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ABSTRACT

Introduction: We evaluated the effectiveness
and safety of sodium-glucose cotransporter 2
inhibitor (SGLT2i) add-on treatment in patients
with type 2 diabetes mellitus (T2DM) in the
real-world setting.
Methods: This single-center retrospective study
used the clinical database of Seoul National
University Hospital in South Korea. Patients

who received metformin monotherapy or
combination therapy with C 1 other oral
hypoglycemic medication and had a baseline
glycosylated hemoglobin (HbA1c) between
7.0% and 10.5% were included. Propensity
score matching was applied between patients
treated with and without SGLT2 inhibitors
(SGLT2i and non-SGLT2i groups, respectively).
Changes in HbA1c from baseline to week 26
were compared between the SGLT2i and non-
SGLT2i groups, and risk of adverse events (AE)
were also assessed.
Results: A total of 1106 patients were included.
At week 26, HbA1c was significantly more
reduced by 0.35 percentage points in the
SGLT2i group than in the non-SGLT2i group
(95% CI 0.30–0.41, P\ 0.001). Likewise, the
proportion of patients achieving HbA1c\ 7%
was also significantly higher (51.9% vs. 37.6%,
P\ 0.05) in the SGLT2i group than in the non-
SGLT2i group. The risk of adverse events in the
SGLT2i group was mostly comparable with
those in the non-SGLT2i group except for dis-
eases of the liver, pain, hypertensive diseases,
and metabolic disorders, which showed signifi-
cantly higher odds in the SGLT2i group.
Conclusions: SGLT2i add-on treatment is an
effective and safe therapeutic option for
patients with T2DM in the real-world practice
setting.
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Key Summary Points

Why carry out this study?

The added benefit of sodium-glucose
cotransporter 2 inhibitors (SGLT2i) in
combination with other oral
hypoglycemic medications has been
demonstrated in multiple randomized
controlled trials.

We evaluated the effectiveness and safety
of adding SGLT2i to metformin,
sulfonylureas, and dipeptidyl peptidase 4
inhibitor combination therapy in patients
with type 2 diabetes mellitus (T2DM) in a
real-world setting.

What was learned from the study?

Our study confirmed the additional
glucose-lowering benefits of SGLT2i add-
on treatments in patients with T2DM in
real-world settings, regardless of baseline
drug combinations.

This finding further strengthens the
existing evidence supporting the add-on
treatments of SGLT2i in real-world clinical
practice.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a progressive
chronic disease that requires changes in treat-
ment strategies to maintain glycemic targets for
a long time [1]. Many clinical practice guideli-
nes (CPGs) for T2DM recommend metformin as
an initial pharmacologic treatment, followed by
stepwise addition of other medications [1–4].
Four classes of oral hypoglycemic medications
(OHMs) are commonly prescribed as a
monotherapy or combination treatment with
metformin in T2DM: sodium-glucose

cotransporter 2 inhibitors (SGLT2i), dipeptidyl
peptidase 4 inhibitors (DPP4i), thiazolidine-
diones (TZD), and sulfonylureas (SU) [2].

SGLT2i have a unique glucose-lowering
action by increasing the urinary excretion of
glucose [5]. SGLT2i not only improve glycemic
control with no increased risk of hypoglycemia
but they also reduce body weight and blood
pressure [6–8]. In addition, SGLT2i significantly
decreased major adverse cardiovascular events
and mortality outcomes in patients with T2DM
[9–14]. Furthermore, because the mode of
action of SGLT2i is distinct from other OHMs
that preserve b-cell function or enhance insulin
sensitivity, combination of SGLT2i with other
OHMs has shown additional efficacy while not
compromising safety [6].

Although the added benefit of SGLT2i in
combination with other OHMs has been
demonstrated in multiple randomized con-
trolled trials (RCT), the comparative effective-
ness of combination therapy with and without
SGLT2i has not been established in a real-world
setting. Several observational studies showed
that adding or switching to SGLT2i significantly
reduced HbA1c level from baseline [15, 16].
However, to the best of our knowledge, no
research has been done to evaluate if SGLT2i
add-on therapy is more effective in glycemic
control than treatments without SGLT2i in
various combination regimens that are fre-
quently prescribed in real-world clinical
practice.

In this study, we aimed to evaluate the
effectiveness and safety of SGLT2i as an addi-
tional treatment for patients with T2DM in the
real-world practice setting. To this end, we
compared the glycemic control and risk of
adverse events in patients with T2DM treated
with or without SGTL2i added to MET, SU, and
DPP4i using real-world data.

METHODS

Data Source

This single-center retrospective observational
study used an electronic medical record data-
base at Seoul National University Hospital
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(SNUH), extracted, transformed, and loaded
according to the specifications of the Observa-
tional Medical Outcomes Partnership Common
Data Model (version 5.3.1, OMOP CDM). SNUH
is a university-affiliated, tertiary-care hospital in
Seoul, South Korea. We extracted data on
demographics, conditions, drug exposures,
procedures, measurements, and hospital visits
using de-identified patient records in SNUH
CDM from October 2004 to June 2021.

Study Design and Population

Eligible subjects were patients with T2DM who
were C 19 years old, received MET monother-
apy or combination therapy of MET and C 1
other OHM(s) among SU, DPP4i, and SGLT2i
for C 183 consecutive days with no change in
the treatment regimen and B 3 days of drug
holiday, and had a baseline glycosylated
hemoglobin (HbA1c) of 7.0–10.5%, both inclu-
sive. Patients were excluded if they met any of
the following conditions: (1) patients with
type 1 diabetes, (2) pregnant patients, (3)
patients who were prescribed antidiabetic
medications other than MET, SU, DPP4i, and
SGLT2i (e.g., TZD, a-glucosidase inhibitors,
insulin, glucagon-like peptide 1) during the
baseline period (i.e., within 120 days before the
index date), (4) patients who did not have
HbA1c records at baseline and the follow-up
(i.e., within 120 days after week 26) period.

The study population was divided into four
cohorts by treatment: MET with or without
SGLT2i (cohort 1), MET and SU with or without
SGLT2i (cohort 2), MET and DPP4i with or
without SGLT2i (cohort 3), and MET, SU, and
DPP4i with or without or SGLT2i (cohort 4). A
fixed-dose combination (FDC) drug was con-
sidered the same as the combination of indi-
vidual drugs constituting the combination.

Outcomes

We compared changes in HbA1c from baseline
to week 26 between patients treated with and
without add-on SLGT2i in each cohort. For
those treated with SGLT2i (SGLT2i group), the
index date was the first prescription day of

SGLT2i as an add-on treatment. For those who
were not treated with SGLT2i (non-SGLT2i
group), the index date was the first day of pre-
scription that had been maintained
for C 183 days without regimen change. The
baseline HbA1c was the one measured on the
index date or the previous closest date to the
index date. Likewise, the follow-up HbA1c was
the one measured at week 26 or on the next
closest date within 120 days.

We defined an adverse event (AE) as a diag-
nosis, sign, or symptom of a condition newly
observed in patients after the index date. AEs
that occurred in more than 1% of patients were
classified using the 2021 ICD-10-CM codes,
which describe the general type of injury or
disease. For safety assessment, the risk of each
adverse event was compared between the
SGLT2i and non-SGLT2i groups.

Statistical Analysis

Continuous variables were expressed as the
mean ± standard deviation, and categorical
variables as numbers and percentages. Contin-
uous and categorical variables were compared
between the SGLT2i and non-SGLT2i groups by
using the Student’s t test and Pearson’s chi-
square test, respectively. To balance the baseline
characteristics between the SGLT2i and non-
SGLT2i groups, we performed propensity score
matching with a 1:1 ratio and the near-
est neighbor matching method [17] in each
cohort using the MatchIt package in R version
4.1.3 (R foundation, Vienna, Austria). A
propensity score was estimated by a multiple
logistic regression model adjusted for covariates
such as age, sex, baseline HbA1c, concomitant
use of aspirin, cardiovascular drugs, antidys-
lipidemic drugs, antihypertensive drugs, oph-
thalmic drugs, and comorbidity with
cardiovascular disease, dyslipidemia, hyperten-
sion, metabolic disease, renal disease, and dia-
betic retinopathy. A comparison of changes in
HbA1c between the SGLT2i and non-SGLT2i
groups was performed using analysis of covari-
ance, where age, sex, baseline HbA1c, con-
comitant medications, and comorbidities were
the covariates. The changes in HbA1c were
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presented as least-squares (LS) mean and stan-
dard deviation. In safety analysis, we compared
AE occurrence after the index date between the
SGLT2i and non-SGLT2i groups. The odds ratio
(OR) was used to assess the risk of adverse
events. All statistical analyses were performed
using R version 4.1.3 (R foundation, Vienna,
Austria). A two-sided P value\ 0.05 was con-
sidered statistically significant.

Ethics Statement

This study was approved by the SNUH Institu-
tional Review Board (IRB No. H-2003-013-
1106). As this was a retrospective study using
de-identified data source, obtaining informed
consent was waived by the SNUH IRB.

RESULTS

Study Population and Baseline
Characteristics

Of 94,208 initially screened patients with
T2DM, 1106 patients were included in the
analysis (Fig. 1). After propensity score match-
ing, demographics and clinical characteristics
became balanced between the SGLT2i and non-
SGLT2i groups (Table 1). The mean age was 58
and 59 years in the SGLT2i and the non-SGLT2i
groups, respectively. In both groups, approxi-
mately 63% patients were male, and the mean
baseline HbA1c was 8.1% (Table 1). In each
cohort, the demographics and clinical charac-
teristics of the two groups were comparable
(Table S1 in the supplementary material).

Effectiveness of SGLT2i Add-on Treatment

At week 26, the SGLT2i group showed a signif-
icantly greater reduction in HbA1c from base-
line than the non-SGLT2i group (- 0.35
percentage points, 95% CI - 0.41 to - 0.30,
P\ 0.001) while reduction in HbA1c from
baseline to week 26 was statistically significant
in both groups (Fig. 2). In all of the cohorts, the
decreases in HbA1C were larger in the SGLT2i
group than in the non-SGLT2i group. The

differences in HbA1c change between the two
groups in each cohort ranged from - 0.46 per-
centage points (95% CI - 0.58 to - 0.34,
P\ 0.018) to - 0.22 percentage points (95% CI
- 0.35 to - 0.09, P\ 0.092) (Fig. 2). In addi-
tion, the proportion of patients achieving
HbA1c\ 7% was significantly higher in
patients treated with SGLT2i as add-on treat-
ment at week 26 (51.9% in the SGLT2i and
37.6% in the non-SGLT2i groups, respectively,
P\ 0.05) (Fig. 3). The individual drugs that the
patients received in all combinations are sum-
marized in Table S2 in the supplementary
material.

Safety of SGLT2i Add-on Treatment

The odds of diseases of the liver (OR 2.96;
95% CI 1.81–4.85), hypertensive diseases (OR
2.33; 95% CI 1.30–4.17), pain (OR 1.97; 95% CI
1.28–3.03), and metabolic disorders (OR 1.90;
95% CI 1.20–2.99) were significantly higher in
the SGLT2i group than in the non-SGLT2i
group (Fig. 4). In contrast, the SGLT2i group
had a significantly lower occurrence of disease
of male genital organs than the non-SGLT2i
group (OR 0.45; 95% CI 0.23–0.88) (Fig. 4).
There was no significant difference in the risk of
other AEs between the two groups.

DISCUSSION

We showed that SGLT2i add-on treatments had
additional glucose-lowering benefit in patients
with T2DM in the real world regardless of
baseline drug combinations. HbA1c was signif-
icantly more reduced by 0.35 percentage points
(95% CI 0.30–0.41, P\0.001, Fig. 2) in patients
treated with SGLT2i than in those not treated
with SGLT2i. In addition, the percentage of
patients who attained the glycemic target (i.e.,
HbA1c\ 7%) was significantly higher at
week 26 in patients receiving SGLT2i than in
those not receiving SGLT2i (51.9% and 37.6%,
respectively; P\0.05, Fig. 3). Although some
adverse events such as diseases of the liver,
hypertensive diseases, pain, and metabolic dis-
orders occurred more frequently in the SGLT2i
group than in the non-SGLT2i group, the
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majority of adverse events occurred in fewer
than 10% of patients (Fig. 4).

Although SGLT2i decreased HbA1c further,
the degree of reduction in this study was rela-
tively lower than that found in RCTs. For
example, RCTs reported that the adjusted mean
difference in change in HbA1c ranged from 0.64
to 0.77 percentage points, being greater in
patients treated with MET and SGLT2i than in
those treated with MET alone, while it was 0.45
percentage points in the present study (Fig. 2)
[18, 19]. Likewise, the adjusted mean decrease
in HbA1c in patients treated with SGLT2 were
0.72–0.9 percentage points greater in patients
treated with triple combination therapy of MET,
DPP4i, and SGLT2i than those treated with dual
combination therapy of MET and DPP4,
whereas it was 0.46 percentage points in the
present study (Fig. 2) [20, 21]. Those previous
examples show that the treatment effects were
generally higher in RCTs than in the real world
probably because RCTs are conducted in a
highly controlled environment with a homo-
geneous and limited population [22]. Therefore,
direct extrapolation of the results of RCTs to

diverse real-world scenarios can be challenging.
However, it is noteworthy that the additional
glucose-lowering effect of SGLT2i shown in
previous RCTs was repeated in the real world as
the present study clearly demonstrated.

Some divergent findings were noted in the
safety of SGLT2i in this study from those
reported in RCTs. First, hypoglycemia, genital
infection (GTI), and urinary tract infection
(UTI), commonly reported AEs in patients
receiving SGLT2i in RCTs [23, 24], were not
observed in this study. It was probably because
our data did not include the laboratory mea-
surements that could suggest hypoglycemia,
GTI, or UTI. Furthermore, because GTI and UTI
are associated with relatively minor symptoms,
patients with GTI and UTI might have sought
treatment at nearby primary care clinics rather
than scheduling and waiting for tertiary hospi-
tal visits. Second, recent studies have reported
that SGLT2i reduced fatty liver content and
improved biomarkers of non-alcoholic fatty
liver disease (NAFLD) in patients with T2DM
[25]. In this study, a significantly higher risk of
liver disease was noted in the SGLT2i group

Fig. 1 Flowchart of subject selection. SNUH CDM Seoul
National University Hospital Common Data Model,
HbA1c glycosylated hemoglobin, OHM oral hypoglycemic

medications, SGLT2i sodium-glucose cotransporter 2
inhibitor, MET metformin, SU sulfonylureas, DPP4i
dipeptidyl peptidase 4 inhibitor
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than in the non-SGLT2i group (OR 2.96; 95% CI
1.81–4.85, Fig. 4). Of the diseases of the liver
seen in the present study, only one case of
NAFLD was observed in the non-SGLT group,
whereas the most frequent sub-disease was
alcoholic fatty liver and abnormal test results.
The occurrence of alcoholic fatty liver (3.8% in
the SGLT2i group and 1.3% in the non-SGLT2i
group, respectively, Table S3 in the supplemen-
tary material) and abnormal test results (6.1% in
the SGLT2i group and 2.2% in the non-SGLT2i
group, respectively, Table S3 in the

supplementary material) were higher in the
SGLT2i group than in the non-SGLT2 group.
However, the association between these two
conditions and SGLT2i has yet to be established.

A surprising finding was that the occurrence
of benign prostatic hyperplasia (BPH), which
accounts for 95.1% among sub-diseases classi-
fied as the disease of male genital organs, was
two-fold lower in the SGLT group than in the
non-SGLT2i group (2.4% in the SGLT2i group
and 4.7% in the non-SGLT2i group, respec-
tively, Table S3 in the supplementary material).

Table 1 Baseline demographic and clinical characteristics before and after propensity score (PS) matching

Characteristic Before PS matching P valuea After PS matching

Non-SGLT2i
group

SGLT2i
group

Non-SGLT2i
group

SGLT2i
group

P valuea

(n = 8525) (n = 553) (n = 553) (n = 553)

Age, year 64 ± 10.6 58 ± 11.7 \ 0.001 59 ± 11.7 58 ± 11.7 0.157

Male sex 4479 (52.5) 349 (63.1) \ 0.001 353 (63.8) 349 (63.1) 0.851

HbA1c, % 7.8 ± 0.8 8.1 ± 0.8 \ 0.001 8.1 ± 0.9 8.1 ± 0.8 0.897

Concomitant medications

Aspirin 2460 (28.9) 114 (20.6) \ 0.001 108 (19.5) 114 (20.6) 0.707

Cardiovascular disease

drugs

1468 (17.2) 83 (15.0) 0.20 98 (17.7) 83 (15.0) 0.255

Antidyslipidemic drugs 3983 (46.7) 294 (53.2) 0.004 283 (51.2) 294 (53.2) 0.547

Antihypertensive drugs 3237 (38.0) 192 (34.7) 0.138 187 (33.8) 192 (34.7) 0.800

Ophthalmic drugs 1026 (12.0) 78 (14.1) 0.169 74 (13.4) 78 (14.1) 0.793

Comorbidities

Cardiovascular disease 1343 (15.8) 99 (17.9) 0.20 111 (20.1) 99 (17.9) 0.399

Dyslipidemia 2322 (27.2) 244 (44.1) \ 0.001 240 (43.4) 244 (44.1) 0.856

Hypertension 2045 (24.0) 170 (30.7) \ 0.001 170 (30.7) 170 (30.7) 1.000

Metabolic disease 64 (0.8) 10 (1.8) \ 0.001 7 (1.3) 10 (1.8) 0.386

Renal disease 247 (2.9) 35 (6.3) \ 0.001 26 (4.7) 35 (6.3) 0.292

Diabetic retinopathy 431 (5) 36 (6.5) 0.16 31 (5.6) 36 (6.5) 0.614

Values are presented as mean ± SD or number (%)
PS propensity score, HbA1c glycosylated hemoglobin, SGLT2i sodium-glucose cotransporter 2 inhibitor, MET metformin,
SU sulfonylurea, DPP4i dipeptidyl peptidase 4 inhibitor
aP value for difference between the non-SGLT2i and SGLT2i groups by the two-sample t test (continuous variables) or the
Pearson’s chi-square test (categorical variables)
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Risk factors affecting the development of BPH
include vascular damage, atherosclerosis, and
dyslipidemia [26–28]. Notably, SGLT2i have
been demonstrated to improve endothelial
function and lipid profile, in turn reducing

arterial stiffness and the risk of major adverse
cardiovascular events [29, 30]. Thus, the lower
occurrence of BPH in the SGLT2i group may be
associated with the beneficial effects of SGLT2is
on the risk factors for developing BPH.

Fig. 2 Changes in glycosylated hemoglobin after 26 weeks
of treatment. LS least square, CI confidence interval,
HbA1c glycosylated hemoglobin, SGLT2i sodium-glucose
cotransporter 2 inhibitor, MET metformin, SU sulfony-
lureas, DPP4i dipeptidyl peptidase 4 inhibitor. aP\ 0.05

for HbA1c from baseline to week 26 by the paired t test.
bHbA1c in the SGLT2i group minus the one in the non-
SGLT2i group. cP value for difference between the non-
SGLT2i and SGLT2i groups by the analysis of covariance

Fig. 3 Percentage of patients achieving glycosylated
hemoglobin (HbA1c)\ 7% at week 26. HbA1c glycosy-
lated hemoglobin, SGLT2i sodium-glucose cotransporter 2

inhibitor. aP\ 0.05 between the non-SGLT2i and
SGLT2i groups by the Pearson’s chi-square test
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This study had several limitations. First, the
duration of diabetes in patients was not con-
sidered because the first diagnosis date of
patients was not identifiable particularly for
those who were diagnosed with T2DM outside
of the Seoul National University Hospital. A
longer duration of diabetes may indicate higher
disease severity and a greater risk of diabetes
complications [31, 32]. To balance the severity
of diabetes, we adjusted the baseline HbA1c
between the two groups using propensity score
matching. Second, although all baseline char-
acteristics became comparable through
propensity score matching, there was still a
possibility that some covariates, particularly for
those unmeasured, did not distribute equally
between the SGLT2i and non-SGLT2i groups.
This could have affected the association
between a specific covariate and the change in
HbA1c. To overcome this limitation, we adjus-
ted for the covariates using multiple logistic
regression analysis. Lastly, although this study
analyzed large-scale data consisting of 1106
patients, it is limited in that it used data from a
single institution. To validate and confirm the
effectiveness and safety of additional combina-
tion therapy with SGLT2 inhibitors across

diverse clinical settings, further multicenter
studies are warranted.

CONCLUSION

Our study evaluated the additive effectiveness
and safety of SGLT2i add-on treatment in
patients treated with multiple OHM class com-
binations commonly prescribed in the real
world. In conclusion, SGLT2i add-on treatment
is an effective and safe therapeutic option for
patients with T2DM in the real-world practice
setting.
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