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AbstrAct
Objective
To compare the risk of cardiovascular events between 
sodium glucose cotransporter 2 (SGLT2) inhibitors 
and dipeptidyl peptidase-4 (DPP-4) inhibitors among 
people with type 2 diabetes in a real world context of 
clinical practice.
Design
Multi-database retrospective cohort study using a 
prevalent new user design with subsequent meta-
analysis.
setting
Canadian Network for Observational Drug Effect 
Studies (CNODES), with administrative healthcare 
databases from seven Canadian provinces and the 
United Kingdom, 2013-18.
POPulatiOn
209 867 new users of a SGLT2 inhibitor matched to 
209 867 users of a DPP-4 inhibitor on time conditional 
propensity score and followed for a mean of 0.9 years.
Main OutcOMe Measures
The primary outcome was major adverse 
cardiovascular events (MACE, a composite of 
myocardial infarction, ischaemic stroke, or 
cardiovascular death). Secondary outcomes were the 
individual components of MACE, heart failure, and 
all cause mortality. Cox proportional hazards models 
were used to estimate site specific adjusted hazards 
ratios and 95% confidence intervals, comparing use 
of SGLT2 inhibitors with use of DPP-4 inhibitors in an 
as treated approach. Site specific results were pooled 
using random effects meta-analysis.

results
Compared with DPP-4 inhibitors, SGLT2 inhibitors were 
associated with decreased risks of MACE (incidence 
rate per 1000 person years: 11.4 v 16.5; hazard 
ratio 0.76, 95% confidence interval 0.69 to 0.84), 
myocardial infarction (5.1 v 6.4; 0.82, 0.70 to 0.96), 
cardiovascular death (3.9 v 7.7; 0.60, 0.54 to 0.67), 
heart failure (3.1 v 7.7; 0.43, 0.37 to 0.51), and all 
cause mortality (8.7 v 17.3; 0.60, 0.54 to 0.67). SGLT2 
inhibitors had more modest benefits for ischaemic 
stroke (2.6 v 3.5; 0.85, 0.72 to 1.01). Similar benefits 
for MACE were observed with canagliflozin (0.79, 
0.66 to 0.94), dapagliflozin (0.73, 0.63 to 0.85), and 
empagliflozin (0.77, 0.68 to 0.87).
cOnclusiOns
In this large observational study conducted in a real 
world clinical practice context, the short term use of 
SGLT2 inhibitors was associated with a decreased risk 
of cardiovascular events compared with the use of 
DPP-4 inhibitors.
trial registratiOn
ClinicalTrials.gov NCT03939624.

Introduction
Randomised controlled trials have shown that 
sodium glucose cotransporter 2 (SGLT2) inhibitors 
reduce the incidence of major adverse cardiovascular 
events (MACE) among people with type 2 diabetes 
and previous cardiovascular disease.1 2 In the 
EMPAgliflozin Removal of Excess of Glucose OUTCOME 
trial, participants randomised to empagliflozin had 
decreased rates of MACE (a composite endpoint 
of death from cardiovascular causes, non-fatal 
myocardial infarction, or non-fatal stroke) (hazard 
ratio 0.86, 95% confidence interval 0.74 to 0.99) and 
of hospital admission for heart failure (0.65, 0.50 to 
0.85) compared with those randomised to placebo.3 
Similar benefits were found in the CANagliflozin 
cardioVascular Assessment Study of canagliflozin.4 In 
contrast, the Dapagliflozin Effect on Cardiovascular 
Events-Thrombolysis in Myocardial Infarction 58 
trial5 found that dapagliflozin was non-inferior to 
placebo for MACE (0.93, 0.84 to 1.03) and superior 
for hospital admission due to heart failure (0.73, 
0.61 to 0.88).6 Although these randomised controlled 
trials found that SGLT2 inhibitors are efficacious 
compared with placebo, the cardiovascular effects of 
SGLT2 inhibitors compared with other second line to 
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WhAt Is AlreAdy knoWn on thIs topIc
Sodium glucose cotransporter 2 (SGLT2) inhibitors are increasingly being used to 
treat type 2 diabetes
Randomised controlled trials have shown that SGLT2 inhibitors reduce the risk 
of major adverse cardiovascular events (MACE) and heart failure compared with 
placebo

WhAt thIs study Adds
SGLT2 inhibitors are associated with a decreased risk of serious cardiovascular 
events compared with dipeptidyl peptidase-4 (DPP-4) inhibitors among people 
with type 2 diabetes in a real world setting
The consistent results across individual SGLT2 inhibitors suggest a class effect 
for the cardiovascular benefits of SGLT2 inhibitors
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third line antidiabetic treatments remain unknown. 
Furthermore, the generalisability of data from these 
randomised controlled trials to a real world setting is 
uncertain.7

To date, several observational studies have 
examined the association between SGLT2 inhibitors 
and cardiovascular outcomes, with most of these 
studies showing a reduced risk in comparisons with 
other antidiabetic drugs.8-15 A few of these studies, 
however, had important limitations that make it 
difficult to interpret the results. These limitations 
included the presence of immortal time bias16-18 in 
three studies.8 9 13 In addition, all these studies used 
new user designs and thus excluded individuals with 
recent use of the comparator drugs. Given the highly 
dynamic treatment of type 2 diabetes and the frequent 
use of other second line or third line treatments before 
the initiation of SGLT2 inhibitors, such exclusions can 
greatly affect the generalisability of study results and 
might even introduce selection bias.19 Furthermore, 
limited data are available on the cardiovascular effects 
of individual SGLT2 inhibitors. We compared the 
risks of MACE, its components, all cause mortality, 
and heart failure associated with SGLT2 inhibitors 
versus dipeptidyl peptidase-4 (DPP-4) inhibitors (a 
class of oral antidiabetic drugs usually prescribed as a 
second line or third line treatment of type 2 diabetes) 
among people with type 2 diabetes by applying a 
prevalent new user design to population based data 
from eight jurisdictions. This study was conducted by 
the Canadian Network for Observational Drug Effect 
Studies (CNODES).20

Methods
Data sources
We implemented a prevalent new user design in 
a retrospective multi-database cohort study using 
administrative healthcare databases from the Canadian 
provinces of Alberta, British Columbia, Manitoba, Nova 
Scotia, Ontario, Quebec, and Saskatchewan, and the 
United Kingdom Clinical Practice Research Datalink 
(CPRD). The Canadian databases include population 
wide data on doctor claims, hospital admission records, 
and prescription drug claims. Prescription drug data 
are restricted to those aged 18 years or more in Alberta, 
those aged 65 years or more in Ontario, and those 
aged 65 years or more, receiving social assistance, or 
without access to a private insurance plan in Quebec. 
Prescription drug data are available for all ages in 
the other jurisdictions. The CPRD is a primary care 
database that contains the records of more than 15 
million people registered with more than 700 general 
practices in the UK.21 Importantly, it includes clinical 
data not typically found in administrative databases. 
CPRD data were linked to the Hospital Episode 
Statistics database, which contains information on 
hospital admissions; linkage is only available for 
general practices in England that have consented to 
the linkage scheme (currently representing 75% of all 
practices in England).

The study protocol was registered at clinicalTrials.gov 
(https://clinicaltrials.gov/ct2/show/NCT03939624).

study population
In each participating site, we identified a source 
population of all individuals who received an 
antidiabetic drug (metformin, sulfonylureas, thiazo-
lidinediones, DPP-4 inhibitors, SGLT2 inhibitors, 
glucagon-like peptide-1 receptor agonists, α-glucosi-
dase inhibitors, meglitinides, insulin, or combinations 
of these drugs) between 1 January 2006 and 30 June 
2018 (or the latest date of data availability at each 
site). Supplementary table 1 provides the dates of 
data availability at each site. Owing to availability of 
prescription drug data, the source population in Nova 
Scotia was restricted to those with an antidiabetic drug 
dispensed between 1 November 2017 and 30 June 
2018. Entry into the source population was defined 
by the date the antidiabetic drug was first dispensed 
(or prescribed for CPRD) during this period. We 
selected 2006 as the beginning of observation for the 
source population because 2006 to 2018 corresponds 
to the period during which DPP-4 inhibitors were  
approved.

The study cohort included all individuals from the 
source population who received a SGLT2 inhibitor or 
DPP-4 inhibitor between the date a SGLT2 inhibitor 
was first dispensed in each site and 30 June 2018 
(or the latest date of data availability at each site). 
Supplementary table 1 lists the dates that the SGLT2 
inhibitors were first dispensed at each site. Using 
a prevalent new user cohort design,22 we matched 
each SGLT2 inhibitor user to a DPP-4 inhibitor user 
from their exposure set. The study cohort entry 
date was defined by the date the SGLT2 inhibitor 
was dispensed or the corresponding date the DPP-
4 inhibitor was dispensed in the matched exposure  
set.

We excluded individuals younger than 18 years 
(<19 years in Alberta and <66 years in Ontario) 
and those with fewer than 365 consecutive days of 
healthcare (including prescription drug) coverage 
before the date of cohort entry. Among incident 
users of a SGLT2 inhibitor, we excluded those who 
also initiated a DPP-4 inhibitor on the same date. In 
addition, we excluded users of a DPP-4 inhibitor who 
were dispensed a SGLT2 inhibitor before the date 
of cohort entry. These individuals were eligible for 
inclusion in the SGLT2 inhibitor group if they met all 
the inclusion criteria and no exclusion criteria at the 
time of their first prescription for a SGLT2 inhibitor. 
Patients were followed until the occurrence of an event 
or censoring as a result of discontinuation of the study 
drug, death, end of healthcare coverage, or end of the 
study period, whichever occurred first. We determined 
separate follow-up times for each outcome. Patients 
were eligible to enter the cohorts a maximum of two 
times, first with a DPP-4 inhibitor and second with a 
SGLT2 inhibitor (but not vice versa given our use of the 
prevalent new user design).
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Matching
For each new user of SGLT2 inhibitors, we defined 
exposure sets based on level of antidiabetic treatment, 
previous use of glucagon-like peptide-1 receptor 
agonists, duration of DPP-4 inhibitor treatment 
for prevalent new users, and calendar time (DPP-
4 inhibitor prescription within 120 days of SGLT2 
inhibitor initiation). Level of antidiabetic treatment was 
determined as 1) one insulin prescription or more in the 
past 365 days; 2) two or more classes of antidiabetic 
drugs (excluding insulin) in the past 365 days; or 
3) other (including those without any antidiabetic 
drug treatment in the past 365 days). Previous use 
of glucagon-like peptide-1 receptor agonists was not 
used to define exposure sets in Ontario because these 
drugs were not reimbursed through provincial drug 
insurance, and thus data on use were not available. 
We matched incident SGLT2 inhibitor users to incident 
DPP-4 inhibitor users who initiated treatment in the 
same period, whereas we matched patients switching 
from a DPP-4 inhibitor to a SGLT2 inhibitor or adding 
a SGLT2 inhibitor to a DPP-4 inhibitor (prevalent 
users) to patients who had been using DPP-4 inhibitors 
for the same duration in their exposure sets. DPP-4 
inhibitor use was considered incident if the patients 
had no DPP-4 inhibitor dispensed in the past 12  
months.

We constructed time conditional propensity scores 
using conditional logistic regression stratified by 
exposure set to predict the probability (or propensity) 
of receiving a SGLT2 inhibitor compared with a DPP-
4 inhibitor using covariates defined a priori (see 
supplementary table 2). Specifically, we assessed 
comorbidities using the eighth (Ontario outpatient 
billing only), ninth, and 10th revisions of the 
International Statistical Classification of Diseases and 
Related Health Problems with Canadian enhancement 
(ICD-9-CM and ICD-10-CA) diagnostic codes present 
in physician billing and hospital records in the three 
years before cohort entry. We assessed prescription 
drug use and healthcare use in the year before cohort 
entry. Comorbidities in the CPRD were assessed using 
ICD-10 codes and Read codes. In the CPRD, several 
covariates were also included in the propensity score 
model: body mass index, smoking status, race, blood 
pressure, estimated glomerular filtration rate, and 
glycated haemoglobin (HbA1c). Age and duration of 
diabetes were modelled continuously using restricted 
cubic splines with four knots.

We matched patients using SGLT2 inhibitors 1:1 
without replacement to patients using DPP-4 inhibitors 
in their exposure set on nearest time conditional 
propensity score and in chronological order. However, 
five sites experienced a substantial loss of exposure 
sets when matching without replacement. In sites 
with more than 10% of exposure sets with no suitable 
match available after trimming the distribution of 
time conditional propensity scores, we performed 
matching with replacement. Supplementary table 3 
summarises the matching approach adopted at each  
site.

Drug exposure definition
Patients were classified into one of the two mutually 
exclusive categories at entry into the study cohort: 
current use of SGLT2 inhibitors (canagliflozin, 
dapagliflozin, empagliflozin) alone or in combination 
with other antidiabetic drugs, or current use of DPP-
4 inhibitors (alogliptin, linagliptin, saxagliptin, 
sitagliptin, vildagliptin) alone or in combination 
with other non-SGLT2 inhibitor antidiabetic drugs. 
Vildagliptin was only available in the UK. Exposure 
was defined using an as treated approach; specifically, 
we considered exposure time fixed and defined by the 
cohort entry drug, and patients were followed until 
treatment discontinuation, defined as either a gap of 
30 days or more between successive prescriptions or 
the initiation of a SGLT2 inhibitor within the DPP-4 
inhibitor cohort.

DPP-4 inhibitors were used as the reference category 
as both DPP-4 inhibitors and SGLT2 inhibitors are oral 
agents usually prescribed as second line or third line 
treatment for type 2 diabetes. Given that these drugs 
are used at a similar point in the management of type 
2 diabetes, DPP-4 inhibitors as the reference group 
avoided time lag bias, a severe form of confounding 
by disease severity.23 Furthermore, DPP-4 inhibitors 
have no known association with the cardiovascular 
outcomes of interest.24-27

Outcomes
The primary outcome was MACE, defined as a 
composite of myocardial infarction, ischaemic stroke,  
or cardiovascular death. Secondary outcomes inclu-
ded the individual components of MACE, all cause 
mortality, and hospital admission for heart failure 
(see supplementary table 4 for ICD-10-CA codes). 
Myocardial infarction, ischaemic stroke, and heart 
failure were defined using hospital admission data, 
with a diagnosis recorded in the primary (ie, most 
responsible) position and the event date defined by 
the admission date. For MACE, the event date was 
determined by the first occurrence of any component of 
the composite endpoint. It was not feasible to use vital 
statistics data to define cardiovascular death because 
of the recent entry of SGLT2 inhibitors into the market 
and the lag in the availability of vital statistics data 
at several sites. Therefore, we defined cardiovascular 
death using an algorithm: in-hospital death with a 
cardiovascular diagnosis, or out-of-hospital death 
without documentation of cancer in the previous year 
or trauma in the preceding month. The date of death 
defined the event date for both cardiovascular death 
and all cause mortality.

statistical analysis
Descriptive statistics were used to summarise patient 
characteristics, with frequencies and percentages for 
categorical variables and means (standard deviations) 
for continuous variables. Potential imbalances in 
covariates were assessed using the absolute value of 
the standardised difference, with a value of 0.1 or more 
considered important.
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In our primary analysis, we used Cox proportional 
hazards models to estimate site specific adjusted 
hazard ratios and corresponding 95% confidence 
intervals for MACE among users of a SGLT2 inhibitor 
compared with users of a DPP-4 inhibitor. Models were 
adjusted for age (in years; continuous), sex, diabetes 
duration (in years; continuous), and 10ths of time 
conditional propensity score; sites that implemented 
matching with replacement used a robust sandwich 
estimator for the covariance matrix.

We conducted 13 prespecified secondary analyses. 
Firstly, we repeated our primary analysis for the indivi-
dual components of MACE (myocardial infarction, 
ischaemic stroke, and cardiovascular death), all cause 
mortality, and hospital admission for heart failure. 
Then we conducted stratified analyses for MACE and 
heart failure by age (≥70 and <70 years), sex, previous 
insulin use (in the past year), and SGLT2 inhibitor 
molecule. In addition, we conducted stratified analyses 
for MACE by history of cardiovascular disease, defined 
by a diagnosis of coronary artery disease, peripheral 
arterial disease, or cerebrovascular disease in the 
previous three years. Stratified analyses for heart 
failure were conducted by history of heart failure, 
defined by two outpatient codes or one inpatient code 
for heart failure in the previous three years.

In post hoc subgroup analyses, we conducted 
stratified analyses for the individual components 
of MACE and all cause mortality by history of 
cardiovascular disease. In addition, we repeated 
our MACE analyses stratified by follow-up time (≤1 
year and >1 year) to examine the impact of follow-up 
duration on our results.

In prespecified sensitivity analyses, we analysed 
MACE and heart failure as follows: firstly, using an 
intention-to-treat approach in which exposure was 
defined at cohort entry and patients were followed 
until the occurrence of an event or censored on death, 
end of healthcare coverage, end of the study period, 
entry into SGLT2 inhibitor cohort for patients who 
used DPP-4 inhibitors, or a maximum of one year 
follow-up, whichever occurred first; secondly, varying 
the grace period to define continuous drug use to 0 and 
60 days; thirdly, stratifying by incident and prevalent 
new user status; and, finally, stratifying prevalent 
users by the addition of a SGLT2 inhibitor to a DPP-4 
inhibitor versus switching to a SGLT2 inhibitor from 
a DPP-4 inhibitor. Furthermore, we conducted an 
analysis for MACE restricted to the subset of patients 
for whom vital statistics were available to define 
cardiovascular death. In addition, CPRD analyses 
were repeated with data restricted to variables found 
in the Canadian databases to examine the amount 
of residual confounding removed by the inclusion of 
these variables in the time conditional propensity 
scores. In post hoc sensitivity analyses, we repeated 
these analyses with data restricted to variables 
found in the Canadian databases and to estimated 
glomerular filtration rate. In a single site (CPRD) 
analysis, we repeated our primary analysis using a 
robust sandwich estimator to examine the impact on 

precision of estimates of some patients contributing to 
both groups. Finally, to explore residual confounding 
as a potential explanation for our observed results, we 
used the rule-out approach described elsewhere.28

Meta-analysis
Site specific adjusted hazard ratios were pooled using 
DerSimonian and Laird random effects meta-analytical 
models with inverse variance weighting. Heterogeneity 
between sites was estimated using the I2 statistic. 
All site specific analyses were conducted using SAS 
(versions varied across sites), and meta-analyses were 
conducted using Review Manager version 5.3.

Patient and public involvement
This study was a secondary data analysis and was 
done without patient involvement. Patients were not 
invited to comment on the study design and were 
not consulted to develop patient relevant outcomes 
or interpret the results. Patients were not invited to 
contribute to the writing or editing of this document 
for readability or accuracy, and there are no plans to 
involve patients in the dissemination of study results.

results
Patient characteristics
Among 270 902 eligible new users of SGLT2 inhibitors 
and 632 114 users of DPP-4 inhibitors (fig 1), 209 867 
matched pairs were included in the study cohort. The 
study population included 103 797 pairs of incident 
new users and 106 070 pairs of prevalent new users. 
Table 1 describes the baseline characteristics of new 
users of SGLT2 inhibitors and their matched DPP-
4 inhibitor users (also see supplementary table 5). 
Baseline covariates were well balanced between 
the two cohorts after matching on time conditional 
propensity score. Among 209 867 users of SGLT2 
inhibitors, 88 862 (42.3%) initiated canagliflozin, 
64 291 (30.7%) dapagliflozin, and 56 714 (27.0%) 
empagliflozin at cohort entry. Supplementary table  
6 presents the distribution of the additional characteri-
stics of the users of SGLT2 inhibitors and DPP-4 
inhibitors in CPRD. Some imbalance was present 
in estimated glomerular filtration rate, with SGLT2 
inhibitor users having a lower prevalence of rates 
less than 60 mL/min/1.73m2; groups were balanced 
on other covariates. The median (interquartile range)  
duration between measurement of estimated glome-
rular filtration rate and cohort entry was 30 days (13-
100 days) among SGLT2 inhibitor users and 62 (19 to 
161) days among DPP-4 inhibitor users.

cardiovascular outcomes
Overall, the mean duration of follow-up in the matched 
cohort for the primary outcome of MACE was 0.9 (SD 
0.76) years, generating a total of 370 515 person years 
of observation time. During follow-up, MACE occurred 
in 2146 users of SGLT2 inhibitors (incidence rate 
11.4 per 1000 person years) and 3001 users of DPP-4 
inhibitors (16.5 per 1000 person years) (see fig 2 for 
timing of events at the two largest sites). Table 2 shows 
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the crude incidence rates and crude and adjusted 
hazard ratios for all outcomes. Numbers of events for 
MACE by site are reported in supplementary table 7. 
Compared with DPP-4 inhibitors, SGLT2 inhibitors 
were associated with a decreased risk of MACE (hazard 
ratio 0.76, 95% confidence interval 0.69 to 0.84; 
I2=47%; fig 3). These drugs were also associated with 
decreased risks of myocardial infarction (0.82, 0.70 
to 0.96; I2=53%; also see supplementary fig 1) and 
cardiovascular death (0.60, 0.54 to 0.67; I2=14%; also 
see supplementary fig 2), with a more modest effect 
for ischaemic stroke (0.85, 0.72 to 1.01; I2=28%; 
also see supplementary fig 3). In addition, SGLT2 
inhibitors were associated with decreased risks of all 
cause mortality (0.60, 0.54 to 0.67; I2=42%; also see 
supplementary fig 4) and hospital admission for heart 
failure (0.43, 0.37 to 0.51; I2=43%; figs 4 and 5).

stratified and sensitivity analyses
Table 3 shows the stratified analyses for MACE and 
heart failure. These analyses showed no evidence of 
effect modification by age, sex, previous insulin use, or 
SGLT2 inhibitor molecule. Additionally, no difference 
was found in the estimated associations for MACE when 
analyses were stratified by a history of cardiovascular 
disease or for heart failure when analyses were 
stratified by a history of heart failure. Additional 
analyses stratified by history of cardiovascular disease 

suggest greater benefits for cardiovascular death and 
all cause mortality among those with a history of 
cardiovascular disease, although benefits were present 
for those with and without a history of cardiovascular 
disease (supplementary table 8). Overall, sensitivity 
analyses produced results that were consistent with 
those of our primary analyses for both MACE and heart 
failure (table 4), although the analysis stratified by 
incident user versus prevalent user cannot exclude 
potentially stronger benefits with SGLT2 inhibitors 
among prevalent users. In addition, similar estimates 
were obtained with and without the use of clinical 
covariates available in the CPRD only for all outcomes 
except ischaemic stroke, when a higher point estimate 
was obtained in analyses that did not include these 
variables, although 95% confidence intervals largely 
overlapped (supplementary table 9). A sensitivity 
analysis restricted to the subset of patients with 
available information on vital statistics produced 
results that were consistent with the primary analysis 
but with a wider confidence interval (hazard ratio 
0.78, 95% confidence interval 0.63 to 0.97). Similar 
estimates were also obtained in subgroup analyses 
stratified by follow-up of less than one year versus more 
than one year (supplementary fig 5). The sensitivity 
analysis using the robust sandwich estimator in the 
CPRD produced results that were identical to those 
of our primary CPRD analysis (adjusted hazard ratio 

Patients included in source population

SGLT2 inhibitor users (77.5% of initial cohort) 

Excluded

Patients included in matched cohorts

Prescription for SGLT2 inhibitor
  before or on same date as first
  DPP-4 inhibitor
Missing sex
Aged <18 years at cohort entry date
<365 days of healthcare coverage
  before cohort entry date
Date inconsistencies or no follow-up

34 636

1213
84 092

9816

319

New users of SGLT2 inhibitors Users of DPP-4 inhibitors
270 902 632 114

Eligible new users of SGLT2 inhibitors Eligible users of DPP-4 inhibitors
215 951 501 429

209 867

209 867

130 685 
Excluded

Missing sex
Aged <18 years at cohort entry date
<365 days of healthcare coverage
  before cohort entry date
Date inconsistencies or no follow-up
Among incident users, prescription
  for SGLT2 inhibitor and DPP-4
  inhibitor on same date

402
47 100

3254

144
4041

2 957 559

54 951

DPP-4 inhibitor users (33.2% of initial cohort) 

Fig 1 | selection of study cohort. numbers might not add up because site specific cells with a value of less than six 
were suppressed owing to privacy restrictions. Patients aged less than 19 years in alberta and less than 66 years 
in Ontario were excluded. Patients were eligible to enter the study cohort a maximum of two times, first with a 
prescription for a dipeptidyl peptidase-4 (DPP-4) inhibitor and second time with a prescription for a sodium glucose 
cotransporter 2 (sglt2) inhibitor
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table 1 | baseline characteristics of users of sodium glucose cotransporter 2 (sglt2) inhibitors and matched users of dipeptidyl peptidase-4 (DPP-4) 
inhibitors. values are numbers (percentages) unless stated otherwise

characteristics

Pre-matching* Post-matching†

sglt2 inhibitors  
(n=215 762)

DPP-4 inhibitors 
(n=215 762) asD

sglt2 inhibitors 
(n=209 867)

DPP-4 inhibitors 
(n=209 867) asD

Mean (SD) age (years): 63.6 (9.5) 67.9 (11.0) 0.414 63.8 (9.5) 64.0 (9.6) 0.028
Age group (years):
 18-35 3744 (1.7) 2806 (1.3) 0.036 3536 (1.7) 3636 (1.7) 0.004
 36-45 12 984 (6.0) 9724 (4.5) 0.068 12 456 (5.9) 11 990 (5.7) 0.009
 46-55 32 528 (15.1) 24 062 (11.2) 0.116 31 302 (14.9) 30 472 (14.5) 0.011
 56-65 49 997 (23.2) 40 588 (18.8) 0.107 48 290 (23.0) 48 486 (23.1) 0.002
 66-75 92 107 (42.7) 78 374 (36.3) 0.130 90 031 (42.9) 88 813 (42.3) 0.012
 76-85 22 371 (10.4) 46 363 (21.5) 0.307 22 226 (10.6) 24 251 (11.6) 0.031
 >85 2031 (0.9) 13 845 (6.4) 0.294 2026 (1.0) 2219 (1.1) 0.009
Site:
 Alberta 26 459 (12.3) 26 459 (12.3) - 26 186 (12.5) 26 186 (12.5) -
 British Columbia 44 629 (20.7) 44 629 (20.7) - 44 043 (21.0) 44 043 (21.0) -
 Manitoba 12 539 (5.8) 12 539 (5.8) - 12 204 (5.8) 12 204 (5.8) -
 Nova Scotia 1268 (0.6) 1268 (0.6) - 1119 (0.5) 1119 (0.5) -
 Ontario 66 549 (30.8) 66 549 (30.8) - 65 556 (31.2) 65 556 (31.2) -
 Quebec 46 751 (21.7) 46 751 (21.7) - 44 504 (21.2) 44 504 (21.2) -
 Saskatchewan 11 363 (5.3) 11 363 (5.3) - 10 832 (5.2) 10 832 (5.2) -
 CPRD 6204 (2.9) 6204 (2.9) - 5423 (2.6) 5423 (2.6) -
Women 89 361 (41.4) 97 954 (45.4) 0.080 87 076 (41.5) 87 650 (41.8) 0.006
Calendar year at cohort entry:
 2013 333 (0.2) 351 (0.2) 0.002 323 (0.2) 325 (0.2) 0.000
 2014 7447 (3.5) 8497 (3.9) 0.026 7131 (3.4) 8082 (3.9) 0.024
 2015 53 249 (24.7) 52 426 (24.3) 0.009 52 091 (24.8) 51 361 (24.5) 0.008
 2016 68 440 (31.7) 68 822 (31.9) 0.004 66 816 (31.8) 66 569 (31.7) 0.003
 2017 63 715 (29.5) 63 014 (29.2) 0.007 61 792 (29.4) 61 504 (29.3) 0.003
 2018 22 578 (10.5) 22 652 (10.5) 0.001 21 714 (10.3) 22 026 (10.5) 0.005
Mean (SD) diabetes duration (years) 12.5 (6.5) 13.1 (6.7) 0.093 12.5 (6.5) 12.5 (6.5) 0.001
Diabetes duration (years):
 <1 7379 (3.4) 7193 (3.3) 0.005 7194 (3.4) 7412 (3.5) 0.006
 1-4.9 25 833 (12.0) 24 043 (11.1) 0.026 25 401 (12.1) 25 570 (12.2) 0.002
 5-10 53 982 (25.0) 49 729 (23.0) 0.046 52 681 (25.1) 52 685 (25.1) 0.000
 >10 128 568 (59.6) 134 797 (62.5) 0.059 124 591 (59.4) 124 200 (59.2) 0.004
Comorbidities‡:
 Alcohol related disorders 3060 (1.4) 4632 (2.1) 0.055 2975 (1.4) 2992 (1.4) 0.001
 Aortic aneurysm 1534 (0.7) 2125 (1.0) 0.030 1503 (0.7) 1568 (0.7) 0.004
 Atherosclerosis 4356 (2.0) 6649 (3.1) 0.067 4221 (2.0) 4226 (2.0) 0.000
 Atrial fibrillation 7553 (3.5) 14 351 (6.7) 0.144 7336 (3.5) 7516 (3.6) 0.005
 Cancer 22 019 (10.2) 28 067 (13.0) 0.088 21 575 (10.3) 21 882 (10.4) 0.005
 Cerebrovascular disease 10 217 (4.7) 16 896 (7.8) 0.128 10 024 (4.8) 10 218 (4.9) 0.004
 Cirrhosis 3694 (1.7) 3973 (1.8) 0.010 3586 (1.7) 3497 (1.7) 0.003
 COPD 21 450 (9.9) 26 604 (12.3) 0.076 20 824 (9.9) 20 885 (10.0) 0.001
 Coronary artery disease 47 048 (21.8) 53 160 (24.6) 0.067 45 532 (21.7) 44 871 (21.4) 0.008
 Dementia 2234 (1.0) 9643 (4.5) 0.211 2203 (1.0) 2359 (1.1) 0.007
 Diabetic nephropathy 7838 (3.6) 17 126 (7.9) 0.185 7610 (3.6) 7796 (3.7) 0.005
 Diabetic neuropathy 4343 (2.0) 5750 (2.7) 0.043 4033 (1.9) 3944 (1.9) 0.003
 Diabetic retinopathy 5755 (2.7) 7158 (3.3) 0.038 5371 (2.6) 5618 (2.7) 0.007
 Dialysis 293 (0.1) 1970 (0.9) 0.108 284 (0.1) 316 (0.2) 0.004
 Dyslipidaemia 175 880 (81.5) 174 482 (80.9) 0.017 170 806 (81.4) 170 146 (81.1) 0.008
 Heart failure 11 933 (5.5) 21 850 (10.1) 0.172 11 625 (5.5) 11 762 (5.6) 0.003
 Hypertension 110 915 (51.4) 123 768 (57.4) 0.120 108 231 (51.6) 108 768 (51.8) 0.005
 Hypoglycaemia 1096 (0.5) 2018 (0.9) 0.051 1051 (0.5) 1086 (0.5) 0.002
 Ischaemic stroke 2543 (1.2) 4623 (2.1) 0.075 2499 (1.2) 2664 (1.3) 0.007
 Myocardial infarction 5836 (2.7) 7910 (3.7) 0.055 5585 (2.7) 5415 (2.6) 0.005
 Other kidney disease 10 262 (4.8) 31 457 (14.6) 0.337 10 011 (4.8) 10 939 (5.2) 0.020
 Peripheral arterial disease 5035 (2.3) 6898 (3.2) 0.053 4862 (2.3) 4852 (2.3) 0.000
Use of antidiabetic drugs‡:
 α-glucosidase inhibitors 3310 (1.5) 2750 (1.3) 0.022 3107 (1.5) 3130 (1.5) 0.001
 GLP-1 receptor agonists 13 047 (6.0) 12 943 (6.0) 0.002 9180 (4.4) 9180 (4.4) 0.000
 Insulin 61 166 (28.3) 61 167 (28.3) 0.000 58 330 (27.8) 58 330 (27.8) 0.000
 Meglitinides 4879 (2.3) 6146 (2.8) 0.037 4736 (2.3) 4773 (2.3) 0.001
 Metformin 190 198 (88.2) 186 916 (86.6) 0.046 185 681 (88.5) 185 426 (88.4) 0.004
 Sulfonylureas 112 044 (51.9) 107 293 (49.7) 0.044 109 139 (52.0) 109 132 (52.0) 0.000
 Thiazolidinediones 5629 (2.6) 4367 (2.0) 0.039 5315 (2.5) 5114 (2.4) 0.006
aSD=absolute value of standardised difference; COPD=chronic obstructive pulmonary disease; CPRD=Clinical Practice Research Datalink; GLP-1=glucagon-like peptide-1.
*Pre-matching cohort represents new users of SGLT2 inhibitors and a randomly selected member (DPP-4 inhibitor user) of their exposure sets, selected before matching on time conditional propensity score.
†Matched from exposure set (defined on level of antidiabetic treatment, past use of GLP-1 receptor agonists, time receiving DPP-4 inhibitors for prevalent new users, and calendar time) on time 
conditional propensity score. Site specific cells that contained a value <6 were suppressed owing to privacy restrictions and were assumed to have a value of 3.
‡Assessed in the three years before entry to the study cohort. Drug use was assessed in the year before cohort entry.
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0.77, 95% confidence interval 0.54 to 1.10). Finally, 
the rule-out method suggested that it was unlikely that 
residual confounding from an unmeasured confounder 
would explain the observed results (supplementary  
fig 6).

discussion
In this large multi-database retrospective cohort 
study, we found that the use of SGLT2 inhibitors was 
associated with a decreased risk of MACE compared 
with use of DPP-4 inhibitors among individuals with 
type 2 diabetes (hazard ratio 0.76, 95% confidence 
interval 0.69 to 0.84). Beneficial effects were observed 
for the individual endpoints of MACE (myocardial 
infarction, ischaemic stroke, and cardiovascular 
death). The strong association with MACE was mainly 
driven by cardiovascular death (0.60, 0.54 to 0.67). 
We also observed decreased risks of all cause mortality 
(0.60, 0.54 to 0.67) and heart failure (0.43, 0.37 to 
0.51) in individuals using SGLT2 inhibitors compared 
with those using DPP-4 inhibitors. Similar results 

were observed for canagliflozin, dapagliflozin, and 
empagliflozin and across patient subgroups defined by 
age, sex, past insulin use, and history of cardiovascular 
disease or history of heart failure. Although some 
heterogeneity was present in subgroup analyses by 
cardiovascular disease history, consistent benefits 
were present for all outcomes except ischaemic stroke, 
where results were inconclusive because of wide 95% 
confidence intervals.

strengths and limitations of this study
Our study has several strengths. An active comparator 
used at a similar stage of diabetes treatment and rigorous 
matching minimised potential confounding bias. Our 
large sample size permitted the calculation of precise 
estimates for the primary and secondary outcomes. 
This sample size also allowed for the examination of 
molecule specific associations, representing a key 
addition to the literature. The consistency of results 
across several sensitivity analyses further supports 
the robustness of our results. Finally, the registration 
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Fig 2 | cumulative incidence of major adverse cardiovascular events among users of sodium glucose cotransporter 2 (sglt2) inhibitors and matched 
users of dipeptidyl peptidase-4 (DPP-4) inhibitors in Ontario and Quebec, the two largest study sites
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of our study protocol enhanced the transparency of 
reporting.

Our study also has potential limitations. This 
study is observational, and residual or unmeasured 
confounding bias remains possible. Confounding 
is perhaps most likely among prevalent new users, 
when individuals using a DPP-4 inhibitor who 
switched to or added on a SGLT2 inhibitor were 
compared with those who continued DPP-4 inhibitor 
treatment. We used different approaches to minimise 
potential confounding, including the use of an active 
comparator, the prevalent new user design, propensity 
score matching, and extensive sensitivity analyses. 
We adjusted for covariates measured at cohort entry, 

therefore we cannot rule out confounding from 
changes in health status during follow-up. In addition, 
although imperfectly measured and recorded renal 
function impairment in the Canadian claims data 
represents a potentially important source of residual 
confounding, we assessed the possible effect of 
residual confounding using the CPRD, which includes 
clinical measures (including estimated glomerular 
filtration rate) not typically found in administrative 
data. Sensitivity analyses conducted in the CPRD 
suggest that these variables are unlikely to explain the 
observed association.

Misclassification of exposure is possible as 
data for prescriptions represent dispensed drugs 

table 2 | crude and adjusted hazard ratios for association between sodium glucose cotransporter 2 (sglt2) inhibitors versus dipeptidyl peptidase-4 
(DPP-4) inhibitors and risk of cardiovascular outcomes

cardiovascular outcomes by drug no of events Person years
crude incidence rate per 
1000 person years

crude hazard ratio  
(95% ci)*

adjusted models*†
Hazard ratio (95% ci) i2 (%)

MACE:
 SGLT2 inhibitors 2146 188 782 11.4 0.72 (0.65 to 0.80) 0.76 (0.69 to 0.84) 47
 DPP-4 inhibitors 3001 181 733 16.5 1.00 (Reference) 1.00 (Reference)
Myocardial infarction:
 SGLT2 inhibitors 995 196 503 5.1 0.81 (0.72 to 0.92) 0.82 (0.70 to 0.96) 53
 DPP-4 inhibitors 1169 182 398 6.4 1.00 (Reference) 1.00 (Reference)
Ischaemic stroke:
 SGLT2 inhibitors 501 190 047 2.6 0.78 (0.68 to 0.89) 0.85 (0.72 to 1.01) 28
 DPP-4 inhibitors 636 182 731 3.5 1.00 (Reference) 1.00 (Reference)
Cardiovascular death:
 SGLT2 inhibitors 738 189 276 3.9 0.55 (0.47 to 0.65) 0.60 (0.54 to 0.67) 14
 DPP-4 inhibitors 1399 182 746 7.7 1.00 (Reference) 1.00 (Reference)
All cause mortality:
 SGLT2 inhibitors 1651 189 278 8.7 0.54 (0.48 to 0.60) 0.60 (0.54 to 0.67) 42
 DPP-4 inhibitors 3156 183 075 17.3 1.00 (Reference) 1.00 (Reference)
Heart failure:
 SGLT2 inhibitors 587 189 058 3.1 0.40 (0.35 to 0.46) 0.43 (0.37 to 0.51) 43
 DPP-4 inhibitors 1401 181 956 7.7 1.00 (Reference) 1.00 (Reference)
MACE=major adverse cardiovascular events.
*Users of SGLT2 inhibitors were matched to users of DPP-4 inhibitors from their exposure set (defined on level of antidiabetic therapy, time on DPP-4 inhibitors for prevalent new users only, prior 
use of glucagon-like peptide-1 receptor agonists, and within 120 days of the SGLT2 prescription) on time-conditional propensity score.
†Adjusted for age (continuous), sex, diabetes duration (continuous), and 10ths of time conditional propensity score.
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Fig 3 | adjusted hazard ratios (95% confidence intervals) of major adverse cardiovascular events associated with 
use of sodium glucose cotransporter 2 (sglt2) inhibitors compared with dipeptidyl peptidase-4 (DPP-4) inhibitors. 
Outcome models were adjusted for age (continuous), sex, diabetes duration (continuous), and 10ths of time 
conditional propensity score. cPrD=clinical Practice research Datalink
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(or prescribed drugs in the CPRD) and not actual 
consumption. Outcome misclassification is possible 
for cardiovascular death defined using our algorithm. 
A sensitivity analysis restricted to the subset of patients 
for whom vital statistics were available produced 
results that were consistent with the primary analysis 
but with wider confidence intervals. Although we had 
a large sample size, the number of events were limited 
in some stratified analyses. In addition, ertugliflozin 
was not available during the study period and was thus 
excluded from our assessment. Furthermore, despite 
our use of a common protocol, some heterogeneity was 
present across sites. This heterogeneity might be due to 
differences in populations, data capture, and formulary 
restrictions. For example, British Columbia, Manitoba, 
and Nova Scotia capture all dispensed drugs (regardless 
of payer), whereas Quebec and Ontario only capture 
those reimbursed by the provincial government (with 
Ontario data restricted to those aged ≥65 years in this 
study), Alberta only captures reimbursed outpatient 
prescriptions, and Saskatchewan captures dispensed 

drugs covered by provincial and federal governments. 
Therefore, we used random effects models to account 
for variance both within sites and between sites. 
Finally, the mean duration of follow-up was only 0.9 
years, so it is possible that the observed findings are 
related to short term haemodynamic effects of SGLT2 
inhibitors rather than disease modifying benefits in the 
long term. However, we conducted subgroup analyses 
by duration of follow-up and found similar results for 
the first year of follow-up and for subsequent years. 
Nonetheless, a need remains to assess the long term 
comparative effectiveness and safety of these drugs as 
additional real world evidence becomes available.

comparison with other studies
Placebo controlled randomised controlled trials of 
SGLT2 inhibitors have reported a decreased risk of 
MACE in participants randomised to canagliflozin 
or empagliflozin, with dapagliflozin reaching non-
inferiority but not superiority for MACE.3-6 A decrease 
in hospital admissions for heart failure was observed 
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Fig 4 | cumulative incidence of hospital admission for heart failure among users of sodium glucose cotransporter 2 (sglt2) inhibitors and matched 
users of dipeptidyl peptidase-4 (DPP-4) inhibitors in Ontario and Quebec, the two largest study sites
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table 3 | summary results for stratified analyses of pooled adjusted hazard ratios (95% confidence intervals) for major 
adverse cardiovascular events (Mace) and heart failure associated with use of sodium glucose cotransporter 2 (sglt2) 
inhibitors versus dipeptidyl peptidase-4 (DPP-4) inhibitors
subgroup adjusted hazard ratio (95% ci)* i2 (%)
Mace
Main analysis 0.76 (0.69 to 0.84) 47
Age (years):
 ≥70 0.75 (0.67 to 0.85) 19
 <70 0.77 (0.69 to 0.87) 33
Sex:
 Women 0.65 (0.58 to 0.72) 2
 Men 0.81 (0.72 to 0.91) 39
History of cardiovascular disease†:
 Yes 0.71 (0.59 to 0.86) 67
 No 0.78 (0.69 to 0.88) 40
Previous insulin use‡:
 Yes 0.75 (0.66 to 0.86) 32
 No 0.76 (0.68 to 0.86) 38
SGLT2 inhibitor molecule:
 Canagliflozin 0.79 (0.66 to 0.94) 67
 Dapagliflozin 0.73 (0.63 to 0.85) 32
 Empagliflozin 0.77 (0.68 to 0.87) 1
Heart failure
Main analysis 0.43 (0.37 to 0.51) 43
Age (years):
 ≥70 0.46 (0.36 to 0.61) 53
 <70 0.39 (0.30 to 0.50) 49
Sex:
 Women 0.42 (0.35 to 0.49) 0
 Men 0.50 (0.39 to 0.65) 62
History of heart failure§:
 Yes 0.44 (0.35 to 0.55) 33
 No 0.47 (0.41 to 0.53) 0
Past insulin use‡:
 Yes 0.45 (0.39 to 0.52) 1
 No 0.47 (0.40 to 0.55) 9
SGLT2 inhibitor molecule:
 Canagliflozin 0.41 (0.32 to 0.52) 42
 Dapagliflozin 0.44 (0.36 to 0.54) 0
 Empagliflozin 0.52 (0.43 to 0.65) 4
Nova Scotia had zero events in one of the treatment groups and thus was not included in the cardiovascular disease (yes) analysis for MACE or in the age 
(≥70 years), sex, history of heart failure, and SGLT2 inhibitor molecule analyses for heart failure.
*Adjusted for age (continuous), sex, diabetes duration (continuous), and 10ths of time conditional propensity score.
†Coronary artery disease, peripheral arterial disease, or cerebrovascular disease in the past three years.
‡Prescription for insulin in past year.
§Two outpatient codes or one inpatient code in the past three years.
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Fig 5 | adjusted hazard ratios (95% confidence intervals) of hospital admission for heart failure associated with use of 
sodium glucose cotransporter 2 (sglt2) inhibitors compared with dipeptidyl peptidase-4 (DPP-4) inhibitors. Outcome 
models were adjusted for age (continuous), sex, diabetes duration (continuous), and 10ths of time conditional 
propensity score. cPrD=clinical Practice research Datalink
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in randomised controlled trials for all three molecules. 
Although these placebo controlled trials provided 
important information about the cardiovascular 
effects of SGLT2 inhibitors, they also had important 
limitations. All three were conducted in participants 
with either established cardiovascular disease or 
who were at high risk of cardiovascular disease, 
further limiting the generalisability of the results to a 
real world setting. Furthermore, although the use of 
placebo offers greater assay sensitivity (ie, the ability to 
determine if a treatment is or is not effective) compared 
with the use of an active comparator,29 the differential 
use of rescue drugs among those with poorly 
controlled blood glucose hampers this sensitivity, 
particularly given the known cardiotoxic effects of 
some antidiabetic drugs (eg, thiazolidinedione and 
heart failure,30 sulfonylureas and cardiovascular 
death31). An active comparator used at the same point 
in the management of type 2 diabetes overcomes these 
limitations and provides more clinically and policy 
relevant comparisons.

Previous observational studies also suggest a reduced 
risk of heart failure and all cause mortality.8-15  32 
However, observational studies have provided more 
heterogeneous results for MACE, with some studies 
finding a protective effect8 9 13 14 and others finding no 
benefit.10 12 15 Notably, the definition of MACE varied 
across studies.8-10 12 14 Some of this heterogeneity might 
also be explained by the use of different comparators, 

with some studies comparing SGLT2 inhibitors to 
a reference group consisting of “other antidiabetic 
drugs.”8-10 13 With a heterogeneous reference group, 
the results can be difficult to interpret and, depending 
on the distribution of antidiabetic drugs in the 
reference group, time lag bias (confounding by disease 
severity23) can occur. In addition, some studies8 9 13 
could have been affected by immortal time bias, which 
tends to exaggerate effectiveness.16 17

Our use of a prevalent new user design allowed us to 
include patients with a recent history of DPP-4 inhibitor 
use, thus better reflecting real world practice. Indeed, 
the use of an active comparator new user approach33 
would have resulted in the exclusion of about 50% 
of our study cohort. Thus, this methodological app-
roach, combined with the use of data from seven 
Canadian provinces and the UK and broad inclusion 
criteria, has greatly increased the generalisability of 
results relative to previous studies in this area. Our 
use of time conditional propensity scores produced 
treatment groups that were well balanced for baseline 
characteristics. Indeed, the one characteristic for 
which an imbalance remained was renal insufficiency 
(defined by an estimated glomerular filtration rate 
<60 ml/min/1.73m2) in analyses restricted to the 
CPRD. This finding is not unexpected given that 
SGLT2 inhibitors are generally not recommended 
among patients with renal insufficiency.34 In addition, 
although the two largest sites included in this study 
were either restricted to older individuals (Ontario) 
or disproportionately included older individuals 
(Quebec), subgroup analyses suggested that the 
association did not vary with age. Ultimately, with data 
from eight jurisdictions across two countries, our study 
adds clarity to the heterogeneous treatment effects 
reported by previous observational studies, providing 
precise estimates of the beneficial cardiovascular 
effects of SGLT2 inhibitors in a real world setting.

conclusions
In this large multi-database cohort study, the short 
term use of SGLT2 inhibitors was associated with a 
decreased risk of MACE compared with the use of 
DPP-4 inhibitors among people with type 2 diabetes. 
Benefits were observed for the individual endpoints of 
MACE, all cause mortality, and heart failure. Similar 
reductions in MACE were observed for canagliflozin, 
dapagliflozin, and empagliflozin and across patient 
subgroups defined by age, sex, previous use of insulin, 
and history of cardiovascular disease. These findings 
suggest that SGLT2 inhibitors offer cardioprotective 
benefits among people with type 2 diabetes in a real 
world setting, although additional studies are needed 
to determine if these benefits persist long term.
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