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Abstract

Aim: To assess if sodium-glucose co-transporter-2 inhibitors (SGLT2is) reduce the
risk of all-cause mortality, cardiovascular death and hospitalization for heart failure
(HF) or chronic kidney disease (CKD) to a greater extent than dipeptidyl peptidase-4
inhibitors (DPP4is) in people with type 2 diabetes (T2D) with or without established
cardiovascular and/or renal disease (CVRD).

Methods: This retrospective cohort study propensity-matched 24 438 patients
receiving an SGLT2i 1:1 to a patient receiving a DDP4i, stratified based on the pres-
ence of CVRD. The primary outcomes were the time to each of the following: all-
cause mortality, cardiovascular death or hospitalization for HF, myocardial infarction,
stroke and CKD.

Results: Overall, SGLT2is were associated with reductions in all-cause mortality, car-
diovascular mortality, hospitalization for HF and hospitalization for CKD compared
with DPP4is. In patients with no CVRD history, SGLT2is were associated with reduc-
tions in all-cause mortality (HR 0.71, 95% CI 0.57-0.88; P = .002), hospitalization for
HF (HR 0.76, 95% CI 0.59-0.98; P = .035) and hospitalization for CKD (HR 0.75, 95%
Cl 0.63-0.88; P < .001). In patients with established cardiovascular disease (CVD) or
at high risk, SGLT2is were associated with reductions in all-cause mortality (HR 0.69,
95% Cl 0.59-0.82; P < .001), cardiovascular mortality (HR 0.76, 95% Cl 0.62-0.95;
P = .014), hospitalization for HF (HR 0.73, 95% Cl 0.63-0.85; P < .001), hospitaliza-
tion for stroke (HR 0.75, 95% Cl 0.59-0.94; P = .013) and hospitalization for CKD
(HR 0.49, 95% Cl 0.43-0.54; P < .001).

Conclusion: There was consistency across subgroups and sensitivity analyses.

SGLT2is were associated with a reduced risk of all-cause mortality and hospitalization
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1 | INTRODUCTION
Most people with type 2 diabetes (T2D) eventually develop heart fail-
ure (HF), chronic kidney disease (CKD) or both, which increases the
probability of hospitalization and premature death.

Indeed, T2D is associated with a 2.5-fold higher risk of developing
HF than in people without diabetes.® In people with HF, T2D is asso-
ciated with the probability of first hospitalization (adjusted odds ratio
[aOR]: 1.29; 95% confidence interval [Cl]: 1.24-1.34) and mortality
(aOR: 1.24; 95% Cl: 1.29-1.40).° Another retrospective study of
55 959 patients aged 45 years and older with a new diagnosis of HF
reported survival rates of 75.9% (95% Cl 75.5%-76.3%) after 1 year,
45.5% (95% Cl 45.1%-46.0%) after 5 years, 24.5% (95% Cl 23.9%-
25.0%) after 10years and 12.7% (95% Cl 11.9%-13.5%) after
15 years.” A cross-sectional study reported that 58% of patients with
T2D without known albuminuria developed CKD.? Crucially, HF and
CKD alone doubled cardiovascular and all-cause mortality (hazard
ratio [HR] 2.02, 95% Cl 1.75-2.33 and 2.05, 95% Cl 1.82-2.32, respec-
tively). In combination, the two diseases more than trebled cardiovas-
cular and all-cause mortality (HR 3.91, 95% Cl 3.02-5.07 and 3.14,
95% Cl 2.90-3.40, respectively).” Increasing evidence shows that
sodium-glucose co-transporter-2 inhibitors (SGLT2is) reduce the risk
of HF and CKD,8 1! regardless of whether the patient has diabetes®
and background HF treatment.’ Dipeptidyl peptidase-4 inhibitors
(DPP4is), one of the most widely prescribed second-line treatment
options for glucose-lowering in people with T2D, have not shown
similar benefits. Head-to-head trials comparing SGLT2is and DPP4is,
however, are unlikely. Large-scale real-world evidence studies are,
therefore, required to compare SGLT2is and DPP4is. In tandem with
evidence from randomized controlled clinical trials (RCTs), several
real-world studies have shown that SGLT2is are associated with
improved cardiorenal outcomes compared with other glucose-
lowering therapies across a wide range of patients, including those
ineligible for RCTs.2°1* A recent meta-analysis reported that
glucagon-like peptide-1 receptor agonists (GLP1-RAs) and SGLT2is
reduced the composite endpoint of myocardial infarction (Ml), stroke
and cardiovascular death by 12% and 11%, respectively.*® SGLT2is
also reduced hospitalizations for HF by 31% and the risk of a compos-
ite of worsening estimated glomerular filtration rate, end-stage kidney
disease or renal death by 45%. GLP1-RAs did not significantly reduce
these outcomes.*?

Recently, evidence of risk reduction in people without established
cardiovascular co-morbidities has started to emerge. In a multinational

propensity-matched observational study, cardiovascular and/or renal

for HF and CKD compared with DPP4-is, highlighting the need to introduce SGLT2is

early in the management of patients with T2D.

cardiovascular disease, clinical trial, dapagliflozin, diabetes complications, dipeptidyl
peptidase-4 inhibitor, heart failure

disease (CVRD)-free new users of SGLT2is or DPP4is were propensity
score-matched 1:1. SGLT2is were associated with a 44% lower risk of
cardiorenal disease (95% Cl 0.42-0.74) and a 29% (95% Cl 0.59-0.86)
and 56% (95% Cl 0.28-0.69) reduced risk of HF and CKD, respectively.
All-cause and cardiovascular death were 33% (95% Cl 0.59-0.77) and
39% (95% Cl 0.44-0.85) lower, respectively, among those receiving
SGLT2is.*

The value of this study is that for the first time we have been able
to map the DECLARE-like cohorts to a single health service, which is the
NHS in England. In addition, while the multinational paper only studied
the CVRD-free population, this paper shows the similarities (and differ-
ences) of the effects of SGLT2is in both those with and without CVRD.

DECLARE-TIMI 58, which enrolled participants with T2D who had
or were at risk of atherosclerotic cardiovascular disease (CVD), showed
that the SGLT2i dapaglifiozin reduced the composite outcome of car-
diovascular death and hospitalization for HF.*® However, DPP4is and
sulphonylureas are the most commonly used antidiabetic drugs after
metformin.}” This is despite international management guidelines that
now recommend SGLT2is for patients with atherosclerotic CVD in
whom HF and/or CKD co-exists or is of special concern.*®

Despite this evidence, globally SGLT2is are prescribed less com-
monly than DPP4is.2”1? Against this background, we hypothesized
that SGLT2is will reduce the risk of all-cause mortality, cardiovascular
death and hospitalization for HF or CKD to a greater extent than
DPP4is in people with T2D with or without established CVRD. The
population in this real-world study mimics that of DECLARE-TIMI
58, one of the largest studies assessing this group of patients.

2 | MATERIALS AND METHODS
This retrospective cohort study used the Clinical Practice Research
Datalink (CPRD) Aurum. This database contains routinely collected
data from primary care practices in England about diagnoses, symp-
toms, prescriptions, referrals and tests for more than 19 million
patients, and shows high levels (>90%) of correctness and complete-
ness for data about T2D.2%21

CPRD Aurum data were linked to Hospital Episode Statistics (HES),
with detailed hospitalization admission information in England, as well
as death registration (Office for National Statistics) data, which provide
information on all-cause and cause-specific mortality. Patients with
T2D were identified by diagnostic codes and confirmed by records of
drug issue for glucose-lowering drugs, as defined previously in

Birkeland et al.*® The new user index date refers to the initial
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prescription for an SGLT2i or DPPA4i. Patients initiating an SGLT2i and a
DPP4i on the same date and those with a prior prescription of the same
drug class 12 months before initiation were excluded. The analysis
followed patients with 2TD aged at least 18 years from the day after
the index date (1 January 2013) until the earliest study outcome, death,
moved out of the practice or study end date (30 November 2018).

People with type 1 or gestational diabetes were excluded. Enrolled
patients were further classified into ‘CVRD-free’ and ‘high risk or
established CVD’ groups (equivalent to DECLARE-TIMI). The CVRD-
free group had no known history of angina pectoris, myocardial infarc-
tion, HF, stroke, transient ischaemic attack, peripheral artery disease
(PAD), CKD or prescription for nitrates. The high risk or established
CVD groups included people aged 40 years or older with ischaemic
heart disease or stroke or PAD, or men aged 55 years or older or
women aged 60 years or older with hypertension or dyslipidaemia or
who were current smokers. Diagnosis history for both groups was
defined using both primary care (CPRD) and secondary care (HES)
diagnoses. Co-morbidities, and diagnostic and drug issues in primary
care were defined from the presence of relevant SNOMED-CT codes
obtained from clinical codes repositories (CALIBER, UCL Institute of
Health Informatics and Data Compass, London School of Hygiene and
Tropical Medicine). Co-morbidities in secondary care as well as out-
comes of specific hospitalizations reported were defined by the pres-
ence of ICD-10 codes outlined previously in Birkeland et al.”

The primary outcomes were the time to each of the following con-
sidered individually: all-cause death, cardiovascular death or first recorded
hospital diagnoses of HF, M, stroke and CKD. Each patient receiving an
SGLT2i was propensity score-matched 1:1 to a patient using a DPP4i.
The propensity score included age, sex, presence of microvascular com-
plications, frailty and cardiovascular co-morbidities (see the supporting
information), following the method described by Birkeland et al.'®> and
was based on intention to treat (1 January 2013 to 30 October 2018). To
avoid immortal time bias, only the first episode of either SGLT2i or DPP4i
treatment during the inclusion period was eligible.

Baseline characteristics are described using standard statistical
measures including mean and standard deviations for numerical vari-
ables and frequencies and percentages for categorical variables. An
imbalance in baseline characteristics was considered when a standard-
ized difference of more than 10% occurred between the two groups.
The time to first event was compared between groups using Cox pro-
portional hazards models.

Results are presented as relative risk reductions (RRRs) or HR and
95% Cl. Subgroup analyses investigated outcomes between treatment
groups by baseline characteristics. Sensitivity analyses were per-
formed 1) without saxagliptin, which is associated with an increased
risk of hospitalization for HF; 2) in an on-treatment, instead of inten-
tion-to-treat, analysis; 3) using outcomes recorded in the primary
diagnostic position only of hospitalisations, and 4) with extra charac-
teristics included in the propensity score matching (including CKD),
extending the list of variables used in Birkeland et al.*®

In the multivariate Cox proportional hazard models, we adjusted
for the following: age, sex, frailty (at least one hospitalization of three

consecutive days within 1 year prior to index), use of angiotensin-

converting enzyme inhibitors or angiotensin receptor blockers, statins,
beta blockers, calcium channel blockers and aldosterone antagonists,

loop diuretics and low ceiling diuretics.

3 | RESULTS

Overall, 131 824 people with T2D were identified (Figure 1 and
supporting information). Of these, 76 804 (58.3%) had no known his-
tory of previous CVRD and 80 172 (60.8%) had a documented history
of CVD or were at high risk, as defined in the DECLARE-TIMI
58 study.!® Overall, 117 089 (88.8%) patients had a history of using
metformin, 59 300 (50.0%) had used sulphonylureas and 16 964
(12.9%) were using insulin. After propensity matching, 24 438 new
users of SGLT2is and the same number of new users of DPP4is were
included in the “all patients’ group. Baseline characteristics were well
balanced after propensity matching (Table 1). Patients who received
SGLT2is tended to be 10 years younger and were more probable to
have a history of receiving loop diuretics, GLP1-RAs and insulin than
those in the DPP4i group. The CVRD-free group included 76 804
people, with 17 353 (22.6%) in each propensity-matched group for
SGLT2is and DPP4is. Both groups were followed for approximately
1.9 years (limited by the available duration of drugs in the UK). The
high risk or established CVD group included 80 172 patients, with
11175 (13.9%) in each matched group, who were followed for
approximately 1.8 years. Initiation of an SGLT2i, compared with initia-
tion of a DPP4i, was associated with a significantly lower risk of each
of the following considered individually: all-cause mortality, cardiovas-
cular death and hospitalization for HF or CKD. In all patients, the RRR
observed was about 27% for death from any cause (HR 0.73, 95% Cl
0.63-0.84), 20% for cardiovascular death (HR 0.80, 95% Cl 0.66-0.97),
26% for hospitalization for HF (HR 0.74, 95% Cl 0.65-0.84) and 49%
for hospitalization for CKD (HR 0.51, 95% Cl 0.47-0.56, all P < .001;
Figure 2).

In patients with no previous CVRD history, initiation of a SGLT2i
was associated with an RRR of 29% for death from any cause (HR
0.71, 95% CI 0.57-0.88, P = .002), 24% for hospitalization for HF
(HR 0.76, 95% CI 0.59-0.98, P = .035) and 25% for hospitalization for
CKD (HR 0.75, 95% CI 0.63-0.88, P < .001; Figure 2). In patients with
established CVD or at high risk, the RRR was 31% for death from any
cause (HR 0.69, 95% Cl 0.59-0.82, P < .001), 24% for cardiovascular
death (HR 0.76, 95% Cl 0.62-0.95, P = .014), 27% for hospitalization
for HF (HR 0.73, 95% Cl 0.63-0.85, P < .001), 25% for
hospitalization for stroke (HR 0.75, 95% CI 0.59-0.94, P = .013) and
51% for hospitalization for CKD (HR 0.49, 95% Cl 0.43-0.54,
P < .001; Figure 2).

Differences shown in all-cause death, HF and CKD between
the two groups are both statistically different and scientifically
meaningful (all more than 20% reduction favouring the SGLT2i
group). The results were consistent across a large number of sub-
groups, including sex, age (<65 and 265 years), history of cardiovas-
cular and diabetes medication, and CKD (supporting information). A

potential difference emerged among people with a history of cancer.
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FIGURE 1 Patient disposition. CKD,
chronic kidney disease; CVD, cardiovascular

Patients with linked drug issue record disease; CVRD, cardiovascular and/or renal
of SGLT2i/DPP4i 01/01/2013 to disease; DPP4i, dipeptidyl peptidase-4
31/12/2018 (n=151788) inhibitor; GD, gestational diabetes; HF, heart
Bsidier falll.Jre; M, myocar.dlal infarction; PA'\D,
peripheral artery disease; Rx, prescribed;
¢ <18y-17 . .
SGLT2i, sodium-glucose co-transporter-2
(n=151771) inhibitor; TZD, thiazolidinedione; T1D, type
1 diabetes; T2D, type 2 diabetes
Excluded
» «+ No T2D diagnosis—3005
(n=148766)
Excluded
+ Prior T1D—-3442
v
(n=145324)
Excluded
+ Prior GD—61
A
(n=145263)
Excluded
—_— b ;
+ death date before index date—3
(n=145260)

Excluded
— ¥+ <1-y of medical records
prior to index date—13 436

Final population: all patients
(before matching) n = 131824

Final population: all patients
(before matching) n=131824
.

Excluded because of CVRD l
-55020
¢ HF=10338
o CKD=27 664
. Have not taken TZD
o Stroke=11357 | » _g390
o MI=12286
o PAD=6416
¢ Rxnitrates=24 077 Do not meet DECLARE-TIMI
¢ Unstable angina=5106 . 58 criteria
o Stable angina=18 652 —43 262
v

CVRD-free population (before High-risk or established CVD

matching) and have not taken TZD

n=76 804 n=80172
For example, all-cause mortality in the SGLT2i group was 61% lower mortality, cardiovascular death, HF and CKD and in the sensitivity
(HR 0.39, 95% Cl 0.28-0.54) than among those receiving a DPP4i. analyses where there was sufficient statistical power. In the sub-

The findings were consistent across subgroup analyses of all-cause group analysis, there were no significant differences in outcomes by
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" Events (n/N) Event rate (events/1000 PY) SGLT2i vs. DPP4i
Outcome  Population
SGLT2i DPP4i SGLT2i DPP4i Hazard ratio (95% Cl) P-Value
All patients 317/24438  437/24438 6.27 8.65 0.73(0.63-0.84)  <.001
All-cause death DECLARE-like 235/11 367 325/11 367 10.15 13.95 1 0.69 (0.59-0.82) <.001
CVRD-free 132/17 353 191/17 353 3.70 5.33 0.71(0.57-0.88) .002
All patients 193/24438  241/24438 3.82 4.77 0.80 (0.66-0.97) .022
Cardiovascular death ~ DECLARE-like 151/11 367 188/11 367 6.52 8.07 0.76 (0.62-0.95) .014
CVRD-free 62/17 353 71/17 353 1.74 1.98 | 0.90 (0.64-1.27) .554
All patients 418/24 438 518/24 438 8.35 10.38 0.74 (0.65-0.84) <.001
Heart failure ~ DECLARE-like 322/11367  407/11367 14.13 17.81 0.73 (0.63-0.85)  <.001
CVRD-free 103/17 353 136/17 353 2.89 3.81 0.76 (0.59-0.98) .035
All patients 768/24 438 693/24 438 15.54 13.99 1.07 (0.96-1.18) .226
Myocardial infarction =~ DECLARE-like 635/11367  632/11367 28.58 28.26 1.01 (0.90-1.13) .866
CVRD-free 122/17 353 130/17 353 3.43 3.64 0.93(0.73-1.19) .582
All patients 178/24438  208/24438 3.54 4.14 0.84 (0.69-1.03) .09
Stroke DECLARE-like 129/11 367 170/11 367 5.61 7.36 0.75 (0.59-0.94) .013
CVRD-free 69/17 353 77/17 353 1.94 2.15 0.89 (0.64-1.23) 477
All patients 702/24 438 1295/24 438 14.11 26.48 0.51 (0.47-0.56) <.001
CKD  DECLARE-like 481/11367  929/11367 21.28 41.82 0.49 (0.43-0.54)  <.001
CVRD-free 256/17 353 343/17 353 7:23 9.68 0.75 (0.63-0.88) <.001
04 06 08 112

SGLT2i better DPP4i better

FIGURE 2 Risk of cardiovascular and renal disease in patients with type 2 diabetes (T2D) without a history of cardiovascular or renal disease
and those at high risk of cardiorenal disease (DECLARE-like). Adjusted Cox regression model with estimates of relative risk reduction. P value is
from the test statistic for testing for difference in sodium-glucose co-transporter-2 inhibitors (SGLT2is) versus dipeptidyl peptidase-4 inhibitors
(DPP4is). CKD, chronic kidney disease; CVRD, cardiovascular or renal disease; PY, person years

baseline HbA1c level with all CVD and renal outcomes, except with
all-cause mortality. For all-cause mortality the results favour DPP4i
(supporting information).

To help check for residual bias from unmeasured confounding,
we repeated the analysis using (a) external injuries, and (b) diseases of
the skin and subcutaneous tissue as negative control outcomes under
the assumption that any sources of uncontrolled confounding in the
main analysis would similarly lead to lower incidence of the negative
control outcomes in the SGLT2i group. The finding of no association
between treatment groups and the negative control outcomes pro-
vided additional support for the conclusion from the primary analysis
(Figure S1).

4 | DISCUSSION

Increasing evidence shows that SGLT2is reduce the risk of HF and
CKD,8%222% regardless of whether the patient has diabetes® and
background HF treatment.!® Neither natriuretic actions nor
hypoglycaemia account for these cardiorenal benefits.2* SGLT2is have
only limited effects on the plasma volume and blood levels of natri-
uretic peptides. Although not included in the initial focus of the study,
these benefits appear to be independent of the Hbalc effect, which
was similar in both study groups. While further studies need to char-
acterize the mechanisms of the reported cardiorenal benefits, it is
probable, however, that the beneficial effects arise from the interac-
tion of several direct and indirect actions.?®> However, it is unlikely
that glucose lowering alone is responsible: other antidiabetic therapies
that produce a greater hypoglycaemic effect do not show similar car-
diorenal benefits of SGLT2is.?* In this real-word study, SGLT2is were
associated with significant reductions in the RRR of all-cause mortality

(up to 31%), hospitalization for HF (up to 27%) and hospitalization for
CKD (up to 51%) in comparison with DPP4is. The benefits emerged
regardless of the presence or absence of established CVD and across a
large number of subgroups and sensitivity analyses (supporting infor-
mation data). This consistency suggests that the results are robust,
clinically relevant and additional to the glycaemic benefits associated
with SGLT2is (i.e. HbAlc values that were similar between the two
groups; Table S1). Crucially, our analysis stratified patients based on
the presence or absence of established CVRD, which is, to the best of
the authors' knowledge, the first time this analysis has been performed
in a real-world cohort mimicking that of DECLARE-TIMI 58.

The results are also consistent with findings from RCTs across the
drug class.t1?225-28 The high risk or established CVD group in this
real-world study mimics that of DECLARE-TIMI 58, which enrolled
participants with T2D who had or were at risk of atherosclerotic
CVD.'® During a median follow-up of 4.2 years, dapagliflozin
(n = 8582) reduced cardiovascular death or hospitalization for HF by
17% (95% Cl 0.73-0.95), which reflected the 27% lower rate of hospi-
talization for HF (95% Cl 0.61-0.88) compared with placebo
(n = 8578). The risk of renal events was 24% lower among those
receiving dapagliflozin (95% ClI 0.67-0.87).18 A meta-analysis of three
RCTs reported that SGLT2is reduced the risk of cardiovascular death
or hospitalization for HF by 23% and the risk of renal disease progres-
sion by 45%.22 An observational real-world study propensity-matched
209 867 new users of an SGLT2i 1:1 to new users of a DPP4i. During
a mean of 0.9 years and compared with DPP4is, SGLT2is were associ-
ated with decreased risks of major adverse cardiovascular events
(MACE; 16.5 and 11.4 per 1000 person years, respectively; HR 0.76,
95% Cl 0.69-0.84), Ml (5.1 and 6.4 per 1000 person years, respec-
tively; HR 0.82, 95% Cl 0.70-0.96), cardiovascular death (7.7 and 3.9
per 1000 person years, respectively; HR 0.60, 95% Cl 0.54-0.67), HF
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(7.7 and 3.1 per 1000 person years, respectively; HR 043, 95% Cl
0.37-0.51), all-cause mortality (17.3 and 8.7 per 1000 person years, respec-
tively; HR 0.60, 95% Cl 0.54-0.67) and a trend with ischaemic stroke (3.5
and 2.6 per 1000 person years, respectively; HR 0.85, 95% Cl 0.72-1.01).2°

In our analysis, an unexpected finding emerged among people with
a history of cancer. For example, all-cause mortality in the SGLT2i
group was 61% lower (95% Cl 0.28-0.54) than in those receiving a
DPP4i. A type 1 (false positive) statistical error cannot be excluded,
especially as the analysis was not corrected for multiple comparisons.
The finding was, however, apparent in subgroup analyses of all-cause
mortality, cardiovascular death, HF and CKD. Whether the reduction
in all-cause mortality in the cancer subgroup was driven by chance,
cancer deaths or unmeasured confounding is unclear. The association
should be investigated further in prospective studies.

This was a retrospective cohort study and, therefore, cannot estab-
lish causality. Nevertheless, the findings are in line with RCTs and real-
world evidence.2%162527 The use of propensity matching meant that
most patients were not included in the analysis. For example, 37% of
the 131 824 patients identified were included in the propensity-
matched SGLT2i and DPP4i groups. The possibility that residual con-
founding by covariates not included in the propensity scores may have
influenced the results cannot be excluded. The consistent results from
subgroup and sensitivity analyses suggest, however, that the findings
are robust and clinically relevant. Finally, the analysis was not able to
distinguish potential differences between drugs within the same phar-
macological class. A recent large real-world observational study found
similar benefits for MACE for canagliflozin, dapagliflozin and
empagliflozin compared with DPP4is over a mean follow-up of
0.9 years.%° With respect to the weaker benefits of SGLT2is seen in the
CVRD-free population compared to the other two sub-populations, this
is not unexpected as the population initiated treatment without co-mor-
bid CVRD at baseline and are probable to be a ‘healthier’ population
with a lower baseline risk of CVRD events.

In conclusion, SGLT2is are associated with significant reductions in
all-cause mortality, hospitalizations for HF and hospitalizations for CKD
compared with DPP4is. Crucially, our analysis stratified patients based
on the presence or absence of established CVRD, which is the first time
this analysis has been performed in a real-world cohort mimicking that
of DECLARE-TIMI 58 and reporting a wide range of outcomes, including
mortality, cardiovascular and renal outcomes. These findings, taken
together with the results of prospective RCTs and previous real-world
evidence, highlight the need to introduce SGLT2is early in the manage-
ment of people with T2D to reduce the incidence of new onset HF and
CKD and to reduce the risk of premature mortality.

Further analysis of these results should explore the impact on
healthcare resources and the overall cost benefits arising from the
cardiorenal actions of SGLT2is, continuing evaluation of the study
over a longer time frame to observe any additional findings and
matching of HbAlc as a predefined variable.
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