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See the editorial comment for this article ‘The role of cost-effectiveness in the use of sodium–glucose co-transporter 2 inhibitors and glu-
cagon-like peptide-1 receptor agonists’, by M. Liu and G. Hao, https://doi.org/10.1093/eurjpc/zwad032.

Aims To assess treatment eligibility for, and received treatment with, sodium–glucose co-transporter 2 inhibitors (SGLT2) and 
glucagon-like peptide-1 (GLP-1) receptor agonists according to the 2019 the American Diabetes Association (ADA)/ 
European Association for the Study of Diabetes (EASD) consensus report and the 2019 European Society of Cardiology 
(ESC) guidelines in a nationwide sample of patients with type 2 diabetes.

Methods 
and results

Both sets of guidelines included the treatment indications of heart failure, chronic kidney disease, and atherosclerotic car-
diovascular disease while only the 2019 ESC guidelines also recommended treatment based on high or very high cardiovas-
cular risk. The analyses included 435 000 patients with type 2 diabetes identified from the Swedish National Diabetes 
Register (2020–21). According to the 2019 ESC guidelines, 79.5% were recommended any of the two drugs (SGLT2 inhi-
bitors: 37.2%; SGLT2 inhibitors or GLP-1 receptor agonists: 40.9%; GLP-1 receptor agonists: 1.4%). According to the 2019 
ADA/EASD consensus report, 48.8% were recommended any of the two drugs (SGLT2 inhibitors: 37.2%; GLP-1 receptor 
agonists: 11.6%). Of those who had been recommended any of the two drugs, 33.7% had received the recommended treat-
ment according to the 2019 ESC guidelines and 25.4% according to the 2019 ADA/EASD consensus report.

Conclusions In this nationwide study, the proportion of patients with type 2 diabetes who were recommended treatment with an SGLT2 
inhibitor or a GLP-1 receptor agonist was approximately 80% according to the 2019 ESC guidelines and around half accord-
ing to the 2019 ADA/EASD consensus report. Uptake of these recommendations in routine clinical practice was limited.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Lay summary We investigated the proportion of patients with type 2 diabetes in Sweden who were recommended treatment with two 
types of diabetes drugs, SGLT2 inhibitors, and GLP-1 receptor agonists, according to two European clinical guidelines.

• Depending on the guideline used, between half and 80% of the patients with type 2 diabetes were recommended treat-
ment with an SGLT2 inhibitor or a GLP-1 receptor.

• Of those who had been recommended any of the two drugs, one in three or one in four, depending on the guideline 
used, had received the recommended treatment.
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Structured Graphical Abstract

ADA, American Diabetes Association; EASD, European Association for the Study of Diabetes; ESC, European Society of Cardiology; GLP-1, 
glucagon-like peptide-1; SGLT2, sodium–glucose co-transporter 2.

Keywords guidelines • guideline uptake • cardiovascular disease • chronic kidney disease • heart failure • treatment gaps

Introduction
In the past decade, large cardiovascular outcome trials have shown 
that sodium–glucose co-transporter 2 inhibitors (SGLT2) and 
glucagon-like peptide-1 (GLP-1) receptor agonists improve cardio-
vascular and renal outcomes in patients with type 2 diabetes and 
atherosclerotic cardiovascular disease (ASCVD), heart failure, or 
chronic kidney disease (CKD).1–7 These data have led to substantial 
changes in medication recommendations for patients with type 2 
diabetes.

Two sets of guidelines for the treatment of type 2 diabetes, both re-
leased in 2019, are currently under use in Europe: The European 
Society of Cardiology (ESC) guidelines, which were developed in collab-
oration with the European Association for the Study of Diabetes 
(EASD),8 and the American Diabetes Association (ADA)/EASD con-
sensus report.9,10 The 2019 ESC guidelines recommend the use of 
SGLT2 inhibitors or GLP-1 receptor agonists for type 2 diabetes pa-
tients with established ASCVD or with very high or high cardiovascular 
risk according to the ESC risk categories.8 The 2019 ADA/EASD con-
sensus report recommends primarily GLP-1 receptor agonists to pa-
tients with established ASCVD, or ASCVD risk (coronary, carotid, or 

lower extremity artery stenosis >50%, or left ventricular hypertrophy 
among those aged ≥55 years).10 Both the 2019 ESC guidelines and 
2019 ADA/EASD consensus report recommend SGLT2 inhibitors be-
fore GLP-1 receptor agonists for type 2 diabetes patients with CKD or 
heart failure.8,10

Important knowledge gaps remain regarding the uptake of the two 
European guidelines among patients with type 2 diabetes. While the dif-
ferences in the recommendations of the two guidelines have been sub-
ject to concern and debate,11 the proportion of patients with type 2 
diabetes who are eligible for treatment with SGLT2 inhibitors and 
GLP-1 receptor agonists according to each set of guidelines has not 
been investigated in a large population-based sample. Moreover, the ex-
tent to which they have been implemented in routine clinical practice is 
not known. Such data are important for planning health care delivery, 
assessment of costs associated with guideline implementation and iden-
tifying treatment gaps that indicate the potential for improvement in pa-
tient outcomes.

In this study, we used nationwide registers in Sweden to assess the 
eligibility for and treatment with SGLT2 inhibitors and GLP-1 receptor 
agonists in patients with type 2 diabetes according to the 2019 ESC 
guidelines and the 2019 ADA/EASD consensus report.
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Methods
Data sources
We obtained information about diabetes type, glycated haemoglobin level 
(HbA1c), blood pressure, body mass index (BMI), albuminuria, estimated 
glomerular filtration rate (eGFR), and smoking status from the Swedish 
National Diabetes Register. This is a nationwide register including data, col-
lected by trained physicians and nurses during patient visits to outpatient 
and primary care clinics, for patients with type 1 or type 2 diabetes in 
Sweden. During the study period (2020–21), 85–88% of all patients receiv-
ing drugs for diabetes in Sweden were included in the register.12,13

From the National Patient Register, we obtained data on procedure codes 
and diagnoses according to the International Classification of Diseases, tenth 
revision (ICD-10), assigned by physicians during hospital admissions and out-
patient visits in Sweden.14 Information about the use of glucose-lowering 
drugs and comedications was obtained from the Swedish National 
Prescription Drug register, which contains individual-level data based on ana-
tomical therapeutic chemical (ATC) codes of all drug prescriptions filled at all 
pharmacies in Sweden since July 2005.15 Data on age, sex, vital status, educa-
tional level, and income were obtained from Statistics Sweden.

Study population
We included patients who had filled a prescription for a glucose-lowering 
drug between 2005 and 2021 and who had been registered as a type 2 dia-
betes patient in The Swedish National Diabetes Register from 2020 
through 2021. The latest registration date in the Swedish National 
Diabetes Register was defined as the index date.

Statistical analyses
We categorized patients based on their recommended treatment according to 
the 2019 ESC guidelines (SGLT2 inhibitor, GLP-1 receptor agonist, SGLT2 in-
hibitor or GLP-1 receptor agonist, and neither drug) and according to the 2019 
ADA/EASD consensus report (SGLT2 inhibitor, GLP-1 receptor agonist, and 
neither drug). Patients were categorized according to mutually exclusive treat-
ment indications in a hierarchical manner according to the order in which the 
indications are presented in Table 1. Treatment indications were prioritized 
to reflect the recommendations given in the evaluated guidelines. For example, 
a patient with both heart failure and ASCVD was categorized as being recom-
mended an SGLT2 inhibitor based on the indication of heart failure.

For each set of guidelines, we described the proportions and characteristics 
(Supplementary material online, Table S1) of patients by their recommended 
treatment. Among patients who were recommended an SGLT2 inhibitor or 
GLP-1 receptor agonist, we assessed the proportion of patients by treatment 
indication categories, as presented in Table 1 (detailed definitions are provided 
in Supplementary material online, Table S2). Across groups of patients categor-
ized according to their recommended drug and treatment indication, we as-
sessed the proportion of patients who had received an SGLT2 inhibitor, a 
GLP-1 receptor agonist, both an SGLT2 inhibitor and a GLP-1 receptor agonist, 
or neither drug. For these analyses, we considered prescriptions filled at any time 
before the index date and up to 30 days after the index date. We used this def-
inition of treatment status to account for patients who had previously received 
the recommended drug but stopped due to potential adverse effects or limited 
adherence and to capture drugs that were prescribed during the healthcare visit 
at the index date. Among treated patients, we also assessed the proportions re-
ceiving treatment by types of SGLT2 inhibitors (empagliflozin, dapagliflozin, cana-
gliflozin, and ertugliflozin) and GLP-1 receptor agonists (semaglutide, liraglutide, 
dulaglutide, lixisenatide, and exenatide). We performed the analyses in the total 
population and subgroups by age (≥65 and <65 years) as treatment decisions 
may be influenced by patient frailty and life expectancy.16,17

Given the proportion of missing data for variables used for assessing 
treatment eligibility, including eGFR (7.0%), albuminuria (25.4%), blood 
pressure (5.6%), dyslipidemia (19.5%), smoking (14.8%), and BMI (15.4%) 
(Supplementary material online, Table S1), we used multiple imputations 
(Markov chain Monte Carlo method) to handle missing data. In addition 
to variables used for assessing treatment eligibility, we imputed data for gly-
cated haemoglobin levels (2.1% missing), place of birth (0.1%), educational 
level (3.2%), and income (1·5%). We imputed 10 data sets by predictive 
mean matching for continuous variables, logistic regression for dichotom-
ous variables, and multinomial logistic regression for polytomous variables.

For each set of guidelines separately, we performed logistic regression 
analyses to assess the association of selected variables (Supplementary 
material online, Table S1) with the likelihood of having received treatment 
as defined earlier with either an SGLT2 inhibitor or a GLP-1 receptor agon-
ist among patients recommended any of the drugs and for patients recom-
mended neither drug. The models included all variables in Supplementary 
material online, Table S1 as independent variables and were run across all 
imputed data sets and then pooled in accordance with Rubin’s Rules.18

Individual consent is not required for patients to be included in national 
health registries such as the National Diabetes Register (but opt-out is pos-
sible), or this study, according to Swedish law. The Swedish Ethical Review 
Authority approved the study.

Results
Study population
The analyses included 435 000 patients. Median (IQR) age was 70 (61, 
77) years, and 41.1% were women. Overall, 9.2% had heart failure, 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Criteria for recommendation of SGLT2 
inhibitors or GLP-1 receptor agonists according to the 
2019 ESC guidelines and 2019 ADA/EASD consensus 
report

Indication Recommended drug

2019 ESC 
guidelines

2019 ADA/EASD 
consensus report

Heart failure SGLT2 inhibitor SGLT2 inhibitor

CKD: eGFR 30 to 
<60 mL/min/1.73 m2

SGLT2 inhibitor SGLT2 inhibitor

CKD: Macro- or 

microalbuminuria

SGLT2 inhibitor SGLT2 inhibitor

CKD: with eGFR 15 to 

<30 mL/min/1.73 m2a

GLP-1 receptor 

agonist

GLP-1 receptor 

agonist

ASCVDb SGLT2 inhibitor or 
GLP-1 receptor 

agonist

GLP-1 receptor 
agonist

Very high or high 
cardiovascular riskc

SGLT2 inhibitor or 
GLP-1 receptor 

agonist

Neither drug

None of the above Neither drug Neither drug

In accordance with the guideline recommendations, we categorized patients by 
mutually exclusive treatment indications in a hierarchical manner with priority given 
according to the order in which they are presented in this table. For example, all 
patients with heart failure (with eGFR ≥30), regardless of the status of other 
indication categories, were categorized as being recommended an SGLT2 inhibitor. 
Patients with end-stage kidney disease/renal replacement therapy were categorized as 
being recommended neither drug. 
ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; eGFR, 
estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1; SGLT2, sodium– 
glucose co-transporter 2. 
aAll patients with eGFR 15 to <30 mL/min/1.73 m2, regardless of the status of other 
indication categories, were categorized as being recommended a GLP-1 receptor 
agonist. 
bIncluding previous ischaemic heart disease, ischaemic stroke, and arterial disease. Data 
on coronary, carotid, or lower extremity artery stenosis >50% (2019 ADA/EASD 
consensus report), or left ventricular hypertrophy (both investigated guidelines) used 
as treatment indications in the investigated guidelines were not available. 
cDefined as having three or more major risk factors (age >50 years, hypertension, 
dyslipidemia, smoking, obesity), retinopathy, or having a time since first diabetes drug 
(substitute of diabetes duration) of 10 years or more and any additional major risk 
factor (detailed definitions are provided in supplementary material online, Table S2).
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35.6% had CKD (including eGFR < 60, micro- or macroalbuminuria but 
not end-stage kidney disease), and 24.5% had ASCVD, with many pa-
tients having more than one condition. Moreover, 43.4% had no 
ASCVD but a very high cardiovascular risk, and 10.0% had a high cardio-
vascular risk according to the ESC criteria. (Supplementary material 
online, Tables S3 and S4).

Eligibility for treatment with 
sodium–glucose co-transporter 2 
inhibitors and glucagon-like peptide-1 
receptor agonists
Figure 1 shows that according to the 2019 ESC guidelines, 79.5% of the 
patients were recommended any of the drugs (SGLT2 inhibitors: 
37.2%; SGLT2 inhibitors or GLP-1 receptor agonists: 40.9%; GLP-1 re-
ceptor agonists: 1.4%). According to the 2019 ADA/EASD consensus 
report, 48.8% were recommended any of the drugs (SGLT2 inhibitors: 
37.2%; GLP-1 receptor agonists: 11.6%).

Received treatment with sodium–glucose 
co-transporter-2 inhibitors and 
glucagon-like peptide-1 receptor agonists
In total, 69 058 (15.9%) of the patients had received an SGLT2 inhibitor 
(but not a GLP-1 receptor agonist), 47 019 (10.8%) had received a 
GLP-1 receptor agonist (but not an SGLT2 inhibitor), and 44 483 
(10,2%) had received both an SGLT2 inhibitor and a GLP-1 receptor 
agonist (Figure 2).

Most of the patients who had received an SGLT2 inhibitor had re-
ceived empagliflozin (82.8%) or dapagliflozin (16.3%) while the most 
common GLP-1 receptor agonists were semaglutide (52.1%) and lira-
glutide (35.4%; Supplementary material online, Table S5).

In total, 33.7% of those who had been recommended treatment ac-
cording to the 2019 ESC guidelines had received the recommended 
treatment (Figure 2). The corresponding proportion for the 2019 
ADA/EASD consensus report was 25.4% (Figure 3).

Of the patients who were recommended treatment with SGLT2 inhibi-
tors (according to both sets of guidelines), 27.0% had received an SGLT2 
inhibitor (Figures 2 and 3). Of the patients who were recommended an 
SGLT2 inhibitor or a GLP-1 receptor agonist according to the 2019 ESC 
guidelines, 40.1% had received at least one of the drugs (Figure 2). 
Among patients recommended a GLP-1 receptor agonist according to 
the 2019 ADA/EASD consensus report (based on ASCVD or CKD 
with eGFR 15 to <30), 20.0% had received this treatment (Figure 3).

Among those who recommended neither drug, the proportion who 
had received at least one of the drugs was 28.1% according to the 2019 
ESC guidelines and 34.9% according to the 2019 ADA/EASD consensus 
report (Figures 2 and 3).

Subgroup analyses by age
Figure 4 shows that, according to the 2019 ESC guidelines, 68.9% of the pa-
tients aged <65 years were recommended any of the drugs (SGLT2 inhi-
bitors: 21.4%; SGLT2 inhibitors or GLP-1 receptor agonists: 47.2%; GLP-1 
receptor agonists: 0.3%). Of patients aged ≥65.years, 84.9% were recom-
mended any of the drugs (SGLT2 inhibitors: 45·2%; SGLT2 inhibitors or 
GLP-1 receptor agonists: 37.7%; GLP-1 receptor agonists: 2.0%).
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Neither drug
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Very high or high cardiovascular risk

No indication
Indication:

Figure 1 Proportion of patients recommended an sodium–glucose co-transporter 2 inhibitor or a glucagon-like peptide-1 receptor agonist by re-
commended drug and treatment indication according to the 2019 ESC guidelines and the 2019 ADA/EASD consensus report.
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Figure 4 also shows that, according to the 2019 ADA/EASD consen-
sus report, 29.0% of patients aged <65 years were recommended any 
of the drugs (SGLT2 inhibitors: 21.4%; GLP-1 receptor agonists: 
7.6%). Of patients aged ≥65 years, 58.8% were recommended any 

of the drugs (SGLT2 inhibitors: 45.2%; GLP-1 receptor agonists: 
13.6%).

The proportion of treatment-eligible patients who had received the 
recommended treatment according to the 2019 ESC guidelines was 

0 25 50 75 100

(%) of total population

2019 ESC guidelines

0 25 50 75 100

(%) of patients with the indication

0 25 50 75 100

(%) of total population

0 25 50 75 100
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(%) of patients with the indication
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or

GLP-1 receptor agonist

Neither drug

Recommended drug
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Treatment indication
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Heart failure

No indication

Very high or high cardiovascular risk

CKD: Macro- or microalbuminuria

Any indication for an SGLT2 inhibitor

Any indication for an SGLT2 inhibitor 
or a GLP-1 receptor agonista

Figure 2 Received treatment by treatment indication according to the 2019 ESC guidelines. Note: Superscript ‘a’ denotes including patients recom-
mended treatment with a glucagon-like peptide-1 based on chronic kidney disease with estimated glomerular filtration rate 15 to <30 mL/min/1.73 m2.

GLP-1 receptor agonist

SGLT2 inhibitor

Neither drug

0 25 50 75 100

(%) of total population

0 25 50 75 100

(%) of patients with the indication

0 25 50 75 100
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CKD: GFR 30 to <60 ml/min/1.73 m2

Heart failure
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CKD: Macro- or microalbuminuria

Any indication for an SGLT2 inhibitor
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a GLP-1 receptor agonist

Figure 3 Received treatment by treatment indication according to the 2019 ADA/EASD consensus report.
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Figure 4 Proportion of patients by recommended drug and treatment indication according to the 2019 ESC guidelines and the 2019 ADA/EASD 
consensus report in subgroup analyses by age.
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Figure 5 Received treatment by treatment indication according to the 2019 ESC guidelines in subgroup analyses by age. Note: Superscript ‘a’ denotes 
Including patients recommended treatment with a glucagon-like peptide-1 based on chronic kidney disease with estimated glomerular filtration rate 15 
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45.9% for those aged <65 years and 28.6% for those aged ≥65 years 
(Figure 5). The corresponding numbers for the analyses of the 2019 
ADA/EASD consensus report were 37·4% for those aged <65 years 
and 22·3% for those aged ≥65 years (Figure 6).

Factors associated with receiving the 
recommended treatment
Supplementary material online, Tables S6 and S7 show that several vari-
ables were associated with a higher or lower likelihood of having re-
ceived an SGLT2 inhibitor or a GLP-1 receptor agonist. For example, 
among those who were recommended any of the drugs according to 
the 2019 ESC guidelines, older age (e.g. adjusted OR for 60–69 years 
vs. <40 years: 0.74 (95% CI, 0.66–0.84)), was associated with a lower 
likelihood of having received an SGLT2 inhibitor or a GLP-1 receptor 
agonist. Examples of variables associated with a higher likelihood of hav-
ing received treatment included higher income (e.g. adjusted OR for 
highest income quartile vs. lowest income quartile: 1.28 (95% CI, 
1.23–1.32)), higher education (e.g. adjusted OR for medium or long ter-
tiary education vs. primary school and high school education: 1.09 (95% 
CI 1.05–1.13)), higher levels of HbA1c (e.g. adjusted OR for HbA1c 53– 
63 mmol/mol (7.0–7.9%) vs. HbA1c ≤ 48 mmol/mol (≤6.5%): 2.44 
(95% CI 2.37–2.51)) and higher BMI (e.g. adjusted OR for obese class 
I/II vs. normal weight 2.11 (95% CI, 2.03–2.19)).

The directions and magnitude of the associations were similar in ana-
lyses using the 2019 ADA/EASD consensus report and among patients 
recommended neither drug in analyses of both sets of guidelines.

Discussion
In this nationwide study using Swedish register data, we found that 
around 80% of patients with type 2 diabetes would be recommended 

an SGLT2 inhibitor or a GLP-1 receptor agonist according to the 2019 
ESC guidelines and that around half of the patients would be recom-
mended such treatments by the 2019 ADA/EASD consensus report. 
In 2020–21, the proportion of treatment-eligible patients who had re-
ceived the recommended treatment was 33.7% according to the 2019 
ESC guidelines and 25.4% according to the 2019 ADA/EASD consensus 
report, with the proportion treated showing little variation across groups 
of patients by treatment indication and recommended drug.

Strengths of this study include the use of nationwide registers that 
contained information about a large study population comprising al-
most all patients with type 2 diabetes in Sweden, their patient charac-
teristics, and prescription drug use.

Previous studies have assessed clinical guidelines from other parts of 
the world in smaller samples or selected populations of patients with 
type 2 diabetes.19–21 In an analysis of 13 350 patients with type 2 dia-
betes identified from 18 primary care practices in MA, USA, 33% of 
the patients were eligible for an SGLT2 inhibitor or a GLP-1 receptor 
agonist according to the 2021 guidelines.20 The 2019 ADA/EASD con-
sensus report is largely similar to the 2021 ADA guidelines, although the 
2019 ADA/EASD consensus report recommends treatment with 
SGLT2 inhibitors to a broader range of CKD patients, including those 
with microalbuminuria, which does not constitute a treatment indica-
tion in the 2021 ADA guidelines. This difference between the guideline 
recommendations may partly explain the larger proportion of 
treatment-eligible patients in our analysis.

In another analysis of 56 411 type 2 diabetes patients identified from 
primary care networks across Canada, approximately 60% were eligible 
for an SGLT2 inhibitor or a GLP-1 receptor agonist according to the 
Diabetes Canada guidelines.21 The Canadian guidelines are comparable 
to the 2019 ESC guidelines as they recommend the use of SGLT2 inhi-
bitors or GLP-1 receptor agonists for primary prevention in patients at 
high cardiovascular risk. The larger proportion of treatment-eligible pa-
tients found in our analysis as compared to the Canadian analysis could 
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Figure 6 Received treatment by treatment indication according to the 2019 ADA/EASD consensus report in subgroup analyses by age.
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potentially be explained by the broader criteria used for high or very 
high cardiovascular risk in the 2019 ESC guidelines. Moreover, our 
study population was older and had a higher prevalence of comorbid-
ities constituting treatment indications compared with the Canadian 
study population.

We found that a substantial proportion of the patients who were re-
commended treatment according to the 2019 ESC guidelines or the 
2019 ADA/EASD consensus report had not received the recom-
mended treatment. The proportion untreated ranged between 
57.5% and 80% across groups of patients categorized according to 
treatment indications and recommended treatment. These findings 
are in line with smaller studies from other countries indicating that a 
large proportion of patients with guidelines-based indications for 
SGLT2 inhibitors or GLP-1 receptor agonists do not receive those 
treatments.19,21–25 As Sweden provides universal healthcare with 
very low patient costs for healthcare visits and prescription drugs, it 
could be hypothesized that fewer patients receive the recommended 
treatment in some other countries.

In 2022, updated clinical guidelines for the management of type 2 dia-
betes were released by the ADA and the EASD.26,27 The 2022 ADA/ 
EASD consensus report is identical to the 2019 ESC guidelines except 
for its use of a lower eGFR limit (20 vs. 30 mL/min/1.73 m2) in the rec-
ommendation of SGLT2 inhibitor use and its slightly different defini-
tions of some cardiovascular risk factors.8,27 The 2022 ADA 
guidelines differ vs. the 2019 ESC guidelines mainly with respect to 
the lack of isolated albuminuria as an indication for SGLT2 inhibitors 
and slight differences in the definition of albuminuria.8,26 Although 
our study focused on the European guidelines released in 2019, our 
analyses of treatment eligibility according to the 2019 ESC guidelines 
are therefore likely to be largely applicable to both the 2022 ADA/ 
EASD consensus report and the 2022 ADA guidelines.

We found that among patients with any treatment indication for an 
SGLT2 inhibitor or a GLP-1 receptor agonist, higher HbA1c levels and 
higher BMI were associated with a higher likelihood of having received 
an SGLT2 inhibitor or a GLP-1 receptor agonist, indicating that many of 
the treatment decisions may be based on the need for glucose control 
and weight management rather than cardiovascular risk or renal func-
tion. In accordance with these findings, similar proportions of patients 
with and without treatment indications received an SGLT2 inhibitor or 
a GLP-1 receptor agonist. Moreover, partly in line with previous stud-
ies,28–32 those with higher income and education, those born in 
Scandinavia, and men were more likely to have received an SGLT2 in-
hibitor or a GLP-1 receptor agonist, indicating that factors associated 
with lower socioeconomic status and sex could constitute barriers to 
receiving treatment.

In subgroup analyses by age, we found that the proportions of 
treatment-eligible patients were larger among those aged ≥65 years (al-
most 90% according to the 2019 ESC guidelines and around 60% ac-
cording to the 2019 ADA/EASD consensus report) as compared to 
those aged <65 years (almost 70% according to the 2019 ESC guide-
lines and around 30% according to the 2019 ADA/EASD consensus re-
port). Moreover, there was a strong association between higher age 
and a lower probability of having received treatment with an SGLT2 in-
hibitor or a GLP-1 receptor agonist. While the proportion of 
treatment-eligible patients who received the recommended treatment 
was also low among those aged <65 years (less than half according to 
both guidelines), these findings indicate that patient frailty or polyphar-
macy may be potential reasons for physicians’ decision against treat-
ment. The large proportion of treatment-eligible patients who did 
not receive the recommended treatment may be due to a combination 
of clinical inertia, limited uptake of guidelines as well as patient and phys-
ician preferences. Future studies need to provide health economic as-
sessments that balance patient benefits and cost savings from 
improved cardiovascular and renal outcomes against the increased 
costs associated with following the guideline recommendations. In 

addition, a comparison of the cost-effectiveness of ADA/EASD vs. 
ESC guidelines would be needed, with a specific focus on the expanded 
eligibility criterion of high cardiovascular risk used by the ESC guidelines 
(and the 2022 EASD and ADA guidelines) to recommend the use of 
SGLT2 inhibitors and GLP-1 receptor agonists.

This study was not without limitations. First, we could not account 
for treatment indications based on coronary, carotid, or lower extrem-
ity artery stenosis of >50% (2019 ADA/EASD consensus report) and 
left ventricular hypertrophy (both sets of guidelines) and may therefore 
have underestimated the proportion of patients who were recom-
mended treatment according to both sets of guidelines. Second, we 
could not distinguish between heart failure with reduced ejection frac-
tion, which constitutes the treatment indication for SGLT2 inhibitors 
according to the evaluated guidelines, and heart failure with preserved 
ejection. Although SGLT2 inhibitors are also recommended (class II, le-
vel A) to patients with heart failure with preserved ejection fraction ac-
cording to the US guidelines33 for the management of heart failure, we 
may have overestimated the proportion of patients who were eligible 
for SGLT2 inhibitors according to the 2019 ESC guidelines and ADA/ 
EASD consensus report. Lastly, although diagnoses registered in the 
Swedish Patient Register have high sensitivity and positive predictive va-
lue,14 our findings might be affected by misclassification of diagnostic 
codes and variables used for defining treatment indications.

Conclusions
In this nationwide study, the proportion of patients with type 2 diabetes 
who were recommended treatment with an SGLT2 inhibitor or a 
GLP-1 receptor agonist was approximately 80% according to the 
2019 ESC guidelines and around half according to the 2019 ADA/ 
EASD consensus report. The uptake of these recommendations in rou-
tine clinical practice was limited.

Author contributions
C.E.L. and P.U. had full access to all the data in the study and take respon-
sibility for the integrity of the data and accuracy of the data analysis.

Concept and design: C.E.L., B.P., G.D., and P.U.
Acquisition, analysis, or interpretation of data: All authors.
Drafting of the manuscript: C.E.L., B.P., and P.U.
Critical revision of the manuscript for important intellectual content: All 

authors.
Statistical analysis: C.E.L.
Obtained funding: B.P. and P.U.
Study supervision: B.P., G.D., and P.U.

Supplementary material
Supplementary material is available at European Journal of Preventive 
Cardiology.

Funding
P.U. was supported by a Faculty Funded Career Position at Karolinska 
Institutet. B.P. was supported by a consolidator investigator grant from 
Karolinska Institutet. The study was conducted with research grant support 
from the Swedish Heart-Lung Foundation, the Swedish Diabetes 
Foundation, and the Swedish Research Council.

Conflict of interest: All authors have completed the Unified Competing 
Interest form at www.icmje.org/coi_disclosure.pdf (available on request 
from the corresponding author) and have the following declarations. BE reports 
personal fees from Amgen, AstraZeneca, Boerhringer Ingelheim, Eli Lilly, 

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/article/30/8/634/6965376 by guest on 29 Septem

ber 2023

http://academic.oup.com/eurjpc/article-lookup/doi/10.1093/eurjpc/zwac315#supplementary-data
http://www.icmje.org/coi_disclosure.pdf


642                                                                                                                                                                                             C-E. Lim et al.

Merck Sharp & Dohme, Mundipharma, Navamedic, Novo Nordisk, and RLS 
Global outside the submitted work, and grants from Sanofi outside the sub-
mitted work.

Data availability
No additional data are available.

References
1. Neal B, Perkovic V, Mahaffey KW, Zeeuw D de, Fulcher G, Erondu N, Shaw W, Law G, 

Desai M, Matthews DR. Canagliflozin and cardiovascular and renal events in type 2 dia-
betes. N Eng J Med 2017;377:644–657.

2. Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, Silverman MG, Zelniker 
TA, Kurder JF, Murphy SA, Bhatt DL, Leiter LA, McGuire DK, Wilding JPH, Ruff CT, 
Gause-Nilsson IAM, Fredriksson M, Johansson PA, Langkilde A-M, Sabatine MS. 
Dapagliflozin and cardiovascular outcomes in type 2 diabetes. N Eng J Med 2019;380: 
347–357.

3. Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, Edwards R, 
Agarwal R, Bakris G, Bull S, Cannon CP, Capuano G, Chu P-L, Zeeuw D de, Greene T, 
Levin A, Pollock C, Wheeler DC, Yavin Y, Zhang H, Zinman B, Meininger G, Brenner 
BM, Mahaffey KW. Canagliflozin and renal outcomes in type 2 diabetes and nephropa-
thy. N Eng J Med 2019;380:2295–2306.

4. Marso SP, Bain SC, Consoli A, Eliaschewitz FG, Jódar E, Leiter LA, Lingvay I, Rosenstock J, 
Seufert J, Warren ML, Woo V, Hansen O, Holst AG, Pettersson J, Vilsbøll T. Semaglutide 
and cardiovascular outcomes in patients with type 2 diabetes. N Eng J Med 2016;375: 
1834–1844.

5. Gerstein HC, Colhoun HM, Dagenais GR, Lakshmanan M, Pais P, Probstfield J, 
Riesmeyer JS, Riddle MC, Rydén L, Xavier D, Atisso CM, Dyal L, Hall S, Rao-Melacini 
P, Wong G, Avezum A, Basile J, Chung N, Conget I, Cushman WC, Franek E, Hancu 
N, Hanefeld M, Holt S, Jansky P, Keltai M, Lanas F, Leiter LA, Lopez-Jaramillo P, 
Cardona Munoz EG, Pirags V, Pogosova N, Raubenheimer PJ, Shaw JE, Sheu WHH, 
Temelkova-Kurktschiev T; REWIND Investigators. Dulaglutide and cardiovascular out-
comes in type 2 diabetes (REWIND): a double-blind, randomised placebo-controlled 
trial. Lancet 2019;394:121–130.

6. Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus M, Devins T, 
Johansen OE, Woerle HJ, Broedl UC, Inzucchi SE; EMPA-REG OUTCOME 
Investigators. Empagliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. 
N Eng J Med 2015;373: 17–18.

7. Marso SP, Daniels GH, Brown-Frandsen K, Kristensen P, Mann JF, Nauck MA, Nissen SE, 
Pocock S, Poulter NR, Ravn LS, Steinberg WM, Stockner M, Zinman B, Bergenstal RM, 
Buse JB; LEADER Steering Committee; LEADER Trial Investigators. Liraglutide and car-
diovascular outcomes in type 2 diabetes. N Eng JMed 2016;375:101.

8. Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, Federici M, Filippatos 
G, Grobbee DE, Hansen TB, Huikuri H v., Johansson I, Juni P, Lettino M, Marx N, Mellbin 
LG, Ostgren CJ, Rocca B, Roffi M, Sattar N, Seferovic PM, Sousa-Uva M, Valensi P, 
Wheeler DC, Piepoli MF, Birkeland KI, Adamopoulos S, Ajjan R, Avogaro A, Baigent 
C, Brodmann M, Bueno H, Ceconi C, Chioncel O, Coats A, Collet JP, Collins P, 
Cosyns B, Mario C di, Fisher M, Fitzsimons D, Halvorsen S, Hansen D, Hoes A, Holt 
RIG, Home P, Katus HA, Khunti K, Komajda M, Lambrinou E, Landmesser U, Lewis 
BS, Linde C, Lorusso R, Mach F, Mueller C, Neumann FJ, Persson F, Petersen SE, 
Petronio AS, Richter DJ, Rosano GMC, Rossing P, Rydén L, Shlyakhto E, Simpson IA, 
Touyz RM, Wijns W, Wilhelm M, Williams B, Windecker S, Dean V, Gale CP, 
Hindricks G, Iung B, Leclercq C, Merkely B, Zelveian PH, Scherr D, Jahangirov T, 
Lazareva I, Shivalkar B, Naser N, Gruev I, Milicic D, Petrou PM, Linhart A, Hildebrandt 
P, Hasan-Ali H, Marandi T, Lehto S, Mansourati J, Kurashvili R, Siasos G, Lengyel C, 
Thrainsdottir IS, Aronson D, Lenarda A di, Raissova A, Ibrahimi P, Abilova S, Trusinskis 
K, Saade G, Benlamin H, Petrulioniene Z, Banu C, Magri CJ, David L, Boskovic A, 
Alami M, Liem AH, Bosevski M, Svingen GFT, Janion M, Gavina C, Vinereanu D, 
Nedogoda S, Mancini T, Ilic MD, Fabryova L, Fras Z, Jiménez-Navarro MF, 
Norhammar A, Lehmann R, Mourali MS, Ural D, Nesukay E, Chowdhury TA. 2019 
ESC guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collab-
oration with the EASD. The task force for diabetes, pre-diabetes, and cardiovascular dis-
eases of the European society of cardiology (ESC) and the European association for the 
study of diabetes (EASD). Eur Heart J 2020;41:255–323.

9. Davies MJ, D’Alessio DA, Fradkin J, Kernan WN, Mathieu C, Mingrone G, Rossing P, 
Tsapas A, Wexler DJ, Buse JB. Management of hyperglycemia in type 2 diabetes, 
2018. A consensus report by the American diabetes association (ADA) and the 
European association for the study of diabetes (EASD). Diabetes Care 2018;41: 
2669–2701.

10. Buse JB, Wexler DJ, Tsapas A, Rossing P, Mingrone G, Mathieu C, D’Alessio DA, Davies 
MJ. 2019 Update to: management of hyperglycemia in type 2 diabetes, 2018. A consen-
sus report by the American diabetes association (ADA) and the European association 
for the study of diabetes (EASD). Diabetes Care 2020;43:487–493.

11. Marx N, Davies MJ, Grant PJ, Mathieu C, Petrie JR, Cosentino F, Buse JB. Guideline re-
commendations and the positioning of newer drugs in type 2 diabetes care. Lancet 
Diabetes Endocrinol 2021;9:46–52.

12. Eeg-Olofsson K, Miftaraj M, Svensson A-M, Linder E, Almskog Ia, Franzén S, 
Gudbjörnsdottir S, Eliasson B. National diabetes register. Annual Report 2020. 2021.

13. Eeg-Olofsson K, Åkesson K, Nåtman J, Isaksson R, Milefors H, Sjöstedt C, Almskog Ia, 
Hermansson Carter V, Linder E. National diabetes register. Annual Report 2021. 2022.

14. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, Heurgren M, 
Olausson PO. External review and validation of the Swedish national inpatient register. 
BMC Public Health 2011;11:1–16.

15. Wettermark B, Hammar N, Fored CM, Leimanis A, Olausson PO, Bergman U, Persson 
I, Sundström A, Westerholm B, Rosén M. The new Swedish prescribed drug register— 
opportunities for pharmacoepidemiological research and experience from the first six 
months. Pharmacoepidemiol Drug Saf 2007;16:726–735.

16. Ofori-Asenso R, Chin KL, Mazidi M, Zomer E, Ilomaki J, Zullo AR, Gasevic D, Ademi Z, 
Korhonen MJ, Logiudice D, Bell JS, Liew D. Global incidence of frailty and prefrailty 
among community-dwelling older adults: a systematic review and meta-analysis. JAMA 
Netw Open 2019;2:e198398.

17. O’Caoimh R, Sezgin D, O’Donovan MR, William Molloy D, Clegg A, Rockwood K, Liew 
A. Prevalence of frailty in 62 countries across the world: a systematic review and 
meta-analysis of population-level studies. Age Ageing 2021;50:96–104.

18. Rubin D. Multiple imputation for nonresponse in surveys. New York: Wiley; 1987.
19. Nargesi AA, Jeyashanmugaraja GP, Desai N, Lipska K, Krumholz H, Khera R. 

Contemporary national patterns of eligibility and use of novel cardioprotective antihy-
perglycemic agents in type 2 diabetes mellitus. J Am Heart Assoc 2021;10:21084.

20. Colling C, Atlas SJ, Wexler DJ. Application of 2021 American diabetes association gly-
cemic treatment clinical practice recommendations in primary care. Diabetes 
Care;2021:1443–1446.

21. Bodoarca R, Yeung RO, Lau D. New diabetes guidelines: impact on eligibility for SGLT-2 
inhibitors and GLP-1 receptor agonists in Canada. Can J Diabetes 2022.

22. Limonte CP, Hall YN, Trikudanathan S, Tuttle KR, Hirsch IB, Boer IH de, Zelnick LR. 
Prevalence of SGLT2i and GLP1RA use among US adults with type 2 diabetes. J 
Diabetes Complications 2022;36:108204.

23. Arnold SV, de Lemos JA, Rosenson RS, Ballantyne CM, Liu Y, Mues KE, Alam S, Elliott- 
Davey M, Bhatt DL, Cannon CP, Kosiborod M. Use of guideline-recommended risk re-
duction strategies among patients with diabetes and atherosclerotic cardiovascular dis-
ease insights from getting to an improved understanding of low-density lipoprotein 
cholesterol and dyslipidemia management (GOULD). Circulation 2019;140: 618–620.

24. Arnold SV, Tang F, Cooper A, Chen H, Gomes MB, Rathmann W, Shimomura I, Vora J, 
Watada H, Khunti K, Kosiborod M. Global use of SGLT2 inhibitors and GLP-1 receptor 
agonists in type 2 diabetes. Results from DISCOVER. BMC Endocr Disord 2022; 22:1–7.

25. Mosenzon O, Alguwaihes A, Leon JLA, Bayram F, Darmon P, Davis TME, Dieuzeide G, 
Eriksen KT, Hong T, Kaltoft MS, Lengyel C, Rhee NA, Russo GT, Shirabe S, Urbancova 
K, Vencio S. CAPTURE: a multinational, cross-sectional study of cardiovascular disease 
prevalence in adults with type 2 diabetes across 13 countries. Cardiovasc Diabetol 2021; 
20:1–13.

26. American Diabetes Association Professional Practice Committee. 9 Pharmacologic ap-
proaches to glycemic treatment: standards of medical care in diabetes—2022. Diabetes 
Care 2022;45:S125–S143.

27. Davies MJ, Aroda VR, Collins BS, Gabbay RA, Green J, Maruthur NM, Rosas SE, Prato S del, 
Mathieu C, Mingrone G, Rossing P, Tankova T, Tsapas A, Buse JB. Management of hyper-
glycemia in type 2 diabetes, 2022. A consensus report by the American diabetes associ-
ation (ADA) and the European association for the study of diabetes (EASD). Diabetes 
Care 2022;45:2753–2786.

28. Nicolucci A, Charbonnel B, Gomes MB, Khunti K, Kosiborod M, Shestakova M v., 
Shimomura I, Watada H, Chen H, Cid-Ruzafa J, Fenici P, Hammar N, Surmont F, 
Tang F, Pocock S. Treatment patterns and associated factors in 14 668 people with 
type 2 diabetes initiating a second-line therapy: results from the global DISCOVER study 
programme. Diabetes Obes Metab 2019;21:2474–2485.

29. Morton JI, Ilomäki J, Magliano DJ, Shaw JE. The association of socioeconomic disadvan-
tage and remoteness with receipt of type 2 diabetes medications in Australia: a nation-
wide registry study. Diabetologia 2021;64:349–360.

30. McCoy RG, van Houten HK, Deng Y, Mandic PK, Ross JS, Montori VM, Shah ND. 
Comparison of diabetes medications used by adults with commercial insurance vs medi-
care advantage, 2016 to 2019. JAMA Netw Open 2021;4:e2035792.

31. Eberly LA, Yang L, Eneanya ND, Essien U, Julien H, Nathan AS, Khatana SAM, Dayoub EJ, 
Fanaroff AC, Giri J, Groeneveld PW, Adusumalli S. Association of race/ethnicity, gender, 

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/article/30/8/634/6965376 by guest on 29 Septem

ber 2023



Use of SGLT2 inhibitors and GLP-1 receptor agonists                                                                                                                                     643

and socioeconomic status with sodium-glucose cotransporter 2 inhibitor use among pa-
tients with diabetes in the US. JAMA Netw Open 2021;4:e216139.

32. Falkentoft AC, Andersen J, Malik ME, Selmer C, Gæde PH, Staehr PB, Hlatky MA, Fosbøl 
E, Køber L, Torp-Pedersen C, Gislason GH, Gerds TA, Schou M, Bruun NE, Ruwald AC. 
Impact of socioeconomic position on initiation of SGLT-2 inhibitors or GLP-1 receptor 
agonists in patients with type 2 diabetes – a Danish nationwide observational study. 
Lancet Regional Health - Europe 2022;14.

33. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, Deswal A, Drazner 
MH, Dunlay SM, Evers LR, Fang JC, Fedson SE, Fonarow GC, Hayek SS, Hernandez AF, 
Khazanie P, Kittleson MM, Lee CS, Link MS, Milano CA, Nnacheta LC, Sandhu AT, 
Stevenson LW, Vardeny O, Vest AR, Yancy CW. 2022 AHA/ACC/HFSA guideline 
for the management of heart failure: a report of the American College of Cardiology/ 
American Heart Association Joint Committee on clinical practice guidelines. 
Circulation 2022;145:E895–E1032.

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/article/30/8/634/6965376 by guest on 29 Septem

ber 2023


	Use of sodium–glucose co-transporter 2 inhibitors and glucagon-like peptide-1 receptor agonists according to the 2019 ESC guidelines and the 2019 ADA/EASD consensus report in a national population of patients with type 2 diabetes
	Introduction
	Methods
	Data sources
	Study population
	Statistical analyses

	Results
	Study population
	Eligibility for treatment with sodium–glucose co-transporter 2 inhibitors and glucagon-like peptide-1 receptor agonists
	Received treatment with sodium–glucose co-transporter-2 inhibitors and glucagon-like peptide-1 receptor agonists
	Subgroup analyses by age
	Factors associated with receiving the recommended treatment

	Discussion
	Conclusions
	Author contributions
	Supplementary material
	Funding
	Conflict of interest
	Data availability
	References


