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the Peripheral Microvascular Endothelial Function in
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Abstract:

Objective Sodium-glucose co-transporter 2 (SGLT2) inhibitors reduce cardiovascular events and decrease
the body fat mass in patients with type 2 diabetes mellitus (T2DM). We examined whether or not the
SGLT2-inhibitor dapagliflozin can improve the endothelial function associated with a reduction in abdominal
fat mass.

Methods We prospectively recruited patients with uncontrolled [hemoglobin Alc (HbAlc) >7.0%] T2DM
who were not being treated by SGLT?2 inhibitors. Patients were treated with add-on dapagliflozin (5 mg/day)
or non-SGLT?2 inhibitor medicines for 6 months to improve their HbAlc. We measured the peripheral mi-
crovascular endothelial function as assessed by reactive hyperemia peripheral arterial tonometry (RH-PAT)
and calculated the natural logarithmic transformed value of the RH-PAT index (LnRHI). We then investigated
changes in the LnRHI and abdominal fat area using computed tomography (CT).

Results The subjects were 54 patients with uncontrolled T2DM (72.2% men) with a mean HbAlc of 8.1%.
The HbAlc was significantly decreased in both groups, with no significant difference between the groups.
Dapagliflozin treatment, but not non-SGLT2 inhibitor treatment, significantly increased the LnRHI. The
changes in the LnRHI were significantly greater in the dapagliflozin group than in the non-SGLT2 inhibitor
group. Dapagliflozin treatment, but not non-SGLT2 inhibitor treatment, significantly decreased the abdominal
visceral fat area, subcutaneous fat area (SFA), and total fat area (TFA) as assessed by CT and significantly
increased the plasma adiponectin levels. The percentage changes in the LnRHI were significantly correlated
with changes in the SFA, TFA, systolic blood pressure, and adiponectin.

Conclusion Add-on treatment with dapagliflozin significantly improves the glycemic control and endothe-
lial function associated with a reduction in the abdominal fat mass in patients with uncontrolled T2DM.
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provement of the glycemic control in patients with type 2

Introduction diabetes mellitus (T2DM) by an insulin-independent

glucose-lowering action accompanied by body weight loss,

Sodium-glucose co-transporter 2 (SGLT2) inhibitors exert mainly with a reduction in the fat mass (1-3). Obesity and
their glucose-lowering effects via the inhibition of SGLT2 fat accumulation are major fundamental pathogenic condi-
protein in the kidney proximal tubule. This results in the im- tions in patients with T2DM (4). In patients with uncon-
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trolled T2DM under treatment with pre-existing anti-diabetic
medications, physicians clinically expect greater improve-
ment of the glycemic control through the novel glucose-
lowering benefits of add-on SGLT2 inhibitors (5, 6).

In cardiovascular safety studies of add-on treatment of
SGLT2 inhibitors, the EMPA-REG OUTCOME" trial of
empagliflozin and cardiovascular assessment study (CAN-
VAS) of canagliflozin showed not only its cardiovascular
safety but also its superiority with regard to reducing major
adverse cardiovascular events in high-risk T2DM (7, 8). At
present, the potential mechanisms of SGLT2 inhibitors for
preventing cardiovascular event have not been fully deter-
mined (9). Recent clinical studies have shown that SGLT2
inhibitors have beneficial effects on the vascular function in
patients with DM (10-12). However, the practical effects of
add-on treatment of dapagliflozin on improving the glyce-
mic control and microvascular endothelial dysfunction have
not been investigated in patients with uncontrolled T2DM.

T2DM is considered a strong, major clinical risk factor
developing atherosclerosis dis-
eases (13). Vascular endothelial dysfunction is a significant
and independent predictor of future cardiovascular
events (14, 15). The presence of T2DM has been recognized
as a crucial pathological condition leading to endothelial
dysfunction in clinical practice (16). Increased attention has
been focused on investigating and developing practical
strategies for improving the vascular endothelial function
clinically (17). Glucose-lowering therapies that may show
favorable effects on the endothelial function are thought to
have additionally clinical value for managing DM (18).
SGLT2 inhibitors have been reported to improve glycemic
control by reducing body fat mass (2, 3, 19). Therefore,
SGLT2 inhibitors could provide clinical and cardiovascular
benefits by improving the endothelial function and decreas-
ing the body fat mass.

In the present study, we hypothesized that add-on dapagli-
flozin treatment would improve the glycemic control and en-
dothelial function by reducing the abdominal fat mass.
Therefore, we investigated the effects of add-on dapagli-
flozin therapy on the peripheral microvascular endothelial
function in patients with uncontrolled T2DM [hemoglobin
Alc (HbAlc) >7.0%]. The peripheral microvascular endo-
thelial function was assessed by a reactive hyperemia-
peripheral arterial tonometry (RH-PAT) examination and ab-
dominal fat area was measured by computed tomography
(CT).

for and cardiovascular

Materials and Methods

Study population and study protocol

We prospectively recruited Japanese patients with stable
but uncontrolled (HbAlc >7.0%) T2DM without severe obe-
sity [body mass index (BMI) <35 kg/m’] who had not taken
SGLT2 inhibitors before from the Diabetes Care Center in
Jinnouchi Hospital between 2014 and 2017. The exclusion

criteria were as follows: type 1 DM, insulin-dependent con-
dition [fasting C-peptide immunoreactivity (CPR) <0.6 ng/
mL], a history of ketoacidosis, age >80 years, unstable car-
diovascular disease, active inflammation, severe liver dis-
ease, dementia, chronic kidney disease (estimated glomerular
filtration rate <30 mL/min/1.73 m®), urinary tract infection,
cancer, and those who could not remain standing to have a
body composition examination. Patients with newly diag-
nosed DM without any treatments were also excluded. We
performed an RH-PAT examination in the morning, and pa-
tients with good endothelial function [reactive hyperemia in-
dex (RHI) >2.10] were also excluded.

The attending physicians at Jinnouchi Hospital non-
randomly separated the enrolled patients into two groups:
the dapagliflozin group and the non-SGLT2 inhibitor group.
Inclusion in the treatment arm was left to the physicians’
discretion. Patients in the dapagliflozin group received their
ongoing treatments and additional dapagliflozin (5 mg/day)
for 6 months. Patients in the non-SGLT2 inhibitor group re-
ceived their ongoing treatments along with intensification of
glucose-lowering medications (increased doses and addition
of other types of medications) without SGLT?2 inhibitors to
achieve an HbAlc level <7.0% by the end of the study pe-
riod.

Before starting treatment, a fasting blood sample was col-
lected from the antecubital vein in the morning. The body
composition was measured by a bioelectrical impedance
analysis using the InBody770" (Biospace, Seoul, Korea) and
plain abdominal CT (Aquilion CXL™; Toshiba, Tokyo, Ja-
pan). After 6 months of treatment, another fasting blood
sample was collected, and a second body composition analy-
sis using the InBody770", plain abdominal CT, and an RH-
PAT examination was performed.

The primary outcome was the dapagliflozin-induced
changes in the endothelial function as assessed by an RH-
PAT examination as a prospective, parallel-arm, open-label
study. This study was conducted in accordance with the
Declaration of Helsinki. The study protocol was approved
by the Human Ethics Review Committee of Jinnouchi Hos-
pital (2014-5-4), and a signed consent form was obtained
from each patient. This study was registered under the
UMIN protocol registration system (ID UMIN0000333354).

Measurement of the peripheral microvascular endo-
thelial function by an RH-PAT examination

The principles and details of the RH-PAT examination
have been described previously (20, 21). In brief, we volu-
metrically evaluated the peripheral microvascular endothelial
function in the fingertip by RH-PAT using an Endo-PAT
2000% device (Itamar Medical, Caesarea, Israel). Measure-
ments were taken when patients were in a stable condition
and in the fasting state in the early morning before taking
their medications. Patients were examined on a bed in the
supine position after at least 10 minutes of rest in a
temperature- and light-controlled environment. A blood pres-
sure cuff was placed on the upper arm to be studied, while
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the contra-lateral arm served as a control. PAT probes were
placed on one finger of each hand. After an equilibration pe-
riod, the baseline pulse volume amplitude was measured for
each fingertip for 5 minutes. The cuff was inflated to 60
mmHg above systolic pressure or 200 mmHg for 5 minutes
before being deflated to induce reactive hyperemia. After
cuff deflation, PAT recordings were performed for 10 min-
utes, and RH-PAT data were automatically analyzed in real
time using a software program (Endo-PAT2000" software,
version 3.5.4; Itamar Medical). The RHI reflects the extent
of reactive hyperemia and was calculated as the ratio of the
average amplitude of the PAT signal over 1.0 minutes start-
ing 1.5 minutes after deflation of the cuff (control arm, A;
occluded arm, C) divided by the average amplitude of the
PAT signal at 2.5 minutes before inflation of the cuff (base-
line: control arm, B; occluded arm, D) according to the fol-
lowing equation:

(C/D) 1 (A/B); (20)

We calculated the natural logarithmic transformation (Ln)
of the RHI (LnRHI) (14).

Measurement of the body composition using a bio-
electrical impedance analyzer (InBody770%)

Anthropometric measurements were obtained in the stand-
ing position. Elementary body composition, including total
fat mass and body fat percentage, was measured using a di-
rect segmental multi-frequency bioelectrical impedance ana-
lyzer (InBody770") (22). This analyzer processes 30 imped-
ance measurements using 6 different frequencies (1, 5, 50,
250, 500, and 1,000 kHz) at each of 5 segments of the body
(right arm, left arm, trunk, right leg, and left leg). In addi-
tion, measurements are processed by 15 reactance measure-
ments using tetrapolar 8-point tactile electrodes at 3 differ-
ent frequencies (5, 50, and 250 kHz) at each of 5 segments
of the body (right arm, left arm, trunk, right leg, and left
leg) (23).

Measurement of the visceral fat area and subcutane-
ous fat area using abdominal CT

On CT slices that were obtained at the umbilical level,
the adipose tissue area located in the peritoneal cavity was
defined as the visceral fat area (VFA: cm’®), and the adipose
tissue area underlying the skin layer was defined as the sub-
cutaneous fat area (SFA: cm’). The VFA and SFA were
measured on CT cross-sectional scans obtained at the um-
bilical level in the supine position (24) using a commercial
software program based on the Japanese guidelines of obe-
sity treatment (Japan Society for the Study of Obesity, in
Japanese). The total fat area (TFA: cm’) was the sum of the
SFA and VFA.

Blood sampling and the measurement of clinical pa-
rameters

Fasting blood samples were collected from the antecubital
vein in the morning. Blood analyses were conducted in the
hospital laboratory to measure the levels of hemoglobin, he-

matocrit, blood glucose, HbAlc, cholesterol, triglycerides,
CPR, creatinine, and B-type natriuretic peptide (BNP). The
levels of adiponectin, non-esterified fatty acid (NEFA), glu-
cagon, and total ketone bodies were measured by SRL (To-
kyo, Japan).

Outcomes

The primary endpoint was the treatment-induced changes
in the endothelial function as assessed by an RH-PAT ex-
amination using an Endo-PAT2000". We tested the superior-
ity of the dapagliflozin-induced changes in the LnRHI com-
pared with non-SGLT?2 inhibitor therapy following a six-
month course of treatment. The secondary outcome was the
relationship between the percentage changes in the LnRHI
and changes in fat mass and other clinical parameters.

Statistical analyses

Based on our preliminary examination at our hospital, a
power analysis indicated that an enrollment of more than 48
patients was required to detect a mean difference in the
change in the LnRHI of 0.15 in the dapagliflozin group and
0.05 in the non-SGLT?2 inhibitor group, with a standard de-
viation of 0.15, a power of 90%, and a 2-sided alpha of
0.05. The results of normally distributed continuous vari-
ables (determined by the Shapiro-Wilk test) were expressed
as the mean [standard deviation (SD)], while those of con-
tinuous variables with a skewed distribution were expressed
as median values (interquartile range). Differences in the
baseline characteristics of the two groups were analyzed by
Student’s t-test, the Mann-Whitney U test, or Fisher’s exact
test for categorical data, as appropriate. Either a paired Stu-
dent’s #-test or Wilcoxon’s test was used to analyze the ef-
fect of each treatment. The difference between treatment
groups in changes in the LnRHI from baseline to six months
was also assessed using an analysis of covariance (AN-
COVA) with adjustment for baseline measures as covariates
(pre-LnRHI, age, duration of DM, pre-HbAlc, body weight,
and systolic blood pressure).

To determine the relationships between changes in various
clinical parameters and percentage changes in the LnRHI,
correlations between variables of interest were analyzed us-
ing Pearson’s correlation coefficient. Patients with an in-
crease in the LnRHI >15.0% were defined as having an im-
proved endothelial function in the present study (25). A lo-
gistic regression analysis was used to evaluate the associa-
tion between improvement in the endothelial function and
baseline clinical variables, including the age, sex, BMI,
HbAlc, fasting plasma glucose (FPG), lipid parameters,
medications, and therapy allocation (dapagliflozin or non-
SGLT?2 inhibitor therapy). Associations between groups and
all other parameters were analyzed first by a univariate lo-
gistic regression analysis. This was followed by a multivari-
ate logistic regression analysis using the forced inclusion
model, and the Hosmer-Lemeshow goodness-of-fit statistic
was calculated. A p value <0.05 was considered statistically
significant. Statistical analyses were performed using the
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Table 1. Baseline Clinical Characteristics.
Total patients (n=54)  Dapagliflozin (n=27) Non-SGLT2i (n=27) p value
Age (years) 55.6+8.3 55.2+8.7 56.0+8.0 0.75
Sex (male: %) 722 % 70.4 % 74.1 % 1.00
Body mass index (kg/m?) 27.1£2.7 27.6+2.2 26.5%3.1 0.13
Hypertension 66.7 % 70.4 % 63.0 % 0.77
Dyslipidemia 74.1 % 70.4 % 77.8 % 0.76
Current smoking 24.1 % 222 % 25.9 % 1.00
Duration of diabetes (years) 10.0 (7.0-17.0) 10.0 (6.0-15.0) 11.0 (8.0-18.0) 0.46
Hemoglobin Alc (%) 7.9 (71.3-8.7) 7.9 (7.3-8.9) 8.0 (7.4-8.6) 0.97
Fasting plasma glucose (mg/dL) 143.2+38.7 137.6+39.1 148.8+38.2 0.29
Anti-diabetic medicines (%) - - - -
Sulfonylureas (%) 25.9 % 333 % 18.5 % 0.35
Glinide (%) 13.0 % 11.1 % 14.8 % 1.00
Metformin (%) 94.4 % 96.3 % 92.4 % 1.00
Alpha-glucosidase inhibitor (%) 13.0 % 7.4 % 18.5 % 0.42
Thiazolidinedione (%) 11.1 % 14.0 % 7.4 % 0.67
DPP-4 inhibitor (%) 44.4 % 40.7 % 48.1 % 0.79
GLP-1 receptor agonist (%) 11.1 % 14.8 % 7.4 % 0.67
Insulin (%) 44.4 % 37.0 % 51.9 % 0.41

SGLT?2i: sodium glucose co-transporter 2 inhibitor, DPP-4: dipeptidyl peptidase, GLP-1: glucagon like peptide-1

Statistical Package for Social Sciences software program,
version 23 (SPSS, IBM, Tokyo, Japan).

Results

Baseline clinical characteristics of the study sub-
jects

A total of 54 Japanese patients with uncontrolled T2DM
were enrolled and non-randomly assigned to the 2 groups.
All of the patients completed the study protocol. The clini-
cal baseline characteristics of the total patients and those of
each group are shown in Table 1. The mean age was 56.1
years, 72.2% were men, the mean BMI was 27.1 kg/m’, the
mean HbAlc was 8.1%, and the mean FPG level was 143.2
mg/dL. At enrollment, 44.4% of patients were treated with
insulin, and the frequency of the baseline anti-diabetic medi-
cations was not significantly different between the groups.
The baseline characteristics of patients in the dapagliflozin
group were similar to those of the non-SGLT?2 inhibitor
group. The BMI, HbAlc levels, FPG levels, and duration of
DM were not significantly different between the groups.

Changes in the HbA1c, FPG, glucagon, and CPR

At the end of the study period, 5 mg/day of dapagliflozin
was used for the dapagliflozin group. In the non-SGLT?2 in-
hibitor group, the doses of previously prescribed medica-
tions were increased in 82.6% of the patients, and new
medications were administered to 33.3% of the patients. The
total patients in both treatment groups showed a significant
improvement in HbAlc [median (interquartile range): pre-
treatment to post-treatment, 7.9% (7.3-8.7%) to 6.9% (6.5-
7.5%), p<0.01] and FPG levels (mean+SD: 143.2+38.7 to

125.1+27.2 mg/dL, p<0.01) at 6 months. As shown in Ta-
ble 2, the HbAlc levels were significantly decreased in both
groups, while the absolute changes in the HbAlc and FPG
levels were not significantly different between the dapagli-
flozin and non-SGLT?2 inhibitor groups. We did not find any
marked changes in the fasting plasma glucagon levels in
either group. Dapagliflozin treatment significantly decreased
the fasting blood CPR levels.

Changes in the body weight, total body fat mass,
and abdominal fat area as assessed by CT

Dapagliflozin treatment, but not non-SGLT2 inhibitor
treatment, for 6 months significantly decreased the body
weight (mean+SD; -4.4+3.2%, p<0.01) and total fat mass
(mean+SD; -12.1+11.3%, p<0.01) compared with the base-
line (Table 2). Dapagliflozin treatment, but not non-SGLT2
inhibitor treatment, also significantly decreased the waist cir-
cumference (mean+SD; -3.2+5.4%, p<0.01), abdominal VFA
(mean+SD; -21.2+15.2%, p<0.01), SFA (mean+SD; -12.4+
15.1%, p<0.01), and TFA (mean+SD; -14.9+13.3%, p<0.01)
compared with the baseline.

Changes in the blood pressure, heart rate, and other
metabolic parameters

As shown in Table 3, dapagliflozin treatment, but not
non-SGLT?2 inhibitor treatment, significantly decreased the
blood pressure at six months compared with the baseline, as
reported previously (26). Furthermore, the heart rate in the
dapagliflozin treatment group was also significantly de-
creased at six months compared with the baseline. The he-
matocrit and hemoglobin levels were significantly increased
in the dapagliflozin treatment group at six months compared
with the baseline, with no marked changes in the non-
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Table 2. Changes in Body Weight, Body Composition, and Glucose Metabolic Parameters.

Dapagliflozin (n=27)

Non-SGLT2i (n=27)

p value p value
Baseline 6 months Baseline 6 months

HbAlc (%) 7.9 (7.3-8.9) 6.7 (6.3-7.4) <0.01 8.0 (7.4-8.6) 7.0 (6.7-8.0) <0.01
Absolute change (%) -1.2 (-1.6- -0.5) -0.7 (-1.1- -0.3)

Fasting plasma glucose (mg/dL) 137.6+39.1 116.4+23.1 <0.01 148.8+38.2 133.9+28.5 0.07
Absolute change (mg/dL) -21.1+£26.4 -14.9+41.2

Glucagon (pg/mL) 145.8+23.7 145.2+22.1 0.92 143.2+£28.2 139.3+£28.4 0.59
Absolute change (pg/mL) -0.57£28.1 -3.85%£35.9

CPR (ng/mL) 2.08+0.75 1.67+0.72 <0.01 1.56+0.93 1.55+1.01 0.87
Absolute change (ng/mL) -0.41 (-0.69- -0.09) ¥ -0.10 (-0.32- 0.12)

Body mass index (kg/m?) 27.6+2.2 26.4+2.4 <0.01 26.5+3.1 26.1+3.1 0.13
Absolute change (kg/m?) -1.2+0.9 T -0.3x1.0

Body weight (kg) 75.3+7.4 72.0+7.1 <0.01 72.2+8.9 71.4+9.2 0.13
Absolute change (kg) -3.3£2.6 ¥ -0.8+2.8

Waist circumference (cm) 96.3+6.4 93.4+6.9 <0.01 92.8+7.3 91.6+7.7 0.20
Absolute change (cm) -3.2+5.4 -1.2+4.7

Total fat mass (kg) 25.1+£5.3 22.2+5.8 <0.01 21.2+6.5 20.8+6.8 0.43
Absolute change (kg) -2.9+2.8 ¥ -0.4+2.7

Body fat percentage (%) 33.3+6.6 30.8+£7.6 <0.01 29.2+8.0 28.8+8.2 0.55
Absolute change (%) -2.5+2.9 T -0.3+£2.8

Abdominal VFA (cm?) 129.0+48.6 102.3+44.5 <0.01 119.2+61.0 115.6+63.2 0.45
Absolute change (cm?) -18.9 (-39.5--10.7) T -4.6 (-15.9- 20.5)

Abdominal SFA (cm?) 200.9 166.6 <0.01 163.8 156.8 0.63

(144.4-266.6)  (129.7-253.5) (128.1-187.7)  (130.8-204.4)

Absolute change (cm?) -18.3 (-35.1- -7.6) T -2.5(-11.3-11.3)

Abdominal TFA (cm?) 340.2+90.7 287.2+90.7 <0.01 283.7+£87.9 280.3£97.4 0.68
Absolute change (cm?) -35.4 (-59.8- -23.6) T -7.1 (-25.1--22.5)

Tp<0.01, £p<0.05 Dapagliflozin versus Non-SGLT2i. SGLT2i: sodium glucose co-transporter 2 inhibitor, HbAlc: hemoglobin Alc, VFA:
visceral fat area, SFA: subcutaneous fat area, TFA: total fat area, NEFA: non esterified free fatty acid, CPR: C-peptide immunoreactivity

SGLT2 inhibitor group. The BNP levels appeared to be de-
creased at six months compared with the baseline in the da-
pagliflozin treatment group, but this was not significant. The
absolute changes in the BNP levels were not significantly
different between the two groups. The total cholesterol lev-
els, low-density lipoprotein cholesterol levels, NEFA levels,
and estimated glomerular filtration rate did not show signifi-
cant changes in either group. The plasma total ketone body
levels were significantly increased in the dapagliflozin group
at six months compared with the baseline, but there were no
marked changes in the non-SGLT2 inhibitor group (Ta-
ble 3). The triglyceride levels were significantly decreased in
the dapagliflozin group at six months compared with the
baseline, but the absolute changes in triglyceride levels were
not significantly different between the two groups. Dapagli-
flozin treatment, but not non-SGLT?2 inhibitor treatment, sig-
nificantly increased the plasma adiponectin levels at six
months compared with the baseline. The absolute changes in
adiponectin levels were significantly greater in the dapagli-
flozin group than in the non-SGLT?2 inhibitor group.

Changes in the endothelial function as assessed by
an RH-PAT examination

During 6 months of treatment, the peripheral microvascu-

lar endothelial function, as assessed by the LnRHI, was sig-
nificantly improved after glucose-lowering therapy in the to-
tal patients (LnRHI: 0.450+0.125 to 0.592+0.228, p<0.01).
Add-on dapagliflozin-therapy, but not non-SGLT2 inhibitor
therapy, resulted in a significant intra-group improvement in
the endothelial function (dapagliflozin group: 0.450+0.135
to 0.662+0.230, p<0.01; non-SGLT2-inhibitor group: 0.450+
0.118 to 0.522+0.208, p=0.09; Table 3). With regard to
inter-group comparisons, the absolute changes and percent-
age changes in the LnRHI were significantly greater in the
dapagliflozin group than in the non-SGLT2 inhibitor group
(p=0.028; Table 3 and Fig. 1). An ANCOVA with adjust-
ment for the various baseline parameters revealed that the
changes in the LnRHI were significantly greater in the da-
pagliflozin group than in the non-SGLT2 inhibitor group
(ANCOVA, p=0.034).

A logistic regression analysis for improvements in
the endothelial function

The proportion of patients with an improved endothelial
function (percentage increase in LnRHI >15%) was 74.1%
in the dapagliflozin group and 40.7% in the non-SGLT2 in-
hibitor group (Fig. 2, p=0.01). A univariate logistic regres-
sion analysis showed that dapagliflozin therapy was signifi-
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Table 3. Changes in Blood Pressure, Heart Rate, and Laboratory Parameters.

Dapagliflozin (n=27)

Non-SGLT2i (n=27)

p value p value
Baseline 6 months Baseline 6 months

Systolic BP (mmHg) 130.3+15.3 121.9+13.1 <0.01 131.0+13.4 129.1£16.0 0.52
Absolute change (mmHg) -6.0(-11.0--1.0) -3.0(-9.0 - 8.0)

Diastolic BP (mmHg) 78.0+8.3 73.2+7.0 0.015 76.3£7.5 75.5£10.3 0.57
Absolute change (mmHg) -4.8+£9.6 -0.8+£7.3

Heart rate (beat/min) 78.3£6.6 73.5+8.0 <0.01 76.1+11.3 76.6£9.9 0.71
Absolute change (beat/min) -4.8+7.4 T 0.5+7.1

Hematocrit (%) 43.1+3.8 45.8+3.8 <0.01 42.4+4.5 42.3+3.4 0.92
Absolute change (%) 2.1(1.2-3.8) + 0.1 (-3.1-1.6)

Hemoglobin (g/dL) 14.6+1.3 15.4+1.4 <0.01 14.3+1.9 14.2+1.3 0.91
Absolute change (g/dL) 050-14) T 0.2(-05-04)

BNP (pg/mL) 9.5(4.4-20.6) 8.2(5.0-13.0) 0.07 9.9 (4.7-17.9) 8.8 (4.5-14.6) 0.54
Absolute change (pg/mL) -0.7(-9.5-1.0) -0.4 (-4.3-2.6)

eGFR (mL/min/1.73 m?) 75.4+15.4 74.6x£15.2 0.54 73.2+11.8 73.6x13.0 0.81
Absolute change -0.9+£7.2 0.4+7.3

Total cholesterol (mg/dL) 159.4+37.9 157.7+£31.9 0.71 157.9+£29.2 154.1£34.4 0.44
Absolute change (mg/dL) -1.7£23.2 -3.8425.3

HDL-cholesterol (mg/dL) 46.5+10.7 51.3x12.3 <0.01 44.1+8.9 45.8+10.3 0.20
Absolute change (mg/dL) 4.0(0.0-7.0) kS 0.0 (-3.0-5.0)

LDL-cholesterol (mg/dL) 87.9+30.7 87.0+£25.7 0.79 89.0+24.1 85.5+£29.0 0.40
Absolute change (mg/dL) -0.9+17.8 -3.6+£21.6

Triglyceride (mg/dL) 109 (68 - 145) 86 (65 - 106) <0.01 107 (83-172) 100 (78 - 156) 0.05
Absolute change (mg/dL) -19(-52-4) -6 (-26 - 3)

NEFA (uEq/L) 431.5 394.0 0.95 385.0 394.0 0.80

(281.8-593.0)  (275.5-577.5) (323.0-500.0) (302.3-494.5)

Absolute change (mEq/L) 22.5 (-168.8 - 144.0) 17.0 (-71 - 139.3)

Total ketone body (umol/L) 73.0 156.0 <0.01 69.0 81.0 0.56

(57.0-119.0) (80.0-276.0) (49.5-124.0) (53.0-131.3)

Absolute change (umol/L) 63.0 (2.0-176.0) T 7.5(-43.3-44.3)

Adiponectin (ug/mL) 5.8 (4.5-7.4) 7.2 (6.0-9.8) <0.01 5.8 (5.7-8.0) 6.5 (5.1-8.0) 0.06
Absolute change (ug/mL) 1.0(0.5-1.7) kN 0.5(-0.3-0.9)

LnRHI 0.450+0.135 0.662+0.230 <0.01 0.450+0.118 0.522+0.208 0.09
Absolute change 0.212+0.252 kS 0.073+0.213

+p<0.01, £p<0.05 Dapagliflozin versus Non-SGLT2i. SGLT2i: sodium glucose co-transporter 2 inhibitor, BP: blood pressure, BNP: B-type

natriuretic peptide, eGFR: estimated glomerular filtration rate, NEFA: non-esterified fatty acid, LnRHI: natural logarithmic transformation

of reactive-hyperemia index

cantly correlated with an improvement in the endothelial
function (Table 4). A forced inclusion multivariate logistic
regression analysis with the BMI and dapagliflozin therapy
showed that only dapagliflozin therapy was significantly
correlated with an improvement in the endothelial function
(odds ratio: 3.931, 95% confidence interval: 1.217 to
12.695, p=0.022). The Hosmer-Lemeshow statistic was ap-
propriate (p=0.14).

The association between changes in the clinical and
metabolic parameters and changes in the LnRHI

To determine the factors associated with improvement in
the endothelial function as assessed by the percentage in-
crease in the LnRHI and the changes in various clinical and
laboratory parameters during the treatment period, we inves-
tigated the correlation coefficients between the percentage
increase in the LnRHI and changes in the variables. The
percentage change in the LnRHI was not significantly corre-

lated with changes in the body weight, BMI, HbAlc levels,
or FBG levels (Table 5). However, the percentage change in
the LnRHI was significantly correlated with changes in the
TFA, SFA, systolic blood pressure, and adiponectin levels.
Changes in the waist circumference, as a simple anthro-
pometric parameter of abdominal fat deposition, showed a
non-significant correlation with the percentage change in the
LnRHI.

Discussion

In patients with uncontrolled T2DM, add-on treatment of
the SGLT2 inhibitor dapagliflozin for 6 months significantly
improved the peripheral microvascular endothelial function
as assessed by an RH-PAT examination. Dapagliflozin is a
clinically useful and promising anti-diabetic treatment tool
for improving the glycemic control and endothelial function,
accompanied by a reduced blood pressure and abdominal fat
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Figure 1. Percentage changes in the peripheral microvasular
endothelial function as assessed by an RH-PAT examination in
dapagliflozin therapy and non-SGLT2 inhibitor therapy. Bar
graphs depict the changes in the natural logarithmic transfor-
mation of reactive hyperemia index (LnRHI) values (mean and
standard error) in patients with dapagliflozin therapy (n=27)
or non-sodium-glucose co-transporter 2 (SGLT2) inhibitor
therapy (n=27). Percentage increase in LnRHI=[(LnRHI after
6 months of therapy)-(LnRHI at enrollment)]x100/ (LnRHI at
enrollment). With regard to the inter-group comparison, the
changes in the LnRHI in patients with dapagliflozin therapy
were significantly greater than those in the patients with non-
SGLT2 inhibitor therapy (unpaired t-test, p=0.03). Six months
of dapagliflozin therapy significantly increased the LnRHI
compared with the baseline (paired t-test, *p<0.01).

mass and increased plasma adiponectin levels in patients
with T2DM.

DM is a major clinical risk factor for developing athero-
sclerosis and endothelial dysfunction, leading to an in-
creased occurrence of cardiovascular complications (13). A
meta-analysis showed that intensive glucose-lowering thera-
pies were markedly effective at reducing the rate of myocar-
dial infarction and coronary heart diseases (27). Therefore,
effective glucose-lowering treatment strategies that have a
favorable action on the endothelial function are thought to
have additional clinical value in the management of
DM (18). Thiazolidinediones significantly improved the en-
dothelial function in a meta-analysis (28). In addition, Mat-
subara et al. showed that the DPP-4 inhibitor sitagliptin sig-
nificantly improved the endothelial function in patients with
T2DM and coronary artery disease (21). Torimoto et al.
found that the glucagon-like peptide-1 receptor agonist ex-
enatide improved postprandial vascular endothelial dysfunc-
tion after the meal loading test (29). In the present study, we
clearly showed that add-on dapagliflozin for six months sig-
nificantly improved the microvascular endothelial function in
patients with uncontrolled T2DM. In cardiovascular safety
studies, such as the EMPA-REG OUTCOME® trial and
CANVAS program, add-on therapies of SGLT2 inhibitors
proved effective in preventing major adverse cardiovascular
events in high-risk T2DM patients (7, 8). SGLT2 inhibitors
exert their novel glucose-lowering effects

via insulin-

Improved

Non SGLT2-i

- Percent Changes in LnRHI =z 15 %
I Percent Changes in LnRHI < 15 %

Dapagliflozin

Figure 2. Pie charts of the proportion of patients with an im-
proved endothelial function who received dapagliflozin thera-
py and non-SGLT2 inhibitor therapy. The proportion of pa-
tients with an improved endothelial function was 74.1% in the
dapagliflozin group and 40.7% in the non-SGLT2 inhibitor
group (p=0.013). LnRHI: natural logarithmic transformation
of the reactive hyperemia index, SGLT2-I: sodium-glucose co-
transporter 2 inhibitor

independent mechanisms (5). In the present study, dapagli-
flozin exerted a beneficial vascular action by improving the
microvascular endothelial function. Therefore, dapagliflozin
may be a promising medication for improving the glycemic
control and resolving endothelial dysfunction in patients
with uncontrolled T2DM.

The detailed mechanisms underlying the prevention of
cardiovascular events by SGLT2 inhibitors have not been
fully determined. However, some potential vascular benefits
of reducing the blood pressure and arterial stiffness have
been reported (9). Shigiyama et al. recently demonstrated
that add-on dapagliflozin with low-dose metformin tended to
improve the endothelial function as assessed by flow-
mediated vasodilation (FMD) compared with an increasing
dose of metformin in the early stage of T2DM (11). In their
sub-group analysis, dapagliflozin significantly improved the
endothelial function only in patients with uncontrolled T2
DM. They suggested that dapagliflozin might improve the
endothelial function through a reduction in the oxidative
stress as evaluated by urinary levels of 8-hydroxy-2’-
deoxyguanosin (11). Solini et al. recently reported that 2-
day dapagliflozin treatment rapidly and significantly im-
proved the endothelial function as assessed by FMD in pa-
tients with T2DM (12). They also proposed a potential
mechanism underlying the dapagliflozin-induced improve-
ment of the vascular function via a reduction in the oxida-
tive stress as assessed by urinary isoprostanes.

We cannot speculate on the possible involvement of re-
ducing oxidative stress in improving the endothelial function
by dapagliflozin in our study because we did not measure
any markers of oxidative stress. Dapagliflozin therapy may
reduce oxidative stress through several pathways and meta-
bolic changes, including improvement of the glycemic con-
trol, elevation of adiponectin, and a reduction in triglyceride
levels, the blood pressure, the body weight, and the fat
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Table 4. Logistic Regression Analysis for the Improvement of Microvascular Endothelial Func-

tion among Baseline Factors.

Baseline variable

Univariate logistic regression

Multivariate logistic regression
using forced inclusion model

OR 95% C1 P OR 95% CI p
Age (per year) 1.056 0.986 to 1.132 0.120 -
Gender (male) 1.159 0.345 to 3.893 0.811 -
Body mass index (per 1.0) 1.107 0.902 to 1.359 0329 1.056 0.851to1.311 0.620
Body weight (per 1.0; kg) 1.014 0.949 to 1.083 0.687 -
Waist circumference (per 1.0; cm)  1.033 0.955t0 1.117 0.419 -
Total fat mass (per 1.0; kg) 1.067 0.973to 1.170 0.167 -
Body fat percentage (per 1.0; %) 1.048 0.972 to 1.130 0.218 -
Hypertension (yes) 4.167 0.664 to 26.31 0.177 -
Dyslipidemia (yes) 0.667 0.196 to 2.267 0.516 -
Current smoker (yes) 1.210 0.345 to 4.245 0.776 -
Hemoglobin Alc (per 1.0; %) 1.320 0.744 t0 2.342 0.343 -
FPG (per 1.0; mg/dL) 1.005 0.990 to 1.019 0.525 -
CPR (per 1.0; ng/mL) 0.743 0.390 to 1.417 0.368 -
Duration (per 1.0; years) 1.059 0.971to 1.155 0.194 -
Abdominal VFA (per 1.0; cm?) 1.001 0.991 to 1.011 0.829 -
Abdominal SFA (per 1.0; cm?) 1.005 0.997 to 1.014 0.205 -
Dapagliflozin therapy (yes) 4.156 1.312t0 13.169  0.015 3.931 1.217t0 12.695 0.022

Hosmer-Lemeshow p=0.14 in multivariate analysis.

OR: odds ratio, CI: confidence interval, FPG: fasting plasma glucose, CPR: C-peptide immunoreactivity, VFA: visceral fat

area, SFA: subcutaneous fat area

Table 5. Correlation between Changes in Improvement of
Endothelial Function as Assessed by the Percentage Increase

in LnRHI and Clinical Variables.

r p value
Changes in body mass index (kg/m?2) -0.204 0.139
Changes in body in body weight (kg) -0.189 0.170
Changes in waist circumference (cm) -0.256 0.062
Changes in total fat mass (kg) -0.223 0.106
Changes in body fat percentage (%) -0.218 0.114
Changes in hemoglobin Alc (%) -0.040 0.772
Changes in fasting blood glucose (mg/dL) 0.090 0.517
Changes in fasting blood CPR (ng/mL) -0.194 0.172
Changes in fasting blood glucagon (pg/mL) -0.167 0.251
Changes in hematocrit (%) 0.136 0.326
Changes in hemoglobin (mg/dL) 0.174 0.209
Changes in TG (mg/dL) 0.022 0.876
Changes in NEFA (uEq/L) 0.054 0.709
Changes in systolic blood pressure (mmHg)*  -0.278 0.042
Changes in diastolic blood pressure (mmHg)  -0.165 0.232
Changes in HR (per minute) -0.139 0.315
Changes in BNP (pg/mL) -0.099 0.482
Changes in TFA (cm?)* -0.276 0.048
Changes in VFA (cm?) -0.115 0.416
Changes in SFA (cm?)* -0.333 0.016
Changes in total ketone body (umol/L) 0.199 0.170
Changes in adiponectin (ug/mL)* 0.327 0.027

*p<0.05. LnRHI: natural logarithmic transformation of reactive-hyperemia
index, CPR: C-peptide immunoreactivity, TG: triglyceride, NEFA: non-es-
terified free fatty acid, HR: heart rate, BNP: B-type natriuretic peptide,

TFA: total fat area, VFA: visceral fat area, SFA: subcutaneous fat area

mass.

SGLT?2 inhibitors exerted blood pressure-lowering effects
in a previous meta-analysis (26). We also confirmed the
beneficial effects of dapagliflozin on the blood pressure in
the present study. A previous study showed that 2-day da-
pagliflozin treatment improved the endothelial function, in-
dependent of blood pressure-lowering effects (12). However,
we found a significant correlation between the degree of im-
provement in the endothelial function and the reduction in
systolic blood pressure in our six-month study. We speculate
that the endothelial function improved by dapagliflozin
might subsequently induce the functional recovery of im-
paired microcirculation and abnormal vasomotion of arteri-
oles with increased vascular tone, thereby leading to a re-
duction in the systemic blood pressure.

Obesity and fat accumulation are major fundamental
pathogenic conditions in patients with T2DM (30). Glucose-
lowering treatment strategies that can provide a reduction in
the body weight and fat mass are thought to have additive
clinical advantage in the management of DM (4). The post-
hoc results of the Look AHEAD study showed the cardio-
vascular benefits of practically achieved weight reduction
during the long-term management of T2DM (31). Matsu-
zawa et al. reported that the waist circumference, reflecting
abdominal obesity, was strongly associated with endothelial
dysfunction in patients with metabolic syndrome (32). They
also found that the degree of reduction in the waist circum-
ference by lifestyle modifications was substantially corre-
lated with improvement in the endothelial function. The cur-
rent study showed a significant correlation between the
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dapagliflozin-induced improvement in the endothelial func-
tion and changes in the plasma adiponectin levels and ab-
dominal fat mass, particularly SFA, as assessed by abdomi-
nal CT. Adiponectin has athero-protective effects and im-
proves the endothelial function (33). Because SGLT2 inhibi-
tors improve the glycemic control via the reduction in the
body weight and fat mass (2), SGLT2 inhibitors may be
able to achieve cardiovascular benefits by improving the en-
dothelial function, accompanied by a decrease in the ab-
dominal fat mass and an increase in the plasma adiponectin
levels. Recent experimental approaches to examining the
mechanism underlying the effects of SGLT2 inhibitors on
the vascular function have suggested that the effects of
SGLT?2 inhibitors on the endothelial function may be inde-
pendent of a reduction in fat (34, 35). Further studies are re-
quired to clarify the precise mechanisms underlying the ef-
fects of SGLT2 inhibitors on the endothelial function.

Adiponectin is secreted by adipocytes, and the decreased
plasma levels of adiponectin play an important role in the
pathogenesis of T2DM and cardiovascular diseases (33).
Adiponectin levels are reported to be inversely correlated
with both the total and abdominal fat mass (36). Thia-
zolidinediones, PPAR 7y agonists, have been shown to in-
crease the circulating levels of adiponectin in humans (37).
We observed increased plasma adiponectin levels in patients
receiving dapagliflozin therapy in the present study, al-
though the detailed molecular mechanisms underlying this
dapagliflozin-induced elevation remain unclear. A reduction
in both the visceral and subcutaneous fat mass helps in-
crease the adiponectin level through lifestyle intervention in
patients with T2DM (38). Because adipocytes do not ex-
press SGLT2, the direct effects of dapagliflozin on adipo-
cytes may not play a central role in the present results. We
instead speculate that the effects of dapagliflozin-induced fat
mass reduction via urinary calorie loss may modulate the
functions and metabolism of adipocytes, leading to the ele-
vation of plasma adiponectin.

At present, only two clinical studies with dapagliflozin
have shown improving effects of SGLT2-inhibitors on the
endothelial function (11, 12). In in vivo animal models, da-
pagliflozin treatment (35), empagliflozin treatment (39), and
ipragliflozin treatment (34) improved the endothelial func-
tion. However, we lack sufficient clinical data at present re-
garding the SGLT2 inhibitor-induced improvement in the
endothelial function as a drug class effect.

Our study has several limitations, including the small
number of subjects, non-random allocation, open-label de-
sign, relatively short study period, and possible bias in pa-
tient selection. More detailed and longer studies are required
to validate the effects of SGLT2 inhibitor treatment on im-
proving the endothelial function as demonstrated in the pre-
sent study. The beneficial effects of SGLT2 inhibitors on the
endothelial function should be confirmed in larger, random-
ized clinical studies (40). This study included patients with
uncontrolled T2DM (HbAlc >7.0%) as well as patients
without severe obesity (BMI >35 kg/m’). Further studies

evaluating the effects of dapagliflozin on the endothelial
function should be considered in patients with T2DM with a
normal weight, severe obesity, older age, and well-controlled
DM. In addition, the detailed mechanisms underlying the
dapagliflozin-induced improvement in the endothelial func-
tion could not be determined in the present clinical study.
We were also unable to measure markers of inflammation
and oxidative stress. Prospective studies including these
biomarkers may help determine the underlying mechanisms
of action of SGLT?2 inhibitors.

Conclusion

Add-on treatment with dapagliflozin significantly im-
proves the glycemic control and endothelial function associ-
ated with a reduction in the abdominal fat mass in patients
with uncontrolled T2DM.
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