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Incident heart failure and myocardial infarction in
sodium-glucose cotransporter-2 vs. dipeptidyl
peptidase-4 inhibitor users

Jiandong Zhou'', Sharen Lee?" (2, Keith Sai Kit Leung®, Abraham Ka Chung Wai®, Tong Liu®, Ying Liu®,
Dong Chang®, Wing Tak Wong’, lan Chi Kei Wong?®, Bernard Man Yung Cheung®, Qingpeng Zhang'®* and
Gary Tse't#4°*

*Nuffield Department of Medicine, University of Oxford, Oxford, UK; *Diabetes Research Unit, Cardiovascular Analytics Group, Hong Kong, China; *Emergency Medicine Unit,
Faculty of Medicine, The University of Hong Kong, Hong Kong, China; *Tianjin Key Laboratory of lonic-Molecular Function of Cardiovascular Disease, Department of
Cardiology, Tianjin Institute of Cardiology, Second Hospital of Tianjin Medical University, Tianjin, China; *Department of Cardiology, The First Affiliated Hospital of Dalian
Medlical University, Dalian, China; ®Xiamen Cardiovascular Hospital, Xiamen University, Xiamen, China; ”School of Life Sciences, State Key Laboratory of Agrobiotechnology
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Abstract

Aims This study aimed to compare the rates of major cardiovascular adverse events in sodium-glucose cotransporter-2 in-
hibitors (SGLT2I) and dipeptidyl peptidase-4 inhibitors (DPP4I) users in a Chinese population. 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 and results 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 from 1 January 2015 to 31 December
2020. Propensity score matching was performed in a 1:1 ratio based on demographics, past comorbidities, and non-SGLT2I/
DPP4| medications with nearest neighbour 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. A total of 41 994 patients (58.89% males, median admission age at 58 years old, interquartile range [IQR]:
51.2-65.3) were included with a median follow-up of 5.6 years (IQR: 5.32-5.82). In the matched cohort, SGLT2| use was sig-
nificantly associated with lower risks of new-onset heart failure (hazard ratio [HR]: 0.73, 95% confidence interval [Cl]: [0.66,
0.81], P < 0.0001), myocardial infarction (HR: 0.81, 95% Cl: [0.73, 0.90], P < 0.0001), cardiovascular mortality (HR: 0.67,
95% Cl: [0.53, 0.84], P < 0.001), and all-cause mortality (HR: 0.26, 95% Cl: [0.24, 0.29], P < 0.0001) after adjusting for signif-
icant demographics, past comorbidities, and non-SGLT21/DPP4| medications.

Conclusions SGLT2 inhibitors are protective against adverse cardiovascular events including new-onset heart failure, myocar-
dial infarction, cardiovascular mortality, and all-cause mortality. The prescription of SGLT2I is preferred when taken into
consideration individual cardiovascular and metabolic risk profiles in addition to drug—drug interactions.
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Introduction

Diabetes mellitus is an increasingly prevalent metabolic dis-
ease, currently affecting more than 400 million people, and
the patient population is projected to increase up to 642 mil-
lion by 2040. 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 in-
hibitors (SGLT2I) and dipeptidyl peptidase-4 inhibitors
(DPP4l)—has increased  significantly.>® Besides their
favourable side effect profile, studies have reported benefi-
cial effects on metabolic risk from these two classes of
drugs.* 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).>™® On the other hand, the cardiovascular effect of DPP4I
appears to be more controversial. Whilst there were reports
of DPP4I users having lower cardiovascular risks than non-
users, there are also studies reporting an increased risk of
HF in saxagliptin users.%*°

Whilst small-scale trials are comparing the metabolic ef-
fects or specific disease outcomes of SGLT2I and DPP4lI, there
is a lack of large-scale population studies to evaluate the dif-
ference in the presentation of major cardiovascular adverse
events between the use of the two drug classes.’*™3 Re-
cently, Zheng et al. have demonstrated lower mortality in
SGLT2I users in comparison with DPP4l users in a network
meta-analysis.’* However, ultimately, the study is limited by
the indirect comparison of the SGLT2I and DPP4I users. Other
studies have reported on outcomes such as weight loss, im-
provement in the liver or renal function,®® and reduction in
atrial fibrillation incidence.*® Another study recently investi-
gated cardiovascular outcomes such as HF and myocardial in-
farction (Ml), but only in Japanese, Korean, and European
cohorts.'” Therefore, the aim of the present study is to com-
pare the occurrence of major cardiovascular adverse events
in SGLT2I and DPP4I users to evaluate their cardiovascular
protective effects in a Chinese population.

Methods
Study 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 1 January 2015 to 31 De-
cember 2020. Patients who received both DPP4l and SGLT2I,
in addition to patients who discontinued the medication dur-

ing 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
and beta-blockers for HF). For the MI study cohort, patients
with prior old Ml or Ml diagnosis were excluded. The patients
were identified from the Clinical Data Analysis and Reporting
System (CDARS), a territory-wide database that centralizes
patient information from individual local hospitals to estab-
lish comprehensive medical data, including clinical character-
istics, 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,*®*° including those on dia-
betes mellitus.?®*

Clinical and biochemical data were extracted from CDARS
for the present study. Patients’ demographics include sex
and age of initial drug use (baseline). Prior comorbidities be-
fore initial drug use were extracted, including diabetes with
chronic complication, diabetes without chronic complication,
gout, hypertension, ischaemic heart disease, liver diseases,
peripheral vascular disease, renal diseases, stroke/transient
ischaemic attack, atrial fibrillation, ventricular tachycardia
(VT)/ventricular fibrillation (VF)/aborted sudden cardiac
death (SCD), anaemia, overweight, and cancer. Charlson’s
standard comorbidity index was also calculated. Mortality
was recorded using the International Classification of Dis-
eases Tenth Edition (ICD-10) coding, whilst the study
outcomes and comorbidities were documented in CDARS un-
der ICD-9 codes. The ICD codes used to search for diagnoses
and outcomes are shown in Supporting Information,
Table S1.

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

Standard deviation (SD) was calculated for glycaemic and
lipid profile parameters once there are at least three exami-
nations for each patient since initial drug exposure of SGLT2I
or DPP4l. We also calculated more specific variability
measures for HbAlc and fasting glucose profiles including
SD, SD/initial, coefficient of variation (CV), and variability
independent of mean as listed in Supporting Information,
Table S2.
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Outcomes and statistical analysis

The study outcomes are new-onset HF, and new-onset Ml,
cardiovascular mortality, and all-cause mortality as defined
by the first incidence of ICD-9 codes of these adverse events
(Supporting Information, Table Si). Mortality data were
obtained from the Hong Kong Death Registry, a
population-based official government registry with the regis-
tered death records of all Hong Kong citizens linked to
CDARS. ICD-10 codes 100109, 111, 113, and 120-151 were used
to identify cardiovascular mortality. Descriptive statistics are
used to summarize baseline clinical and biochemical charac-
teristics of patients with SGLT2I and DPP4I use. For baseline
clinical characteristics, the continuous variables were pre-
sented as median (95% confidence interval [Cl]/interquartile
range [IQR]) or mean (SD) and the categorical variables were
presented as total number (percentage). Continuous vari-
ables were compared using the two-tailed Mann—Whitney
U test, whilst the two-tailed y* test with Yates’ correction
was used to test 2 x 2 contingency data. Univariable Cox re-
gression was used to identify significant predictors for the
primary and secondary outcomes. Propensity score matching
was performed to generate control of SGLT2I users to com-
pare against DPP4l users in a 1:1 ratio based on baseline
age, sex, prior comorbidities, and non-SGLT2I/DPP4l medica-
tions using nearest neighbour matching strategy.

Multivariable Cox models adjusting for significant risk fac-
tors of demographics, past comorbidities, non-SGLT2I/DPP4l
medications, subclinical biomarkers, HbAlc, and fasting glu-
cose to identify the treatment effects of SGLT2I| vs. 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 <0.2 be-
tween the treatment groups post-weighting was considered
negligible. The hazard ratio (HR), 95% Cl, and P-value were re-
ported. 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

In this study, patients with type 2 diabetes mellitus and use of
either SGLT2I or DPP4l from 1 January 2015 to 31 December
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 and diuretics
for HF), were excluded. After exclusion, 41 994 patients
(58.89% males, median admission age at 58 years old, IQR:

51.2-65.3) fulfilled the eligibility criteria in the study cohort
for subsequent analysis (Figure 1). The study cohort has a
median follow-up duration of 5.6 years (IQR: 5.32-5.82). Pro-
pensity score matching (1:1) between SGLT2l and DPP4I users
using the nearest neighbour search strategy with a 0.1 caliper
was performed (Supporting Information, Figure SI).
Bootstrapping procedures were performed for propensity
matching estimates, and the estimations of bootstrapped
standard error (replications = 50) were <0.001. Together,
these indicated no significant confounding characteristics
remained significant after propensity matching.

Significant predictors of the study outcomes

The cumulative incidence curves for new-onset HF, MI,
cardiovascular mortality, and all-cause mortality stratified by
SGLT2I or DPP4l use for the matched cohort are shown in
Figure 2. Lower incidences of all of these outcomes were
observed for SGLT2l users compared with DPP4l users.
Univariable Cox regression was applied to identify significant
predictors of the study outcomes (Supporting Information,
Tables S2 and S3). In the matched cohort, SGLT2I use was as-
sociated with significantly lower risks of new-onset HF (HR:
0.52, 95% Cl: [0.48, 0.58], P < 0.0001), new-onset Ml (HR:
0.60, 95% Cl: [0.54, 0.66], P < 0.0001), cardiovascular mortal-
ity (HR: 0.23, 95% Cl: [0.18, 0.28], P < 0.0001), and all-cause
mortality (HR: 0.23, 95% Cl: [0.21, 0.26], P < 0.0001). Multi-
variable Cox models were developed adjusting for significant
demographics, past comorbidities, and medications (Table 2).
SGLT2I use remained a significant predictor of all four study
outcomes (HR < 1, P < 0.001).

To evaluate the predictiveness of the models, different
sensitivity analyses were performed. Firstly, a 1 year lag time
between treatment initiation and study outcomes was
applied (Supporting Information, Table S4). Secondly, com-
peting risk analyses using cause-specific hazard models and
subdistribution hazard models were applied (Supporting
Information, Table S5). Thirdly, different propensity score ap-
proaches were used to evaluate the effects of the matching
approach on the analysis, including propensity score stratifi-
cation, inverse probability of treatment weighting (IPTW),
and stable inverse probability of treatment weighting (SIPTW)
(Supporting Information, Table S6). All of these analyses
demonstrated that SGLT2l use was associated with lower
risks of new-onset HF, MI, cardiovascular mortality, and
all-cause mortality.

Discussion

The main finding of the present study is that using DPP4l as a
reference, SGLT2| use was associated with a lower risk of
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Figure 1 Flowchart of data processing. DPP4I, dipeptidyl peptidase-4 inhibitors; IR, incidence rate; SGLT2I, sodium-glucose cotransporter-2 inhibitors.

drug exposure from January 1st,

76147 type-2 diabetes patients with only SGLT2I and only DPP41

2015 to December 31st, 2020

v

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)

Including:

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

20997 SGLT2I users and 38460 DPP4I users.

6143 (IR: 10.33%)

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

Including:

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

20997 SGLT2I users and 20997 DPP4I users.

1308 (IR: 3.11%)

new-onset HF and M, cardiovascular mortality, and all-cause
mortality.

Our findings are largely consistent with existing studies. A
network meta-analysis of 236 trials has reported the supe-
rior cardiovascular protective effects of SGLT2l 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.**
A recent study evaluating the cardiovascular effects of
SGLT2I and DPP4l amongst cardiorenal disease-free diabetic
patients shows that SGLTI users have a lower risk of HF.'’
However, this study found the effect of SGLT2I on the pre-
vention of acute MI to be neutral, which may be explained
by the inherent difference between patients with renal fail-
ure 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 SGLT2l in preventing cardiac re-
modelling in HF patients regardless of glycaemic status??
and reducing major clinical events in patients with estab-
lished HF,?® with a neutral effect on arrhythmic outcomes.?*
Furthermore, a meta-analysis 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.?” The difference in the proportion of patients with
established atherosclerosis may explain the different effects
of SGLT2I on MI observed. The present study demonstrates
that the cardiovascular beneficent effects of SGLT2I persist
in diabetic patients with pre-existing cardiovascular
impairment.
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Figure 2 Cumulative incidence curves for heart failure, myocardial infarction, cardiovascular mortality, and all-cause mortality stratified by SGLT2I or
DPP4l use in the matched cohort. DPP4I, dipeptidyl peptidase-4 inhibitors; SGLT2I, sodium-glucose cotransporter-2 inhibitors.
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Table 2 Multivariable Cox regression for heart failure, myocardial infarction, cardiovascular mortality, and all-cause mortality in the
matched cohort

Model 1 Model 2 Model 3
Adverse outcomes HR [95% Cl]; P-value HR [95% Cl]; P-value HR [95% Cl]; P-value
All-cause mortality 0.30 [0.28-0.34]; <0.0001*** 0.30 [0.27-0.33]; <0.0001 *** 0.26 [0.24-0.29]; <0.0001***
Cardiovascular mortality 0.65 [0.35-0.86]; 0.0057** 0.75 [0.59-0.94]; 0.0128* 0.67 [0.53-0.84]; 0.0005***
Myocardial infarction 0.81 [0.73-0.90]; 0.0001*** 0.81 [0.73-0.91]; 0.0002*** 0.81 [0.73-0.90]; 0.0001***
Heart failure 0.79 [0.71-0.87]; <0.0001*** 0.77 [0.69-0.85]; <0.0001*** 0.73 [0.66-0.81]; <0.0001***

Cl, confidence interval; HR, hazard ratio.

Model 1 adjusted for significant demographics. Model 2 adjusted for significant demographics and past comorbidities. Model 3 adjusted
for significant demographics, past comorbidities, and non-sodium-glucose cotransporter-2 inhibitor/dipeptidyl peptidase-4 inhibitor
medications.

P <0.05.

“P<0.01.

ke

P <0.001.

There are several hypotheses for the mechanisms underly-  and the resulting stress on the ventricles.?® It is speculated
ing the cardiovascular-protective effects of SGLT2I. First of all, that SGLT2I has a unique effect of selectively contracting in-
the modulatory effect of SGLT2I on the proximal tubules re- terstitial fluid specifically, without affecting the intravascular
sults in glucosuria and natriuresis, thus lowering the preload  volume, thus particularly useful in the prevention of HF.?’
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The hypothesis is supported by studies comparing the vascu-
lar effects of dapagliflozin and bumetanide, where dapagliflo-
zin has been shown to have little effect on the intravascular
volume.?®%

Moreover, inhibition of the sodium-hydrogen ion ex-
changer 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.3%3!
However, because SGLT2 receptors are absent in the heart,
the exact inhibitory mechanism remains unclear. Other hy-
potheses on the anti-fibrosis and adipokine-reducing effects,
which are effective against both HF and M, suggest that the
cardiovascular-protective effects of SGLT2l may involve
multiple biochemical pathways and thus protect against
different cardiovascular diseases.?”-*?

The multiple processes involved in the
cardiovascular-protective effect of SGLTI may also explain its
superior outcome against DPP4l. Whilst previous studies re-
ported the benefits of SGLT2I on cardiovascular health are
mainly attributed to its protection against HF, a recent
territory-wide study has shown that SGLT2I| users have a
lower incidence of new-onset atrial fibrillation than DPP4I
users, which supports the lower cardiovascular and
all-cause mortality reported in the present study.'® This may
be attributed to the anti-fibrotic effects of SGLT2I, because
atrial remodelling and fibrosis are common pathogenic path-
ways of atrial fibrillation.3® The favourable pleiotropic effects
of SGLT2l may also improve the patients’ cardiometabolic
risk, thus further lowering their Ml and cardiovascular mor-
tality risk.*® It should be noted that randomized controlled
trials have reported that saxagliptin increases the hospitaliza-
tion rate for HF, despite having a neutral effect on the occur-
rence of major cardiovascular adverse effects.>*3> Because
the present study focuses on the incident occurrence of HF
and MlI, patients on saxagliptin were kept in the study.
Amongst the 69 521 patients with type 2 diabetes mellitus,
there were in total 353 patients who used saxagliptin use
with a low incidence rate of 0.51%.

Limitations

There are several limitations to the present study. Firstly, in-
herent information bias with a risk of under-coding and cod-
ing errors should be noted, given its observational and
retrospective nature. However, the difference in patient char-
acteristics, past comorbidities, and other medication usages
between SGLT41/DPP4l users and controls was addressed
through matching using propensity scores, although residual
bias may remain. There are also patients with missing data
for the laboratory parameters because 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 echocardiographic data are not coded in the admin-
istrative database, and therefore, different types of HF based
on ejection fraction could not be examined. Finally, DPP4I use
is associated with an increased risk of HF compared with pla-
cebo, and therefore, this study could not distinguish between
whether gliptins cause HF and whether SGLT2I reduce HF.

Conclusions

SGLT2 inhibitors are protective against adverse cardiovascu-
lar events including new-onset HF, M, cardiovascular mortal-
ity, and all-cause mortality. The prescription of SGLT2I is
preferred when taken into consideration individual cardiovas-
cular and metabolic risk profiles in addition to drug—drug
interactions.
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Figure S1. Propensity score matching comparisons for SGLT2I
v.s. DPP4I before and after 1:1 matching with nearest neigh-
bor search strategy using a caliper of 0.1.

Table S1. ICD-9 codes for diagnoses and ICD-10 codes for out-
comes.

Table S2. Univariable Cox regression to identify significant
predictors of heart failure and myocardial infarction before
and after 1:1 matching.

* for P <0.05, ** for P <0.01, *** for P <0.001; HR: hazard
ratio; Cl: confidence interval; SD: standard deviation; SCD:
sudden cardiac death; VF: ventricular fibrillation; VT: ventric-
ular tachycardia; SGLT2I: sodium glucose cotransporter-2 in-
hibitor; DPP4l: dipeptidyl peptidase-4 inhibitor; CV:
coefficient of variation.
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