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Abstract 

Background:  Major prospective randomized clinical safety trials have demonstrated beneficial effects of treatment 
with glucagon‑like peptide‑1 receptor agonists (GLP‑1RA) and sodium–glucose co‑transporter‑2 inhibitors (SGLT‑2i) in 
people with type 2 diabetes and elevated cardiovascular risk, and recent clinical treatment guidelines therefore pro‑
mote early use of these classes of pharmacological agents. In this Swedish nationwide observational study, we com‑
pared cardiorenal outcomes and safety of new treatment with GLP‑1RA and SGLT‑2i in people with type 2 diabetes.

Methods: We linked data from national Swedish databases to capture patient characteristics and outcomes and 
used propensity‑score based matching to account for differences between the two groups. The treatments were 
compared using Cox regression models.

Results:  We identified 9648 participants starting GLP‑1RA and 12,097 starting SGLT‑2i with median follow‑up times 
1.7 and 1.1 years, respectively. The proportion of patients with a history of MACE were 15.8%, and 17.0% in patients 
treated with GLP‑1RA and SGLT‑2i, respectively. The mean age was 61 years with 7.6 years duration of diabetes. Mean 
HbA1c were 8.3% (67.6 mmol/mol) and 8.3% (67.2 mmol/mol), and mean BMI 33.3 and 32.5 kg/m2 in patients treated 
with GLP‑1RA or SGLT‑2i, respectively. The cumulative mortality risk was non‑significantly lower in the group treated 
with SGLT‑2i, HR 0.78 (95% CI 0.61–1.01), as were incident heart failure outcomes, but the risks of cardiovascular or 
renal outcomes did not differ. The risks of stroke and peripheral artery disease were higher in the SGLT‑2i group rela‑
tive to GLP‑1RA, with HR 1.44 (95% CI 0.99–2.08) and 1.68 (95% CI 1.04–2.72), respectively.

Conclusions: This observational study suggests that treatment with GLP‑1RA and SGLT‑2i result in very similar 
cardiorenal outcomes. In the short term, treatment with GLP‑1RA seem to be associated with lower risks of stroke and 
peripheral artery disease, whereas SGLT‑2i seem to be nominally associated with lower risk of heart failure and total 
mortality.

Keywords: Type 2 diabetes, Epidemiology, Sodium glucose transporter 2 inhibitors, Glucagon‐like peptide‑1 
receptor agonist, Mortality, Cardiovascular disease

© The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// creat iveco 
mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco mmons. org/ publi cdoma in/ 
zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Major prospective randomized clinical safety trials have 
demonstrated beneficial effects of treatment with gluca-
gon-like peptide-1 receptor agonists (GLP-1RA) and 

Open Access

Cardiovascular Diabetology

*Correspondence:  Moa.lugner@gu.se
1 Institute of Medicine, University of Gothenburg, Sahlgrenska University 
Hospital, Gothenburg, Sweden
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-1639-0213
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12933-021-01258-x&domain=pdf


Page 2 of 11Lugner et al. Cardiovasc Diabetol           (2021) 20:67 

sodium–glucose co-transporter-2 inhibitors (SGLT-2i) in 
people with type 2 diabetes and elevated cardiovascular 
risk [1, 2]. Recent clinical treatment guidelines therefore 
promote early use of these classes of pharmacological 
agents, particularly in patients with a history of cardio-
vascular disease (CVD), heart failure (HF), chronic kid-
ney disease (CHD), or with multiple risk factors [3, 4]. 
These trials have all been based on placebo-controlled 
in design, included many participants, variable exposure 
time, and high statistical power. Epidemiological stud-
ies in wider populations in clinical practice have shown 
results supporting the above recommendations. Meta-
analyses have generally supported cardiorenal benefits 
for SGLT-2i whereas GLP-1RA seem to lessen athero-
thrombotic outcomes more consistently [5, 6].

The 2018 American Diabetes Association (ADA) and 
European Association for the Study of Diabetes (EASD) 
consensus report stated that patients with type 2 diabe-
tes and established atherosclerotic cardiovascular dis-
ease (ASCVD) should use GLP-1RA or SGLT-2i as part 
of glycaemic management [7]. Due to important research 
findings from recent large CVOT’s, the recommenda-
tions were updated 2019 [8]. The updated version of the 
consensus report declares that in high-risk individuals 
with type 2 diabetes, the decision to treat with a GLP-
1RA or SGLT-2i should be considered independently of 
baseline HbA1c, as the cardiovascular benefits of these 
drugs are independent of HbA1c. The updated ver-
sion also provides some guidance to which of the drug 
classes to choose depending on present risk factors. 
GLP-1RA is recommended in patients with type 2 diabe-
tes and established ASCVD where major cardiovascular 
events (MACE) are considered the greatest threat, and in 
patients with indicators of high risk without established 
CVD, to reduce the risk of MACE. SGLT-2i on the other 
hand, are recommended in patients with type 2 diabetes 
and HF to reduce HF, MACE and CV death. SGLT-2i are 
also recommended in patients with type 2 diabetes and 
chronic kidney disease, to prevent progression of CKD, 
HF, MACE and CV death [8].

However, the CVOT’s the recommendations are based 
upon have recruited populations with somewhat differing 
cardiovascular diseases and cardiovascular risk factors, 
making it difficult to compare drug class effects. Head-
to-head studies directly comparing the two drug classes 
regarding glycaemic control, body weight, blood pressure 
or cardiovascular outcomes are scarce. In the absence 
of such direct comparative trials, an observational study 
with inclusion of an unselected patient population with a 
great variation in clinical characteristics might help pro-
vide some more insight into potential differential effects 
of these two classes of drugs as they are prescribed in real 
life clinical practice. Such work could complement trial 

findings and aid clinical decision making when choosing 
between SGLT-2i and GLP-1RA.

The aim of this nationwide observational study based 
on The Swedish National Diabetes Register (NDR) was 
to examine outcomes and safety of treatment with GLP-1 
receptor agonists compared with SGLT-2 inhibitors, in 
people with type 2 diabetes. We linked data from national 
Swedish databases to capture patient characteristics and 
outcomes and used propensity-score based matching 
to account for differences between the two groups. The 
treatments were compared using Cox regression models.

Materials and methods
Study design
This is a cohort study using nationwide register data from 
Sweden. We included patients with type 2 diabetes who 
were new users of any GLP-1RA, or any SGLT-2i, from 
July 9, 2013 through December 31, 2017. We defined 
the index date as the date of the first filled prescription 
of any drug of either of these classes of glucose-lowering 
medications. The clinical effects of the treatments as well 
as severe adverse events were captured using NDR, the 
national patient registry and the cause of death registry. 
The end of follow-up was 31 December 2017. All patients 
have consented to being reported in NDR, while no indi-
vidual consent is required to be included in this study 
according to Swedish law. The regional ethical review 
board approved this study protocol.

Data sources
The study database was created by use of the unique per-
sonal identity number assigned to every Swedish resi-
dent, as the identifier to cross-link national healthcare 
registries. The procedure as well as the anonymization of 
the data, was performed at the National Board of Health 
and Welfare. NDR is a national quality register, provid-
ing information reported by physicians and nurses on 
risk factors and complications of diabetes [9]. The NDR is 
estimated to include almost 90% of all patients with type 
2 diabetes aged ≥ 18 years in Sweden. We used data on 
clinical characteristics from NDR. Information on pre-
existing comorbidities (hospitalizations from 1997 to 
index date), and conditions occurring during the study 
period, including severe hypoglycaemia and hyper-
glycaemia and carry data such as date of contact, diag-
nostic codes, and procedure codes, were obtained from 
the national patient register. The prescribed drug regis-
ter contains information on all prescriptions, including 
information on specific drug, date of drug dispensing, 
and amount of drug that have been filled at a pharmacy 
after 1/7/2005. All medications are classified according 
to the Anatomical Therapeutic Chemical (ATC) clas-
sification system and the cause of death registry holds 
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information on mortality (date and diagnosis). Data on 
socioeconomic variables (education level, marital sta-
tus, available income, born in or outside Sweden) was 
retrieved from the Longitudinal Integration Database 
for Health Insurance and Labor market Studies. These 
national databases have complete and nationwide cover-
age and have previously been described validated [10].

Participants
We used the following criteria for inclusion in the study: 
male and female patients 18 years of age or older, with 
type 2 diabetes as determined clinically by the report-
ing centers. The upper BMI limit was 45 kg/m2, and the 
estimated glomerular filtration rate (eGFR, according to 
Modification of Diet in Renal Disease, MDRD, formula) 
was 30 ml/min/1.73  m2) or higher. We excluded from 
the analysis people with a history of pancreatitis, cancer 
during 5 years preceding the index date, renal or liver 
transplantation, dialysis or bariatric surgery, as well as all 
people with any filled prescription of any GLP-1RA (ATC 
codes A10BJ01-05), SGLT-2i (ATC codes A10BK01-4), or 
insulin (ATC codes A10A), from 1/7/2005 through the 
index date.

Outcomes
We monitored the participants from the index date until 
the first incident of hospitalizations due to any outcome, 
death, or until Dec 31, 2017. The outcomes were total 
mortality, MACE, fatal or non-fatal CVD including myo-
cardial infarction and stroke, HF, severe renal disease and 
transplantation, hyper- or hypoglycaemia, ketoacidosis, 
diabetic nephropathy or retinopathy. A table of outcome 
definitions is provided in Additional file 1.

Statistical analysis
The primary analysis was done in accordance with the 
intention-to-treat principle. Thus, participants were clas-
sified as exposed or non-exposed at the index date and 
this classification was then used throughout follow-up. 
We also examined the effects in people with continuous 
use of the new treatment, defined as at least two filled 
prescriptions per year, until censoring (change to, or 
addition of, another class of glucose-lowering treatment) 
or to the end of follow-up.

To compare the effects in the two treatment groups, we 
used a propensity score adjusted analysis using inverse 
probability of treatment weighting (IPTW) to estimate 
the average treatment effect for everyone (ATE). The 
propensity scores were estimated using a generalized 
boosted binomial regression model with an interaction 
depth of 3, a maximum of 10,000 trees, and a shrinkage 
of 0.01. The optimal number of trees was selected using 
a stopping rule applied to the degree of balance. The full 

list of variables included in the generalized boosted bino-
mial regression model is provided in Additional file  2. 
The propensity scores were estimated separately for 10 
imputed data sets and the average probability was then 
converted to an analysis weight estimating the ATE. The 
weighted descriptive statistics are presented with stand-
ardized mean differences.

Number of events, person years, and incidence rate per 
1000 patient-years are given with exact 95% Poisson con-
fidence interval. The time to event is described graphi-
cally using an unweighted Kaplan–Meierestimator. The 
treatments were compared using crude and IPTW Cox 
regression with treatment group as the only independent 
variable.

Results were considered statistically significant if the 
95% confidence intervals (CI) did not overlap 1.0. We 
used SAS version 9.4 and R version 3.5.1.

Results
We identified 9648 participants starting treatment with 
a GLP-1RA and 12,097 starting treatment with a SGLT-
2i. The median follow-up time were 1.7 and 1.1 years, 
respectively. The three most used GLP-1RA were lira-
glutide (75.1%, dulaglutide (16.3%), and exenatide once 
weekly (6.4%). Empagliflozin was used by 56.6% in SGLT-
2i group, while 43.2% used dapagliflozin and 0.2% used 
canagliflozin.

The baseline characteristics of the participants are 
given in Table  1. The propensity score-adjusted analysis 
using IPTW showed none or minimal differences in clini-
cal characteristics, including history of previous condi-
tions such as cardiovascular disease or socioeconomic 
variables, between the groups (all standardized mean 
differences > 0.2). The mean age was 61 years with 7.6 
years mean duration of diabetes and 38% of the patients 
were women. The mean HbA1c were 8.3% (67.6 mmol/
mol) and 8.3% (67.2 mmol/mol) in patients treated with 
GLP-1RA or SGLT-2i, respectively, and the mean BMI 
were 33.4 kg/m2 and 32.4 kg/m2, respectively. The mean 
levels of blood pressure and LDL cholesterol were 135/80 
mmHg and 2.6 mmol/L with no differences between the 
groups, and the mean eGFR levels were 91.3 and 92.1 
(ml/min/1.73  m2), respectively. Micro-, macroalbumi-
nuria and smoking did not differ meaningfully either. 
The proportion of patients with a history of MACE were 
15.8%, and 17.0% in patients treated with GLP-1RA and 
SGLT-2i, respectively, and there were also only modest 
differences in the use of metformin, other glucose-low-
ering, antihypertensive or lipid-lowering medications 
between the groups (Table 1).

Table  2 and Fig.  1 gives numbers of events, inci-
dence rates, and hazard ratios (HR) for the outcomes 
in patients treated with SGLT-2i vs. GLP-1RA based on 
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IPTW-adjusted Cox regressions. The incidence rates of 
total mortality, fatal HF, severe hypoglycemia, as well as 
halved eGFR and macroalbuminuria, were non-signif-
icantly higher in the group treated with GLP-1RA than 
in the group treated with SGLT-2i. The incidence rates 
of stroke and retinopathy were lower in patients treated 
with a GLP-1RA than in patients treated with a SGLT-2i. 
The incidence rates of ketoacidosis were low and similar 
in the two groups. However, there were no marked dif-
ferences in incidence rates of any outcomes between 
patients treated with either a SGLT-2i or a GLP-1RA (all 
95% confidence intervals overlapping) (Table 2).

Figure  2a–f show Kaplan–Meier graphs illustrat-
ing cumulative total mortality and incidence rates of 
MACE, stroke, retinopathy, peripheral CVD and HF 
in the two treatment groups. The cumulative mortal-
ity risk was non-significantly lower in the group treated 
with SGLT-2i, HR 0.78 (95% CI 0.61–1.01). The risks of 
MACE, acute myocardial infarction, CVD, and renal 
composite were similar between the two groups with 
HRs close to 1. The risks of HF and severe hypoglycemia 

were non-significantly lower in the group treated with 
SGLT-2i, HR 0.83 (95% CI 0.65–1.07) and 0.69 (95% CI 
0.21–2.28), respectively. The risks of stroke and periph-
eral artery disease (PAD) were higher in the group 
treated with SGLT2-i relative to the group treated with 
GLP1-RA, HR 1.44 (95% CI 0.99–2.08) and 1.68 (95% CI 
1.04–2.72), respectively. HR is however only nominally 
significant in PAD (p-value = 0.035).

The reduction of HbA1c and systolic blood pres-
sure were similar between the two groups. In the group 
treated with GLP-1RA the reduction in HbA1c was 10.05 
mmol/mol (95% CI 10.68–9.43) 12 months post index 
date, while the corresponding reduction for the group 
treated with SGLT-2i was 9.15 mmol/mol (95% CI 9.80–
8.49). The group treated with SGLT-2i had a mean weight 
loss of 3.46  kg (95% CI 3.77–3.14), while those treated 
with GLP-1RA lost in average 2.49 kg (95% CI 2.76–2.22).

Subgroup analyses were performed with IPTW 
adjusted cox-regressions. The stratification was made 
according to pre-existing CVD, pre-existing HF, 
pre-existing cardiorenal disease (i.e., a composite of 

Table 1 Clinical characteristics of participants starting treatment with a GLP‑1RA or a SGLT‑2i

Propensity score adjusted analysis using inverse probability of treatment weighting estimating the average treatment effect for everyone. Means with standard 
deviations. Numbers and proportions (%)

MACE major adverse cardiovascular events

Variable GLP‑1RA
(n = 9684)

SGLT‑2i
(n = 12,097)

P value Standardized 
mean difference

Sex (female %) 38.1 37.0 0.152 0.022

Age (years) 60.23 (11.00) 60.82 (10.92) 0.001 0.054

Diabetes duration (years) 7.42 (5.67) 7.67 (5.79) 0.012 0.044

HbA1c (mmol/mol) 67.55 (14.75) 67.20 (14.49) 0.175 0.024

BMI (kg/m2) 33.40 (6.04) 32.41 (5.90) < 0.001 0.166

Systolic blood pressure (mmHg) 135.17 (14.70) 135.22 (15.07) 0.856 0.003

Diastolic blood pressure (mmHg) 80.46 (9.63) 80.21 (9.77) 0.122 0.026

LDL cholesterol (mmol/L) 2.56 (0.95) 2.55 (0.95) 0.461 0.014

HDL cholesterol (mmol/L) 1.13 (0.31) 1.14 (0.32) 0.009 0.051

Triglycerides (mmol/L) 2.32 (1.58) 2.29 (1.66) 0.217 0.024

eGFR (ml/min/1.73  m2) 91.32 (24.58) 92.05 (24.07) 0.087 0.030

Microalbuminuria (%) 20.7 20.6 0.869 0.003

Macroalbuminuria (%) 4.5 4.1 0.250 0.023

Smoker (%) 15.1 15.5 0.551 0.011

History of MACE (%) 15.8 17.0 0.043 0.032

Heart failure (%) 3.5 3.8 0.353 0.014

Metformin treatment (%) 87.3 86.6 0.175 0.021

Sulfonylurea treatment (%) 29.3 29.0 0.610 0.008

Alpha‑glucosidase inhibitor treatment(%) 0.4 0.4 0.412 0.012

Meglitinide treatment (%) 5.2 5.1 0.859 0.003

Thiazolidinedione treatment (%) 1.6 1.7 0.967 0.001

Antihypertensive medication (%) 73.9 73.9 0.986 0.001

RAS blocker (%) 65.7 65.7 0.979 < 0.001

Lipid‑lowering medication (%) 65.0 65.3 0.705 0.006
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eGFR < 60, micro- or macroalbuminuria, MACE, AMI, 
stroke, or CVD), and albuminuria (Table  3). Patients 
treated with GLP-1RA had significantly lower risk of 
stroke in the group without established CVD compared 
to SGLT-2i, HR 1.73 (95% CI 1.11–2.68), as well as in the 
group without pre-existing cardiorenal disease, HR 2.08 
(95% CI 1.21–3.58). The risk of MACE in those without 
established CVD was also lower for GLP-1RA, HR 1.27 
(95% CI 1–1.62), however underpowered (p = 0.053) 
(Table 3).

In continuous users, the results were overall in broad 
agreement with those seen in the ITT population. The 
cumulative mortality rate was significantly lower for 
SGLT-2i compared to GLP-1RA with HR 0.72 (95% CI 
0.55–0.94). HR for MACE was 1.0 (95% CI 0.84–1.18), 
and HR for AMI was 0.87 (95% CI 0.61–1.24). HR for 
stroke was 1.52 (95% CI 0.97–2.39) and HR for PAD was 
1.77 (95% CI 1.03–3.06). HR for HF was 0.82 (95% CI 
0.61–1.08) and HR for renal composite was 0.96 (95% CI 
0.89–1.03).

Fig. 1 Outcome analysis. Results of Cox analysis on primary and secondary outcomes. Event rates are reported as number of events/1000 
person‑years

Table 2 Number of events and event rates in participants after starting treatment with a GLP‑1RA or a SGLT‑2i and IPTW adjusted Cox 
regressions comparing SGLT‑2i to GLP‑1RA

Incidence rate per 1000 patient-years with exact 95% Poisson confidence intervals. MACE, major adverse cardiovascular events. CVD, cardiovascular disease. CHF, 
congestive heart failure. Renal composite, any of micro- or macroalbuminuria, eGFR 50% reduction or lower than 60, dialysis, renal transplantation, renal failure, renal 
death. The IPTW statistical analysis is based on Cox regressions with exposure as the only covariate. The weights are defined to estimate the average treatment effect 
for everyone (ATE)

Outcome GLP‑1RA SGLT‑2i SGLT‑2i vs. GLP‑1RA

Events Incidence rate Events Incidence rate Hazard ratio, c P‑value

Total mortality 145 8.2 (6.9–9.7) 128 7.7 (6.4–9.2) 0.78 (0.61–1.01) 0.0641

MACE 348 20.4 (18.3–22.7) 392 24.4 (22.0–26.9) 1.03 (0.89–1.21) 0.6608

Fatal CVD 14 0.8 (0.4–1.3) 15 0.9 (0.5–1.5) 1.00 (0.47–2.13) 0.9947

Myocardial infarction 82 4.7 (3.7–5.8) 81 4.9 (3.9–6.1) 0.94 (0.68–1.3) 0.7295

Stroke 54 3.1 (2.3‑4.0) 82 5.0 (4.0–6.2) 1.44 (0.99–2.08) 0.0562

Fatal CHF 151 8.7 (7.3–10.2) 127 7.7 (6.4–9.2) 0.83 (0.65–1.07) 0.1503

Renal composite 1864 125.2 (119.6–131.0) 1882 131.1 (125.3–137.2) 0.98 (0.92–1.05) 0.5676

30% reduction eGFR 105 6 (4.9–7.3) 87 5.3 (4.2–6.5) 0.92 (0.68–1.25) 0.5863

40% reduction eGFR 56 3.2 (2.4–4.1) 45 2.7 (2.0–3.6) 0.94 (0.62–1.43) 0.7718

Halved eGFR 40 2.3 (1.6–3.1) 28 1.7 (1.1–2.4) 0.80 (0.47–1.35) 0.4007

Macroalbuminuria 403 23.7 (21.5–26.1) 349 (21.6 (19.4–24.0) 0.89 (0.77–1.04) 0.1408

Retinopathy 9 0.5 (0.2–1.0) 18 1.1 (0.6–1.7) 2.15 (0.92–5.03 0.0784

Hypoglycemia 8 0.5 (0.2–0.9) 5 0.3 (0.1–0.7) 0.69 (0.21–2.28) 0.5392

Hyperglycemia 9 0.5 (0.2‑1.0) 14 0.8 (0.5–1.4) 1.88 (0.78–4.52) 0.1571

Ketoacidosis 1 0.1 (0.0‑0.3) 1 0.1 (0.0‑0.3) 1.68 (1.04–2.72) 0.0346
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Discussion
GLP-1RA and SGLT-2i are being increasingly used in 
people with type 2 diabetes, due to efficacy and safety 
data in extensive clinical trial programs. This is also 
in line with current clinical treatment recommenda-
tions (ADA/EASD, ESC) [3, 4]. Recent major cardio-
vascular outcome trials have shown quite comparable 
effects for these two classes of drugs in patients with 
type 2 diabetes with established cardiovascular disease 
or multiple risk factors, although hinting at better car-
diorenal outcomes in the SGLT-2i class and more con-
sistent atherothrombosis for the GLP-1RA class [1, 2, 
11]. The present observational study including almost 
22,000 patients with type 2 diabetes, show similar out-
come rates of MACE, AMI and fatal CVD when initiat-
ing therapy with either SGLT-2i or GLP-1RA. However, 
it did strongly hint at better potential and quite rapid 
effects of GLP-1RA on stroke and PAD, whereas total 
mortality and HF point estimates were lower for the 
SGLT-2i class, as they were for some renal outcomes.

 These results are consistent with previous research, 
showing that the two drug classes reduce the risk of 
MACE to a comparable extent [5, 12]. Both have also 
been shown to significantly reduce the risks of AMI and 
fatal CVD [5]. Although these results suggest that SGLT-
2i and GLP-1RA have quite similar effects, we also found 
some numerically but statistically non-significant trends 
where they differentiated. The risk of heart failure was 
lower with SGLT-2i in our study. SGLT-2i’s effectiveness 
preventing heart failure has been demonstrated previ-
ously [13–16]. Recent evidence also shows benefits on 
progression of HF when treating patients with existing 
HF at baseline [17, 18]. By contrast, a meta-analysis sug-
gested only a borderline benefit on HF prevention in the 
GLP-1RA class [19]. The risks of PAD and stroke on the 
other hand where lower with GLP-1RA in the present 
study. Furthermore, the overall mortality risk seemed to 
be lower when treating with a SGLT-2i than with a GLP-
1RA. Whilst this is notable, it may be the short-term 
follow-up meant that the GLP-1RA class did not have 
a chance to lower total mortality, which was seen in the 
meta-analysis of available trial evidence [1]. In the sub-
group analyses, GLP-1RA’s positive effect on stroke was 
especially pronounced for those without pre-existing 
CVD or pre-existing cardiorenal disease.

In the present study, the effects on metabolic endpoints 
such as HbA1c, blood pressure and body weight were 
comparable between the two treatment groups. Both 
groups lost weight, approximately 2.5  kg for the group 
treated with GLP-1RA and around 3.5  kg for the group 
treated with SGLT-2i. These results are comparable to the 
weight loss achieved in available Phase III trials [20–22]. 
The group treated with GLP-1RA had a slight greater 

reduction in Hba1c. Although the differences were small 
between the groups in the present study, a recent meta-
analysis has shown that GLP-1RA might be somewhat 
more effective reducing HbA1c than SGLT-2i [23].

Even though the results are similar for many of the out-
come measures, SGLT-2i and GLP-1RA have completely 
different mechanisms of actions. SGLT-2i lowers plasma 
glucose, weight, and blood pressure through their glu-
cosuric and diuretic effects [24]. However, modulation 
of renal hemodynamics, preservation of renal function, 
improvement of salt and water homeostasis, as well as 
reduced sympathetic activation and inflammation have 
all been suggested to contribute [24]. Activation of the 
GLP-1 receptor also leads to multiple beneficial, direct 
or indirect, cordial and endothelial effects. These include 
reduced inflammation, less ischemic injury, improved 
endothelial function, vasodilatation and blood flow, but 
less smooth muscle proliferation and platelet aggregation. 
Collectively, these effects may have better benefits on 
atherothrombotic outcomes [25]. These are to be added 
to the well-known metabolic effects on glucagon as well 
as glucose-dependent insulin production, appetite regu-
lation and gastric emptying, with positive consequences 
on glycemic and weight control [26]. Both SGLT-2i and 
GLP-1RA have been suggested to improve ventricular 
remodeling in patients with type 2 diabetes, an important 
determinant of morbidity and long-term outcome [27], 
with robust trial evidence for SGLT2i recently emerging 
in patients with existing heart failure and reduced ejec-
tion fraction, with reductions in ventricular volumes 
[28]. Since these drug classes has different mechanisms 
of action, there is a growing interest of the use of them 
in conjunction with each other to achieve synergistic 
effects. Though this area needs to be examined in more 
detail, results suggest that co-treatment with SGLT-2i 
and GLP-1RA might attain beneficial effects on cardio-
vascular endpoints as well as on glycemic control and 
seems to be well tolerated by patients [29, 30].

In the present study, we chose a new-user design 
to avoid selection and immortal time biases. This 
approach has been advocated recently [31], and all 
confounders were assessed prior to exposure. This was 
determined prior to the start of the follow-up, thus 
minimizing the risk of reverse causality. The risk of bias 
due to confounding is mitigated using IPTW. Com-
pared to matching this makes it easier to control the 
estimand, in this case the ATE. An alternative would 
have been to use the common “greedy” 1–1 matching 
on propensity scores, which would have estimated the 
average effect for the treated (ATT). However, in that 
case we would have needed to define one of GLP-1RA 
or SGLT-2i as the “treated group” and the other as the 
“control group”, making this method non-optimal for 
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Fig. 2 a Cumulative total mortality (IPTW) after starting treatment 
with a GLP‑1RA or a SGLT‑2i. b Cumulative incidence rates of MACE 
(IPTW) after starting treatment with a GLP‑1RA or a SGLT‑2i. HRs 
SGLT‑2 inhibitor vs. GLP‑1 receptor agonist 1.03 (0.89–1.21).  c 
Cumulative incidence stroke (IPTW) after starting treatment with a 
GLP‑1RA or a SGLT‑2i. HRs SGLT‑2 inhibitor vs. GLP‑1 receptor agonist 
1.44 (0.99–2.08). d Cumulative incidence rates of retinopathy (IPTW) 
after starting treatment with a GLP‑1RA or a SGLT‑2i. HRs SGLT‑2 
inhibitor vs. GLP‑1 receptor agonist 2.15 (0.92–5.03). e Cumulative 
incidence rates of peripheral artery disease (IPTW) after starting 
treatment with a GLP‑1RA or a SGLT‑2i. HRs SGLT‑2 inhibitor vs. 
GLP‑1 receptor agonist 1.68 (1.04–2.72). f Cumulative incidence rates 
of congestive heart failure (IPTW) after starting treatment with a 
GLP‑1RA or a SGLT‑2i. HRs SGLT‑2 inhibitor vs. GLP‑1 receptor agonist 
0.83 (0.65–1.07)

▸

this kind of pairwise comparison. The risk of IPTW is 
that you can get very large weights for some people, 
resulting in inflated standard errors. We performed an 
IPTW adjusted Cox regressions using truncated IPTW 
(ATE) weights, with minimal changes from the non-
truncated analyse. This indicates that the weights were 
well behaved in the comparison between the GLP-1RA 
and SGLT-2i (Fig. 2).

Study limitations
As always with observational studies, there is a possibil-
ity of confounding by indication making the treatment 
groups differ in some instances at baseline. We have 
addressed this problem with IPTW, a well-known strat-
egy to obtain a pseudo-randomization in observational 
studies, ensuring the best possible balance between the 
groups. Another limitation of this study is the follow-
up time. Results from CVOT’s imply that SGLT-2i exert 
its positive effects more rapidly than GLP-1RA, why a 
longer follow-up time might have influenced the results 
in some instances [14, 32]. Some of our results were 
underpowered and did not reach the conventional level 
of significance (p = 0.05) but were acknowledged and 
discussed anyhow since there was high pre-test prob-
ability from trial results supporting them and the noticed 
difference in effect between the drug classes were large. 
As discussed in the article by Sterne and Smith, the p 
value needs to be interpreted in the given context and 
should not be used alone as a dichotomous tool to decide 
whether to discard a result as meaningful or not [33].

A major strength of the present study is its nationwide 
scope, based on registries and databases with almost com-
plete national coverage. Another advantage is the inclusion 
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of an unselected patient population with a great variation 
in clinical characteristics, and only few exclusion criteria, 
i.e., BMI higher than 45  kg/m2, eGFR lower than 30 ml/
min/1.73  m2, a history of pancreatitis, recent cancer, renal 
or liver transplantation, dialysis or bariatric surgery.

Conclusions
The results of this observational pharmacoepidemiologi-
cal study suggests that GLP-1RA and SGLT-2i are very 
similar with respect to risks of several major cardiovas-
cular outcomes, such as MACE, acute myocardial infarc-
tion, and fatal CVD. Treatment with GLP-1RA seems to 
be associated with lower risks of PAD and stroke (includ-
ing in those without prior ASCVD), whereas there is 
some hint of lower HF and total mortality in the short 
term in those prescribed SGLT-2i’s. In the absence of 
dedicated head-to-head clinic trials, these results might 
provide further guidance for clinicians choosing between 
the two classes of drugs in patients with type 2 diabetes.
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