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Abstract 

Background: Despite strong evidence of benefit, uptake of newer glucose-lowering medications that reduce 
cardiovascular risk has been low. We sought to examine global trends and predictors of use of SGLT2i and GLP-1 RA in 
patients with type 2 diabetes.

Methods: DISCOVER is a global, prospective, observational study of patients with diabetes enrolled from 2014–16 at 
initiation of second-line glucose-lowering therapy and followed for 3 years. We used hierarchical logistic regression 
to examine factors associated with use of either an SGLT2i or GLP-1 RA at last follow-up and to assess country-level 
variability.

Results: Among 14,576 patients from 37 countries, 1579 (10.8%) were started on an SGLT2i (1275; 8.7%) or GLP-1 
RA (318; 2.2%) at enrollment, increasing to 16.1% at end of follow-up, with large variability across countries (range 
0–62.7%). Use was highest in patients treated by cardiologists (26.1%) versus primary care physicians (10.4%), endo-
crinologists (16.9%), and other specialists (22.0%; p < 0.001). Coronary artery disease (OR 1.29, 95% CI 1.08–1.54) was 
associated with greater use of SGLT2i or GLP-1 RA while peripheral artery disease (OR 0.73, 95% CI 0.54–1.00) and 
chronic kidney disease (OR 0.73, 95% CI 0.58–0.94) were associated with lower use (OR 0.73, 95% CI 0.54–1.00). The 
country-level median odds ratio was 3.48, indicating a very large amount of variability in the use of SGLT2i or GLP-1 RA 
independent of patient demographic and clinical factors.

Conclusions: Global use of glucose-lowering medications with established cardiovascular benefits has increased 
over time but remains suboptimal, particularly in sub-groups most likely to benefit. Substantial country-level vari-
ability exists independent of patient factors, suggesting structural barriers may limit more widespread use of these 
medications.
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Background
Prior to 2015, neither a strategy of intensive glucose 
control nor individual glucose-lowering medications 
had been successful in reducing cardiovascular risk 
in patients with type 2 diabetes [1]. However, begin-
ning with publication of the EMPA-REG OUTCOME [2] 
and Liraglutide Effect and Action in Diabetes: Evaluation 
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of Cardiovascular Outcome Results (LEADER) trials [3], 
multiple trials and observational studies have shown 
cardiovascular risk reduction with the use of sodium-
glucose co-transporter 2 inhibitors (SGLT2i) [4] and 
glucagonlike peptide-1 receptor agonists (GLP-1 RA) [5]. 
Despite this strong evidence of benefit, uptake has thus 
far been poor [6, 7], although notably these prior stud-
ies have been mostly cross-sectional studies from the US 
or Western European countries. We sought to more fully 
evaluate global trends in the use of these medications and 
to explore factors associated with differential use, includ-
ing patient demographics, complications, physician spe-
cialty, and country.

Methods
The DISCOVER study is a prospective, observational 
study of individuals with type 2 diabetes enrolled from 
38 countries at initiation of second-line glucose-low-
ering medication [8, 9]. Consecutive eligible adults 
were enrolled between December 2014 and June 2016 
and followed at 6  months and 1, 2, and 3  years. Exclu-
sions included first-line therapy with an injectable agent 
or herbal/natural medicine alone, pregnancy, dialy-
sis, or kidney transplant. For this specific analysis, we 
also excluded patients who were on an SGTL2i as first-
line therapy (n = 115). Data from China were excluded 
(n = 1292) due to regulations on data privacy released 
during the study. In line with the observational nature 
of the study, data were recorded according to routine 
clinical practice. Comorbidities and events were not 
adjudicated and relied on the judgement of the local 
investigators. The study protocol was approved by the 
appropriate clinical research ethics committees in each 
participating country and by the institutional review 
board at each site. All participants provided written 
informed consent.

The primary outcome for this analysis was being 
treated with an SGLT2i or GLP-1 RA at the last visit for 
each patient. Use was compared across key comorbidi-
ties, country (grouped by geographic region and by gross 
national income per capita [10]), and physician specialty. 
Given the large cohort size, unadjusted comparisons were 
made using standardized differences, where differences 
of > 10% are considered clinically relevant. We then con-
structed a hierarchical logistic regression model to exam-
ine the association of patient factors with use of SGLT2i 
or GLP-1 RA at last study visit. Baseline patient factors 
included were age, sex, diabetes duration, smoking, body 
mass index, and systolic blood pressure. As diagnoses 
both at baseline and throughout follow-up could impact 
the prescription of one of these glucose-lowering medica-
tions, coronary artery disease (CAD; including myocar-
dial infarction, coronary revascularization, angina), heart 

failure, cerebrovascular disease (including stroke, tran-
sient ischemic attack, carotid endarterectomy or stent-
ing), peripheral artery disease (PAD; including diabetic 
foot, amputation), and chronic kidney disease (CKD) 
were included in the model as time-dependent covari-
ates. Country was included as a random effect to account 
for patient clustering within countries, and country-level 
variability independent of patient factors was assessed 
with a median odds ratio. The median odds ratio esti-
mates the differences in the odds of being on SGLT2i 
or GLP-1 RA between two patients with identical risk 
factors from two randomly selected countries. Median 
odds ratios are always ≥ 1, with higher values indicating 
increased country-level variability in SGLT2i or GLP-1 
RA use independent of patient factors. All analyses were 
conducted using SAS version 9.4 (SAS Institute, Cary, 
North Carolina), with statistical significance determined 
by p < 0.05.

Results
Among 14,576 patients with diabetes from 37 coun-
tries, mean age was 57.5 ± 12.0 years, 6718 (46.1%) were 
women, mean diabetes duration was 5.7 ± 5.3  years, 
and mean HbA1c was 67 ± 7 mmol/mol (8.3 ± 1.7%). At 
enrollment, 1579 patients (10.8%) were started on an 
SGLT2i or GLP-1 RA as second-line glucose-lowering 
treatment (1261 [8.7%] SGLT2i only, 304 [2.1%] GLP-1 
RA only, 14 [0.1%] both), which increased over the 
3  years of follow-up, such that at last study visit, 2348 
patients (16.1%) were on an SGLT2i or GLP-1 RA (1870 
[12.8%] SGLT2i only, 376 [2.6%] GLP-1 RA only, 102 
[0.7%] both). Patient characteristics of those on versus 
not on an SGLT2i or GLP-1 RA are shown in Table 1.

Use by patient comorbidity, country, and physician 
specialty
Patients with (vs. without) CAD, heart failure, and 
CKD were more likely to be on SGLT2i or GLP-1 RA 
(CAD: 20.0% vs. 13.8%; heart failure: 22.5% vs. 14.1%; 
CKD: 17.1% vs. 14.4%; all p < 0.001), whereas use was 
similar in those with vs. without cerebrovascular dis-
ease (14.7% vs. 14.5%, p = 0.18) and PAD (14.9% vs. 
14.5%, p = 0.11). The median use of either SGLT2i or 
GLP-1 RA at end of follow-up across the 37 countries 
was 19.4% (IQR 8.7–30.6%; range 0–62.7%). Coun-
tries in Africa and Asia had notably low rates of use 
(Fig.  1A), and there was a trend toward higher use in 
countries with greater economic resources (Fig.  1B). 
Finally, use of SGLT2i and GLP-1 RA in patients 
treated by primary care physicians (n = 4105) was 
10.4% [SGLT2i 7.7%, GLP-1 RA 3.2%]; endocrinolo-
gists (n = 9234): 16.9% [SGLT2i 14.7%, GLP-1 RA 
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2.8%]; cardiologists (n = 380): 26.1% [SGLT2i 25.0%, 
GLP-1 RA 1.1%]; and other specialists (n = 109): 22.0% 
[SGLT2i 13.8%, GLP-1 RA 9.2%] (p < 0.001).

In the hierarchical logistic regression model, younger 
age (OR 0.77 per 10  year increase, 95% CI 0.73–0.81), 
male sex (OR 1.17, 95% CI 1.05–1.30), and higher body 
mass index (OR 1.51 per 5  kg/m2, 95% CI 1.45–1.58) 
were associated with a greater use of SGLT2i or GLP-1 
RA (Fig.  2). In terms of comorbidities/cardiovascular 
events (both prior to enrollment and during follow-up), 
CAD (OR 1.29, 95% CI 1.08–1.54) was associated with 
greater use of SGLT2i or GLP-1 RA while PAD and CKD 

were associated with lower use (PAD: OR 0.73, 95% 
CI 0.54–1.00; CKD: OR 0.73, 95% CI 0.58–0.94). The 
country-level median odds ratio was 3.48, indicating 
a very large amount of variability in the use of SGLT2i 
or GLP-1 RA independent of patient demographic and 
clinical factors.

Discussion
In a large, multinational, prospective cohort study of 
patients with type 2 diabetes enrolled at the time of 
initiation of second-line glucose-lowering medica-
tion, we found that use of glucose-lowering medica-
tions shown to have cardiovascular risk reduction 
has increased over time but remains suboptimal. The 
majority of increase was observed in the use of SGLT2i, 
with particularly high use among cardiologists. 
Although patients with CAD, heart failure, and CKD 
were more likely to be on these medications compared 
with patients without these conditions, after account-
ing for patient factors and concomitant comorbidities, 
only CAD was associated with a greater use of either 
SGLT2i or GLP-1 RA while PAD and CKD were associ-
ated with lower use. Finally, we saw a substantial degree 
of variability in the use of these medications across 
countries—both unadjusted and after accounting for 
patient factors and comorbidities—suggesting that 
structural barriers likely continue to limit broader use 
of these medications.

Prior studies
Prior studies have shown SGLT2i or GLP-1 RA uptake 
to be suboptimal, despite a number of trials and obser-
vational studies providing evidence of cardiovascu-
lar benefit and several position papers and guideline 
statements encouraging broader use [1, 11]. A recent 
study of ~ 10,000 patients from 13 countries with dia-
betes found 22% of patients were on an SGLT2i or 
GLP-1 RA (15% SGLT2i, 9% GLP-1 RA), with no dif-
ferences according to the presence or absence of CAD 
or of cardiovascular disease [7]. We found use to be 
lower in our study, which likely represents differences 
in the enrolling countries, as countries in DISCOVER 
had a broader spectrum of socioeconomic status (e.g., 
Africa and Central America). The large country-level 
variability in the use of SGLT2i or GLP-1 RA in DIS-
COVER illustrates the importance of healthcare policy 
and access in the use of these medications and exposes 
the need to target not only individual physicians but 
structural issues within the healthcare system that 
could allow physicians to treat patients with the opti-
mal medications. Notably, we found that patients 
in DISCOVER who had CAD were more likely to be 

Table 1 Characteristics of patients treated versus not treated 
with SGLT2i or GLP-1 RA at last follow-up

a  > 10% difference is considered clinically relevant

SGLT2i or GLP-1 RA Standardized 
Difference (%)a

Yes
n = 2348

No
n = 12,228

Patient factors at enrollment
 Age (years) 56.1 ± 11.5 57.7 ± 12.1 13.8

 Female 42.4% 46.8% 8.8

Education level 26.2

 Primary or none 10.1% 20.0%

 Secondary 51.6% 49.1%

 University 37.3% 30.9%

 Current smoker 18.0% 12.5% 21.5

 Body mass index (kg/m2) 31.8 ± 6.5 28.9 ± 5.8 47.0

 Duration of diabetes 5.6 ± 5.0 5.8 ± 5.3 3.9

 HbA1c (%) 8.3 ± 1.6 8.3 ± 1.7 2.6

 Creatinine (mg/dL) 0.9 ± 1.0 1.0 ± 1.0 5.1

Specialty of Main Investi-
gator

28.3

 Primary care 20.2% 31.4%

 Endocrinology 74.0% 65.5%

 Cardiology 4.7% 2.4%

 Other 1.1% 0.7%

Region 60.3

 Africa 0.6% 6.5%

 Americas 18.1% 12.8%

 Europe 34.1% 21.8%

 Middle East 11.7% 15.5%

 Southeast Asia 10.3% 25.4%

 Western Pacific 25.2% 17.9%

Comorbidities at last follow-up

 Coronary artery disease 14.8% 10.1% 14.4

 Cerebrovascular disease 2.9% 2.9% 0.2

 Heart failure 7.5% 4.3% 13.2

 Peripheral artery disease 3.4% 3.3% 0.6

 Chronic kidney disease 6.1% 5.1% 4.6
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treated with SGLT2i or GLP-1 RA. While more edu-
cation continues to be needed about the potential 
benefit of these medications across the spectrum of 

cardiovascular and kidney disease, it is encouraging to 
see at least some targeted use of these medication in 
patients who are most likely to benefit.

Fig.1 Use of SGLT2 inhibitors and GLP-1 receptor agonists by country. A Grouped by global region; B Ordered by gross national income per capita
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Limitations
Although DISCOVER included many lower-income 
countries that have rarely been studied, the cohort 
remains under-representative of very poor countries in 
addition to patients within these countries who did not 
have access to medical care, both of which would lead 
to lower use of SGLT2i or GLP-1 RA. In addition, we 
did not have data on individual access to medications 
(e.g., medication coverage, socioeconomic status) and 
could only observe country-level effects.

Conclusion
In a large, multinational, prospective cohort study of 
patients with type 2 diabetes, use of glucose-lowering med-
ications with cardiovascular risk reduction has increased 
over time (particularly SGLT2i) but remains suboptimal. 
While we observed some targeted use of SGLT2i or GLP-1 
RAs in patients with CAD, other comorbidities (e.g., heart 
failure, chronic kidney disease) were not associated with 
increased use despite the known benefits in these clinical 
settings. Substantial country-level variability exists—both 
unadjusted and after accounting for patient factors and 
comorbidities—suggesting that structural barriers likely 
continue to limit broader use of these medications.
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