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Breakthrough evidence supporting sodium–glucose 
cotransporter-2 (SGLT2) inhibitors as cardioprotect-
ive agents has recently transformed the management 

of heart disease.1–4 Although these agents were originally 
developed as glucose-lowering agents for people with type 2 
diabetes mellitus, they were found to not only lower blood 
glucose levels but also reduce rates of cardiovascular events 
and mortality in clinical trials of patients with atherosclerotic 
cardiovascular disease (CVD) and type 2 diabetes.1–4 Further-
more, clinical trials showed cardiovascular benefits in 
patients with type  2 diabetes and kidney disease.5,6 These 
findings shifted the therapeutic focus from glucose lowering 
to cardioprotection, which led to cardiologists being intro-
duced to the realm of type  2 diabetes. Sodium–glucose 
cotransporter-2 inhibitors add to the current armamentarium 

of cardioprotective medications of statins, angiotensin-
converting-enzyme (ACE) inhibitors/angiotensin receptor 
blockers (ARBs), β-blockers (in selected populations) and 
antiplatelet agents.4,7
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Background: Sodium–glucose cotransporter-2 (SGLT2) inhibitors are cardioprotective agents in patients with type 2 diabetes melli-
tus and atherosclerotic cardiovascular disease (CVD). Since little is known about their uptake in atherosclerotic CVD, we examined 
SGLT2 inhibitor prescribing trends and identified potential disparities in prescribing patterns.

Methods: We conducted an observational study using linked population-based health data in Ontario, Canada, from April 2016 to 
March 2020 of patients aged 65 years or older with concomitant type 2 diabetes and atherosclerotic CVD. To examine prevalent pre-
scribing of SGLT2 inhibitors (canagliflozin, dapagliflozin and empagliflozin), we constructed 4  cross-sectional yearly cohorts from 
Apr. 1 to Mar. 31 (2016/17, 2017/18, 2018/19 and 2019/20). We estimated prevalent SGLT2 inhibitor prescribing by year and by sub-
groups, and identified factors associated with SGTL2 inhibitor prescribing using multivariable logistic regression.

Results: There were 208 303 patients in our overall cohort (median age 74.0 yr [interquartile range 68.0–80.0 yr], 132 196 [63.5%] 
male). Although SGLT2 inhibitor prescribing increased over time, from 7.0% to 20.1%, statin prescribing was initially 10-fold higher 
and later threefold higher than SGLT2 inhibitor prescribing. In 2019/20, SGLT2 inhibitor prescribing was roughly 50% lower among 
those aged 75 years or older than among those younger than 75 years (12.9% v. 28.3%, p < 0.001) and in women than in men 
(15.3% v. 22.9%, p < 0.001). Age 75 years or older, female sex, history of heart failure and kidney disease, and low income were 
independent factors of lower SGLT2 inhibitor prescribing. Among physician specialists, visits to endocrinologists and family phys-
icians were stronger factors of SGLT2 inhibitor prescribing than cardiologist visits.

Interpretation: We found that 1 in 5 patients with diabetes and atherosclerotic CVD were prescribed SGLT2 inhibitors in 2019/20, 
whereas statins were prescribed for 4 of every 5 patients. Although SGLT2 inhibitor prescribing increased over the study period, dis-
parities in adoption by age, sex, socioeconomic status, comorbidities and physician specialty remained.
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Much of the uptake of SGLT2 inhibitors has focused on 
patients with heart failure or type  2 diabetes. Early studies 
showed slow SGLT2 inhibitor adoption of 5%–10% in 
type  2 diabetes populations;8–10 however, evaluation of 
SGLT2 inhibitors in type  2 diabetes and atherosclerotic 
CVD has been limited. Given that patients with type 2 dia-
betes and concomitant atherosclerotic CVD have high 
cardio vascular risk, we focused our evaluation on SGLT2 
inhibitor use in this population, who may receive more clin-
ical benefit from SGLT2 inhibitors than those with type 2 
diabetes alone. Even in high-risk groups, however, adoption 
of novel therapies that require a paradigm shift in thinking 
can be delayed. This occurred with the introduction of 
statins, which transitioned from lipid-lowering to cardiac risk 
reduction agents.11 Sodium–glucose cotransporter-2 inhibi-
tors are now being labelled as the “new statins,” and they 
may face similar challenges.12 The objective of our study was 
to characterize the contemporary adoption of SGLT2 inhib-
itors in patients with concomitant diabetes and atheroscle-
rotic CVD, and identify potential disparities in prescribing 
patterns. This information may assist in developing targeted 
interventions to improve SGLT2 inhibitor prescribing and 
mitigate prescribing disparities.

Methods

Study design and setting
We conducted an observational study using population-based 
health data in Ontario, Canada. Ontario residents aged 
65 years or older receive prescription drug coverage through 
the Ontario Drug Benefit program. We reported the study 
following the Reporting of Studies Conducted Using Obser-
vational Routinely-collected Data (RECORD) statement 
(http://www.record-statement.org).

Data sources
We used health care databases at ICES, an independent, non-
profit research institute. We obtained data on diagnoses from 
the Canadian Institute for Health Information Discharge 
Abstract Database and the National Ambulatory Care Report-
ing System database, data on outpatient prescription medica-
tion from the Ontario Drug Benefit prescription claims data-
base, procedure information from the Ontario Health 
Insurance Plan and Canadian Institute for Health Information 
databases, information on physician visits from the Ontario 
Health Insurance Plan, physician specialty from the ICES 
Physician Database, data on vital status (mortality) from the 
Ontario Registered Persons Database, and neighbourhood 
income information from Statistics Canada census data. 
These databases were linked by means of unique encoded 
identifiers and analyzed at ICES. The senior author and the 
research analysts had full access to all the data in the study and 
take responsibility for data integrity and analysis.

Study population
We included patients aged 65–105  years with diagnoses of 
both atherosclerotic CVD and diabetes recorded between 

Apr. 1, 2016, and Mar. 31, 2020. We defined atherosclerotic 
CVD using validated International Statistical Classification of 
Diseases and Related Health Problems, 10th Revision (ICD-10) 
codes for myocardial infarction, chronic ischemic heart dis-
ease, angina, peripheral vascular disease and cerebrovascular 
disease, or Canadian Classification of Health Interventions 
codes for percutaneous coronary intervention or coronary 
artery bypass grafting in the prior 10  years13 (Appendix 1, 
Supplemental Table S1, available at www.cmajopen.ca/
content/11/3/E494/suppl/DC1). We defined diabetes accord-
ing to established, validated diabetes algorithms that have 
been used extensively at ICES for defining diabetes.14,15 We 
excluded patients who were long-term care residents.

Cohort creation
To examine prevalent prescribing, we constructed 4  cross-
sectional yearly cohorts from Apr. 1 to Mar. 31 (2016/17, 
2017/18, 2018/19 and 2019/20). Patients with a diagnosis of 
atherosclerotic CVD within 10  years before Apr. 1 of the 
cohort year and a diagnosis of diabetes at any time before 
were included in that yearly cohort. For the analysis of factors 
associated with SGLT2 inhibitor prescribing, we constructed 
a merged cohort that included only unique patients from 
within the 4  yearly cohorts between Apr. 1, 2016, and 
Mar. 31, 2020, using the same inclusion and exclusion criteria.

Outcome measures
The outcomes of the study were prescribing of SGLT2 inhib-
itors and factors associated with SGLT2 inhibitor prescribing 
(Appendix 1, Supplemental Table S2). For SGLT2 inhibitor 
prescribing, we determined the proportion of patients who 
filled 1 or more SGLT2 inhibitor prescriptions within 1 year 
of the Apr. 1 index date of each yearly cohort. For the analysis 
of factors associated with SGLT2 inhibitor prescribing, we 
defined SGLT2 inhibitor prescribing as 1 or more SGLT2 
inhibitor prescriptions dispensed within 1 year after the date 
of diagnosis of concomitant atherosclerotic CVD and 
diabetes.

Statistical analysis
We described baseline characteristics of the cohort and com-
pared characteristics of patients who did and did not fill an 
SGLT2 inhibitor prescription using standardized differences. 
Baseline characteristics included demographic characteristics, 
comorbidities and cardiac procedures in the prior 10  years, 
medications dispensed in the prior 90 days, outpatient phys-
ician visits in the prior year and the Hospital Frailty Risk 
Score at the index date.16 We estimated SGLT2 inhibitor use 
in each yearly cohort and compared prescribing of SGLT2 
inhibitors to that of commonly prescribed cardioprotective 
agents (statins and ACE inhibitors/ARBs) (Appendix 1, Sup-
plemental Table S3). We also conducted several preplanned 
analyses, stratifying by patient age (< 75  yr v. ≥  75  yr), sex 
(male v. female) and history of chronic kidney disease (CKD) 
(v. not), using using ICD-10 codes E10.2, E11.2, E13.2, 
E14.2, I12, I13, N8, N18 and N28, and by history of heart 
failure (v. not) using ICD code I50. 
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We used multivariable logistic regression models to estimate 
odds ratios (ORs) and 95% confidence intervals (CIs) to identify 
factors associated with SGLT2 inhibitor prescribing. We 
selected covariates for the models based on prior literature, clin-
ical experience and expert opinion, and included baseline demo-
graphic characteristics, comorbidities, laboratory values, concom-
itant medications, use of health care services and year of cohort 
entry. We tested collinearity and considered the threshold of 
variance inflation factors of less than 5 for covariate removal.17 All 
analyses were performed with SAS version 9.4 (SAS Institute). A 
2-sided p value < 0.05 was considered statistically significant.

Ethics approval
ICES’ legal status under Ontario’s Personal Health Information 
Protection Act allows it to collect and analyze health care and 

demographic data, without consent, for health system evaluation 
and improvement. The use of data in this project is authorized 
under section 45 of the Personal Health Information Protection Act 
and does not require review by a research ethics board. The data 
set from this study is held securely in coded form at ICES.

Results

We identified 139 653, 145 950, 152 313 and 158 566 patients 
diagnosed with both diabetes and atherosclerotic CVD in the 
2016/17, 2017/18, 2018/19 and 2019/20 cohorts, respectively 
(Figure 1; Appendix 1, Supplemental Table S3). There were 
208 303 unique patients with a median age of 74.0 (interquar-
tile range [IQR] 68.0–80.0) years, of whom 132 196 (63.5%) 
were male. In each yearly cohort, about 94.5% of patients had 

Diagnosed with ASCVD
n = 590 456

Excluded  n = 260 511
• Not resident of Ontario 
 n = 493
• Missing income  n = 1881
• Age < 65 yr or ≥ 105 yr  
 n = 197 890
• Long-term care resident  
 n = 60 247

Diagnosed with ASCVD
n = 599 705

Excluded  n = 256 853
• Not resident of Ontario  
 n = 445
• Missing income  n =1958
• Age < 65 yr or ≥ 105 yr  
 n = 200 734
• Long-term care resident  
 n = 53 716

Diagnosed with ASCVD
n = 609 139

Excluded  n = 252 661
• Not resident of Ontario  
 n = 453
• Missing income  n = 1970
• Age < 65 yr or ≥ 105 yr   
 n = 203 353
• Long-term care resident  
 n = 46 885

Diagnosed with ASCVD
n = 614 726

Excluded  n = 245 408
• Not resident of Ontario 
 n = 447
• Missing income  n = 1990
• Age < 65 yr or ≥ 105 yr
 n = 203 694
• Long-term care resident  
 n = 39 277

2016/17 cohort 2017/18 cohort 2018/19 cohort 2019/20 cohort

Diagnosed with ASCVD
n = 329 945

Diagnosed with ASCVD
n = 342 852

Diagnosed with ASCVD
n = 356 478

Diagnosed with ASCVD
n = 369 318

Excluded: 
no diagnosis of 
type 2 diabetes  
n = 190 292

Excluded: 
no diagnosis of 
type 2 diabetes  
n =196 902

Excluded: 
no diagnosis of 
type 2 diabetes  
n = 204 165

Excluded: 
no diagnosis of 
type 2 diabetes  
n = 210 752

Diagnosed with ASCVD 
and type 2 diabetes

n = 139 653
• SGLT2 inhibitor  n = 9711
• No SGLT2 inhibitor  n = 129 942

Diagnosed with ASCVD 
and type 2 diabetes

n = 145 950
• SGLT2 inhibitor  n = 15 913
• No SGLT2 inhibitor  n = 130 037

Diagnosed with ASCVD 
and type 2 diabetes

n = 152 313
• SGLT2 inhibitor  n = 23 019
• No SGLT2 inhibitor  n = 129 294

Diagnosed with ASCVD 
and type 2 diabetes

n = 158 566
• SGLT2 inhibitor  n = 31 833
• No SGLT2 inhibitor  n = 126 733

Excluded: duplicate 
patients  n = 388 179

Diagnosed with ASCVD 
and type 2 diabetes

n = 208 303
• SGLT2 inhibitor  n = 41 916
• No SGLT2 inhibitor  n = 166 387

Overall cohort

Total
n = 596 482

Figure 1: Flow diagram showing patient selection. Note: ASCVD = atherosclerotic cardiovascular disease, SGLT2 = sodium–glucose 
cotransporter-2.
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hypertension, 26.8%–28.5% had CKD, about 21.5% had 
heart failure, 73.2%–74.8% were dispensed statins, and 
63.7%–66.6% were dispensed ACE inhibitors/ARBs at base-
line. In all cohorts, patients who were versus were not dis-
pensed an SGLT2 inhibitor were younger (e.g.,  2019/20 
cohort: median age 72.0 yr [IQR 68.0–76.0 yr] v. 76.0 yr [IQR 
71.0–82.0  yr]) (p  < 0.001 for each yearly comparison), had 
fewer comorbidities and had lower Hospital Frailty Risk 
Score values (e.g., 2019/20 cohort: mean 2.94 [standard devia-
tion 4.53] v. 5.19 [standard deviation 6.99]) (p < 0.001 for each 
yearly comparison) (Appendix 1, Supplemental Table S2).

Temporal patterns of prescribing of SGLT2 
inhibitors and other cardioprotective medications
The proportion of patients dispensed an SGLT2 inhibitor 
within 1 year of cohort entry increased about threefold over 
the study period, from 7.0% in 2016/17 to 10.9% in 2017/18, 
15.1% in 2018/19 and 20.1% in 2019/20. Empagliflozin 
accounted for an increasing proportion of SGLT2 inhibitor 
prescriptions, from 42.2% of patients in 2016/17 to 73.1% of 
patients in 2019/20. The proportion of patients dispensed a 
statin within 1 year of cohort entry increased negligibly over 

the study period, and the proportion of patients dispensed an 
ACE inhibitor/ARB within 1 year of cohort entry decreased 
slightly. In 2016/17, statin prescribing and ACE inhibitor/
ARB prescribing were about 10 times that of SGLT2 inhibi-
tors (p  < 0.001), whereas in 2019/20, statin prescribing and 
ACE inhibitor/ARB prescribing were roughly 4 times higher 
than SGLT2 inhibitor prescribing (p  < 0.001) (Figure 2). 
Empagliflozin prescribing increased 5.1-fold during the study 
period, dapagliflozin prescribing increased 3.1-fold, and cana-
gliflozin prescribing did not increase.

Prescribing of SGLT2 inhibitors increased in all sub-
groups. Patients aged 75 years or older, those with CKD and 
those with heart failure had the greatest relative increase, 3.8-
fold, over the study period (Figure 3). In 2019/20, SGLT2 
inhibitor prescribing among those aged 75 years or older was 
still 54.4% lower than among those younger than 75 years 
(12.9% v. 28.3%, p < 0.001). Prescribing of SGLT2 inhibitors 
was 49.7% higher in men than in women (22.9% v. 15.3%, 
p  < 0.001), 47.3% higher in those without CKD than those 
with CKD (22.1% v. 15.0%, p  < 0.001) and 34.2% higher  
in those without than with heart failure (21.2% v. 15.8%,  
p < 0.001). Prescribing rates varied among SGLT2 inhibitors.
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Figure 2: Temporal trends of cardioprotective medication use within 1 year of cohort entry. Note: ACE = angiotensin-converting-enzyme, ARB = 
angiotensin II receptor blocker, SGLT2 = sodium–glucose cotransporter-2.
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Factors associated with SGLT2 inhibitor 
prescribing
The highest variance inflation factor on collinearity test-
ing was 2.55, which was below the threshold of less than 
5. We included the 208 303 unique patients with diabe-
tes and atherosclerotic CVD in the analysis of factors 
associated with SGLT2 inhibitor prescribing. Factors 
most strongly associated with higher SGLT2 inhibitor 
prescribing included glycated hemoglobin concentration 
greater than 8  mmol/L versus 7  mmol/L or less (OR 
3.33, 95% CI 3.22–3.46), prescribing of 2 or more non-
insulin antihyperglycemic agents (OR 2.63, 95% CI 
2.56–2.71), an endocrinologist visit in the prior year 
(OR  1.50, 95% CI 1.45–1.55) and male sex (OR 1.42, 
95% CI 1.38–1.46) (Table 1, Figure 4). Age 75 years or 
older (OR 0.39, 95% CI 0.38–0.40), a history of heart 
failure (OR 0.77, 95% CI 0.74–0.80), an elevated serum 
creatinine level (>  106–159 μmol/L v. ≤  106  μmol/L) 
(OR 0.55, 95% CI 0.52–0.57) and low annual income 
(<  $19 300) (OR 0.87, 95% CI 0.84–0.91) were some 
of  the factors associated with lower odds of SGLT2 
inhibitor prescribing.

Interpretation

In a contemporary, real-world population of patients with 
diabetes and atherosclerotic CVD, we found limited prescrib-
ing of SGLT2 inhibitors and identified important factors 
associated with SGLT2 inhibitor prescribing. Although pre-
scribing increased over time, in the most recent year 
(2019/20), only 1 in 5  patients was dispensed an SGLT2 
inhibitor within 1 year of being identified as having both dis-
eases. Furthermore, prescribing of SGLT2 inhibitors was far 
lower than that of other common secondary prevention 
agents, such as statins and ACE inhibitors/ARBs. Although 
the greatest increase in SGLT2 inhibitor prescribing over the 
study period was observed among patients aged 75 years or 
older, and those with concomitant CKD and heart failure, 
prescribing remained well below that among younger patients 
and those without those comorbidities. Markers of worse gly-
cemic control, including endocrinologist visits, in patients 
with diabetes were associated with higher odds of SGLT2 
inhibitor prescribing, and comorbidities, female sex, older age 
and socioeconomic disparities were associated with lower 
odds of prescribing. Although a cardiologist visit in the prior 
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year was associated with SGLT2 inhibitor prescribing, the 
relative odds were far below that for an endocrinologist visit.

We found that SGLT2 inhibitor prescribing increased 
threefold over the study period, from 7% to 20%. However, 
previous studies in atherosclerotic CVD and diabetes popula-
tions showed lower rates of SGLT2 inhibitor adoption.8,10 
Studies using commercially insured databases in the United 

States showed increasing rates of SGLT2 inhibitor prescrib-
ing — from 3% in 2015 to 10% in 20198,10 — that are about 
50% lower than our study rates. Although prior authorization 
and high cost have been identified as barriers to SGLT2 inhib-
itor uptake in the US,18 these barriers did not affect our study 
population, as prior authorization policies are not imposed for 
SGLT2 inhibitors in this setting, and SGLT2 inhibitors are 

Table 1 (part 1 of 2): Baseline characteristics of the cohort by SGLT2 inhibitor prescribing

Characteristic

No. (%) of patients*

Standardized 
difference

Total 
n = 208 303

SGLT2 inhibitor 
n = 41 916

No SGLT2 inhibitor 
n = 166 387

Age, yr

    Mean ± SD 74.85 ± 7.58 70.99 ± 5.58 75.82 ± 7.71 0.72

    Median (IQR) 74 (68–80) 70 (66–74) 75 (69–81) 0.70

    ≥ 75 98 346 (47.2) 10 456 (24.9) 87 890 (52.8) 0.60

Male sex 132 196 (63.5) 29 792 (71.1) 102 404 (61.5) 0.20

Low income (< $19 300/yr) indicator 30 296 (14.5) 4830 (11.5) 25 466 (15.3) 0.11

Rural residence 27 747 (13.3) 5922 (14.1) 21 825 (13.1) 0.03

Cardiovascular comorbidities

    Prior myocardial infarction 55 076 (26.4) 11 257 (26.9) 43 819 (26.3) 0.01

    Chronic ischemic heart disease 145 774 (70.0) 32 838 (78.3) 112 936 (67.9) 0.24

    Angina 56 591 (27.2) 12 393 (29.6) 44 198 (26.6) 0.07

    Atrial fibrillation/flutter 45 169 (21.7) 6553 (15.6) 38 616 (23.2) 0.19

    Heart failure 42 237 (20.3) 5768 (13.8) 36 469 (21.9) 0.21

    Hypertension 193 115 (92.7) 38 646 (92.2) 154 469 (92.8) 0.02

    Dyslipidemia 126 114 (60.5) 25 772 (61.5) 100 342 (60.3) 0.02

    Peripheral vascular disease 20 051 (9.6) 2738 (6.5) 17 313 (10.4) 0.14

    Cerebrovascular disease 49 157 (23.6) 7095 (16.9) 42 062 (25.3) 0.21

    Ischemic/hemorrhagic stroke/TIA 47 086 (22.6) 6953 (16.6) 40 133 (24.1) 0.19

    Shock 9759 (4.7) 1204 (2.9) 8555 (5.1) 0.12

Medical comorbidities

    Chronic kidney disease 53 023 (25.5) 6905 (16.5) 46 118 (27.7) 0.27

    Cancer 25 942 (12.5) 3692 (8.8) 22 250 (13.4) 0.15

Chronic obstructive pulmonary disease 64 973 (31.2) 10 960 (26.1) 54 013 (32.5) 0.14

    Liver disease 4272 (2.1) 654 (1.6) 3618 (2.2) 0.05

    Peptic ulcer disease 8907 (4.3) 1381 (3.3) 7526 (4.5) 0.06

    Dementia 13 419 (6.4) 1094 (2.6) 12 325 (7.4) 0.22

Charlson Comorbidity Index score, 
mean ± SD

3.20 ± 2.03 2.99 ± 1.53 3.25 ± 2.13 0.14

Hospital Frailty Risk Score, mean ± SD 4.31 ± 6.19 2.43 ± 3.88 4.78 ± 6.56 0.44

Prior cardiac invasive procedure

Percutaneous coronary intervention 51 267 (24.6) 13 229 (31.6) 38 038 (22.9) 0.20

    Coronary artery bypass grafting 32 595 (15.6) 8132 (19.4) 24 463 (14.7) 0.13

Prior laboratory investigations 1 yr before index date

Serum creatinine level, mean ± SD, 
μmol/L

104.98 ± 71.87 88.86 ± 27.09 109.19 ± 78.97 0.34

Glycated hemoglobin level, mean ± SD, % 6.97 ± 1.27 7.59 ± 1.27 6.80 ± 1.21 0.64
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covered on the provincial formulary without additional patient 
copay beyond usual rates (typically $2.00–$6.11 for any pre-
scription dispensed). Therefore, the higher rates of SGLT2 
inhibitor adoption observed in our study may have been 
related to the absence of these additional prescribing barriers.

Nonetheless, SGLT2 inhibitor prescribing in our popula-
tion at high cardiovascular risk was suboptimal. It often takes 
time for any new medication to achieve optimal uptake, as we 
found previously with statins.11,19 Moreover, there are multiple 
established cardioprotective medications for atherosclerotic 
CVD populations, along with hypertension, hyperlipidemia 
and diabetes management, which often take precedence. Add-
ing an SGLT2 inhibitor may have been given a lower priority 
relative to traditional cardioprotective medications.7 In recog-
nition of this barrier, calls to action have been issued to the 

cardiology community to provide education regarding and 
stimulate further adoption of SGLT2 inhibitors as cardiopro-
tective agents.20

We found that the prescribing rate varied among different 
SGLT2 inhibitors, even though the cardioprotective efficacy 
has been considered as a class effect.4,7 This may have been 
owing to the timing of drug approval or publication of trial 
evidence (Appendix 1, Supplemental Table S4). Canagliflozin 
first received approval from Health Canada for management of 
type  2 diabetes, and it was the most frequently prescribed 
SGLT2 inhibitor in 2016/17. However, possibly owing to con-
cerns about adverse effects (such as amputation) that were pub-
lished in 2017, canagliflozin prescribing rates remained 
flat thereafter, whereas empagliflozin prescribing rates increased 
greatly, possibly because the cardioprotective evidence 

Table 1 (part 2 of 2): Baseline characteristics of the cohort by SGLT2 inhibitor prescribing

Characteristic

No. (%) of patients*

Standardized 
difference

Total 
n = 208 303

SGLT2 inhibitor 
n = 41 916

No SGLT2 inhibitor 
n = 166 387

Medication dispensed within 90 d before index date

    ACE inhibitor/ARB 136 391 (65.5) 31 156 (74.3) 105 235 (63.2) 0.24

    β-blocker 106 166 (51.0) 22 899 (54.6) 83 267 (50.0) 0.09

    Antihypertensive 175 226 (84.1) 36 526 (87.1) 138 700 (83.4) 0.11

    Statin 152 523 (73.2) 32 944 (78.6) 119 579 (71.9) 0.16

    Antiplatelet 43 634 (20.9) 10 022 (23.9) 33 612 (20.2) 0.09

    Anticoagulant 35 322 (17.0) 5288 (12.6) 30 034 (18.1) 0.15

    Metformin 88 960 (42.7) 28 081 (67.0) 60 879 (36.6) 0.64

    Sulfonylurea 3602 (1.7) 1202 (2.9) 2400 (1.4) 0.10

    Thiazolidinedione 362 (0.2) 119 (0.3) 243 (0.1) 0.03

    DPP-4 inhibitor 45 239 (21.7) 17 732 (42.3) 27 507 (16.5) 0.59

    α-glucosidase inhibitor 765 (0.4) 321 (0.8) 444 (0.3) 0.07

    Insulin 36 030 (17.3) 10 984 (26.2) 25 046 (15.1) 0.28

    Any antihyperglycemic 116 359 (55.9) 33 711 (80.4) 82 648 (49.7) 0.68

No. of noninsulin antihyperglycemic 
agents, mean ± SD

0.67 ± 0.77 1.13 ± 0.82 0.55 ± 0.71 0.76

Outpatient physician visits within 1 yr before index date (at least 1 visit)

    Cardiologist 140 248 (67.3) 28 637 (68.3) 111 611 (67.1) 0.03

        No. of visits, mean ± SD 3.96 ± 6.80 3.83 ± 6.14 3.99 ± 6.95 0.02

No. of days from last visit, mean ± SD 122.89 ± 100.52 124.22 ± 100.39 122.55 ± 100.56 0.02

    Family physician 199 131 (95.6) 40 622 (96.9) 158 509 (95.3) 0.09

        No. of visits, mean ± SD 10.59 ± 11.31 9.40 ± 8.49 10.89 ± 11.90 0.14

No. of days from last visit, mean ± SD 55.23 ± 63.30 54.36 ± 60.88 55.45 ± 63.91 0.02

    Endocrinologist 30 844 (14.8) 9308 (22.2) 21 536 (12.9) 0.25

        No. of visits, mean ± SD 0.34 ± 1.07 0.53 ± 1.22 0.29 ± 1.03 0.21

No. of days from last visit, mean ± SD 126.94 ± 96.51 114.09 ± 90.93 132.50 ± 98.30 0.19

Note: ACE = angiotensin-converting-enzyme, ARB = angiotensin receptor blocker, DPP-4 = dipeptidyl peptidase-4, IQR = interquartile range, SD = standard deviation, 
SGLT2 = sodium–glucose cotransporter-2, TIA = transient ischemic attack.
*Except where noted otherwise.
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regarding this agent was published earliest among SGLT2 
inhibitors.2 Our study showed early adoption of SGLT2 inhib-
itors, and further evaluation over a longer period will be 
needed, particularly since multiple randomized controlled 
trials have been published for various indications.5,6,21,22

We identified lower SGLT2 inhibitor prescribing rates 
in older people and those with concomitant CKD or heart 
failure, many of whom are at the highest risk for cardiovas-
cular events.23 Although SGLT2 inhibitors are relatively 
well tolerated, it is possible that, in older patients with more 
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Figure 4: Factors associated with sodium–glucose cotransporter-2 (SGLT2) inhibitor prescribing within 1 year of concomitant diagnosis of dia-
betes mellitus and atherosclerotic cardiovascular disease. Note: ACE = angiotensin-converting-enzyme, ARB = angiotensin II receptor blocker, 
CABG = coronary artery bypass graft surgery, CI = confidence interval, CKD = chronic kidney disease, HbA1c = glycated hemoglobin, HFRS = 
Hospital Frailty Risk Score, OR = odds ratio, PCI = percutaneous coronary intervention, SCr = serum creatinine.
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comorbidities and polypharmacy, the risk of adverse effects 
such as genitourinary infections and risk of falls from hypo-
tension could be higher.1–3 With close monitoring for poten-
tial adverse effects, the cardioprotective vascular benefit of 
SGLT2 inhibitors in atherosclerotic CVD and type 2 diabe-
tes populations is still likely to outweigh potential risks in 
most older people. Furthermore, real-world evidence of the 
efficacy and safety of SGLT2 inhibitors in older populations 
(aged > 75 yr) is lacking, and further research in this popula-
tion is warranted.

Prescribing of SGLT2 inhibitors among patients with an 
endocrinologist visit in the prior year was twice that among 
patients with a family physician visit and 10  times that 
among patients with a cardiologist visit. Given that SGLT2 
inhibitors were developed as antihyperglycemics, endocri-
nologists are likely more familiar with prescribing SGLT2 
inhibitors than other physicians. Furthermore, cardiologists 
may prioritize prescribing established and familiar cardio-
protective agents. However, cardiologists are 4–5  times 
more likely to see patients with concomitant atherosclerotic 
CVD and diabetes than endocrinologists, which puts the 
former at the forefront of cardioprotective management for 
this population.24 Our findings highlight the need for cardi-
ologists to heed the call to action by enhancing their SGLT2 
inhibitor prescribing practices.

We found that markers of worse glycemic control in 
patients with diabetes were associated with greater likelihood 
of SGLT2 inhibitor prescribing. Since SGLT2 inhibitors are 
add-on antihyperglycemic agents, greater prescribing in those 
with worse diabetes control could be expected. However, 
given the clear evidence of cardioprotection, prescribing of 
SGLT2 inhibitors must move beyond add-on therapy for 
those with poor glycemic control, and these medications 
should be viewed as cardioprotective agents.

We identified sex and socioeconomic disparities in SGLT2 
inhibitor prescribing. Men were 42% more likely than women 
to receive an SGLT2 inhibitor. In addition to the omnipres-
ent sex disparities in prescribing of preventive cardiac medica-
tion, the risk of genital and urinary tract infections with 
SGLT2 inhibitors may further explain hesitancy to prescribe 
this agent to women.1,11,25 Finally, socioeconomic disparity 
was an independent risk factor for lower SGLT2 inhibitor 
prescribing, despite the nominal copay of $2/prescription for 
low-income older people in the health care system evaluated 
in this study. Underprescribing of evidence-based treatments 
in women and economically disadvantaged people was also 
more pronounced in our study than in prior SGLT2 inhibitor 
studies and those of other cardiac medications; this warrants 
further study.8,26

Limitations
With prescription claims data, we were unable to capture 
SGLT2 inhibitor prescriptions that were written but not 
filled by patients, which may have underestimated intended 
SGLT2 inhibitor prescribing. Our study cohort included 
patients with type 1 diabetes and those with type 2 diabetes. 
However, the proportion of type 1 diabetes in our diabetes 

database has been reported to be only 3.6%.15 Our data sets 
did not capture estimated glomerular filtration rate, and eligi-
bility for SGLT2 inhibitor prescribing based on this parame-
ter was not assessed. Furthermore, owing to the nature of 
administrative data, patient preference and rationale behind 
decisions were uncertain. Last, our data were restricted to 
people aged 65 years or older, and prescribing trends may dif-
fer in younger populations. However, our population-level 
data from a large cohort provide insights into overall patterns 
of SGLT2 inhibitor adoption in a population at high risk with 
concomitant diabetes and atherosclerotic CVD, for whom 
there is strong evidence that SGLT2 inhibitors improve 
cardio vascular outcomes.1–3

Conclusion
In a contemporary, real-world population of patients aged 
65 years or older with diabetes and atherosclerotic CVD in a 
health care system without major cost barriers for patients, 
only 1 in 5  patients were prescribed an SGLT2 inhibitor, 
whereas statins were prescribed for 4 of every 5  patients. 
Although SGLT2 inhibitor prescribing increased over time, 
disparities in adoption by age, sex, socioeconomic status, 
comorbidities and physician specialty remained. Concerted 
efforts are needed to address potentially modifiable factors so 
that all eligible patients with type 2 diabetes and atheroscler-
otic CVD are able to realize the cardioprotective benefits of 
SGLT2 inhibitors. Specific strategies to enhance prescribing 
of these medications for women and for those with lower 
incomes, heart failure or CKD, and, in particular, by cardiolo-
gists are needed to optimize their use as cardioprotective 
agents to reduce cardiovascular morbidity and mortality.
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