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ABSTRACT

Introduction: The aim of this study was to eval-
uate the characteristics of new users of sodium
glucose co-transporter-2 inhibitors (SGLT2i) in
comparison with those of new users of other oral
antidiabetic drugs (OADs) using data retrieved
from three administrative databases in Japan.
Methods: This study included adult patients
from each database who started an OAD between
2014 and 2017. Outpatients who started SGLT2i
therapy were included in the SGLT2i cohort. The
remaining outpatients were grouped according to
the OAD class of their earliest initial prescription
after no use of the index OAD during the
6-month pre-index period. Diabetes-related com-
plications were evaluated using the Diabetes
Complication Severity Index.
Results: In total, 176,355 patients in the hos-
pital-based administrative database (H-dataset),

98,361 in the pharmacy claims database (P-
dataset) and 37,786 in the insurance claims
database (I-dataset) were analyzed. In the
H-dataset, SGLT2i users, compared with users of
other OADs, tended to be younger (mean age at
index: 57.7 vs. 60.3–69.2 years) and to have a
higher prevalence of hypercholesterolemia
(73.5 vs. 55.2–71.4%), a higher mean body
weight (74.4 vs. 60.5–70.8 kg), a higher body
mass index (27.6 vs. 23.5–26.4 kg/m2) and a
higher glycated hemoglobin level (8.4 vs.
7.4–8.1%). There were no distinct differences in
the prevalence of complications between
SGLT2i users and users of other OADs in the
H-dataset. Similar trends were noted in the
other datasets.
Conclusion: Patients initiating SGLT2i therapy
differed in several characteristics from new users
of other OADs. SGLT2i were prescribed more
frequently to younger patients, those at
increased cardiovascular risk or those with
poorer glycemic control.
Funding: Astellas Pharma Inc., Tokyo, Japan.

Keywords: Administrative databases; SGLT2i;
Japan; Patient profile; Real-world

INTRODUCTION

The prevalence of diabetes among the adult
population in Japan was estimated to be 7.7% in
2017, and the expectation is that it will reach
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9.8% in 2030 [1, 2]. Patients with type 2 dia-
betes mellitus (T2DM) are often associated with
clustered risk factors for cardiovascular disease
(CVD), such as obesity, hypertension and
hypercholesterolemia, and are also at increased
risk of macrovascular complications [3]. In
addition, microvascular complications, such as
diabetic nephropathy, neuropathy and
retinopathy, are also common in patients with
T2DM [4].

Oral antidiabetic drugs (OADs) lower blood
glucose levels through various mechanisms,
such as by increasing insulin release [e.g. sul-
fonylureas (SU) and glinides], improving insulin
sensitivity [e.g. thiazolidinediones (TZD)],
stimulating glucose uptake via 50 adenosine
monophosphate-activated protein kinase acti-
vation [e.g. biguanides (BG)], delaying glucose
absorption in the intestines [e.g. alpha-glucosi-
dase inhibitors (a-GI)] and stimulating insulin
release and suppressing glucagon secretion via
dipeptidyl peptidase-4 (DPP-4) inhibition [e.g.
DPP-4 inhibitors (DPP-4i)] [5, 6].

Sodium glucose co-transporter-2 inhibitors
(SGLT2i) represent a novel class of OADs that
reduce blood glucose levels by inhibiting renal
glucose reabsorption, independent of insulin
secretion and action [7]. Six SGLT2i com-
pounds, namely ipragliflozin, dapagliflozin,
tofogliflozin, luseogliflozin, canagliflozin and
empagliflozin, were approved for the treatment
of T2DM in Japan between April 2014 and
February 2015 [8–14]. However, real-world
studies on SGLT2i users in Japan are limited
[15–18]. The aim of this study was to provide a
real-world perspective on the demographic and
clinical characteristics of SGLT2i users com-
pared with those of users of other OADs using
data retrieved from three administrative data-
bases in Japan.

METHODS

This was a retrospective database analysis of
patients with diabetes who initiated OAD ther-
apy between April 2014 and March 2017 in
Japan. The Medical Affairs Japan Protocol
Review Committee reviewed and approved the
study protocol prior to study initiation. As the

study only involved analysis of pre-existing data
in the databases, written informed consent from
the study participants was not required. This
study was conducted in accordance with the
guidelines for Good Pharmacoepidemiology
Practice [19].

Data Sources

This study retrieved patient data from three dis-
tinct administrative databases in Japan: (1) a
hospital-based administrative database (H-data-
set) constructed from data on inpatients and
outpatients from 287 Diagnosis Procedure Com-
bination (DPC) hospitals [20]; (2) a pharmacy
claims database (P-dataset) comprising data from
over 800 pharmacies nation-wide, which pro-
vided coverage for approximately 2% of all out-
patient prescriptions [21]; and (3) an insurance
claims database (I-dataset) containing medical
and prescription claims of 3.8 million employees
and their dependents (as of study execution) who
were mostly aged B 65 years [22].

Study Population

This study included patients from each database
who were C 18 years old as of 1 April 2014 and
initiated therapy on an OAD between 1 April
2014 and 31 March 2017 (study period) (Fig. 1).
Patients who had any of the following Interna-
tional Classification of Diseases tenth revision
(ICD-10) diagnosis codes during the study period
were excluded: E10.xx (type 1 diabetes mellitus),
E12.xx (malnutrition-related diabetes mellitus),
E13.xx (other specified diabetes mellitus) and
O24.xx (diabetes mellitus in pregnancy). Patients
with any SGLT2i prescription were identified, and
the first medication date (= index date) was
noted. Patients who initiated treatment with
SGLT2i and any other OAD(s) or with C 2 SGLT2i
agents on the same date were excluded from the
study. The remaining patients, consisting of those
who added SGLT2i to their prior OAD therapy or
those who started SGLT2i monotherapy, were
included in the SGLT2i cohort.

Since the other OADs included in this study
for comparison have been in the market for a
long time, we tried to include new users during
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the study period to allow better comparison with
the SGLT2i cohort. Other OAD cohorts in this
study included patients receiving therapy with a-
GI, BG, DPP-4i, glinides, SU, and TZD [see Elec-
tronic Supplementary Material (ESM) Table 1 for a
list of medication codes]. We identified the first
prescription date for each OAD class and flagged
this date as a candidate index date. If the patients
used the index OAD during the 6-month pre-in-
dex period or initiated therapy with the index
OAD together with another class of OADs or
fixed-dose combination drugs on the same date
(co-initiation), then the candidate index OAD
was excluded. Finally, the earliest candidate was

selected as the index OAD, and the initial pre-
scription date for the index OAD was identified as
the index date. Patients who had\6 months
enrollment prior to the index date were excluded
from the study cohorts (only applicable to the
I-dataset). For better generalizability, patients who
were hospitalized at the index date were excluded
from the analysis (only applicable to the H- and
I-datasets).

Study Assessments

We evaluated patient characteristics and pre-
scribing site characteristics for the SGLT2i and

Fig. 1 Selection algorithm for the study population. �Due
to the different nature of the datasets, certain exclusion
criteria were only applicable to the stated dataset. H-
dataset a hospital-based administrative database con-
structed from data for inpatients and outpatients from
287 diagnosis procedure combination (DPC) hospitals. P-
dataset a pharmacy claims database using data from over
800 pharmacies nation-wide which provided a coverage of
approximately 2% of all outpatient prescriptions. I-dataset

an insurance claims database containing medical and
prescription claims of 3.8 million employees and their
dependents that were mostly aged B 65 years. a-GI alpha-
glucosidase inhibitors, BG biguanides, DPP-4i dipeptidyl
peptidase-4 inhibitors, FDC fixed-dose combination, OAD
oral antidiabetic drug, SGLT2i sodium glucose co-trans-
porter-2 inhibitors, SU sulfonylureas, T2DM type 2
diabetes mellitus, TZD thiazolidinediones
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the other OAD cohorts. A window period of
- 30 days was allowed for the collection of
baseline clinical values [body mass index
(BMI), glycated hemoglobin (HbA1c), esti-
mated glomerular filtration rate (eGFR)]. If
there were multiple values within this period,
the closest one to the index date was chosen.
Comorbidities were coded according to the
Elixhauser Comorbidity Index (ECI) [23, 24]
and scored as previously reported [25]. The
prevalence of hypertension and hypercholes-
terolemia were assessed based on the ICD-10
diagnosis code (I10.x for hypertension and
E78.x for hypercholesterolemia) and pre-
scriptions for these conditions during the pre-
index period (YJ codes starting with 214 for
hypertension and 218 for hypercholes-
terolemia). Diabetes-related complications
were evaluated using the Diabetes Complica-
tion Severity Index (DCSI) [26], which identi-
fied seven complications: CVD, nephropathy,

retinopathy, cerebrovascular disease, neu-
ropathy, peripheral vascular disease and
metabolic disease (ketoacidosis). The DCSI
was originally developed using the ICD ninth
revision (ICD-9) codes and laboratory test
results, but ICD-10 codes [27, 28] with adap-
tations for Japan-specific standardized diag-
nosis codes and serum creatinine results
(where available) were used in this study (see
ESM Table 2 for a list of diagnosis codes).

Statistical Analysis

We analyzed the data in each dataset sepa-
rately. Continuous data were presented as the
mean and standard deviation (SD) or as the
median and inter-quartile range (IQR), as
appropriate, and categorical data were pre-
sented as proportion. Prescription site was
summarized according to the number of beds
(C 20 beds as hospital and\ 20 beds as clinic).

Fig. 2 Age distribution of SGLT2i users and other OAD
users at index. H-dataset a hospital-based administrative
database constructed from data for inpatients and outpa-
tients from 287 diagnosis procedure combination (DPC)
hospitals. P-dataset a pharmacy claims database using data
from over 800 pharmacies nation-wide which provided a
coverage of approximately 2% of all outpatient

prescriptions. I-dataset an insurance claims database con-
taining medical and prescription claims of 3.8 million
employees and their dependents that were mostly aged
B 65 years. a-GI alpha-glucosidase inhibitors, BG bigua-
nides, DPP-4i dipeptidyl peptidase-4 inhibitors, OAD oral
antidiabetic drug, SGLT2i sodium glucose co-transporter-2
inhibitors, SU sulfonylureas, TZD thiazolidinediones
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Changes over time in prescription site, pre-
scribing specialty and age at index were
aggregated quarterly by index date. All anal-
yses were conducted for each dataset sepa-
rately using SAS� Studio Release 3.5 (SAS
Institute Inc., Cary, NC, USA).

RESULTS

Prescription Site, Prescribing Specialty
and Patient Demographics

In total, 176,355 patients in the H-dataset,
98,361 patients in the P-dataset, and 37,786
patients in the I-datasets were included in the
analysis (Fig. 1). Table 1 shows the characteris-
tics of SGLT2i users and of users of other OADs.
Overall, 38.8% of the patients in the P-dataset
and 68.7% of those in the I-dataset received
their index prescriptions from clinics. Age/gen-
der distribution were similar between patients
in the H-dataset (only included hospital
patients) and those in the P-dataset (included
both clinic and hospital patients). The H-data-
set contained more prescriptions initiated by
diabetologists than did the P-dataset. Compared
with users of other OADs, SGLT2i users and TZD
users tended to have more prescriptions initi-
ated from the clinics. Over the study period,
there was a decreasing trend in SGLT2i pre-
scriptions initiated from the clinics (ESM Fig. 1).
OAD prescriptions were most frequently initi-
ated by generalists across all cohorts (Table 1).
Notably, the number of SGLT2i prescriptions
initiated in the cardiology department
increased slightly over the study period (ESM
Fig. 2).

There were no differences in gender distri-
bution between SGLT2i users and users of other
OADs in each dataset, but SGLT2i users were the
youngest among the OAD cohorts (Table 1;
Fig. 2). Over the study period, there was an
increasing trend in mean age at index among
SGLT2i users (Fig. 3), with an increase in the
proportion of patients aged C 65 years in all
datasets (ESM Fig. 3).

Clinical Characteristics

The comorbidities and diabetes-related compli-
cations at index among SGLT2i users and users
of other OADs in the H- and I-datasets are
summarized in Table 2. The median ECI score
was lower in both SGLT2i and BG users than in
users of other OADs in the H-dataset but was
comparable across all OAD users in the I-data-
set. A higher prevalence of hypertension was
noted in SGLT2i users in the I-dataset and a
higher prevalence of hypercholesterolemia was
noted in SGLT2i users in both the H- and
I-datasets compared with users of other OADs.
The median DCSI score was similar across all
OAD cohorts in both the H- and I-datasets.
There were no distinct differences in the
prevalence of complications between SGLT2i
users and users of other OADs in both of these
datasets.

The body weight, BMI, HbA1c and eGFR
levels at index in SGLT2i users and users of
other OADs in the H- and I-datasets are shown
in Table 3. SGLT2i users in the H-dataset had
the highest mean body weight, BMI and HbA1c
levels among the OAD cohorts (Table 3). The
mean BMI level was also highest in SGLT2i users
in the I-dataset. All OAD cohorts in both data-
sets had median eGFR levels of [ 60 mL/min/
1.73 m2.

Fig. 3 Mean age at index during the study period in the
a H-dataset, b P-dataset, and c I-dataset.H-dataset a hospital-
based administrative database constructed from data for
inpatients and outpatients from 287 diagnosis procedure
combination (DPC) hospitals. P-dataset a pharmacy claims
database using data from over 800 pharmacies nation-wide
which provided a coverage of approximately 2% of all
outpatient prescriptions. I-dataset an insurance claims database
containing medical and prescription claims of 3.8 million
employees and their dependents that were mostly aged B 65
years. a-GI alpha-glucosidase inhibitors, BG biguanides, DPP-
4i dipeptidyl peptidase-4 inhibitors, SGLT2i sodium glucose
co-transporter-2 inhibitors, SU sulfonylureas, TZD
thiazolidinediones

c
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DISCUSSION

This study, to the best of our knowledge, is the
largest study to characterize new users of
SGLT2i using data from multiple databases in
Japan. The results of this study showed that
SGLT2i new users tended to be younger and to
have higher BMI levels and a higher prevalence
of hypertension and hypercholesterolemia at
index than did other new users of OADs during
the first 3 years of the launching of SGLT2i use
in Japan. SGLT2i new users also tended to be
heavier and to have higher HbA1c levels than
users of other OADs. SGLT2i were initially
prescribed more frequently to younger patients
and subsequently gradually introduced to
elderly patients. SGLT2i prescriptions were
initiated more frequently from clinics and then
progressively also from hospitals. Notably, the
number of SGLT2i prescriptions initiated in the
cardiology department increased slightly over
time. Hankins et al. [29] conducted a similar
database study between November 2012 and
April 2014 to compare early users of dapagli-
flozin with users of other OADs in Germany.
The dapagliflozin users were younger and
heavier and had higher HbA1c levels than did
users of other OADs [29], similar to the SGLT2i
new users in the present study. However, the
German study did not report any differences in
the prevalence of hypertension and hyperc-
holesterolemia between dapagliflozin users and
the users of other OADs during the study per-
iod [29].

In this study, we observed that SGLT2i users
tended to have a higher prevalence of hyper-
tension and hypercholesterolemia at initiation
compared with users of other OADs. In addi-
tion, a slight increase in SGLT2i prescription
initiated from the cardiology department was
noted over the study period. A recent meta-
analysis demonstrated reductions in hospital-
ization for heart failure and delayed progression
of renal disease in patients with T2DM treated
with SGLT2i, regardless of existing atheroscle-
rotic CVD or history of heart failure [30].
Therefore, SGLT2i may also be gradually intro-
duced to patients without an established risk of
CVD.

T
a
b
le
2

co
nt
in
ue
d

C
om

or
bi
di
ti
es

an
d
di
ab
et
es
-

re
la
te
d
co
m
pl
ic
at
io
ns

at
in
de
x

D
at
as
et

a
SG

L
T
2i

a-
G
I

B
G

D
P
P
-4
i

G
lin

id
e

SU
T
Z
D

T
ot
al

M
et
ab
ol
ic
di
se
as
e,

n
(%

)
H
-d
at
as
et

13
8
(0
.5
)

55
(0
.4
)

12
3
(0
.5
)

35
0
(0
.4
)

42
(0
.6
)

53
(0
.4
)

10
(0
.2
)

77
1
(0
.4
)

I-
da
ta
se
t

20
(0
.2
)

3
(0
.1
)

18
(0
.3
)

23
(0
.2
)

3
(0
.4
)

7
(0
.4
)

1
(0
.1
)

75
(0
.2
)

H
-d
at
as
et
:
a
ho
sp
it
al
-b
as
ed

ad
m
in
is
tr
at
iv
e
da
ta
ba
se

co
ns
tr
uc
te
d
fr
om

da
ta

fo
r
in
pa
ti
en
ts
an
d
ou
tp
at
ie
nt
s
fr
om

28
7
di
ag
no
si
s
pr
oc
ed
ur
e
co
m
bi
na
ti
on

(D
PC

)
ho
sp
it
al
s

I-
da
ta
se
t:
an

in
su
ra
nc
e
cl
ai
m
s
da
ta
ba
se

co
nt
ai
ni
ng

m
ed
ic
al
an
d
pr
es
cr
ip
ti
on

cl
ai
m
s
of

3.
8
m
ill
io
n
em

pl
oy
ee
s
an
d
th
ei
r
de
pe
nd

en
ts
th
at

w
er
e
m
os
tly

ag
ed

B
65

ye
ar
s

a-
G
I
al
ph
a-
gl
yc
os
id
as
e
in
hi
bi
to
rs
,B

G
bi
gu
an
id
es
,D

PP
-4
i
di
pe
pt
id
yl
pe
pt
id
as
e-
4
in
hi
bi
to
rs
,D

SC
I
di
ab
et
es

co
m
pl
ic
at
io
n
se
ve
ri
ty

in
de
x,
E
C
I
el
ix
ha
us
er

co
m
or
bi
di
ty

in
de
x,
O
A
D

or
al

an
ti
di
ab
et
ic
dr
ug
,S

G
L
T
2i

so
di
um

gl
uc
os
e
co
-t
ra
ns
po
rt
er
-2

in
hi
bi
to
rs
,S

U
su
lfo

ny
lu
re
as
,T

Z
D

th
ia
zo
lid
in
ed
io
ne
s

a
R
el
ev
an
t
re
su
lts

w
er
e
no
t
av
ai
la
bl
e
fo
r
th
e
P-
da
ta
se
t

558 Diabetes Ther (2019) 10:549–562



T
ab
le
3

B
od
y
w
ei
gh
t,
bo
dy

m
as
s
in
de
x
an
d
la
bo
ra
to
ry

te
st
re
su
lts

fo
r
so
di
um

gl
uc
os
e
co
-t
ra
ns
po
rt
er
-2

in
hi
bi
to
r
us
er
s
an
d
us
er
s
of

ot
he
r
or
al
an
ti
di
ab
et
ic
dr
ug
s
at

in
de
x

C
lin

ic
al

ch
ar
ac
te
ri
st
ic
s

D
at
as
et
a

SG
L
T
2i

a-
G
I

B
G

D
P
P
-4
i

G
lin

id
e

SU
T
Z
D

T
ot
al

N
um

be
r
of

pa
ti
en
ts
,N

H
-d
at
as
et

27
,0
39

13
,6
49

26
,4
68

84
,0
12

69
46

13
,5
33

47
08

17
6,
35
5

I-
da
ta
se
t

12
,4
08

20
63

68
32

12
,7
94

77
9

18
43

10
67

37
,7
86

C
lin

ic
al
ch
ar
ac
te
ri
st
ic
s

M
ea
n
bo
dy

w
ei
gh
t

N
um

be
r
of

pa
ti
en
ts
,

n
H
-d
at
as
et

33
6

36
8

59
3

34
99

20
1

56
0

12
2

56
79

M
ea
n
(S
D
),
kg

74
.4

(1
9.
5)

60
.5

(1
3.
2)

70
.8

(1
6.
7)

62
.9

(1
3.
3)

60
.6

(1
4.
3)

62
.3

(1
3.
5)

67
.4

(1
3.
9)

64
.2

(1
4.
7)

B
M
I

N
um

be
r
of

pa
ti
en
ts
,n

H
-d
at
as
et

33
6

36
5

59
1

34
67

20
0

55
7

12
2

56
38

M
ea
n
(S
D
),
kg
/m

2
27
.6

(6
.1
)

23
.5

(4
.1
)

26
.4

(5
.2
)

24
.2

(4
.2
)

23
.5

(4
.7
)

24
.0

(4
.2
)

25
.6

(4
.3
)

24
.6

(4
.6
)

N
um

be
r
of

pa
ti
en
ts
,n

I-
da
ta
se
t

66
0

10
3

45
2

82
4

44
12
6

54
22
63

M
ea
n
(S
D
),
kg
/m

2
29
.2

(5
.4
)

25
.7

(5
.3
)

27
.3

(4
.7
)

25
.9

(4
.5
)

24
.2

(3
.3
)

26
.3

(4
.6
)

26
.1

(4
.3
)

27
.1

(5
.0
)

H
bA

1c
,
%

N
um

be
r
of

pa
ti
en
ts
,n

H
-d
at
as
et

31
20

12
52

33
85

81
99

62
5

13
42

46
2

18
,3
85

M
ea
n
(S
D
)

8.
4
(1
.4
)

7.
4
(1
.2
)

8.
1
(1
.6
)

7.
7
(1
.5
)

7.
6
(1
.2
)

8.
0
(1
.7
)

7.
8
(1
.5
)

7.
9
(1
.5
)

N
um

be
r
of

pa
ti
en
ts
,n

I-
da
ta
se
t

59
4

89
39
2

72
1

40
10
7

48
19
91

M
ea
n
(S
D
)

8.
1
(1
.4
)

7.
4
(1
.3
)

8.
1
(1
.7
)

8.
1
(1
.8
)

7.
9
(1
.2
)

8.
8
(1
.9
)

8.
2
(1
.6
)

8.
1
(1
.6
)

eG
FR

,m
L
/m

in
/1
.7
3
m

2

N
um

be
r
of

pa
ti
en
ts
,n

H
-d
at
as
et

25
56

11
22

28
18

75
17

54
3

11
10

37
2

16
,0
38

M
ea
n
(S
D
)

77
.8

(2
4.
0)

62
.4

(2
5.
3)

79
.3

(2
2.
4)

66
.1

(2
6.
5)

61
.9

(2
6.
9)

72
.2

(2
6.
5)

69
.9

(2
2.
1)

70
.4

(2
6.
0)

M
ed
ia
n
(I
Q
R
)

76
.0

(6
3.
0–

91
.0
)

63
.0

(4
7.
0–

79
.0
)

77
.0

(6
5.
0–

91
.0
)

67
.0

(5
0.
0–

82
.0
)

65
.0

(4
5.
0–

81
.0
)

70
.0

(5
5.
0–

86
.0
)

68
.0

(5
5.
5–

83
.0
)

71
.0

(5
5.
0–

85
.0
)

N
um

be
r
of

pa
ti
en
ts
,n

I-
da
ta
se
t

31
6

61
25
0

42
5

15
54

31
11
52

M
ea
n
(S
D
)

79
.3

(1
7.
6)

73
.9

(2
1.
9)

79
.7

(1
7.
6)

79
.6

(2
0.
4)

76
.0

(1
4.
3)

82
.4

(1
5.
3)

75
.0

(2
0.
7)

79
.2

(1
8.
9)

M
ed
ia
n
(I
Q
R
)

78
.0

(6
6.
0–

92
.0
)

73
.0

(6
5.
0–

81
.0
)

78
.0

(6
9.
0–

88
.0
)

79
.0

(6
7.
0–

91
.0
)

79
.0

(6
8.
0–

85
.0
)

85
.0

(7
5.
0–

90
.0
)

78
.0

(6
4.
0–

91
.0
)

78
.0

(6
7.
0–

90
.0
)

H
-d
at
as
et
:
a
ho
sp
it
al
-b
as
ed

ad
m
in
is
tr
at
iv
e
da
ta
ba
se

co
ns
tr
uc
te
d
fr
om

da
ta

fo
r
in
pa
ti
en
ts
an
d
ou
tp
at
ie
nt
s
fr
om

28
7
di
ag
no
si
s
pr
oc
ed
ur
e
co
m
bi
na
ti
on

(D
PC

)
ho
sp
it
al
s

I-
da
ta
se
t:
an

in
su
ra
nc
e
cl
ai
m
s
da
ta
ba
se

co
nt
ai
ni
ng

m
ed
ic
al
an
d
pr
es
cr
ip
ti
on

cl
ai
m
s
of

3.
8
m
ill
io
n
em

pl
oy
ee
s
an
d
th
ei
r
de
pe
nd

en
ts
th
at

w
er
e
m
os
tly

ag
ed

B
65

ye
ar
s

a-
G
I
al
ph
a-
gl
yc
os
id
as
e
in
hi
bi
to
rs
,B

G
bi
gu
an
id
es
,B

M
I
bo
dy

m
as
s
in
de
x,
D
PP

-4
id

ip
ep
ti
dy
lp

ep
ti
da
se
-4

in
hi
bi
to
rs
,e
G
FR

es
ti
m
at
ed

gl
om

er
ul
ar

fil
tr
at
io
n
ra
te
,H

bA
1c

gl
yc
at
ed

he
m
og
lo
bi
n,

IQ
R
in
te
rq
ua
rt
ile

ra
ng
e,
O
A
D

or
al
an
ti
di
ab
et
ic
dr
ug
,S
D

st
an
da
rd

de
vi
at
io
n,

SG
L
T
2i

so
di
um

gl
uc
os
e
co
-t
ra
ns
po
rt
er
-2

in
hi
bi
to
rs
,S
U

su
lfo

ny
lu
re
as
,T

Z
D

th
ia
zo
lid
in
ed
io
ne
s

a
R
el
ev
an
t
re
su
lts

w
er
e
no
t
av
ai
la
bl
e
fo
r
th
e
P-
da
ta
se
t

Diabetes Ther (2019) 10:549–562 559



Clinical trials have demonstrated a weight
reduction benefit in addition to improved gly-
cemic control in patients with T2DM treated
with SGLT2i [8–14]. In this study, we observed
that SGLT2i users tended to be heavier than the
users of other OADs at treatment initiation,
suggesting that SGLT2i may be considered for
patients who have concerns about weight gain
with diabetes treatment, although this result
may be due to the new users of SGLT2i being
younger than the users of other OADs. SGLT2i
reduce blood glucose levels via an insulin-inde-
pendent mechanism and are suitable for patients
with T2DM regardless of the level of beta-cell
function and the degree of insulin resistance [7].
The present study showed that SGLT2i users
tended to have higher HbA1c levels than other
the users of OADs at treatment initiation. Con-
sidering the unique mode of action of SGLT2i, it
may be that SGLT2i were considered for patients
who were at later stage of the diabetes or for
those whose blood sugar was inadequately con-
trolled. Further studies on the drug utilization
patterns in SGLT2i users will provide more
information on physicians’ prescribing behavior.

There were some limitations to this study.
While we sought ‘new’ users of an OAD, the
index OAD prescription in the H- and P-dataset
may not be truly ‘new’, as patients may have
prescriptions from other hospitals or pharmacies
that could not be captured by the databases. Also,
the I-dataset had mostly younger patients
(B 65 years) and the H-dataset included only DPC
hospitals. These patients may not be representa-
tive of the general diabetes population. Never-
theless, results from the three databases were
similar. By selecting patients with SGLT2i pre-
scriptions ahead of the other OADs, the relative
cohort sizes were not meaningful. In addition, the
diagnoses of comorbidities and complications
were not validated in these databases, and the
prevalence may have been underestimated [31].
Further, laboratory data were available for only a
limited number of patients.

CONCLUSIONS

The results of this study show that patients
starting on SGLT2i differed in several

demographic and clinical characteristics from
new users of other OADs. While SGLT2i were
prescribed more frequently to younger patients,
over the study period they were gradually being
used in elderly patients. In addition, there is a
trend towards prescribing SGLT2i to patients at
increased risk of CVD or those with poorer
glycemic control. Further studies are needed to
elucidate the drug utilization patterns in SGLT2i
users.
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