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Abstract

Objectives. To compare the rates of major cardiovascular adverse events in sodium-glucose
cotransporter-2 inhibitors (SGLT2I) and dipeptidyl-peptidase-4 inhibitors (DPP4I) usersin a Chinese

population.

Background: SGLT2I and DPP4I are increasingly prescribed for type 2 diabetes mellitus patients.
However, few population-based studies are comparing their effects on incident heart failure or

myocardial infarction.

Methods: This was a population-based retrospective cohort study using the electronic health record
database in Hong Kong, including type 2 diabetes mellitus patients receiving either SGLT2I or
DPP4l between January 1st, 2015, to December 31st, 2020. Propensity-score matching was
performed in a 1:1 ratio based on demographics, past comorbidities, non-SGLT2I/DPP4I
medications with nearest-neighbor matching (caliper=0.1). Univariable and multivariable Cox
models were used to identify significant predictors for new onset heart failure, new onset myocardial
infarction, cardiovascular mortality, and all-cause mortality. Sensitivity analyses with competing risk
models and multiple propensity score matching approaches were conducted. Subgroup age and

gender analyses were presented.

Results: A total of 41994 patients (58.89% males, median admission age at 58 years old,
interquartile rage [IQR]: 51.2-65.3) were included in the study cohorts with a median follow-up
duration of 5.6 years (IQR: 5.32-5.82). After adjusting for significant demographics, past

comorbidities, medication prescriptions and biochemical results, SGLT2I users have a significantly
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lower risk for myocardial infarction (hazard ratio [HR]: 0.34, 95% confidence interval [CI]: [0.28,
0.41], P < 0.0001), cardiovascular mortality (HR: 0.53, 95% CI: [0.38, 0.74], P = 0.0002) and
al-cause mortality (HR: 0.21, 95% CI: [0.18, 0.25], P= 0.0001) under multivariable Cox regression.

However, the risk for heart failure is comparable (HR: 0.87, 95% ClI: [0.73, 1.04], P=0.1343).

Conclusions: SGLT2 inhibitors are protective against adverse cardiovascular events compared to
DPP4I. The prescription of SGLT2I is preferred especially for males and patients aged 65 or older to

prevent cardiovascular risks.
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I ntroduction

Diabetes mellitus is an increasingly prevalent metabolic disease, currently affecting more than
400 million people, and the patient population is projected to increase up to 642 million by 2040. (1)
Given the ever-increasing disease burden, new classes of antidiabetic agents have been introduced
into the market over the past decade. The use of two novel classes of antidiabetic agents- sodium
glucose cotransporter-2 inhibitors (SGLT2l) and dipeptidyl-peptidase-4 inhibitors (DPP4l) have
increased significantly. (2, 3) Besides their favorable side effect profile, studies have reported
beneficial effects on metabolic risk from these two classes of drugs (4). Based on findings from
large-scale clinical trials, the cardiovascular mortality-lowering effects of SGLT2l are mostly
attributed to its protection against heart failure (HF). (5-8) On the other hand, the cardiovascular
effect of DPP4l appears to be more controversial. Whilst there were reports of DPP4l users having
lower cardiovascular risks than non-users, there are also studies reporting an increased risk of HF in

saxagliptin users. (9, 10)

Whilst small-scale trials are comparing the metabolic effects or specific disease outcomes of
SGLT2I and DPP4I, there is a lack of large-scale population studies to evaluate the difference in the
presentation of major cardiovascular adverse events between the use of the two drug classes. (11-13)
Recently, Zheng et al. has demonstrated lower mortality in SGLT2I users in comparison to DPP4I
users in a network meta-analysis. (14) However, ultimately the study is limited by the indirect
comparison of the SGLT2l and DPP4l users. Other studies have reported on outcomes such as
weight loss, improvement in the liver or renal function (15) and reduction in atrial fibrillation

incidence (16). Another study recently investigated cardiovascular outcomes such as HF and M1, but


https://doi.org/10.1101/2021.11.21.21266648
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2021.11.21.21266648; this version posted November 21, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY 4.0 International license .

only in Japanese, Korean and European cohorts (17). Therefore, the aim of the present study is to
compare the occurrence of major cardiovascular adverse events in SGLT2I and DPP4l users to

evaluate their cardiovascular protective effects in a Chinese population.

M ethods

Sudy design and population

This study was approved by the Institutional Review Board of the University of Hong
Kong/Hospital Authority Hong Kong West Cluster and from The Joint Chinese University of Hong
Kong-New Territories East Cluster Clinical Research Ethics Committee. It included type 2 diabetes
mellitus patients with SGLT2I or DPP4I prescriptions from January 1%, 2015 to December 31%, 2020.
Patients who received both DPP4l and SGLT2I, in addition to patients who discontinued the
medication during the study were excluded. The exclusion criteria for the HF study cohort were as
follows: patients with prior HF diagnosis or with the use of medications for HF (e.g., diuretics for HF,
beta-blockers for HF). For the MI study cohort, patients with prior old Ml or MI diagnosis were
excluded. The patients were identified from the Clinical Data Analysis and Reporting System
(CDARYS), a territory-wide database that centralizes patient information from individual local
hospitals to establish comprehensive medical data, including clinical characteristics, disease
diagnosis, laboratory results, and drug treatment details. The system has been previously used by
both our team and other teams in Hong Kong to conduct population-based cohort studies (18, 19),

including those on diabetes mellitus (20, 21).


https://doi.org/10.1101/2021.11.21.21266648
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2021.11.21.21266648; this version posted November 21, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY 4.0 International license .

This study made use of the Clinical and biochemical data were extracted for the present study.
Patients demographics include sex and age of initial drug use (baseline). Prior comorbidities before
initial drug use were extracted, including diabetes with chronic complication, diabetes without
chronic complication, gout, hypertension, immune mediated enterocolitis, ischemic heart disease,
liver diseases, peripheral vascular disease, renal diseases, stroke/transient ischemic attack, general
symptoms, atrial fibrillation, ventricular tachycardia (VT)/ ventricular fibrillation (VF)/ sudden
cardiac death (SCD), anemia, overweight, cancer. Charlson’s standard comorbidity index was also
calculated. Mortality was recorded using the International Classification of Diseases Tenth Edition
(ICD-10) coding, whilst the study outcomes and comorbidities were documented in CDARS under
ICD-9 codes. Supplementary Table 1 displays the ICD codes used to search for patient outcomes

and comorbidities.

Non-SGLT2I/DPP4l medications were also extracted, including metformin, sulphonylurea,
insulin, acarbose, thiazolidinedione, glucagon-like peptide-1 receptor agonists, and statins and
fibrates. Baseline laboratory data were extracted. A limited number of enrolled patients have been
prescribed calcium channel blockers; thus, they were not considered. Subclinical biomarkers were
calculated accordingly, including neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio,
neutrophil-to-high-density  lipoprotein  ratio, lymphocyte-to-high-density lipoprotein  ratio,
lymphocyte-to-low-density lipoprotein ratio, low density lipoprotein ratio-to-high density lipoprotein
ratio, total cholesterol-to-high density lipoprotein  ratio, triglyceride-glucose index,

bilirubin-to-albumin ratio, protein-to-creatinine ratio, and prognostic nutritional index.
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Standard deviation (SD) was calculated for glycemic and lipid profile parmaters once there are
at least three examinations for each patient since initial drug exposure of SGLT2I or DPP4I. We aso
calculated more specific variability measures for HbA 1c and fasting glucose profiles including SD,
SD/initial, coefficient of variation (CV), and variability independent of mean as listed in

Supplementary Table 2.

Outcomes and statistical analysis

The study outcome are new onset HF, and new onset MI, cardiovascular mortality, and
al-cause mortaity as defined by the first incidence of ICD-9 codes of these adverse
events(Supplementary Table 1). Mortality data were obtained from the Hong Kong Death Registry,
a population-based official government registry with the registered death records of all Hong Kong
citizens linked to CDARS. ICD-10 codes 100-109, 111, 113, 120-151 were used to identify
cardiovascular mortality. Descriptive statistics are used to summarize baseline clinica and
biochemical characteristics of patients with SGLT2l and DPP4l use. For baseline clinical
characteristics, the continuous variables were presented as median (95% confidence interval [CI]/
interquartile range [IQR]) or mean (standard deviation [SD]) and the categorical variables were
presented as total number (percentage). Continuous variables were compared using the two-tailed
Mann-Whitney U test, whilst the two-tailed chi-square test with Yates' correction was used to test
2x2 contingency data. Univariable Cox regression was used to identify significant predictors for the

primary and secondary outcomes. Propensity-score matching was performed to generate control of
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SGLT2I users to compare against DPP4l users in a 1:1 ratio based on baseline age, sex, prior
comorbidities, and non-SGLT2I/DPP4l medications using nearest-neighbor matching strategy. To
minimize the outcome bias caused by variations in baseline characteristics, inverse probability of
treatment weighting (IPTW) and stable inverse probability of treatment weighting (SIPTW) were
then implemented to balance the covariables between groups using the calculated propensity scores.
Multivariable Cox analysis models after being adjusted for significant risk factors of
demographics, past comorbidities, non-SGLT2I/DPP4l medications, subclinical biomarkers, HbAlc
and fasting glucose to identify the treatment effects of SGLT2I v.s. DPP4l on the mentioned adverse
outcomes. Cause-specific and subdistribution hazard models were conducted to consider possible
competing risks. Lastly, subgroup analyses were done on age (<65 and >65 years) and sex on drug
exposure effects. A standardized mean difference (SMD) of no less than 0.2 between the treatment
groups post-weighting was considered negligible. The hazard ratio (HR), 95% CI and P-value were
reported. Statistical significance is defined as P-value < 0.05. The statistical analysis was performed

with RStudio software (Version: 1.1.456) and Python (Version: 3.6).

Results
Baseline characteristics of HF and MI cohorts before and after propensity score matching

Type 2 diabetes mellitus patients with SGLT2I or DPP4I use from January 1%, 2015, to December
31%, 2020, were included (Table 1). Patients with the use of both classes, or with prior HF diagnoses

or admissions due to HF or with anti-HF drugs (e.g., beta-blockers for HF, diuretics for HF), were
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excluded. After exclusion, 41994 persons (58.89% males, median admission age at 58 years old,
interquartile rage [IQR]: 51.2-65.3) fulfilled the eligibility criteriain the study cohort for subsequent
analysis. The study cohort has a median follow-up duration of 5.6 years (IQR: 5.32-5.82).
Supplementary Table 3, 4, 5 summarized the baseline and clinical characteristics of patients
with/without HF, M1 and mortality risk, respectively, before and after propensity score matching
(1:1). Supplementary Table 6 describes the baseline and clinical characteristics of the present
cohort stratified by age and gender before and after propensity score matching of 1:1 ratio. Figure 2
presented the cumulative incidence curves for HF, MI, cardiovascular mortality, and all-cause
mortality stratified by drug exposure of SGLT2I v.s. DPP4I in the matched cohort, demonstrating

that SGLT2I users have asignificantly lower incidence of all study outcomes.

Supplementary Figure 1 presented the propensity score matching comparisonsfor SGLT2I v.s.
DPP4I use before and after 1:1 matching with nearest neighbor search strategy with acaliper of 0.1. In
addition, we conducted bootstrapping procedures for propensity matching estimates and found that the
estimations of bootstrapped standard error (replications=50) were less than 0.001. No significant

confounding characteristics remained significant after propensity matching.

Sgnificant predictors of the study outcomes

Table 2 presented the multivariable Cox analysis for HF, MI, cardiovascular mortality, and
all-cause mortality in the matched cohort, adjusted for significant predictors identified for each

outcome under univariable Cox regressonSupplementary tables 7 and 8 summarized the
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univariable Cox regression models to predict HF, MI, cardiovascular and all-cause mortality before
and after 1:1 propensity score matching. After adjusting for significant demographics, past
comorbidities, medication prescriptions and biochemical results, SGLT2I users have a significantly
lower risk for M1 (HR: 0.34, 95% CI: [0.28, 0.41], P < 0.0001), cardiovascular mortality (HR: 0.53,
95% ClI: [0.38, 0.74], P =0.0002) and all-cause mortality (HR: 0.21, 95% CI: [0.18, 0.25], P=0.0001)
under multivariable Cox regression. However, the risk for HF is comparable (HR: 0.87, 95% CI:

[0.73, 1.04], P= 0.1343).

To evaluate the predictiveness of the models, a series of senstivity analyses have been
performed. Table 3 shows that SGLT2l users are a a higher risk for all study outcomes, in
comparison to DPP4I users, with a one-year lag timein the 1:1 ratio propensity score-matched cohort.
The association of SGLT2I/ DPP4I use and the development of HF, M|, cardiovascular and all-cause
mortality is preserved after the application of competing risk models (Table 4) and different

propensity score matching approaches (Table 5).

The descriptive statistics and HR of individual SGLT2Isfor the study outcomes in the matched
cohort is summarized in Table 6. Dapagliflozin (n= 12416) is the most commonly prescribed
SGLT2I, and it is protective against all study outcomes (P < 0.0001). Similarly, ertugliflozin (n=
2394) is dso protective against all outcomes (P < 0.05). Canagliflozin (n= 4836) users have a
comparable risk for HF in comparison to DPP4I users (HR: 0.93, 95% CI: [0.79, 1.08], P= 0.3249)
but are protected against the remaining outcomes (P < 0.0001). Empagliflozin (n= 4464) is only
protective against all-cause (HR: 0.28, 95% CI: [0.23, 0.35], P < 0.0001) and cardiovascular

mortality (HR: 0.22, 95% Cl: [0.13, 0.37], P < 0.0001).
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Stratification age and gender analysis

Supplementary Table 4 illustrated the baseline and clinical characteristics of patients stratified
by age and gender before and after propensity score matching (1:1). Figure 3 presented the
cumulative incidence curves for HF, MI, cardiovascular mortality, and all-cause mortality stratified
by combinations of baseline age and drug exposure of SGLT2l/ DPP4I in the matched cohort. The
risk for the study outcomes is higher amongst patients older than age 65 regardless of SGLT2l/
DPP4I use, and within the two age groups DPP4I users have a higher risk of adverse cardiovascular

outcomes than SGLT2| users.

Figure 4 showed the cumulative incidence curves for HF, MI, cardiovascular mortality, and
all-cause mortality stratified by combinations of gender and SGLT2l/ DPP4l use in the matched
cohort. DPP4I users, regardless of gender, have a higher risk for mortality and HF than SGLT2I
users, with male patients having a consistently higher risk than their female counterparts. However,
in terms of the risk of M1, male SGLT2I users have a higher than female DPP4I users, suggesting
that the cardioprotective effect of SGLT2l remains insufficient to compensate for the elevated Ml

risk of males.

Discussion

The main findings of this study are that: 1) using DPP4l as a reference, SGLT2l use was

associated with a lower risk of all-cause mortality, cardiovascular mortality, new onset of HF and MI;
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2) the cardioprotective effect of SGLT2I is insufficient to compensate for the elevated Ml risk of
males; 3) the protective effects of empagliflozin against M1, which was only reported in pre-clinical
studies in the past, is for the first time in humans at a population level amongst patients of different

comorbidities. (22)

Findings from the present study are largely consistent with existing studies. A network
meta-analysis of 236 trials has reported the superior cardiovascular protective effects of SGLT2I
against DPP4l when users of either medication are compared against the control group. However, the
control groups were not matched and no direct comparison was made. (14) A recent study evaluating
the cardiovascular effects of SGLT2l and DPP4l amongst cardiorenal disease-free diabetic patients
shows that SGLTI users have a lower risk of HF. (17) However, this study found the effect of
SGLT2I on the prevention of acute MI to be neutral, which may be explained by the inherent
difference between patients with renal failure and the general population. With a structured
follow-up and close monitoring, patients with renal failure would have their cardiovascular risk
factors optimized as a part of their disease management. Moreover, recent meta-analyses have
reported the benefits of SGLT2I in preventing cardiac remodelling in heart failure patients regardless
of glycemic status (23) and reduce magjor clinical eventsin patients with established heart failure (24),
with a neutral effect on arrhythmic outcomes (25). Furthermore, a meta-anaysis including more than
34 000 patients found that the protective effect of SGLT2I on major cardiovascular adverse events of
atherosclerotic origin is limited to patients with established atherosclerotic disease. (26) The
difference in the proportion of patients with established atherosclerosis may explain the different

effects of SGLT2l on MI observed. The present study demonstrates that the cardiovascular
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beneficent effects of SGLT2l persist in diabetic patients with pre-existing cardiovascular

impai rment.

There are severa hypotheses for the mechanisms underlying the cardiovascular-protective
effects of SGLT2I. First of all, the modulatory effect of SGLT2I on the proximal tubules results in
glucosuria and natriuresis, thus lowering the preload and the resulting stress on the ventricles. (27) It
is speculated that SGLT2I has a unique effect of selectively contracting interstitial fluid specifically,
without affecting the intravascular volume, thus particularly useful in the prevention of HF. (28) The
hypothesis is supported by studies comparing the vascular effects of dapagliflozin and bumetanide,

where dapagliflozin has been shown to have little effect on the intravascular volume. (29, 30)

Moreover, inhibition of the sodium-hydrogen ion exchanger in the myocardium, which is
activated under HF to increase intracytoplasmic sodium and calcium level, was also hypothesized to
be a part of the underlying mechanism. (31, 32) However, since SGLT2 receptors are absent in the
heart, the exact inhibitory mechanism remains unclear. Other hypotheses on the anti-fibrosis and
adipokine-reducing effects, which are effective against both HF and MI, suggest that the
cardiovascular-protective effects of SGLT2l may involve multiple biochemical pathways and thus

protect against different cardiovascular diseases. (28, 33)

The multiple processes involved in the cardiovascular-protective effect of SGLTI may also
explain its superior outcome against DPP4I. Whilst previous studies reported the benefits of SGLT2I
on cardiovascular health are mainly attributed to its protection against HF, a recent territory-wide

study has shown that SGLT2l users have a lower incidence of new-onset atrial fibrillation than


https://doi.org/10.1101/2021.11.21.21266648
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2021.11.21.21266648; this version posted November 21, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY 4.0 International license .

DPPA4I users, which supports the lower cardiovascular and all-cause mortality reported in the present
study. (34) This may be attributed to the anti-fibrotic effects of SGLT2I, since atrial remodeling and
fibrosis are common pathogenic pathways of atrial fibrillation. (35) The favorable pleiotropic effects
of SGLT2l may also improve the patients’ cardiometabolic risk, thus further lowering their M1 and
cardiovascular mortality risk. (36) It should be noted that randomized controlled trials have reported
that saxagliptin increases the hospitalization rate for HF, despite having a neutral effect on the
occurrence of major cardiovascular adverse effects. (37, 38) Since the present study focuses on the
incident occurrence of HF and M, patients on saxagliptin were kept in the study. Among the 69521
patients with type-2 diabetes, there were in total 353 patients who used saxagliptin use with a quite

low incidence rate as 0.51%.

Limitations

There are several limitations to the present study. Firstly, inherent information bias with arisk of
under-coding and coding errors should be noted, given its observational and retrospective nature.
However, the difference in patient characteristics, past comorbidities and other medication usages
between SGLT4I/DPP4l users and controls were addressed through matching using propensity
scores, although residual bias may remain. There are also patients with missing data for the
laboratory parameters since not all blood tests were routinely performed for all. Moreover, we were
unable to access important lifestyle predictors for cardiovascular adverse events, such as body mass

index, smoking, and alcoholism. Thirdly, coding for clinical diagnoses of HF was used but
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echocardiographic data are not coded in the administrative database and therefore different types of
HF based on gjection fraction could not be examined. Finally, DPP4l use is associated with an
increased risk of HF compared to placebo, and therefore this study could not distinguish between

whether gliptins cause HF and whether SGLT2Is reduce HF.

Conclusions

In comparison to DPP4l, SGLT2I use is associated with lower risks of all-cause mortality,
cardiovascular mortality, new onset HF and M1 after adjustments for confounders. The prescription
of SGLT2I is preferred after taking into consideration the patient’s cardiovascular and metabolic risk

profile in addition to drug-drug interactions.
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u.15
0.23*
0.17
0.05
0.03
0.03
0.23*
0.12
0.94*
0.96*
0.96*
0.11
0.24*
0.41*
0.5*

0.3*

0.09
0.24*
0.25*
0.16
0.06
0.15
0.11

0.04
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IS.

1d subclinical biomarkers.
ibclinical biomarkers, HbA1c and glucose tests.

Mode 3
HR [95% CI];P value

Mode 4
HR [95% CI];P value

Model 5
HR [95% CI];P value

01***
8*
2***

01***

0.26[0.24-0.29];<0.0001***
0.67[0.53-0.84];0.0005* * *
0.81[0.73-0.90];0.0001* **
0.73[0.66-0.81];<0.0001***

0.23[0.20-0.27];<0.0001***
0.60[0.43-0.82];0.0014**
0.47[0.40-0.55];<0.0001***
0.96[0.81-1.13];0.6307

0.21[0.18-0.25];<0.0001***
0.53[0.38-0.74];0.0002* **
0.34[0.28-0.41];<0.0001***
0.87[0.73-1.04];0.1343
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Table 3. Sensitivity analysis 1: Hazard ratiosfor SGLT2I v.s. DPP4I exposureeffectsfor heart failure, myocar dial infarction, cardlovagillar mortality, and all-cause mortality in the matched cohort,

aid

1’3

IJ

with one-year lag time. 53
* for p< 0.05, ** for p < 0.01, *** for p < 0.001; SGLT2I: Sodium-glucose cotransporter-2 inhibitors, DPPA4I: Dipeptidyl peptidase-4 inhibitor §§-| : hazard ratio; CI: confidence interval.
Adver se outcomes 3 2SGL T2l v.s DPP4I

=HR [95% CI];P value

All-cause mortality
Cardiovascular mortality
Myocardial infarction
Heart failure

0225[0.23-0.29];<0.0001***
= 01:“:26[0 20-0.34];<0.0001* **
3 054@[0 40-0.52];<0.0001***
5 o;,z@[o 35-0.46];<0.0001***

Table 4. Senditivity analysis 2: Associations of SGL T2l v.s. DPP4I on heart failure, myocardial infarction, cardiovascular mor tality®argigall-cause mortality after propensity score matching (1:1) with

competing risk models.

* for p< 0.05, ** for p<0.01, *** for p < 0.001; SGLT2I: Sodium-glucose cotransporter-2 inhibitors; DPP4I: Dipeptidyl peptidase-4 |nhlbﬁor

g-0D e13pun ajqejrep
YoUM ‘Japugl/ioyine ay)
999¢TC'1C' 1T

R: hazard ratio; Cl: confidence interval.

e

Modd's Outcomes

SGLT2I v.s. DPP4I
HR [95% CI];P value

Cause-specific hazard models
All-cause mortality

Myocardial infarction

Heart failure
Subdistribution hazard models

All-cause mortality

Myocardial infarction
Heart failure

Cardiovascular mortality

Cardiovascular mortality

0.24[0.21-0.27];<0.0001***
0.30[0.22-0.40];<0.0001***
0.49[0.42-0.57];<0.0001***
0.45[0.39-0.53];<0.0001***

" 9SUB9I| [euoneuIal| O

0.21]0.19-0.24];<0.0001* * *
0.25[0.19-0.32];<0.0001***
0.61[0.55-0.69];<0.0001***
0.56[0.50-0.62];<0.0001***
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Tableb5. Sengtivity analysis3: Hazard ratiosof SGL T2l v.s. DPP4I treatment for incident heart failure, myocardial infarction, cardiovascular mortality, and all-cause mortality in the matched cohort

using different propensity matching approaches (1:1).

* for p< 0.05, ** for p <0.01, *** for p <0.001; SGLT2I: Sodium-glucose cotransporter-2 inhibitors, DPP4I: Dipeptidyl peptidase-4 inhibitors; HR: hazard ratio; Cl: confidence interval; PS: propensity score;

IPTW: inverse probability of trestment weighting, SIPTW: stable inverse probability of treatment weighting.

‘Alimadiad ul Julidaid ayy Aejdsip 01 asuadl| e AIxHpalu pajueld s

Outcomes

PS stratification
HR [95% CI];P value

PSwith IPTW
HR [95% CI];P value

PSwith SIPTW
HR [95% CI];P value

All-cause mortality
Cardiovascular mortality
Myocardial infarction
Heart failure

0.26[0.11-0.36];<0.0001* **
0.31[0.28-0.51];<0.0001* **
0.51[0.45-0.69];<0.0001* **
0.59[0.51-0.67];<0.0001***

0.24[0.18-0.34];<0.0001***
0.35[0.24-0.45];<0.0001***
0.54[0.42-0.65];<0.0001***
0.63[0.31-0.69];<0.0001***

0.27[0.18-0.36];<0.0001* **
0.32]0.24-0.45];<0.0001* * *
0.60[0.32-0.65];<0.0001***
0.62[0.30-0.71];<0.0001***
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Table 6. Descriptive statistics and hazard ratios of individual SGLT2I drugs for new onset heart failure, new onset myocardial inf
matched cohort.
* for p< 0.05, ** for p < 0.01, *** for p < 0.001; SD: Standard deviation; HR: hazard ratio, Cl: confidence interval, SGLT2I: sodium glucose cg)ﬁansporter 2 inhibitors, DPPAI: dipeptidyl peptidase-4 inhibitors.

ion, cardiovascular mortality, and all-cause mortality in the

u:)gqmyg-’quuda.ld
a1d Alxgjaw

All SGLT2I All-cause mortality Cardiovascular mortality New onset heart f@ I&lre New onset myocar dial infarction
SGLT2I (= 20097 USErS | (N=2674) (N=538) (N=1809) 52 (N=1649)
drugs ~ N N N Zs N
g N or Count(%) or HR [95% CI]:P value o HR [95% CI]:P value o HR §g5% CIT;P value o HR [95% CI]:P value

Count(%) Count(%) Count(%) Count(%)
Dapagliflozin 12416(59.13%) 328(12.26%) 0.32[0.29-0.36];<0.0001***|68(12.63%) 0.33[0.26-0.42];<0.0001***|333(18.40%) %2%@46-0 59];<0.0001***|311(18.85%) 0.54[0.48-0.61];<0.0001***
Empagliflozin 4464(21.26%) 90(3.36%)  0.28[0.23-0.35];<0.0001***(14(2.60%)  0.22[0.13-0.37];<0.0001***|178(9.83%) @90%(377 1.05];0.1872 170(10.30%) 0.95[0.81-1.11];0.5363
Canagliflozin 4836(23.03%) 110(4.11%) 0.32[0.26-0.39];<0.0001***19(3.53%)  0.27[0.17-0.43];<0.0001***|158(8.73%) (ﬁ72£@61 0.85];0.0001*** |180(10.91%) 0.93[0.79-1.08];0.3249
Ertugliflozin  2394(11.40%) 62(2.31%)  0.38[0.30-0.49];<0.0001***|13(2.41%)  0.40[0.23-0.69];0.0010** |65(3.59%) 0§Q;47 0.77];0.0001*** [75(4.54%)  0.78[0.62-0.98];0.0314*
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76147 type-2 diabetes patients with only SGLT2I and only DPP4I
drug exposure from January 1st, 2015 to December 31st, 2020

patients being excluded:
with prior heart failure (N=2509)
with prior myocardial infarction (N=1621)
with both DPP4I and SGLT2I use (N=12858)
without complete demographics (N=17)
without mortality data (N=13)

Included cohort (N=59457)
All-cause mortality: N=6143 (IR: 10.33%)
Cardiovascular mortality: N=1863 (IR: 3.13%)
Myocardial infarction: N=2610 (IR: 4.38%)
Heart failure: N=3489 (IR: 5.86%)

Including:

20997 SGLT2I users and 38460 DPP4I users.

v

Propensity score matching with 1:1 ratio for SGLT2I v.s. DPP4I on
demographics, prior comorbidities, and non-SGLT2I/DPP41
medications (including other anti-diabetes medications).

v

Matched control cohort (N=41994)
All-cause mortality: N=2012 (IR: 4.79%)
Cardiovascular mortality: N=422 (IR: 1.00%)
Myocardial infarction: N=1308 (IR: 3.11%)
Heart failure: N=1436 (IR: 3.41%)

Including:

20997 SGLT2I users and 20997 DPP4I users.

Figure 1. Flowchart of data processing
IR: incidence rate, SGLT2I: sodium glucose cotransporter 2 inhibitors, DPP4I:
dipeptidyl peptidase-4 inhibitors.
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Figure 2. Cumulative incidence curvesfor heart failure, myocardial infarction, cardiovascular mortality, and all-cause mortality stratified by drug exposure of SGLT2I v.s. DPP4I in the matched
cohort.
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Figure 3. Cumulative incidence curvesfor heart failure, myocar dial infarction, cardiovascular mortality, and all-cause mortality stratified by combinations of drug exposure of SGLT2I v.s. DPP4I
and admission age in the matched cohort.
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Figure 4. Cumulative incidence curvesfor heart failure, myocar dial infarction, cardiovascular mortality, and all-cause mortality stratified by combinations of drug exposure of SGLT2I v.s. DPP4I
and gender in the matched cohort.
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