein (LDL and HDL) cholesterol,
triglyceride, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and wuric acid levels, which
were measured according to the standard procedures in
the early morning after an 8-h fast. The urinary glucose
levels were examined along with the urinary volume of
the day and calculated as the excreted amount per day.
The amounts of skeletal muscle and body fat and their
distributions were analyzed before and 1 week after
the administration of empagliflozin through a body
composition analyzer (InBody 720, Tokyo, Japan) using
the bio-impedance method.

In addition, we investigated the glucose infusion
rate (GIR) before and 1 week after the administration of
empagliflozin using the euglycemic hyperinsulinemic
glucose clamp technique with the STG-55 artificial
pancreas model (Nikkiso, Tokyo, Japan), as previously
described (15, 16). In brief, regular insulin (Humalin R;
Eli Lilly & Co.) was loaded during the first 10 min of the
clamp in priming doses followed by continuous infusion
at a rate of 1.25 mU/kg/min. Blood glucose levels were
determined every 5 min during the 120-min clamp study,
and a euglycemic state (5.6 mmol/L) was maintained
through the infusion of variable amounts of 10% glucose
solution, as determined by the built-in computer program
according to the control algorithm. The peripheral
glucose disposal rate was evaluated as the mean of the
GIR (mg/kg/min) during the last 30 min of the clamp
study. Empagliflozin administration was terminated 1 day
before (over 24 h) the second GIR measurement. Because
the urinary excretion rate is low enough after 24 h from
the last administration (17), GIR values were not collected
with subtraction of urinary glucose levels as in a previous
study on dapagliflozin (7).

In another of experiments, endogenous
insulin secretion was evaluated before and after 1-week
treatment with empagliflozin. Serum C-peptide levels
were measured before and 1-2 h after breakfast, at which
one-third of total daily calorie intake (carbohydrates
60%) was consumed. Additionally, daily plasma glucose
profiles were examined before and after empagliflozin
administration.

series

Statistical analysis

Data were presented as mean=*s.p. Because GIR values
were not normally distributed on evaluation by Shapiro—
Wilk test, they were converted into their natural
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logarithmic values. We used the log GIR value instead of
the GIR value itself for further analysis. Changes in the
laboratory parameters before and after the administration
of empagliflozin were expressed as A values (the value
after administration minus that before administration).
Correlations of log GIR or AGIR as an outcome
variable with other parameters as predictive variables
were analyzed using Pearson’s correlation coefficient.
Changes in metabolic and anthropometric parameters
related to 1-week empagliflozin administration were
analyzed using paired t-test. All statistical analyses
were performed using JMP® 13 (SAS Institute Inc.,
Cary, NC, USA). P-values less than 0.05 were defined as
statistically significant.

Results
Baseline participant characteristics

The baseline characteristics of the 20 participants are
shown in Table 1. The average age was 54.9 £ 15.3 years,
and 8 (40%) patients were aged over 65 years. The average
BMI (kg/m?2) was 26.6 + 4.2, and 11 patients (55%) were
diagnosed with higher than class I obesity according
to Japanese criteria (18). Hypertension (>140 mmHg
of systolic or 90 mmHg of diastolic blood pressure) or
anti-hypertension drug use was observed in 9 (45%)
participants. With respect to liver function, 15 (75%) and
6 (30%) patients showed higher levels of ALT (over 30
IU/L) and AST (over 30 IU/L), respectively. Dyslipidemia
(>3.51 mmol/L of LDL-cholesterol or 1.69 mmol/L of

Table 1 Baseline participant characteristics (n = 20).

SGLT2i for improvement of
insulin sensitivity

triglyceride, or <1.68 mmol/L of HDL-cholesterol) or the
use of anti-dyslipidemia drug was observed in six (30%)
participants. The average GIR was 3.71 + 1.58 mg/kg/min,
which was lower than the reference range (19), indicating
the existence of insulin resistance in this group of
patients (Table 1). The log GIR showed significant
negative correlations with the Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR), an index
of insulin resistance, and transaminase levels before the
administration of empagliflozin (Table 2), while non-log-
transformed GIR values showed similar significant results.
Other variables, including age, body composition, glucose
metabolism, serum uric acid and lipid metabolism, and
urinary glucose excretion, did not show any significant
correlations with the log GIR (Table 2).

Changes in metabolic and anthropometric
parameters according to
empagliflozin administration

The values of BMI, body fat mass, and skeletal
muscle mass significantly decreased along with the
administration of empagliflozin for 1 week (Table 3).
The systolic blood pressure and serum triglyceride levels
decreased significantly during the 1-week treatment
period, although the diastolic blood pressure, HDL-
cholesterol, LDL-cholesterol values, and s.pn. values in
the plasma glucose profiles did not change (Table 3).
Furthermore, the amount of wurinary glucose
excretion and log GIR significantly increased after the
administration of empagliflozin for 1 week (Table 3).

Variables Value Reference range
Sex Male (14), Female (6) NA
Age, years 549+ 15.3 NA
BMI, kg/m? 26.6 £4.2 18.5-24.9
Systolic blood pressure, mmHg 126.0+15.0 <140
Diastolic blood pressure, mmHg 77.7 £11.1 <90
Fasting plasma glucose concentration, mmol/L 104+26 <7.0
HbA1c, NGSP (%) (IFCC (mmol/mol)) 11.1£2.9(98.2 £ 15.8) <6.0 (<42.1)
Fasting serum C-peptide, ng/mL 2.36+1.21 0.61-2.09
Glucose infusion rate, mg/kg/min 3.71+£1.58 9.13+4.75
Aspartate aminotransferase, IU/L 29.6+19.7 13-30
Alanine aminotransferase, IU/L 37.5+334 10-30
Uric acid, pmol/L 343+ 101 220-416
HDL-cholesterol, mmol/L 1.17+£0.25 >1.03
Triglyceride, mmol/L 1.73+0.76 <1.68
LDL-cholesterol, mmol/L 3.19+£0.90 <3.59

Values are presented as means +s.p.

HbA1¢, glycated hemoglobin; HDL, high-density lipoprotein; IFCC, International Federation of Clinical Chemistry and Laboratory Medicine; LDL, low-
density lipoprotein; NGSP, National Glycohemoglobin Standardization Program.
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Table 2 Correlations between log-transformed glucose infusion rate and metabolic or anthropometric parameters.

Log-transformed glucose infusion rate

Variables

R P-value
Age, years 0.38 0.10
BMI, kg/m? -0.35 0.13
Skeletal muscle mass, kg -0.42 0.066
Fat mass, kg -0.01 0.97
HbA1c (NGSP, %; IFCC, mmol/mol) -0.10 0.67
Fasting plasma glucose concentration, mmol/L -0.22 0.36
HOMA-IR value -0.59 0.0063°
Urinary glucose excretion, g/day -0.06 0.79
Aspartate transaminase, IU/L -0.52 0.0192
Alanine transaminase, 1U/L -0.64 0.0025°
Serum uric acid, pmol/L 0.05 0.84
HDL-cholesterol, mmol/L 0.16 0.50
Triglyceride, mmol/L -0.02 0.93
LDL-cholesterol, mmol/L -0.23 0.33

Statistical significance was determined via Pearson’s correlation coefficient. Values in bold 2 indicate P < 0.05.
HbA1¢, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; IFCC, International
Federation of Clinical Chemistry and Laboratory Medicine; LDL, low-density lipoprotein; NGSP, National Glycohemoglobin Standardization Program.

Additionally, SGLT2 inhibitor administration improved
the GIR value significantly in the obese group
(BMI >25 kg/m?). Non-obese group (BMI <25 kg/m?)
showed high GIR value before SGLT2 inhibitor
administration and the tendency to further increase
following SGLT2 inhibitor administration.

Factors associated with the improvement of
peripheral insulin sensitivity

The changes in the log GIR (Alog GIR) before and after

the administration of empagliflozin showed a significant
negative correlation with the change in the s.n. in the

Table 3 Changes in metabolic and anthropometric parameters by the administration of empagliflozin.

Variables Before After P-value
BMI, kg/m? 26.6 £4.17 25.9£4.00 <0.001°
Body weight, kg 73.0+15.3 71.2+14.8 <0.0012
BMI >25 kg/m? (n=11) 83.6£10.8 81.4+10.6 <0.001°
BMI <25 kg/m? (n=9) 60.0+7.9 58.8+7.9 <0.001°
Body fat mass, kg 24.1+8.24 23.1+7.44 0.00722
Body skeletal muscle mass, kg 27.0 £5.97 26.5+6.32 0.0082°
Systolic blood pressure, mmHg 126 +£29.7 116 +27.5 0.00782
Diastolic blood pressure, mmHg 77.7£21.8 74.2+£24.6 0.14
FPG, mmol/L 10.4 £ 2.64 6.62 +1.38 <0.001°
BMI >25 kg/m? (n=11) 10.8 £ 2.64 6.75+1.14 0.0010°
BMI <25 kg/m? (n=9) 9.98+2.73 6.46 £ 1.69 0.0039°
Aspartate transaminase, IU/L 39.6 +38.9 27.8+19.9 0.56
Alanine transaminase, 1U/L 37.5+66.1 33.5+39.9 0.4
Uric acid, pmol/L 343 +101 334 +95 0.59
HDL-cholesterol, mmol/L 1.17 +£0.25 1.12+0.26 0.65
Triglyceride, mmol/L 1.73+£0.76 1.29+0.52 <0.001°
LDL-cholesterol, mmol/L 3.19+0.90 3.05+1.11 0.2
Urinary glucose excretion, g/day 24.5 £ 35.1 79.4 +£35.8 <0.001°
Glucose infusion rate, mg/kg/min 3.71+£1.58 4.80 +1.52 0.0036°
log (glucose infusion rate) (n = 20) 0.53 +0.37 0.66 +0.27 0.0031°
BMI >25 kg/m? (n=11) 0.46 £0.17 0.63+0.10 0.0112
BMI <25 kg/m? (n=9) 0.62 £0.17 0.69 £0.18 0.15
s.0. value in plasma glucose profiles 2.75+0.8 246 £0.9 0.20

Values are presented as means +s.p.

Analysis using paired t-test. Values in bold @ indicate P < 0.05.

FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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Table 4 Correlations between Alog glucose infusion rate and changes in metabolic or anthropometric parameters by the

administration of empagliflozin.

Alog glucose infusion rate

Variables r P-value
AUrinary glucose excretion, g/day 0.19 0.46
AFasting plasma glucose concentration, mmol/L 0.022 0.93
AMean plasma glucose concentration, mmol/L —0.051 0.84
As.p. value in plasma glucose profiles -0.55 0.016°
AFasting serum C-peptide, ng/mL -0.32 0.18
AFasting serum C-peptide index -0.10 0.67
ABMI, kg/m? -0.43 0.056
ABody fat mass, kg —-0.092 0.71
ASkeletal muscle mass, kg —-0.082 0.74
AAspartate transaminase, [U/L —-0.40 0.066
AAlanine transaminase, 1U/L -0.39 0.092
ASerum uric acid, pmol/L -0.40 0.080

Serum C-peptide indexes were calculated as serum C-peptide levels divided by plasma glucose levels. Values were assessed via Pearson’s correlation

coefficient. Values in bold @ indicate P < 0.05

plasma glucose profiles (Table 4). However, the Alog GIR
did not show any significant correlations with changes
in the anthropometric values, including those of BMI,
body fat mass, and skeletal mass, while the mean levels of
these parameters in all participants significantly decreased
(Table 3). Additionally, the Alog GIR did not show any
significant correlations with changes in transaminase
and serum uric acid (Table 4). Additionally, the Alog GIR
showed a significant negative correlation with the duration
of T2DM and significant positive correlations with body
fat mass, HOMA-IR, and transaminase levels before the
administration of empagliflozin (Table 5). With regard to

the stratified analysis, Alog GIR negatively correlated with
diabetes mellitus duration only in the obese group (BMI
>25 kg/m?). In addition, Alog GIR correlated negatively
with the s.n. value of the plasma glucose profiles and
positively with AST and ALT levels in the non-obese group
(BMI <25 kg/m?). However, BMI and body fat mass did
not show any significant correlations with Alog GIR in
both groups. In addition, the other potential metabolic
disease-related variables, including age, BMI, skeletal
muscle mass, fasting plasma glucose, HbAlc, serum uric
acid, and lipids, did not show significant correlations
with the Alog GIR (Table 5). Furthermore, we found

Table 5 Correlations between Alog glucose infusion rate and metabolic or anthropometric parameters before the

administration of empagliflozin.

Alog glucose infusion rate

Total (n =20) BMI <25 kg/m? (n=9) BMI >25 kg/m? (n=11)
Variables r P-value r P-value r P-value
Age, years -0.33 0.16 0.38 0.31 -0.43 0.18
Diabetes mellitus duration, years -0.27 0.031° 0.15 0.70 -0.62 0.041°
BMI, kg/m? 0.35 0.13 —-0.46 0.22 0.24 0.48
Body fat mass, kg 0.44 0.0495° 0.43 0.25 0.30 0.37
Skeletal muscle mass, kg 0.094 0.69 -0.30 0.43 -0.04 0.91
HbA1c (IFCC: mmol/mol) 0.04 0.88 0.64 0.066 -0.26 0.44
Fasting PG level, mmol/L 0.12 0.62 -0.27 0.48 0.15 0.66
HOMA-IR 0.51 0.0232 0.61 0.080 0.45 0.17
s.n. value in PG profiles 0.011 0.96 -0.71 0.033° 0.30 0.37
Urinary glucose excretion, g/day -0.19 0.42 -0.34 0.34 -0.22 0.52
Aspartate transaminase, 1U/L 0.49 0.029° 0.72 0.030° 0.34 0.31
Alanine transaminase, 1U/L 0.55 0.013° 0.83 0.0052° 0.47 0.15
Serum uric acid, pmol/L -0.12 0.62 0.031 0.94 -0.57 0.070
HDL-cholesterol, mmol/L -0.027 0.91 0.039 0.92 0.055 0.87
Triglyceride, mmol/L —-0.0017 0.99 0.26 0.50 -0.21 0.52
LDL-cholesterol, mmol/L -0.19 0.43 0.027 0.94 0.27 0.41

Statistical significance determined via Pearson’s correlation coefficient. Values in bold @ indicate P < 0.05.
HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; HOMA-IR, Homeostatic Model Assessment of Insulin Resistance; IFCC, International
Federation of Clinical Chemistry and Laboratory Medicine; LDL, low-density lipoprotein; PG, plasma glucose.
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Figure 1

Improvements in insulin secretion after 1-week SGLT2 inhibitor
treatment. (A) Plasma glucose and (B) serum C-peptide levels before and
60-120 min after breakfast (presented as mean +s.0.). Data before and
after the administration of SGLT2 inhibitors are indicated as solid lines
with open circles and broken lines with closed circles, respectively
(n=20). * and ** indicate the presence of significant differences
compared to the value before SGLT2 inhibitor administration (paired
t-test). *P < 0.05. **P < 0.0001. To convert values for glucose to millimoles
per liter, multiply by 0.05551. To convert values for insulin to picomoles
per liter, multiply by 6.0. Abbreviation: SGLT2, sodium-glucose
co-transporter 2.

improvements in the levels of serum C-peptide 120
min after breakfast following the 1-week treatment with
empagliflozin (Fig. 1).

Discussion
The present prospective study revealed clinically
important short-term features of SGLT2 inhibitor

administration. The administration of SGLT2 inhibitors
can rapidly improve insulin sensitivity in the skeletal
muscle within 1 week without affecting the body
composition. The improvements in the rate of skeletal
muscle insulin sensitivity were positively correlated
with those in the rate of daily plasma glucose profile
fluctuations. The duration of diabetes mellitus was not
correlated with the improvement in insulin sensitivity
through SGLT2 inhibitor administration. Collectively,

SGLT2i for improvement of 9:7 604
insulin sensitivity

our results suggest that the administration of SGLT2
inhibitors may be an effective strategy for the rapid
amelioration of hyperglycemia, so-called glucotoxicity,
particularly in the skeletal muscle.

Previously, SGLT2 inhibitor administration was shown
to result in changes in body composition through the
reduction of body fat mass (4). Thus, SGLT2 inhibitors
improve not only hyperglycemia via the promotion
of urinary glucose excretion, but also obesity via the
promotion of lipolysis and prevention of lipogenesis
(12). Significantly but modestly increased urinary glucose
excretion occurred in our high-plasma glucose participants
before empagliflozin initiation, the modest increase might
be due to the hyperactivity of SGLT2 and SGLT1 in T2DM
(20, 21). A study using 10-week-old Zucker fatty rats with
diabetes, as an early-stage human model of obese T2DM
cases representing metabolic characteristics, demonstrated
improvement in insulin sensitivity through the 1-week
administration of SGLT2 inhibitors, with reductions in the
triglyceride contents in skeletal muscles (13).

Increased intramyocellular lipid contents represent
a preceding abnormality in the pathogenesis of insulin
resistance and may contribute to defective glucose uptake
in skeletal muscles among insulin-resistant people,
independent of obesity (22). Although the pathological
mechanism has not been clarified in humans, in animal
models, reductions in ectopic adipose mass in skeletal
muscles have been suggested to contribute to immediate
improvements in insulin sensitivity by SGLT2 inhibitor
administration (12, 13).

The improvements in skeletal muscle
sensitivity were positively correlated with the levels of
improvement in daily plasma glucose fluctuations, but
not in the fasting and mean plasma glucose levels. This
finding has not been reported in any previous study,
while relations between glycemic variability and glucose
impairment level have been reported (23). Furthermore,
improving the degree of fluctuation in the plasma glucose
level through SGLT2 inhibitor administration may
contribute to lowering the rate of oxidative stress, (24)
which leads to further metabolic disorders and
cardiovascular events (1, 24).

The duration of diabetes mellitus was negatively
correlated with the degree of improvement in insulin
sensitivity through SGLT2
Although the progressive loss of p-cell function is
associated with glycemic deterioration (10), short-term
intensive insulin therapy can ameliorate the disturbances
in insulin sensitivity and preserve residual p-cell function
in T2DM patients, particularly those with a short diabetes

insulin

inhibitor administration.
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history (25). However, high-dose insulin requirements
were independently associated with greater weight gain
(26) when insulin therapy was initiated. Our study revealed
that SGLT2 inhibitor could improve insulin sensitivity as
well as insulin secretion. Thus, the oral SGLT2 inhibitor
was shown to be effective in rapidly improving the glucose
toxicity without body weight gain in patients with insulin
resistance even with high HbAlc levels.

Considering our results and the review of the literature,
SGLT2 inhibitor may improve glucose metabolism through
the recovery of mitochondrial function. Disturbed cellular
response to insulin in skeletal muscle is among the main
risk factors for T2DM development. T2DM patients show
high rates of reactive oxygen species (ROS) release from
the mitochondria, resulting in low insulin-sensitivity rates
(27, 28) and further glucose impairment (29). Disturbed
mitochondrial oxidative phosphorylation (30) may
lead to the dysregulation of intramyocellular fatty acid
metabolism and intramyocellular lipid accumulation,
which are related to insulin resistance in skeletal muscles
in T2DM. SGLT2 inhibitor administration may help
recover and regulate the metabolic rhythms (31) of
the mitochondria.

Our study has some strength and limitations to be
acknowledged. Because we enrolled the study participants
from patients who were admitted to our hospital because of
hyperglycemia, we were able to evaluate patients with high-
level HbAlc and those with preserved insulin secretion.
Further, we used a common high-insulin infusion rate
(1.25 mU/kg/min) to investigate the insulin sensitivity
levels in skeletal muscles (6, 19). However, a previous
report suggested insufficient suppression of endogenous
glucose production in insulin-resistant patients (32), and
insufficient suppression might lead to an underestimation
of GIR values. Further, while the mean HbAlc levels
in the present study were high, SGLT2 inhibitor might
be indicated under very careful assessment. Although
we observed rapid improvements in insulin sensitivity
through oral SGLT2 inhibitor administration, possibly due
to the amelioration of mitochondrial dysfunction, this
study could not disclose the changes in the oxidative stress
markers, including ROS.

We could not evaluate the ectopic fat contents
directly, although in humans, we examined these by
the anthropometric method; the serum free fatty acid
levels were also not examined in this study. Since the
examinations of free fatty acid levels and ectopic fat
contents in human subjects may give us further clues to
understand the SGLT2 inhibitor benefits, future study
should evaluate the ectopic fat contents and the serum
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fatty acid levels before and after treatment. Additionally,
no placebo group was examined in this study and the
body weight changes did not correlate significantly with
the GIR improvement. Therefore, further examinations
with larger sample sizes and a placebo group are needed
to confirm the results of this study.

In conclusion, SGLT2 inhibitors can rapidly improve
insulin sensitivity in the skeletal muscle within 1 week
of administration without affecting body composition.
The rates of improvement of insulin sensitivity in the
skeletal muscle were positively correlated with those
of daily plasma glucose fluctuations. The duration of
diabetes mellitus was negatively correlated with the
improvement in insulin sensitivity by SGLT2 inhibitor
findings indicate that SGLT2
inhibitors may be effective for reducing the degree of
plasma glucose fluctuation, which correlated with the
rates of glucotoxicity in skeletal muscles, particularly in
patients with short T2DM duration and high HOMA-IR
values and transaminase levels.
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