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Abstract  

Aims  

Type 2 diabetes (T2DM) in patients with coronavirus disease-19 (COVID-19) is associated with 

worse prognosis. We separately investigated the associations between the use of sodium-glucose 

cotransporter 2 inhibitors (SGLT2i), glucagon-like peptide-1 receptor agonists (GLP-1 RA) and 

dipeptidyl peptidase-4 inhibitors (DPP-4i), and the risk of COVID-19 hospitalization and death.  

Methods and results  

Patients with T2DM registered in the Swedish National Patient Registry and alive on 1st February 

2020 were included. “Incident severe COVID-19” was defined as the first hospitalization and/or 

death from COVID-19. A modified Poisson regression approach was applied to a 1:1 propensity 

score-matched population receiving vs. not receiving SGLT2i, GLP-1 RA and DPP-4i to analyze 

the associations between their use and I) incident severe COVID-19, II) risk of 30-day mortality in 

patients hospitalized for COVID-19. 

Among 344,413 patients, 39,172 (11%) were treated with SGLT2i, 34,290 (10%) with GLP-1 RA 

and 53,044 (15%) with DPP-4i; 9,538 (2.8%) had incident severe COVID-19 by 15th May 2021. 

SGLT2i and DPP-4i were associated with a 10% and 11% higher risk of incident severe COVID-

19, respectively, whereas there was no association for GLP-1 RA. DPP-4i were also associated with 

a 10% higher 30-day mortality in patients hospitalized for COVID-19, whereas there was no 

association for SGLT2i and GLP-1 RA.  

Conclusion 

SGLT2i and DPP-4i use was associated with higher risk of incident severe COVID-19. DPP-4i use 

was associated with higher 30-day mortality in patients with COVID-19, whereas SGLT2i use was 

not. No increased risk for any outcome was observed with GLP-1 RA.  
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1. Introduction  

The current coronavirus disease 2019 (COVID-19) pandemic, due to the severe acute respiratory 

syndrome coronavirus-2 (SARS-CoV-2), is an ongoing challenge(1). Type 2 diabetes mellitus 

(T2DM) has been reported as one of the most frequent comorbidities associated with severe 

COVID-19, conferring a two-fold higher relative risk of severe COVID-19 requiring intensive care 

unit and in-hospital death(2). Possible mechanisms behind higher morbidity and mortality with 

COVID-19 in patients with vs. without T2DM are systemic inflammation, immunodeficit and 

hypercoagulability(3; 4). The cytokine storm in severe COVID-19 involves elevated levels of serum 

C-reactive protein, interleukin-6 (IL-6), D-dimer and ferritin, which are also observed in the chronic 

inflammation associated with hyperglycemia(5). Angiotensin Converting Enzyme 2 (ACE2) and 

Dipeptidyl Peptidase-4 (DPP-4) are two coronavirus receptor proteins that also have a role in 

glucose homeostasis regulation(6; 7). Finally, observational studies suggested that anti-

inflammatory agents used in severe COVID-19 pneumonia, e.g., anti-IL-6 agents, might be less 

effective in the presence of hyperglycemia(8). 

Novel glucose-lowering medications may reduce adverse COVID-19 outcomes because of their 

anti-inflammatory properties, but the potential role of different pharmacological classes in adverse 

COVID-19 outcomes has not been systematically investigated(5). DPP-4 inhibitors (DPP-4i) have 

been suggested to have a beneficial role in T2DM patients hospitalized for COVID-19(5; 9). 

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) and glucagon-like peptide-1 receptor agonists 

(GLP-1 RA) have several anti-inflammatory properties, which might also be linked with better 

outcomes(5; 10). Conversely, safety concerns have been raised for SGLT2i and GLP-1 RA, since 

they increase ACE2 expression which mediates SARS-CoV-2 binding to the cells(11).  However, 
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RAAS inhibitor drugs, which also increase ACE2 expression, do not appear to be associated with 

increased risk of incident COVID-19 or worse outcomes in prevalent COVID-19(12).  

The aim of the current study was to separately investigate the association between SGLT2i, GLP-1 

RA and DPP-4i use with (I) incident hospitalization/death for COVID-19 and (II) mortality in 

patients with COVID-19, in a nationwide cohort of T2DM patients in Sweden. 

 

2. Methods  

2.1 Data sources  

The analyses were performed using the Swedish National Patient Registry (NPR) linked through 

the personal identification number to the Cause of Death Registry, the Dispensed Drug Registry, 

and Statistics Sweden(13). The NPR, the Cause of Death Registry and the Dispensed Drug Registry 

are administered by the Swedish Board of Health and Welfare (www.socialstyrelsen.se), which 

collects International Classification of Diseases (ICD-10) diagnoses from all residents in Sweden, at 

hospitalizations as well as at outpatient non-primary care clinics. The Dispensed Drug Registry 

contains data for all dispensed prescriptions since 2005. Statistics Sweden collects socioeconomic 

data of Swedish residents. 

 

2.2 Study population and outcomes 

Adult patients with a diagnosis of T2DM in the NPR after 1997 (when ICD-10 was implemented) 

and who were alive on 01/02/2020 were included in the analyses. Additional exclusion criteria are 

reported in Supplementary Table S1. 

Index date was 01/02/2020 (first COVID-19 case in Sweden registered at the end of January 2020). 

End of follow-up was 15/05/2021. 

Outcomes were incident severe COVID-19 in the overall study population and 30-day all-cause 

mortality in patients with COVID-19. Incident severe COVID-19 was defined as the first 

occurrence of a hospitalization with confirmed COVID-19 as main diagnosis in the NPR or 
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confirmed COVID-19 as underlying cause of death in Cause of Death Registry. In patients 

hospitalized for COVID-19, In patients hospitalized for COVID-19, subsequent hospitalizations for 

hypoglycaemia and diabetic ketoacidosis (DKA) were also investigated, with patients censored at 

death or at end of follow-up.  

The percentage of patients still on treatment with the different study drugs was calculated based on 

those with at least one prescription within 5 months after incident severe COVID-19. 

Detailed definitions for comorbidities, COVID-19 disease, and treatments are available in 

Supplementary Table S2. 

 

2.3 Statistical analysis 

Baseline characteristics of patients receiving vs. not receiving SGLT2i, GLP-1 RA and DPP-4i, 

separately, were reported as frequencies (percentages) for categorical variables and as medians 

(interquartile range-IQR) for continuous variables. Differences were evaluated by standardized 

mean differences (SMD), where a value <0.1 was considered as non-significant. There was limited 

missing data from the following variables from Statistics Sweden: country of birth, income, 

education level, family type (living alone or not) and living in region Stockholm or not. Patients 

with missing data are excluded from all analyses (Supplementary Table S1). 

Separate analyses were performed for the three investigated drug classes. In the whole study 

population, the association between treatment and incident severe COVID-19 was evaluated. In a 

subset of patients hospitalized for COVID-19 and 30-days follow-up available, the association 

between the treatment and 30-day all-cause mortally was assessed. The associations were 

investigated by a modified Poisson regression approach(14), i.e. using Generalized Estimating 

Equations models with a Poisson distribution and a robust error variance. Adjustment for covariates 

was performed by propensity score (PS) matching where the PS for the treatment of interest was 

estimated for each patient by a logistic regression model including the variables indicated with * in 

Supplementary Table S3 as covariates, and where age was modelled using cubic splines with four 
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degrees of freedom. 1:1 matching without replacement, where the PS was allowed to differ by 0.01 

or less, was thereafter performed. The ability of the PS-matching to balance the baseline 

characteristics was assessed by SMD. 1:1 PS-matching was deemed the best option when the 

balance between groups and the number of patients retained in the analysis is considered. The 

matched pairs were incorporated in the model using an exchangeable correlation structure.  

Consistency analyses were performed 1) in the overall (unmatched) population, adjusting for the 

individual variables indicated with * in Supplementary Table S3 rather than matching by PS; and 

2) for the analysis with COVID-19 as outcome, using a sub-distributional hazards model, (Fine-

Gray model) for time to incident severe COVID-19 where non-COVID-19 death was treated as a 

competing event.  

The associations between each treatment and the outcomes in predefined subgroups were 

investigated by including an interaction term in the model. One considered subgroup was the 

Stockholm region since the greatest number of cases was registered there. All analyses were 

performed using R version 4.0.2.  

 

2.4 Ethics  

Patient consent is not required for registration in the national administrative registries. The current 

analysis was approved by the Swedish Ethics Review Authority and was conducted in accordance 

with the Declaration of Helsinki.  

 

3. Results  

Of 365,537 patients with a diagnosis of T2DM recorded in the NPR between 1997 and 1st February 

2020, 344,413 were included in our analysis after applying the exclusion criteria (Supplementary 

Table S1). The median age (IQR) of the study population was 72 (62-79), 42.4% were women; 

39,172 (11.4%) were treated with SGLT2i, 34,290 (10%) with GLP-1 RA and 53,044 (15.4%) with 

DPP-4i. 
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3.1 Baseline characteristics  

The baseline characteristics of patients receiving vs. non-receiving SGLT2i, GLP-1 RA and DPP-4i 

are reported in Table 1 and in Supplementary Table S3.  

SGLT2i users vs. non-users had higher prevalence of obesity and ischemic heart disease, with more 

frequent prior coronary revascularizations. SGLT2i users were more likely to receive antiplatelet 

therapy, renin-angiotensin system inhibitors/angiotensin receptor-neprilysin inhibitors 

(RASi/ARNi), beta blockers, and lipid-lowering drugs compared with non-users. Moreover, 

patients receiving SGLT2i were more often treated with other glucose-lowering agents, including 

oral antidiabetics, insulin, GLP-1 RA and DPP-4i.  

GLP-1 RA users vs. non-users were younger, with higher education level and income. The 

prevalence of the analyzed comorbidities was similar in both groups except for history of stroke, 

atrial fibrillation, previous bleeding events, history of cancer in the last 3 years, dementia and 

previous stroke being more prevalent among non-users and obesity being more common among 

users. GLP-1 RA users were more often treated with RASi/ARNi, lipid-lowering drugs, insulin, 

metformin and SGLT2i but not with other oral antidiabetics.  

DPP-4i users vs. non-users were older, with higher prevalence of renal disease, but the other 

comorbidities did not substantially differ. RASi/ARNi, beta blockers, calcium channel blockers, 

lipid lowering drugs, diuretics, and oral glucose-lowering agents were all prescribed in higher 

proportions is users than in non-users. 

Baseline characteristics of the subset of patients hospitalized for COVID-19 patients according to 

the use of the three different drug classes are shown in Supplementary Table S4.  
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3.2 Association between SGLT2i, GLP-1 RA or DPP-4i use and risk of incident severe COVID-19 

(Table 2) 

Of the 344,413 patients included in our analysis, 9,538 (2.8%) had incident severe COVID-19; 

among them, 963 (10.1%) were taking SGLT2i, 907 (9.5%) were taking GLP-1 RA and 1,639 

(17.2%) were taking DPP-4i.  

The risk of incident severe COVID-19 was significantly higher in SGLT2i users vs non-users, with 

a risk ratio (RR) [95% confidence interval (CI)] of 1.11 [1.02 – 1.22]. The consistency analyses 

confirmed this significant difference and results were similar across all investigated subgroups 

(Figure 1).  

The use of GLP-1 RA was not significantly associated with risk of incident severe COVID-19 (RR 

[95% CI]: 1.05 [0.96 – 1.15]), which was confirmed by the competing risk analysis. However, in 

the consistency analysis in the unmatched population, where adjustments were performed according 

to individual covariates, GLP-1 RA use was associated with a higher risk of incident severe 

COVID-19 (RR [95% CI]: 1.10 [1.02 – 1.18]). Among the investigated subgroups, GLP-1 RA 

treatment was associated with a higher risk of incident severe COVID-19 in the subset without heart 

failure (RR [95% CI]: 1.12 [1.01-1.24], p-value for interaction 0.015). Results were consistent in 

the other subgroups (Figure 1).  

The use of DPP-4i was associated with a higher risk of incident severe COVID-19 (RR [95% CI]: 

1.10 [1.03 – 1.18]), with similar results in the consistency analyses and in all subgroups (Figure 1). 

 

3.3 Outcomes in patients hospitalized for COVID-19 (Table 3) 

Overall, 2,975 (31%) deaths occurred in the 9,538 hospitalized patients with COVID-19 as primary 

diagnosis, with 2,145 deaths (72%) having COVID-19 as the underlying cause of death. In the PS-

adjusted analyses there was no significant difference in the risk of 30-day all-cause death in patients 

receiving vs. not receiving SGLT2i, with a RR [95% CI] of 1.04 [0.85-1.27], and GLP-1 RA with a 
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RR [95% CI] of 0.88 [0.73-1.07], whereas risk was higher in DPP-4i users vs non-users, with a RR 

[95% CI] of 1.11 [1.00-1.22]. These results were overall consistent in the subgroups, except for a 

statistically significant lower risk of 30-days mortality associated with GLP-1 RA use in patients on 

concomitant metformin therapy (RR [95% CI]: 0.62 [0.45-0.85], interaction p = 0.003). 

Hospitalizations for hypoglycaemia according to the use of the three different drug classes was very 

low, with no substantial difference between users and non-users, as presented in Supplemental 

Table S5. There were no hospitalizations for DKA. 

As regards treatment continuation, 285 (78%) of the patients who were prescribed an SGLT2i at the 

index date was still prescribed after five months; the respective results for GLP1-RA and DPP-4i 

were 250 (77%) and 400 (78%). 

 

4. Discussion  

In this nationwide cohort of patients with T2DM, the use of SGLT2i and of DPP-4i was associated 

with higher risk of incident severe COVID-19, defined as hospitalization for or death from COVID-

19, whereas GLP-1 RA use was numerically associated with increased risk but without reaching 

statistical significance. Among patients hospitalized with COVID-19, the use of DPP-4i, but not of 

SGLT2i or GLP-1 RA, was associated with higher mortality.  

The relationship between the use of glucose-lowering agents and COVID-19-related outcomes is 

paramount in clinical practice and to policy makers, because of the high and growing prevalence of 

T2DM and subsequent cardiovascular complications, the increasing use of novel glucose-lowering 

drugs, the higher COVID-19 mortality observed in patients with T2DM(15), and the recurring and 

unpredictable waves of COVID-19 despite effective vaccines(16).   

As regards SGLT2i, clinical practice guidelines recommend the discontinuation in acute illness due 

to the increased risk of volume depletion and DKA(17). We observed that their at-home use was 

associated with an 11% higher risk of incident severe COVID-19, however no hospitalizations for 

DKA were observed. These findings might be explained by higher hospitalization rates for COVID-
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19 in patients treated vs. non-treated with SGLT2i, with the first being at higher CV risk compared 

with the latter, and therefore more susceptible to a more severe COVID-19. Indeed, in our 

population, a larger proportion of patients receiving SGLT2i had established atherosclerotic 

cardiovascular disease and was on treatment with antiplatelet agents, antihypertensive medications, 

lipid-lowering drugs, and antidiabetics(18). Despite extensive adjustments for these and many other 

patient characteristics, we were not able to directly assess and therefore adjust for other 

cardiometabolic risk factors such as glycated hemoglobin (HbA1c) or lipid levels, and thus we 

cannot rule out that residual confounding, e.g. more severe cardiometabolic disease in SGLT2i 

users, might explain their 11% higher risk of incident severe COVID-19. However, in patients 

hospitalized for COVID-19, mortality rates were not higher with SGLT2i. Consistent with these 

findings, the DARE-19 randomized controlled trial showed no difference between dapagliflozin and 

placebo in 1,250 patients with cardiometabolic risk factors as regards the risk of new or worsened 

organ dysfunction, death, and recovery(19). Nonetheless, dapagliflozin was well tolerated and no 

new safety signals were identified, in accordance with the present study, where just two 

hospitalizations for hypoglycaemia were reported for SGLT2i users (vs seven in non-users) and 

there was no hospitalization for DKA. Results of the RECOVERY trial (NCT04381936), which 

aims to assess whether empagliflozin reduces the risk of death, the length of hospital stay and the 

need of mechanical ventilation among patients admitted to hospital with COVID-19, will provide 

further evidence on SGLT2i.  

It has been suggested that the pharmacological inhibition of DPP-4 might hinder virus penetration 

in the target cells, thus conferring a lower risk of incident COVID-19 in DPP-4i users(20). 

However, later preclinical studies showed that the binding sites for DPP-4i do not overlap with 

those for viral spike proteins of SARS-CoV-2(21). Observational data are considerably 

heterogeneous(22). In a large primary care setting in UK, patients prescribed with SGLT2i had a 

similar risk of confirmed or clinically suspected COVID-19 compared to patients prescribed with 

DPP4i (23). On the other hand, an observational cohort study on 2.85 million English patients with 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvac044/6665927 by guest on 01 Septem

ber 2022



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

T2DM reported adjusted hazard ratios for COVID-19-related death of 0.94 (0.83–1.07) for GLP-1 

RA and 1.07 (1.01–1.13) for DPP-4i inhibitors(24).  

The current practical recommendations do not mandate the discontinuation of incretin-based 

therapies in patients with COVID-19(17), and indeed, most of the patients with incident severe 

COVID-19 in the present study were prescribed the investigated treatments after discharge. 

Previous studies on patients with T2DM and confirmed COVID-19 report mixed findings. Meta-

analyses reported that the use of DPP-4i(9) and of GLP-1 RA(25) was associated with decreased 

COVID-19 mortality. In a study conducted in Italy, treatment with sitagliptin was associated with 

lower mortality and better clinical outcomes compared with standard-of-care treatment(26). 

Accordingly, a large multinational retrospective cohort study demonstrated that use of GLP-1 RA 

and DPP-4i was associated with fewer hospital admissions, respiratory complications and 

mortality(27). Other studies suggested no associations between incretin-based therapies use in 

COVID-19 and outcomes: a registry-based Danish study did not show any difference in the risk of 

adverse outcomes between GLP‐1 RA or DPP‐4i users, and SGLT2i users(28). In the Spanish 

SEMI-COVID-19 registry no significant associations were found between the use of SGLT2i and 

DPP-4i and the admission to intensive care units, mechanical ventilation, in-hospital death, 

development of in-hospital complications and a long-time hospital stay in patients hospitalized for 

COVID-19(29). A PS-matched analysis of the prospective observational study CORONADO 

reported no association between DPP-4i use and the composite primary endpoint (tracheal 

intubation for mechanical ventilation and death within 7 days of admission)(30). Finally, data from 

12,446 SARS-CoV-2-positive adults in the National COVID Cohort Collaborative U.S. study 

showed that GLP-1 RA and SGLT2i use was associated with lower odds of 60-day mortality 

compared with DPP-4i use(31).  

GLP-1 RA use was not associated with incident severe COVID-19 and mortality in patients 

hospitalized for COVID-19 in the main analysis (i.e., PS-matched), whereas in the adjusted model 

including all patients the risk associated with GLP1-RA use was 10% higher. The association of 
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DPP-4i use with incident severe COVID-19 was significant, consistently in the main analysis and in 

the multi-adjusted analysis. One possible explanation could be that in our study DPP-4i users were 

significantly older compared with non-users and with SGLT2i and GLP-1 RA users, in accordance 

with national recommendations in Sweden. Age by itself is an independent risk factor for COVID-

19 morbidity and mortality and might be accompanied by other comorbidities and frailty which we 

could not adjust for. Another possible explanation is that, unlike SGLT2i and most of GLP1-RA, 

DPP-4i do not provide cardiovascular protection in patients with T2DM, and this might affect the 

prognosis in patients with severe COVID-19, who are particularly burdened by adverse 

cardiovascular outcomes(32). Stronger evidence will be provided by ongoing randomized clinical 

trials on sitagliptin (SIDIACO-RCT, NCT04365517) and linagliptin (NCT04371978, 

NCT04341935). However, it must be noted that SGLT2i and GLP-1 RA are very effective in 

reducing cardiovascular risk, which steadily burdens patients with diabetes at least as much as 

COVID-19 during the pandemic, thus their benefit justifies their continued use. 

The present analysis has several strengths. The inclusion of a large nationwide registry population 

with full coverage warrants high generalizability of our findings. The risk of incident severe 

COVID-19 is addressed in the general population of T2DM patients, providing a large clinical 

prospective. PS-matched analyses allowed to adjust for potential known confounders. 

Some limitations should be acknowledged. First, the observational nature of this study prevents 

from assessing causality, i.e. residual confounding and selection bias cannot be rule out. We made 

all efforts to address this bias by using different models in consistency analyses, however the results 

were not steadily in accordance: in the fully adjusted models, the association between the single 

class use and risk for incident severe COVID-19 were statistically significant, suggesting high 

potential for residual confounding, possibly conferred by indication bias and frailty. Second, the 

number of quality check on the data obtained by the Swedish Board of Health and Welfare in 2021 

was lower than usual due to the urgency of providing information on the pandemics. Third, since 

patients with COVID-19 were defined based on hospitalization or death for COVID-19, our results 
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might not be generalizable to COVID-19 patients who were not admitted to the hospital. Although 

our analyses were adjusted for comorbidities and pharmacological treatments which might serve as 

proxies of glycaemic control, data on HbA1c levels were missing thus glycaemic control could not 

be directly assessed. Finally, patients with T2DM only treated in primary care were not included. 

 

In conclusion, in a nationwide real-world population of patients with T2DM, the use of SGLT2i 

was associated with slightly higher risk of incident COVID-19 hospitalization/death, but not with 

higher 30-day mortality in patients with COVID-19. GLP-1 RA treatment was not significantly 

associated with higher risk of COVID-19 hospitalization/death or with increased mortality. The use 

of DPP-4i was associated with a slightly higher risk of hospitalization/death due to COVID-19 and 

of 30-day mortality among patients hospitalized with COVID-19. None of the three drug classes 

was associated with an increased risk of incident severe COVID-19 or death that exceeded 11%. 

Thus, these observational results should be interpreted with caution because of the high potential of 

indication bias, i.e. overall increased vulnerability in patients who are prescribed these drugs. 
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Figure 1 

Forest plots of the association between SGLT2i, GLP-1 RA and DPP-4i and incident severe 

COVID-19 in the whole propensity-score matched cohort and in relevant subgroups. 

 

Legend: HF: heart failure; IHD: ischemic heart disease; SGLT2i: sodium-glucose cotransporter 2 

inhibitors; GLP-1 RA: glucagon-like peptide-1 receptor agonists; DPP-4i: dipeptidyl peptidase-4 

inhibitors. 
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Table 1 Baseline characteristics of patients with type 2 diabetes according to the use of SGLT2i, GLP-1 RA and DPP-4i. 
Categorical variables are presented with n (%) and continuous variables with median [q1-q3]. 
 

VARIABLE SGLT2i No SGLT2i Yes SMD GLP1-RA No GLP1-RA Yes SMD DPP-4i No DPP-4i Yes SMD 

Age 
72.0 

[63.0, 79.0] 
66.0 

[59.0, 73.0] 
0.433 

72.0 
[63.0, 79.0] 

66.0 
[57.0, 73.0] 

0.502 
71.0 

[62.0, 78.0] 
73.0 

[65.0, 79.0] 
0.155 

Male sex 172002 (56.3) 26461 (67.6) 0.232 178181 (57.5) 20282 (59.1) 0.034 167018 (57.3) 31445 (59.3) 0.040 

Main cardiovascular comorbidities 

Atrial fibrillation 55315 (18.1) 5765 (14.7) 0.092 56307 (18.2) 4773 (13.9) 0.116 51080 (17.5) 10000 (18.9) 0.034 

Heart failure 44595 (14.6) 5286 (13.5) 0.032 45462 (14.7) 4419 (12.9) 0.051 41379 (14.2) 8502 (16.0) 0.051 

Hypertension 214204 (70.2) 27177 (69.4) 0.017 216942 (70.0) 24439 (71.3) 0.029 202744 (69.6) 38637 (72.8) 0.072 

Ischaemic heart disease 80260 (26.3) 13218 (33.7) 0.163 84600 (27.3) 8878 (25.9) 0.031 78691 (27.0) 14787 (27.9) 0.019 

Previous Stroke/TIA 50345 (16.5) 5020 (12.8) 0.104 51456 (16.6) 3909 (11.4) 0.150 46668 (16.0) 8697 (16.4) 0.010 

Pharmacological therapy 

Anticoagulant 55968 (18.3) 6132 (15.7) 0.071 56868 (18.3) 5232 (15.3) 0.082 51876 (17.8) 10224 (19.3) 0.038 

Antiplatlet 100067 (32.8) 15653 (40.0) 0.150 104173 (33.6) 11547 (33.7) 0.002 96678 (33.2) 19042 (35.9) 0.057 

Beta blockers  138010 (45.2) 19816 (50.6) 0.108 141082 (45.5) 16744 (48.8) 0.067 130696 (44.9) 27130 (51.1) 0.126 

Lipid-lowering 185554 (60.8) 30415 (77.6) 0.371 190623 (61.5) 25346 (73.9) 0.269 177739 (61.0) 38230 (72.1) 0.236 

MRA 21172 (6.9) 3423 (8.7) 0.067 21620 (7.0) 2975 (8.7) 0.064 20479 (7.0) 4116 (7.8) 0.028 

RASi/ARNi 189049 (61.9) 28361 (72.4) 0.224 192892 (62.2) 24518 (71.5) 0.199 180954 (62.1) 36456 (68.7) 0.140 
 
Abbreviations 
DPP-4i: dipeptidyl peptidase-4 inhibitors; GLP-1 RA: glucagon-like peptide-1 receptor agonists; MRA: mineralocorticoid receptor antagonists; RASi/ARNi: renin-angiotensin 
system inhibitors/ angiotensin receptor-neprilysin inhibitors; SGLT2i: Sodium-glucose cotransporter 2 inhibitors; SMD stardardised mean difference; TIA: transitory ischaemic 
attack.  
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Table 2. Association between SGLT2i, GLP1-RA or DPP-4i use and risk of incident COVID-19 outcome, i.e. presence of a hospitalization with confirmed COVID-19 as main 
diagnosis in the National Patient Registry or as confirmed COVID-19 as underlying cause of death in Cause of Death Registry. 
 

Model SGLT2i No 
SGLT2i  

Yes 
p-value 

GLP1-RA 
No 

GLP1-RA  
Yes 

p-value 
DPP-4i  

No 
DPP-4i  

Yes 
p-value 

Matched, n (%) event 864 (2.2) 962 (2.5)  862 (2.5) 906 (2.7)  1485 (2.8) 1639 (3.1)  

   RR (95% CI) ref 1.11 (1.02-1.22) 0.020 ref 1.05 (0.96-1.15) 0.289 ref 1.10 (1.03-1.18) 0.005 

   Competing risk HR (95% CI) ref 1.11 (1.02-1.22) 0.021 ref 1.05 (0.96-1.15) 0.290 ref 1.11 (1.03-1.19) 0.005 

All patients, n (%) event 8575 (2.8) 963 (2.5)  8631 (2.8) 907 (2.7)  7899 (2.7) 1639 (3.1)  

   Crude RR (95% CI) ref 0.88 (0.82-0.93) <0.001 ref 0.95 (0.89-1.02) 0.140 ref 1.14 (1.08-1.20) <0.001 

   Adjusted RR (95% CI) ref 1.09 (1.02-1.16) 0.017 ref 1.10 (1.02-1.18) 0.010 ref 1.15 (1.09-1.22) <0.001 
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Table 3. Association between SGLT2i, GLP1-RA and DPP-4i use and risk of all-cause death within 30 days in patients with COVID-19. 
 

Model 
SGLT2i  

No 
SGLT2i  

Yes 
p-value 

GLP1-RA 
No 

GLP1-RA  
Yes 

p-value 
DPP-4i  

No 
DPP-4i  

Yes 
p-value 

Matched, n (%) event 146 (16.9) 152 (17.6)  169 (20.8) 149 (18.3)  489 (31.7) 541 (35.1)  

   RR (95% CI) ref 1.04 (0.85-1.27) 0.694 ref 0.88 (0.73-1.07) 0.201 ref 1.11 (1.00-1.22) 0.046 

All patients, n (%) event 2823 (34.7) 152 (17.3)  2823 (34.5) 152 (18.2)  2432 (32.6) 543 (35.1)  

   Crude RR (95% CI) ref 0.50 (0.43-0.58) <0.001 ref 0.53 (0.46-0.61) <0.001 ref 1.08 (1.00-1.16) 0.059 

   Adjusted RR (95% CI) ref 0.91 (0.79-1.05) 0.183 ref 0.91 (0.79-1.04) 0.155 ref 1.05 (0.98-1.12) 0.202 
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