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Objective: We assessed the effects of sodium glucose cotransporter-2 inhibitors
(SGLT2is) versus dipeptidyl peptidase-4 inhibitors (DPP4is) in a large real-world Asian
cohort with type 2 diabetes (T2D) and performed a systematic review with integrating the
present study findings to provide up-to-date evidence from the Asian perspective.

Methods: New users of SGLT2is or DPP4is were identified from the Taiwan’s National
Health Insurance Research Database and followed until 2018. Primary outcomes were
hospitalization for heart failure (HHF) and three-point major adverse cardiovascular event
(3P-MACE; namely, myocardial infarction [MI], stroke, or cardiovascular death). Other
outcomes included all-cause death, chronic kidney disease (CKD), amputation, and
hospitalized hypoglycemia. Subdistribution hazard models were employed to assess
treatment-associated clinical outcomes.

Results: A total of 21,329 SGLT2i and DPP4i propensity-score-matched pairs were
analyzed. SGLT2is versus DPP4is showed lower risks of HHF (hazard ratio [95% CI]: 0.52
[0.45–0.59]), 3P-MACE (0.62 [0.55–0.70]), MI (0.63 [0.50–0.79]), stroke (0.60 [0.51–
0.70]), all-cause death (0.57 [0.49–0.67]), CKD (0.46 [0.43–0.50]), amputation (0.64
[0.42–0.98]), and hospitalized hypoglycemia (0.54 [0.45–0.64]). Our results were
consistent with findings from a systematic review.

Conclusion: Among Asian patients with T2D, SGLT2is versus DPP4is showed benefits
for several clinical outcomes. More research is warranted to explore the heterogeneous
treatment effects of SGLT2is and DPP4is by race/ethnicity.

Keywords: DPP-4 inhibitor, SGLT-2 inhibitor, Asia, cardiovascular, renal, amputation, all-cause
death, hypoglycemia
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INTRODUCTION

According to the Standards of Medical Care in Diabetes by the
American Diabetes Association, the use of sodium glucose
cotransporter-2 inhibitors (SGLT2is) is recommended after
first-line metformin treatment failure for patients with type 2
diabetes (T2D) and comorbid atherosclerotic cardiovascular
diseases (CVDs), heart failure (HF), or chronic kidney disease
(CKD) (1). Substantial evidence on cardiorenal benefits
associated with SGLT2is has promoted its use in routine care
(2, 3). As a result, a growing number of studies have focused on
the head-to-head comparative effectiveness and safety associated
with the use of SGLT2is versus other glucose-lowering agents
(GLAs), where dipeptidyl peptidase-4 inhibitors (DPP4is) are
commonly used as a comparator drug for SGLT2is. DPP4is are
the most prescribed oral GLAs for T2D patients who failed
metformin therapy in clinical settings (3, 4) owing to their
relatively neutral effects on the risks of hypoglycemia, weight
gain, and CVDs (1).

Network meta-analyses (5, 6) and real-world studies (7–11)
have demonstrated that SGLT2is versus DPP4is lower the risks
of hospitalization for HF (HHF), major adverse cardiovascular
event (MACE), and all-cause death. However, Asian populations
are underrepresented in these studies. Asian populations with
T2D have several differences compared with Caucasian
populations such as younger onset of T2D, higher prevalence
of stroke and CKD, and lifestyle dissimilarities (e.g., high rice
consumption) (12, 13). Hence, the generalizability of results
from studies that primarily comprised Western populations to
Asian settings is limited. Moreover, most previous Asian studies
of T2D patients mainly focused on cardiovascular or mortality
outcomes associated with the use of SGLT2is without analyzing
safety outcomes of treatment (e.g., amputation, hospitalized
hypoglycemia) (14–20). Additionally, adjustment for
competing risk of death to clinical outcomes of interest (e.g.,
CVDs) was not considered in previous analyses, leading to biased
estimates of relative hazards of study outcomes (14–17, 21, 22).

The present study evaluated the real-world comparative
effectiveness of SGLT2i versus DPP4i treatment on a
comprehensive spectrum of clinically important outcomes,
namely, CVDs, all-cause death, CKD, amputation, and
hospitalized hypoglycemia in a large Asian cohort with T2D. A
systematic review was further performed and integrated with our
study findings to provide up-to-date evidence on the real-world
outcomes of SGLT2i versus DPP4i use in Asian populations
with T2D.
MATERIALS AND METHODS

Data Source
The National Health Insurance Research Database (NHIRD) was
utilized for this population-based, retrospective cohort study.
The NHIRD provides de-identified and individual-level
longitudinal claims data of outpatient visits, inpatient
Frontiers in Endocrinology | www.frontiersin.org 2
admissions, emergency department visits, and prescription
information for each beneficiary enrolled in the National
Health Insurance (NHI) program, which covers over 99% of
the Taiwanese population (23). This study was approved by the
Institutional Review Board of National Cheng Kung University
Hospital (A-EX-109-035).

Cohort Identification
The incident new-user, active-comparator design was employed
in this study (24). That is, T2D patients who newly initiated
study drugs (SGLT2is or DPP4is) (i.e., incident new-users) in
2017 were first identified from the NHIRD. This design was
applied to mitigate time-related bias such as prevalent-user bias
and survivor bias. Based on an active-comparator design, the
effect of SGLT2is as the study drug of interest was compared to
that of DPP4is as an active drug used in clinical practice, instead
of ‘no treatment’ (non-users). Such a design is commonly used in
observational studies to increase the comparability between
study groups and mitigate the effects of confounding by
indication/contraindication to ensure the internal validity of
study findings (24).

Moreover, to avoid short-term SGLT2i or DPP4i use, we
included only stable users of the study drugs, defined as those
with (i) at least three sequential refills of SGLT2is or DPP4is after
treatment initiation and (ii) a prescription gap between any two
consecutive refills of fewer than 30 days. The first date of SGLT2i
or DPP4i use in 2017 was defined as the index date. Second, the
stable users who have been exposed to either SGLT2is or DPP4is
in the year prior to the index date were excluded to ensure the
inclusion of incident new users of the study drugs in the study
cohort. Also, those with exposure to both SGLT2is and DPP4is at
the index date were excluded. Third, we excluded those with
chronic renal dialysis or renal transplantation in the year before
the index date to avoid the inclusion of patients with severe
renal impairments.

Finally, to enhance the between-group comparability of the
study groups, the propensity score (PS) matching technique
based on baseline patient characteristics was applied. The PS
for each patient was estimated using a logistic regression model
where drug exposure (SGLT2is versus DPP4is) was treated as the
dependent variable, and a series of patient characteristics,
including demographics at the index date, diabetes-related
complications in the year prior to the index date, and previous
exposure to GLAs and CVD-related medications in the year
prior to the index date, were measured as the independent
variables. Additionally, to minimize the potential heterogeneity
in baseline patient renal function, several surrogate indicators
from previous studies (25) and recommendations of clinical
experts were measured and included in the estimation of PS.
These indicators were the status of participation in a pay-for-
performance program for pre-end-stage renal disease (ESRD) at
the index date, which was a proxy for patients with an estimated
glomerular filtration rate (eGFR) level of less than 45 ml/min/
1.73 m2, and exposure to metformin, acarbose, or sulfonylureas
within 90 days prior to the index date, which were proxies for
patients with eGFR levels of less than 30, 25, and 15 ml/min/
March 2022 | Volume 13 | Article 836365
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1.73 m2, respectively. SGLT2i and DPP4i users were 1:1 matched
using the 5-to-1 digit greedy PS matching approach (26). A
flowchart of the study cohort selection is shown in
Supplementary Figure 1. The operational definitions of
variables considered in the PS estimation and the kernel
density curves of PS distributions for the two study groups are
detailed in Supplementary Table 1 and Supplementary
Figure 2, respectively.

Operational Definitions of Drug Exposure
and Study Outcomes
Exposure to SGLT2is or DPP4is was measured using the World
HealthOrganizationAnatomical Therapeutic Chemical Classification
system. Primary outcomes were HHF and 3P-MACE (namely, non-
fatal myocardial infarction [MI], non-fatal stroke, or cardiovascular
death). Secondary outcomes included 4P-MACE (comprising 3P-
MACE and HHF), non-fatal MI, non-fatal stroke, all-cause death,
CKD, and safety outcomes of treatment, namely, amputation and
hospitalized hypoglycemia. All study outcomes were identified using
the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) and the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)
diagnosis or procedure codes (Supplementary Table 2). The
validity of using these codes to identify study outcomes in the
NHIRD has been reported elsewhere (23). The mortality status was
confirmed using the Cause of Death File of the NHIRD. Each patient
was followed from the index date until the occurrence of the study
outcomes of interest, death, lost to follow-up from the NHI program,
or December 31, 2018, whichever came first (i.e., intention-to-treat
[ITT] scenario), in the primary analyses.

Statistical Analyses
Differences in baseline characteristics between the study drug
groups before and after PS matching were tested using the
standardized mean difference (SMD), where an absolute value of
0.10 or greater indicates a significant between-group difference
(27). Considering the competing risk of death to study outcomes,
associations of using SGLT2is versus DPP4is with study outcomes
were estimated using subdistribution hazard models and presented
as subdistribution hazard ratios (SDHRs) with 95% CIs (28).
Sensitivity analyses based on the as-treated (AST) scenario were
also performed, where patients were followed from the index date
until discontinuation, switching to or adding on of the other study
drug, occurrence of study outcomes, death, lost to follow-up in the
NHI program, or December 31, 2018, whichever came first.

Subgroup analyses were performed to evaluate whether the
treatment effects of study drugs differed by baseline patient
characteristics, namely, age, gender, diabetes duration, histories
of CVDs, HF, and CKD, and previous exposure to insulin, which
have been considered in the subgroup analyses in previous
studies (14–16, 19, 22). To ensure the comparability of patient
characteristics between SGLT2i and DPP4i users within each
subgroup stratum, the PS matching and subdistribution hazard
model analyses were redone within each stratum. A two-tailed p-
value of less than 0.05 was considered to indicate a statistically
Frontiers in Endocrinology | www.frontiersin.org 3
significant difference. All analyses were conducted using SAS
software version 9.4.

Systematic Review
A systematic review of SGLT2is versus DPP4is on clinical
outcomes in Asian populations with T2D was performed. Two
authors (CTY and YCC) independently searched for studies on
PubMed and Embase from the inception of the databases to May
13, 2021 using the framework of PICO. It included 1) population
(P): patients with type 2 diabetes, 2) intervention (I): SGLT2is,
3) comparison (C): DPP4is, and 4) outcome (O): clinical
outcomes (e.g., CVDs). After this search, the two authors
(CTY and ZYP) independently reviewed the title and abstract
of each identified article to determine the eligibility of study for
further full-text review. The detailed search strategies and
keywords are shown in Supplementary Table 3. A flowchart
of the study selection that follows the PRISMA flow diagram
(2009 version) (29) is shown in Supplementary Figure 3.
RESULTS

A total of 21,329 PS-matched pairs of SGLT2i and DPP4i users
were identified (Supplementary Figure 1). The kernel density
curves of PS distributions for the two study groups before and
after PS matching are shown in Supplementary Figure 2. After
PS matching, the baseline characteristics between the two study
groups were comparable (Table 1). In the primary analysis (ITT
scenario), the mean follow-up of the study cohort was 1.6 years.

Table 2 shows the event rates and SDHRs of study outcomes
associated with the use of SGLT2is versus DPP4is in the primary
analysis. Compared with DPP4is, the use of SGLT2is was
associated with a 48% reduced risk for HHF (SDHR: 0.52, 95%
CI [0.45, 0.59]) and 38% reduced risk for 3P-MACE (0.62 [0.55,
0.70]). For other cardiovascular and mortality outcomes, the
relative hazards on 4P-MACE, non-fatal MI, non-fatal stroke,
and all-cause death were 0.58 [0.53, 0.64], 0.63 [0.50, 0.79], 0.60
[0.51, 0.70], and 0.57 [0.49, 0.67], respectively. The use of
SGLT2is versus DPP4is was associated with a significantly
lower risk of CKD (0.46 [0.43, 0.50]), and safe profiles on
amputation (0.64 [0.42, 0.98]) and hospitalized hypoglycemia (0.54
[0.45, 0.64]). The results of AST scenario analyses were consistent
with the primary analysis findings (Supplementary Table 4).

The findings of subgroup analyses were generally consistent
with those observed in the primary analyses (Figures 1, 2),
except for a non-significantly lower risk of HHF when using
SGLT2is compared with DPP4is among patients with a diabetes
duration of fewer than 8 years (0.80 [0.65, 1.00]).

Systematic Review
Eleven studies were included in the full-text review, among
which three were multinational studies and eight were single-
country studies from South Korea, Japan, and Taiwan. All these
studies used a retrospective cohort design, utilized population-
based databases, and applied PS techniques (e.g., PS matching or
weighting) to adjust for imbalanced baseline patient
March 2022 | Volume 13 | Article 836365
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characteristics between treatment groups. In these studies, HHF
and all-cause death were the two most common study outcomes.
Significant beneficial results were consistently observed across
studies, with 14–42% (19, 21) and 15–66% (11, 17) of risk
reductions for HHF and all-cause death associated with the use
of SGLT2is versus DPP4is, respectively. A 31–77% reduced risk
of ESRD or CKD for the use of SGLT2is versus DPP4is was also
reported in these studies (14, 15, 17). However, the results for
stroke and MI varied across studies. Other outcomes (e.g.,
hypoglycemia, urinary tract or genital infection, amputation) were
also reported, but the number of the studies was relatively limited.
The major characteristics and primary findings of each study are
summarized in Supplementary Table 5.
Frontiers in Endocrinology | www.frontiersin.org 4
DISCUSSION

The present study evaluated the real-world effects of SGLT2is
versus DPP4is in a large Asian cohort with T2D and revealed
that the use of SGLT2is was associated with significantly reduced
risks of HHF, MACE, all-cause death, and CKD compared with
DPP4is. Lower risks associated with the use of SGLT2is on the
safety outcomes of amputation and hospitalized hypoglycemia,
which were not assessed in the previous studies of Asian
populations, were also observed. These favorable outcomes
with SGLT2i use were consistently observed in subgroups
stratified by various patient characteristics, which ensures the
robustness of our findings as supportive evidence to the existing
TABLE 1 | Baseline characteristics of study population stratified by study drugs (SGLT2is and DPP4is) before and after propensity score matching.

Characteristics Before PSM After PSM SMD†

DPP4is SGLT2is SMD† DPP4is SGLT2is

Number of subjects 50,051 22,925 21,329 21,329
Age at index date (years, mean ± SD) 64.68 ± 12.58 57.12 ± 11.47 −0.63 58.55 ± 11.73 57.91 ± 11.20 0.00
Male (%) 53.42% 57.23% 0.08 57.00% 56.70% 0.00
Number of GLAs subjects were exposed to within one year before index date (mean ± SD) 1.52 ± 0.99 1.63 ± 1.00 0.10 1.58 ± 1.08 1.58 ± 1.05 0.01
Duration of diabetes at index date (year, mean ± SD) 8.48 ± 3.20 8.35 ± 3.20 −0.04 8.35 ± 3.20 8.34 ± 3.21 0.00
Proxies of renal function before index date (%)
Participants in pre-ESRD program within one year before index date 1.42% 0.20% −0.14 0.19% 0.22% 0.01
Metformin prescribed within 90 days before index date 48.01% 44.97% −0.06 46.11% 45.69% −0.01
Acarbose prescribed within 90 days before index date 10.38% 13.23% 0.09 12.47% 12.63% 0.00
Sulfonylureas prescribed within 90 days before index date 4.26% 5.68% 0.07 5.22% 5.44% 0.01

Diabetes-related complications within one year before index date (%)
Nephropathy 27.31% 20.80% −0.15 21.01% 21.04% 0.00
Neuropathy 9.42% 9.08% −0.01 8.94% 9.01% 0.00
Retinopathy 8.18% 7.73% −0.02 7.92% 7.75% −0.01
Peripheral vascular disease 4.46% 3.36% −0.06 3.19% 3.46% 0.02
Cerebrovascular disease 8.40% 4.14% −0.18 4.39% 4.37% 0.00
Cardiovascular disease 19.70% 19.28% −0.01 18.65% 19.00% 0.01
Heart failure 4.89% 3.41% −0.07 3.42% 3.49% 0.00
Acute myocardial infarction 1.54% 1.81% 0.02 1.77% 1.69% −0.01
Ischemic heart disease 12.20% 12.71% 0.02 12.29% 12.45% 0.00
Diabetic ketoacidosis 0.40% 0.12% −0.06 0.17% 0.11% −0.02
Hypoglycemia 1.73% 0.28% −0.15 0.30% 0.30% 0.00

GLAs prescribed within one year before index date (%)
Metformin 57.12% 53.55% −0.07 54.56% 54.42% 0.00
Sulfonylureas 46.02% 45.61% −0.01 46.65% 45.99% −0.01
Meglitinides 8.26% 5.48% −0.11 5.74% 5.64% 0.00
Thiazolidinediones 12.26% 17.18% 0.14 16.21% 16.52% 0.01
Acarbose 14.48% 17.64% 0.09 16.27% 17.01% 0.02
GLP1 RAs 0.28% 2.17% 0.17 0.63% 0.68% 0.01
Insulins 13.63% 20.96% 0.19 17.50% 18.13% 0.02

CVD-related medication history within one year before index date (%)
Lipid-lowering medications 69.05% 79.59% 0.24 78.82% 78.57% −0.01
Alpha-blockers 5.83% 4.06% −0.08 4.54% 4.17% −0.02
Beta-blockers 34.12% 33.53% −0.01 33.66% 33.42% −0.01
RAAS agents 61.14% 61.52% 0.01 61.95% 61.67% −0.02
Diuretics 20.65% 13.09% −0.20 13.83% 13.59% −0.01
Calcium channel blockers 38.26% 27.43% −0.23 28.94% 28.59% −0.01
Anti-arrhythmics 3.21% 2.14% −0.07 2.57% 2.22% −0.02
Cardiac glycosides 1.70% 1.18% −0.04 1.19% 1.22% 0.00
Vasodilators 13.57% 12.78% −0.02 12.61% 12.70% 0.00
Antiplatelets 38.50% 34.66% −0.08 34.48% 34.88% 0.01
Anticoagulants 2.82% 1.86% −0.06 1.82% 1.95% 0.01
Ma
rch 2022 | Volume 13 | Article 8
PSM, propensity score matching; DPP4is, dipeptidyl peptidase-4 inhibitors; SGLT2is, sodium glucose cotransporter-2 inhibitors; SMD, standardized mean difference; SD, standard
deviation; GLAs, glucose-lowering agents; ESRD, end-stage renal disease; GLP1 RAs, glucagon-like peptide-1 receptor agonists; CVD, cardiovascular disease; RAAS, renin–angiotensin
aldosterone system.
†SMD values in bold indicate significant differences in baseline characteristics between the two study groups (absolute value of SMD ≥0.1).
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literature (11, 14–22, 30) shown in the systematic review to
promote the rational use of SGLT2is in a diverse group of real-
world Asian patients with T2D.

Comparison of Reduced Risks of CVDs
and All-Cause Death Associated With
SGLT2i Use for T2D in This Study and
Existing Literature
The reduced risks of CVDs and all-cause death associated with
the use of SGLT2is versus DPP4is observed in this study of an
Asian T2D cohort are consistent with current evidence for
general T2D populations (5–7, 11, 14, 15, 19, 20). Specifically,
the reduction of about 48% in HHF risk associated with SGLT2is
versus DPP4is found in this study (Table 2) falls within the range
of estimates reported in previous multinational cohort studies
(8–11, 14, 15), which ranged from 18% (14) to 57% (10). Also,
Frontiers in Endocrinology | www.frontiersin.org 5
the treatment benefit of SGLT2is versus DPP4is on 3P-MACE
revealed in this study is comparable to the results of several
previous real-world studies (8–11), although the results in the
studies of Patorno et al. (7) and Pasternak et al. (based on ITT
analysis) (9) did not reach statistical significance. Additionally,
the relative hazard of all-cause death when using SGLT2is
compared with DPP4is in our analysis (i.e., 0.57 [95% CI:
0.49–0.67]) is close to estimates reported in previous studies
(7–11, 14, 15), which ranged from 0.59 (8) to 0.80 (9).

Potential Benefit on Reduced Risk of
Stroke Associated With SGLT2is in Asian
Populations With T2D
A non-significantly lower risk of stroke associated with SGLT2is
versus DPP4is has been reported in previous analyses of non-
Asian populations with T2D (8–10). However, the present study
FIGURE 1 | Forest plot of subgroup analyses for hospitalization for heart failure associated with use of SGLT2is versus DPP4is. SGLT2is, sodium glucose
cotransporter-2 inhibitors; DPP4is, dipeptidyl peptidase-4 inhibitors; PS, propensity score; pys, person-years; SDHR, subdistribution hazard ratio; CI, confidence
interval; CVD, cardiovascular disease; CKD, chronic kidney disease; HF, heart failure.
TABLE 2 | Event rates and hazard ratios of clinical outcomes associated with use of SGLT2is versus DPP4is (intention-to-treat analyses).

SGLT2is (n = 21,329) DPP4is (n = 21,329) SDHR of SGLT2is versus DPP4is (95% CI)

Number of events Event rate
(events/100 pys)

Number of events Event rate
(events/100 pys)

Primary outcomes
HHF 349 1.06 671 2.05 0.52 (0.45, 0.59)
3P-MACE† 409 1.24 656 1.98 0.62 (0.55, 0.70)

Secondary outcomes
4P-MACE‡ 686 2.09 1,168 3.58 0.58 (0.53, 0.64)
Myocardial infarction 122 0.37 193 0.58 0.63 (0.50, 0.79)
Stroke 263 0.80 437 1.33 0.60 (0.51, 0.70)
All-cause death§ 248 0.75 433 1.30 0.57 (0.49, 0.67)
Chronic kidney disease 979 3.19 2,003 7.00 0.46 (0.43, 0.50)
Amputation 35 0.11 55 0.17 0.64 (0.42, 0.98)
Hospitalized hypoglycemia 189 0.57 352 1.07 0.54 (0.45, 0.64)
SGLT2is, sodium glucose cotransporter-2 inhibitors; DPP4is, dipeptidyl peptidase-4 inhibitors; pys, person-years; SDHR, subdistribution hazard ratio; HHF, hospitalization for heart failure;
MACE, major adverse cardiovascular event.
†3P-MACE included non-fatal myocardial infarction, non-fatal stroke, or cardiovascular death.
‡4P-MACE included non-fatal HHF, non-fatal myocardial infarction, non-fatal stroke, or cardiovascular death.
§Hazard ratio of all-cause death was estimated using the Cox proportional hazard model analysis instead of subdistribution hazard model analysis.
March 2022 | Volume 13 | Article 836365

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


Yang et al. Cardiovascular Benefits of SGLT2is
found a significantly reduced stroke risk with the use of SGLT2is
in an Asian T2D cohort, which is consistent with the literature on
Asian patient populations (11, 15, 17, 21). Specifically, the CVD-
REAL 2 study (11), a multinational cohort study conducted in
North American, Europe, and Asia, reported that the relative
hazard of stroke associated with SGLT2is versus DPP4is in the
Korean subpopulation was 0.83 (95% CI: 0.77–0.91) while the
significant benefit was not revealed in patients from other
countries. Another multinational study that comprised countries
from Europe and Asia showed a substantially lower risk of stroke
when using SGLT2is versus DPP4is (HR: 0.54 [0.37–0.78]) in the
analysis of a Japanese subpopulation but not found in the analysis
of the overall study cohort (15).

Although the underlying mechanisms of the potential benefit
of SGLT2i treatment for stroke remain unclear, the benefit may be
driven by the SGLT2i-associated beneficial effect on reducing the
risk of atrial fibrillation (AF) (18, 31). AF is a well-known
independent risk factor for stroke; i.e., patients with AF have a
4.4-fold elevated risk of stroke compared with those without AF in
the T2D population (32). AF and stroke have been characterized
differently between non-Asian and Asian populations in terms of
epidemiology and treatment-associated clinical outcomes (33–37).
It is thus worthwhile to further assess whether the effect of
SGLT2is on the risk of stroke differs across races/ethnicities.
This would be crucial for Asian populations, who have a
generally higher prevalence of stroke (37), greater stroke-related
mortality, and more disability-adjusted life years compared with
Western populations (38), to provide compelling real-world
evidence to facilitate treatment decisions in Asian settings.

Other Clinical Outcomes Associated With
SGLT2i Use in T2D
The renal benefit (i.e., lower CKD risk) associated with SGLT2is
versus DPP4is found in this study is consistent with current
evidence (15, 17, 39, 40). A comparable risk of hospitalized
Frontiers in Endocrinology | www.frontiersin.org 6
hypoglycemia between SGLT2is and DPP4is was also observed
in this Asian cohort. Additionally, we are the first to evaluate the
amputation outcome of SGLT2i versus DPP4i use among a
general T2D population in Asia and found a significantly lower
amputation risk of SGLT2i versus DPP4i use. Existing literature
on general T2D populations from Western countries have
reported a non-significant difference in amputation risk for
SGLT2i versus DPP4i use (41–43). However, the external
validity of these findings for Asian populations is of concern
because the incidence of amputation (44) and the risk factors (e.g.,
PAD, neuropathy, foot ulcers) associated with the development of
amputation (45–47) vary by ethnicity. For example, Young et al.
reported that Asian populations with diabetes had the lowest
relative risk of amputation compared with other ethnicities (e.g.,
Caucasian, African American, Hispanic) (45). Although one
previous study from Asia reported a significantly lower
amputation risk associated with SGLT2i versus DPP4i use, their
study patients were restricted to T2D patients with concomitant
PAD, which might limit the generalizability of their results to
general T2D patients (22). Therefore, the present study extends
current knowledge about the effects of SGLT2is on the risk of
amputation for general T2D populations in Asia.

Study Strengths and Limitations
In this real-world study, the reduced risks of HHF and 3P-MACE
associated with the use of SGLT2is versus DPP4is were
corroborated by a series of sensitivity and subgroup analyses.
Favorable results of SGLT2i use across different clinical
outcomes were found, supporting the rational use of SGLT2is
in Asia. Moreover, our study design adopted several
methodological refinements to overcome the limitations
commonly seen in previous studies. These refinements
included applying subdistribution hazard model analysis to
adjust for competing risk of death to study outcomes (e.g.,
CVDs), implementing surrogate indicators for patient baseline
FIGURE 2 | Forest plot of subgroup analyses for 3-point major adverse cardiovascular event (3P-MACE) associated with use of SGLT2is versus DPP4is. SGLT2is,
sodium glucose cotransporter-2 inhibitors; DPP4is, dipeptidyl peptidase-4 inhibitors; PS, propensity score; pys, person-years; SDHR, subdistribution hazard ratio;
CI, confidence interval; CVD, cardiovascular disease; CKD, chronic kidney disease; HF, heart failure. 3P-MACE included non-fatal myocardial infarction, non-fatal
stroke, and cardiovascular death.
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renal function in the estimation of PS to obtain more comparable
study drug users, and identifying study patients from 2017 when
SGLT2is were commonly prescribed in usual practice in Taiwan
to avoid selection bias in our study cohort. With these efforts, this
study thus provides more precise and up-to-date estimates for
the effects of SGLT2i treatment for Asian populations to promote
its rationale use in Asian settings.

Several study limitations should be acknowledged. First, like
other observational studies using administrative claims data,
unmeasurable confounding effects attributable to the lack of
clinical laboratory (e.g., HbA1c) and behavioral (e.g., smoking
status) data might exist although great efforts had been made to
minimize these effects. For example, several variables that may be
associated with the unmeasurable confounders and reflected the
baseline patient disease status and severity (e.g., the presence of
diabetes-related complications and previous pattern of GLA use)
were carefully measured and adjusted in the PS matching. Still,
the caution should be made while interpreting the study results
due to potential residual confounding effects. Second, the PS
matching enhanced the comparability between the study groups
but may also limit the generalizability of our study findings to the
patients whose characteristics are similar with those of PS-
matched DPP4i and SGLT2i pairs. However, we re-iterated the
analyses in different subgroups with various clinical
characteristics and found that the results of primary and
subgroup analyses were consistent. Moreover, the patient
characteristics of the present study and those of previous
studies that assessed treatment effects of SGLT2is versus
DPP4is in Asian populations (11, 14, 15) were generally
comparable. Therefore, our study findings might be applicable
to the Asian populations with T2D. Third, the length of study
follow-up period may not be enough for measuring chronic
clinical outcomes. Specifically, the end-stage renal outcomes (i.e.,
ESRD, renal dialysis) of SGLT2is versus DPP4is were not further
analyzed due to limited number of these events, despite a
SGLT2i-associated benefit on the risk of CKD revealed in the
main analysis. Also, the event sizes of individual CVD outcomes,
including myocardial infarction and stroke, were too limited to
perform subgroup analyses. Fourth, the number of patients with
amputation events was limited, so further analyses on
amputation outcomes stratified by patient clinical conditions
were not permitted; this is an area for future research. Lastly, the
generalizability of our study findings might be limited to Asian
countries with universal healthcare coverage.
CONCLUSIONS

Among a real-world Asian cohort with T2D, the use of SGLT2is
versus DPP4is was associated with significantly lower risks of
HHF, MACE, all-cause death, and CKD, and safe profiles on
amputation and hospitalized hypoglycemia. Future research is
warranted to explore heterogeneous treatment effects of SGLT2is
on clinical outcomes (e.g., stroke, amputation) stratified by
patient characteristics (e.g., races/ethnicities) to corroborate
our study findings and offer evidence for personalized medicine.
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