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ABSTRACT
Objective  To evaluate the effect of sodium-glucose 
co-transporter 2 inhibitors (SGLT2i) and glucagon-like 
peptide-1 receptor agonists (GLP-1RA), compared with 
dipeptidyl peptidase-4 inhibitors (DPP-4i) as add-on 
therapy on cardiovascular (CV) morbidity and mortality 
in patients with type 2 diabetes (T2D).
Design and setting  A nationwide cohort study using 
three linked healthcare databases from Slovenia 
(outpatient prescription claims data, hospitalisation 
claims data and death registry data).
Participants  Patients with T2D with newly introduced 
DPP-4i (n=3817), GLP-1RA (n=855) or SGLT2i (n=2851) 
add-on therapy between June 2014 and June 2018.
Primary and secondary outcome measures  The 
primary outcome was a major adverse CV event 
(MACE), while the secondary outcomes were CV death 
and heart failure (HF). The effects of the antidiabetic 
medicine group on the risk of each outcome were 
estimated with Cox proportional hazards regression. 
Intention-to-treat and on-treatment approaches were 
used.
Results  In the intention-to-treat analysis, SGLT2i as 
add-on therapy, when compared with DPP-4i, was 
associated with lower risk of MACE (HR=0.66; 95% CI 
0.50 to 0.85; p=0.002) and CV death (HR=0.46; 95% CI 
0.30 to 0.73; p=0.001). On-treatment analysis revealed 
lower HF risk in patients initiating SGLT2i (HR=0.54; 
95% CI 0.30 to 0.99; p=0.047). In the intention-to-treat 
analysis, GLP-1RA add-on therapy was associated 
with a lower MACE risk when compared with DPP-4i 
(HR=0.64; 95% CI 0.43 to 0.97; p=0.034), but it had a 
non-significant effect on CV death (HR=0.62; 95% CI 
0.34 to 1.14; p=0.128) and HF (HR=1.39; 95% CI 
0.88 to 2.21; p=0.157). The results of on-treatment 
analyses were in agreement with the results of 
intention-to-treat analyses.
Conclusions  SGLT2i and GLP-1RA improved CV 
morbidity and mortality in patients with T2D when 
compared with DPP-4i as an add-on therapy. The 
results of this study may serve as a basis for the 
selection of an optimal add-on antidiabetic medicine to 
reduce CV morbidity and mortality in patients with T2D 
in clinical practice.
Trial registration number  EUPAS32558.

INTRODUCTION
Randomised placebo-controlled trials reveal 
that treatment with sodium-glucose co-trans-
porter 2 inhibitors (SGLT2i) and glucagon-
like peptide-1 receptor agonists (GLP-1RA) 
reduces the risk of cardiovascular (CV) 
events in patients with type 2 diabetes (T2D). 
Specifically, GLP-1RA and SGLT2i reduce 
the risk of major adverse CV events (MACE), 
while SGLT2i also reduce the risk of heart 
failure (HF). Moreover, empagliflozin and 
liraglutide also reduce the risk of CV death, 
while other SGLT2i and GLP-1RA do not.1–8 
Several observational studies have evaluated 
the effect of SGLT2i and GLP-1RA on the 
CV outcomes of patients with T2D in routine 
clinical practice. The majority of these studies 
have been based on electronic health records 
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and/or registries from either the USA9–13 or Scandi-
navia.14–17 Studies that assess HF risk following SGLT2i 
treatment9–12 14–16 18–20 provide evidence that SGLT2i have 
a protective effect on HF, irrespective of the compar-
ator used. In contrast, studies that compare the effects 
of dipeptidyl peptidase-4 inhibitors (DPP-4i) and GLP-
1RA on HF provide conflicting evidence.13 17 21 Current 
evidence of how SGLT2i and GLP-1RA treatment affects 
the risk of MACE and mortality is inconclusive.14–16 19 21 In 
contrast to the reduction of HF risk that appears shortly 
after the introduction of SGLT2i,1 18 the detection 
of any changes to the risk of MACE or mortality likely 
require longer follow-up. Although most previous studies 
followed the outcomes of large groups of patients with 
T2D, many failed to use a specific study comparator11 14 19 
or were subject to an immortal time bias.22 In addition, 
the majority of previous SGLT2i studies that did use a 
specific comparator (mostly DPP-4i) had a relatively short 
follow-up period, usually less than 1 year in the primary 
analysis.9 10 12 15 16 18 Few studies distinguish between the 
additional administration of a novel antidiabetic medi-
cine alongside an existing therapy (‘add-on therapy’) and 
switching from background antidiabetic treatment to a 
novel antidiabetic (‘switch’). Current guidelines23 recom-
mend stepwise addition of antidiabetic medicines for 
patients who do not achieve glycaemic targets. Therefore, 
the aim of the current study was to evaluate the effect of 
SGLT2i and GLP-1RA, compared with DPP-4i as add-on 
therapy, on CV morbidity and mortality in real-world 
patients with T2D.

METHODS
This nationwide retrospective cohort study was conducted 
using data from three Slovenian databases (Outpatient 
Prescription Medicines Database, National Hospital 
Health Care Statistics Database, Causes of Death Registry) 
obtained from the National Institute of Public Health. 
The data were obtained for the period 1 January 2009 
to 31 December 2019. The databases used in the study 
contain data on all dispensed outpatient prescriptions, all 
hospital admissions and deaths for the entire Slovenian 
population and are linkable at the patient level through 
anonymous patient identifier. A detailed description of 
the databases is included in the online supplemental 
material. The study protocol was registered at ENCePP.

Cohort selection
Figure 1 presents a flow chart of cohort selection. Data-
base population was defined from outpatient prescrip-
tions database. All patients who filled at least two 
prescriptions for any antidiabetic medicine within the 
1-year period prior to 30 June 2014 (the date when the 
first SGLT2i became available on the Slovenian market) 
were included in the database population. For these 
patients, data on hospital admissions (from 1 January 
2009 to 31 December 2019) and data on deaths were 
included in the database. We further excluded patients 

aged 40 years or less (to reduce the number of patients 
with T1D, gestational diabetes or early-onset T2D in our 
cohort) and patients previously treated with novel antidi-
abetic medicines (DPP-4i, GLP-1RA or SGLT2i; to ensure 
more homogeneous and comparable groups, as these 
patients could not be previously treated with SGLT2i but 
could be treated with GLP-1RA or DPP-4i).

From this patient population, we selected patients 
who received a first prescription for a novel antidiabetic 
medicine (see online supplemental table S1) between 30 
June 2014 and 30 June 2018 (‘incident-user design’). We 
further excluded patients who did not receive an addi-
tional prescription for a novel antidiabetic medicine 
(too short exposure time) and patients who received a 
comparator medicine within 135 days after index date (to 
isolate the effect of individual novel antidiabetic medi-
cine group). Only patients with novel antidiabetic medi-
cine add-on therapy were included in the final cohort 
(study population). To be considered as a patient with 
add-on therapy, patient had to refill a prescription for a 
novel antidiabetic medicine group within 135 days after 
index date (date of first filled prescription for newly 
introduced drug) and remain on continuous treatment 
with all medicines from his background antidiabetic 
therapy throughout 135 days after index date. If a patient 
did not remain on continuous treatment with his back-
ground antidiabetic therapy, this patient was deemed a 
switcher. A 135-day period was chosen to define add-on 
therapy as prescriptions for antidiabetic medicines in 
Slovenia are usually issued for a 90-day supply, to which 
a 45-day gap period was added. Patients were further 
divided in three subgroups according to which antidia-
betic medicine group they were prescribed on index date. 
Follow-up started 135 days after index date (‘start date’). 
Baseline characteristics of patients were evaluated on the 
start date; definitions of baseline patient characteristics 
are presented in online supplemental table S2.

Outcomes
ICD-10-AM (International Classification of Diseases, 
10th Revision, Australian Modification, Sixth Edition) 
codes were used to define outcomes. We evaluated four 
outcomes: (1) MACE, (2) CV death, (3) HF and (4) all-
cause death. MACE was defined as main diagnosis of 
myocardial infarction (codes: I21, I22), ischaemic stroke 
(codes: I63, I64) or CV death, specified as primary cause 
of death with codes I00-I99.15 16 24 HF was defined as a main 
diagnosis of hospitalisation due to HF (code: I50).16 18

Statistical analysis
We evaluated the time from the start date to the date of 
the first event of interest for each antidiabetic medicine 
group using several Cox proportional regression models. 
We used an intention-to-treat (ITT) approach in the 
primary analysis. Patients were followed from the start 
date (Day 135 after index date) to the date of first event 
of interest, and they were censored on the date of death 
(last day of the month in which they died) or the end 
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of the study period (31 December 2019). Patients were 
followed irrespective of any changes to their antidiabetic 
therapy that occurred after the start date. The DPP-4i 
group was used as a reference category in all regression 
models. Additionally, we analysed associations between 
baseline patient characteristics and antidiabetic medicine 
group. For this purpose, we built several logistic regres-
sion models using dichotomous variables for patient char-
acteristics as each dependent variable. For patient age, we 
used Analysis of variance (ANOVA).

We first developed a full covariate model for MACE 
outcome using an ITT approach (see online supple-
mental table S3), with all baseline patient characteristics 
as covariates (presented in table 1). We then developed 
final Cox regression models for all outcomes using an 
ITT approach. Due to small numbers of CV deaths and 
HF events, we reduced the number of used covariates; the 
number of events had to be at least eight times higher 
than the number of covariates (df) included in the 

models.25 For this purpose, we divided covariates in two 
blocks. The first block consisted of patient demographics 
(age, gender), proxies for well-controlled diabetes and 
diabetes severity (duration of diabetes therapy, use of 
insulin at baseline, hospitalisation due to T2D in the past 
year) and hospital admission due to different CV causes 
in the past year. These covariates were included in the 
model using Enter method. The second block consisted 
of covariates that describe various medicines in concom-
itant therapy, including other antidiabetic medicines in 
background therapy, such as metformin and sulphony-
lureas, and time of cohort entry. A stepwise backward 
selection, based on the Wald test (removal probability for 
stepwise selection was set to 0.2), was used for the second 
block of covariates. Additionally, we tested patient age 
for the linearity of proportional hazards for continuous 
variables using an interaction term between age and the 
logarithm of age. In the case of significant interaction 
terms, we used age as a categorical variable using 5-year 
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Figure 1  Flowchart of cohort selection. *novel antidiabetic medicines: DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, 
glucagon-like peptide-1 receptor agonist; SGLT2i, sodium-glucose co-transporter 2 inhibitor; **index date, date of a first 
prescription for a newly introduced antidiabetic medicine; #comparator medicine, a medicine from another class of novel 
antidiabetic medicines; ‡excluding insulin; †to be considered as a patient with add-on therapy, patient had to refill a prescription 
for a newly introduced medicine within 135 days after index date and remain on continuous treatment with all medicines from 
his background antidiabetic therapy throughout 135 days after index date. If a patient did not remain on continuous treatment 
with his background therapy, this patient was deemed a switcher. AD, antidiabetic.
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Table 1  Baseline characteristics of patients initiating DPP-4 inhibitors, SGLT2 inhibitors or GLP-1 receptor agonists

Characteristic DPP-4i SGLT2i GLP-1RA Total cohort

No of patients 3817 (50.7) 2851 (37.9) 855 (11.4) 7523 (100)

Gender (female) (n, %)* 1849 (48.4) 1088 (38.2) 392 (45.8) 3329 (44.3)

Patient age (mean, SD)* 69.2 (11.0) 64.0 (8.4) 61.7 (8.8) 66.4 (10.3)

Patient age (median, IQR) 69 (61–78) 64 (58–70) 62 (56–68) 66 (59–74)

Duration of diabetes therapy*

 � Less than 5 years 738 (19.3) 374 (13.1) 139 (16.3) 1252 (16.6)

 � 5 years or more 3079 (80.7) 2477 (86.9) 716 (83.7) 6271 (83.4)

Antidiabetic medicines used in the past 135 days

 � Metformin* 3009 (78.8) 2626 (92.1) 790 (92.4) 6425 (85.4)

 � Sulphonylureas* 3029 (79.4) 1970 (69.1) 577 (67.5) 5576 (74.1)

 � Other antidiabetic medicines†* 134 (3.5) 73 (2.6) 39 (4.6) 246 (3.3)

Number of different antidiabetic medicine classes used in the past 135 days‡

 � One antidiabetic medicine class 1473 (38.6) 1048 (36.8) 310 (36.3) 2831 (37.6)

 � Two antidiabetic medicine classes 2333 (61.1) 1787 (62.7) 539 (63.0) 4659 (61.9)

 � Three antidiabetic medicine classes 11 (0.3) 16 (0.6) 6 (0.7) 33 (0.4)

Use of insulin

 � Use of insulin therapy in the past year* 248 (6.5) 798 (28.0) 333 (38.9) 1379 (18.3)

Previous hospitalisation

 � Hospital admission due to CV causes in the past year* 263 (6.9) 171 (6.0) 42 (4.9) 476 (6.3)

 � Hospital admission due to CV causes (excluding HF) in the past year 224 (5.9) 160 (5.6) 38 (4.4) 422 (5.6)

 � Hospital admission due to HF in the past year* 44 (1.2) 13 (0.5) 6 (0.7) 63 (0.8)

 � Hospital admission due to MI or stroke in the past year 46 (1.2) 40 (1.4) 6 (0.7) 92 (1.2)

 � Hospital admission due to type 2 diabetes in the past year* 59 (1.5) 33 (1.2) 27 (3.2) 119 (1.6)

 � Hospital admission due to/with cancer in the past 5 years§* 198 (5.2) 116 (4.1) 32 (3.7) 346 (4.6)

Concomitant therapy (other medicines used in the past 135 days)

 � Anticoagulant* 432 (11.3) 201 (7.1) 54 (6.3) 687 (9.1)

 � Platelet inhibitor* 1380 (36.2) 1141 (40.0) 293 (34.3) 2814 (37.4)

 � Antiarrhythmic, cardiac glycoside or vasodilator* 399 (10.5) 227 (8.0) 68 (8.0) 694 (9.2)

 � Loop diuretic* 536 (14.0) 258 (9.0) 113 (13.2) 907 (12.1)

 � Thiazide and other diuretic* 1536 (40.2) 1160 (40.7) 391 (45.7) 3087 (41.0)

 � MRA 172 (4.5) 118 (4.1) 41 (4.8) 331 (4.4)

 � Beta blocker* 1489 (39.0) 1181 (41.4) 371 (43.4) 3041 (40.4)

 � Calcium channel blocker* 1423 (37.3) 1045 (36.7) 353 (41.3) 2821 (37.5)

 � ACE-inhibitor or ARB¶* 2773 (72.6) 2164 (75.9) 671 (78.5) 5608 (74.5)

 � Statin* 2211 (57.9) 1865 (65.4) 511 (59.8) 4587 (61.0)

 � Other lipid modifying agent* 183 (4.8) 195 (6.8) 68 (8.0) 446 (5.9)

 � Antidepressant* 487 (12.8) 333 (11.7) 141 (16.5) 961 (12.8)

 � Anxiolytic, hypnotic, or sedative* 587 (15.4) 351 (12.3) 96 (11.2) 1034 (13.7)

 � NSAID* 761 (19.9) 657 (23.0) 213 (24.9) 1631 (21.7)

Time of cohort entry*

 � From 30 June 2014 to 29 June 2016 2236 (58.6) 837 (29.4) 345 (40.4) 3418 (45.4)

 � From 30 June 2016 to 30 June 2018 1581 (41.4) 2014 (70.6) 510 (59.6) 4105 (54.6)

*Indicates a statistically significant difference (p value for omnibus test <0.05) among antidiabetic medicine groups.
†Repaglinide or acarbose.
‡Excluding insulin.
§Cancer as a main or concomitant diagnosis; this covariate was included only in the all-cause death model as cancer was the second most common cause of death 
in our cohort.
¶Including combination of valsartan and sacubitril (Eight patients received combination of valsartan and sacubitril within 135 days preceding index date. Due to the 
small number of patients using a combination of valsartan and sacubitril, this covariate was not separately included in the Cox regression models).
ACE, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; CV, cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, 
glucagon-like peptide-1 receptor agonist; HF, heart failure; MI, myocardial infarction; MRA, mineralocorticoid (aldosterone) receptor antagonists; NSAID, non-
steroidal anti-inflammatory drug; SGLT2i, sodium-glucose co-transporter 2 inhibitor.
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groupings. Furthermore, several other interaction terms 
were introduced into the models to account for the asso-
ciation between antidiabetic medicine group and base-
line patient characteristics that statistically significantly 
differed between groups.

The best model for each outcome was assessed using the 
statistically significant difference in the result of omnibus 
tests of different models. Omnibus test results are 
presented as likelihood ratios of χ2 test with their respec-
tive df. Models were deemed to be statistically signifi-
cantly better than other models if their likelihood ratio 
increased by at least 3.84 for one df. The proportional 
hazards assumption (PHA) of Cox regression models was 
evaluated using the PHA test, based on Schoenfeld resid-
uals. In addition, the collinearity among the covariates 
was assessed by inspecting covariance matrix.

We performed a number of different sensitivity analyses 
to test result robustness. Specifically, we used an on-treat-
ment approach, whereby patients were followed from the 
start date until they either discontinued a novel antidia-
betic medicine group or initiated a comparator medicine. 
Patients who discontinued treatment were censored at the 
date of their last prescription, taking into account a grace 
period of 135 days after the last prescription. Patients who 
initiated comparator medicine were censored at the date 
of the first prescription of comparator medicine. Another 
sensitivity analysis consisted of fitting a model, where use 
of insulin was considered to be a time-dependent variable 
(time-dependent insulin model) in order to capture the 
effect of initiating insulin after the start date.

P values smaller than 0.05 were deemed to indicate 
statistical significance. Data linkage and cohort selection 
were performed using IBM SPSS Statistics for Windows, 
V.26.0, and statistical analyses were conducted using Stata 
Statistical Software: Release 16.

Patient and public involvement statement
Patients were not involved in this study.

RESULTS
Cohort and patient characteristics
During the period 30 June 2014 to 30 June 2018, we 
identified 3817 new users of DPP-4i (sitagliptin, 60.4%; 
linagliptin, 28.4%; vildagliptin, 10.7%; saxagliptin, 0.4%; 
alogliptin, 0.1%), 2851 new users of SGLT2i (empagli-
flozin, 60.3%; dapagliflozin, 39.7%) and 855 new users of 
GLP-1RA (liraglutide, 44.9%; dulaglutide, 32.6%; exen-
atide, 17.5%; lixisenatide, 4.9%). The mean (SD) age of 
the study cohort was 66 (10) years and 3329 (44.3%) were 
women. More than 80% of patients in the study cohort 
were prescribed antihypertensives and 61% of patients 
were prescribed statin. Approximately 6% of patients had 
a history of CV events before cohort entry. Baseline char-
acteristics of patients are shown in table 1.

Intention-to-treat analyses
There were 437 MACE events, 234 CV deaths, 205 HF 
events and 617 all-cause deaths during 21 365 person-
years of follow-up in the ITT analysis (median (IQR) 
follow-up 2.8 (1.9–3.8) years). Patients from SGLT2i, 
GLP-1RA and DPP-4i group were followed for a median 
(IQR) of 2.5 (1.8–3.2) years, 2.5 (1.8–3.8) years and 3.2 
(2.1–4.1) years, respectively.

Results from the full covariate model for MACE showed 
that, when compared with DPP-4i, SGLT2i add-on 
therapy (dapagliflozin or empagliflozin) was associated 
with a 1.5-fold lower risk of MACE (HR=0.67; 95% CI 
0.51 to 0.87; p=0.003). Comparing the number of events 
per 1000 person-years in these two cohorts (26.9 vs 12.6, 
figure 2) would yield to 2.1-fold lower risk of MACE for 
SGLT2i. However, this is an unbalanced estimate because 
patients in the SGLT2i group were on average 5 years 
younger, which per se leads to a lower risk of developing 
MACE. On the other hand, the model derived estimate 
(1.5-fold lower risk) was obtained at mean values for the 
entire cohort of all covariates included in the model. This 

Figure 2  Association between use of SGLT2i and GLP-1RA compared with DPP-4i and the risk of MACE, CVD, HF and all-
cause death. ACD, all-cause death; CVD, cardiovascular death; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-
like peptide-1 receptor agonist; HF, heart failure; MACE, major adverse cardiovascular event; ITT, intention-to-treat; SGLT2i, 
sodium-glucose co-transporter 2 inhibitor.
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means that differences in the baseline covariates among 
the groups are taken into account. Similar results were 
obtained for GLP-1RA add-on therapy (HR=0.65; 95% CI 
0.43 to 0.99; p=0.043). The relative effects among the anti-
diabetic medicine groups on MACE in the final covariate 

ITT model were similar to those in the full covariate 
model (table 2, figure 2).

Compared with DPP-4i add-on therapy, SGLT2i therapy 
was associated with a 2.2-fold lower risk of CV death 
(HR=0.46; 95% CI 0.30 to 0.73; p=0.001). In contrast, 

Table 2  Final covariate models for all outcomes in intention-to-treat analyses

Covariates

MACE
Cardiovascular 
death Heart failure All-cause death

HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

SGLT2i vs DPP-4i 0.66 (0.50 to 0.85); 
p=0.002

0.46 (0.30 to 0.73); 
p=0.001

0.75 (0.50 to 1.13); 
p=0.169

0.72 (0.58 to 0.90); 
p=0.005

GLP-1RA vs DPP-4i 0.64 (0.43 to 0.97); 
p=0.034

0.62 (0.34 to 1.14); 
p=0.128

1.39 (0.88 to 2.21); 
p=0.157

0.53 (0.35 to 0.79); 
p=0.002

Sex (female vs male) 0.74 (0.61 to 0.91)* 0.84 (0.64 to 1.11) 0.87 (0.65 to 1.16) 0.69 (0.59 to 0.82)*

Age 1.06 (1.04 to 1.07)* 1.08 (1.07 to 1.10)* p<0.0005† 1.07 (1.06 to 1.08)*

Duration of diabetes therapy‡ 1.46 (1.08 to 1.97)* 1.44 (0.94 to 2.18) 1.06 (0.71 to 1.58) 1.23 (0.97 to 1.58)

Use of insulin (yes vs no) 1.42 (1.09 to 1.85)* 1.44 (0.996 to 2.08) 1.08 (0.73 to 1.61) 1.29 (1.02 to 1.57)*

T2D hospitalisation§ (yes vs no) 2.53 (1.60 to 4.00)* 3.24 (1.88 to 5.56)* 1.68 (0.76 to 3.72) 2.57 (1.78 to 3.71)*

CV hospitalisation§ (yes vs no) 1.63 (1.23 to 2.16)* 1.63 (1.14 to 2.33)* NA 1.23 (0.96 to 1.57)

HF hospitalisation§ (yes vs no) p>0.2¶ NA 3.94 (2.41 to 6.45)* NA

CV hospitalisation (excluding HF)§ (yes vs no) p>0.2¶ NA 1.32 (0.89 to 1.96) NA

Cancer hospitalisation** (yes vs no) p>0.2¶ NA NA 1.97 (1.53 to 2.53)*

Time of cohort entry†† p>0.2¶ 0.82 (0.60 to 1.11) 0.76 (0.55 to 1.05) p>0.2¶

Sulphonylureas (yes vs no) p>0.2¶ p>0.2¶ p>0.2¶ 1.24 (0.99 to 1.57)

Metformin (yes vs no) 0.78 (0.62 to 0.97)* 0.76 (0.57 to 1.01) 0.71 (0.52 to 0.97)* p>0.2¶

Anticoagulants (yes vs no) p>0.2¶ 1.52 (1.07 to 2.15)* 2.68 (1.88 to 3.83)* 1.45 (1.16 to 1.81)*

Platelet inhibitors (yes vs no) 1.20 (0.98 to 1.47) 1.35 (1.01 to 1.81)* 1.67 (1.21 to 2.29)* 1.26 (1.05 to 1.51)*

Antiarrhythmics‡‡ (yes vs no) 1.25 (0.96 to 1.62) p>0.2¶ 1.40 (1.01 to 1.93)* 1.16 (0.93 to 1.43)

Loop diuretics (yes vs no) 1.67 (1.31 to 2.13)* 2.52 (1.87 to 3.39)* 3.61 (2.61 to 4.99)* 2.23 (1.84 to 2.70)*

Thiazides and other diuretics (yes vs no) p>0.2¶ p>0.2¶ p>0.2¶ p>0.2¶

MRA (yes vs no) 1.33 (0.94 to 1.89) 1.56 (1.03 to 2.35)* 2.15 (1.48 to 3.10)* 1.40 (1.07 to 1.84)*

Beta blockers (yes vs no) 1.31 (1.07 to 1.61)* 1.30 (0.98 to 1.72) 1.46 (1.05 to 2.03)* 1.17 (0.98 to 1.39)

Calcium channel blockers (yes vs no) p>0.2¶ p>0.2¶ 1.39 (1.05 to 1.84)* p>0.2¶

ACE-inhibitors or ARBs (yes vs no) 0.77 (0.62 to 0.96)* p>0.2¶ p>0.2¶ 0.81 (0.67 to 0.97)*

Statins (yes vs no) 0.60 (0.49 to 0.73)* 0.62 (0.47 to 0.81)* 0.70 (0.52 to 0.94)* 0.68 (0.58 to 0.81)*

Other lipid modifying drugs (yes vs no) p>0.2¶ p>0.2¶ p>0.2¶ p>0.2¶

Antidepressants (yes vs no) p>0.2¶ p>0.2¶ p>0.2¶ 1.16 (0.93 to 1.45)

Anxiolytic, hypnotic or sedative (yes vs no) p>0.2¶ p>0.2¶ p>0.2¶ 1.32 (1.08 to 1.61)*

NSAID (yes vs no) 1.25 (0.998 to 1.58)* p>0.2¶ p>0.2¶ 1.16 (0.95 to 1.42)

Result of omnibus test (df) 415.36 (17 df) 461.81 (16 df) 486.88 (21 df) 867.68 (21 df)

*Indicates statistical significance (p value <0.05).
†Age was treated as a categorical variable, age group 65–69 served as a reference category, <55 versus 65–69 (HR=0.15; 95% CI 0.04 to 0.63); 
55–64 versus 65–69 (HR=0.55; 95% CI 0.32 to 0.92); ≥70 versus 65–69 (HR=1.51; 95% CI 0.998 to 2.28).
‡Patients with diabetes therapy duration of 5 years or more were compared with patients with diabetes therapy duration of less than 5 years.
§Hospital admission in the past year.
¶Removal probability for stepwise backward selection based on Wald test was set to 0.2 for all analyses, therefore, covariates with p values of 0.2 or 
greater were excluded from the model and their respective HRs were not calculated.
**Cancer hospitalisation (main or concomitant diagnosis) in the past 5 years.
††From 30 June 2016 to 30 June 2018 versus from 30 June 2014 to 29 June 2016.
‡‡Including antiarrhythmics, class I and III, cardiac glycosides, vasodilators.
ACE, angiotensin-converting enzyme inhibitors; ARB, angiotensin II receptor blockers; CV, cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitor; 
GLP-1RA, glucagon-like peptide-1 receptor agonist; HF, heart failure; MACE, major adverse cardiovascular event; MRA, mineralocorticoid 
(aldosterone) receptor antagonists; NA, not applicable; NSAID, non-steroidal anti-inflammatory drug; SGLT2i, sodium-glucose co-transporter 2 
inhibitor; T2D, type 2 diabetes.
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when GLP-1RA and DPP-4i were compared, there was a 
non-significant, although marked, reduction in the risk 
of CV death (HR=0.62; 95% CI 0.34 to 1.14; p=0.128) in 
the GLP-1RA group. We also assessed the risk of all-cause 
death. The majority of patients died from CV causes (38% 
of all deaths), followed by cancer (33% of all deaths) and 
complications due to T2D (8% of all deaths). Results from 
the model of all-cause deaths confirmed that patients 
who used either SGLT2i or GLP-1RA did not die more 
frequently from non-CV causes compared with those who 
used DPP-4i. In the ITT analysis, both SGLT2i and GLP-
1RA add-on therapy were associated with a lower risk of 
all-cause death (table  2, figures  2 and 3). In addition, 
preliminary results of the ITT analysis suggest that GLP-
1RA use is associated with a lower risk of non-diabetes and 
non-CV mortality compared with DPP-4i use (covariate 
adjusted HR=0.36; 95% CI 0.19 to 0.70; p=0.002), while 
there is no difference in risk of non-diabetes and non-CV 
mortality between SGLT2i and DPP-4i groups (covariate 
adjusted HR=0.89; 95% CI 0.68 to 1.18; p=0.432).

A non-significantly lower risk of HF hospitalisation was 
observed in patients initiating SGLT2i add-on therapy 
(HR=0.75; 95% CI 0.50 to 1.13; p=0.169) compared with 
patients initiating DPP-4i add-on therapy. In contrast, 
when comparing the GLP-1RA and DPP-4i groups, there 
was a non-significantly increased risk of HF (HR=1.39; 

95% CI 0.88 to 2.21; p=0.157) in the GLP-1RA group 
(table 2, figures 2 and 3).

There were no statistically significant interaction 
terms between antidiabetic medicine group and baseline 
patient characteristics in any of the models, suggesting 
that the relative effect among antidiabetic medicine 
groups on study outcomes was not different due to the 
variations in patient characteristics between antidiabetic 
medicine groups (eg, age, gender, prior use of metformin 
or sulphonylureas and others). Detailed results of the 
full covariate model for MACE are presented in online 
supplemental table S3. Detailed results of final covariate 
models for ITT analyses are presented in table 2. Figure 2 
shows forest plot for all outcomes for ITT and on-treat-
ment analyses. Figure 3 shows the cumulative probability 
of each outcome at mean values of all included covariates 
separately for antidiabetic medicine group.

Sensitivity analyses
On-treatment analyses
There were 206 MACE events, 101 CV deaths, 101 HF 
events and 232 all-cause deaths during 11 251 person-years 
of follow-up in the on-treatment analysis. Patients from 
SGLT2i, GLP-1RA and DPP-4i group were followed for a 
median (IQR) of 1.4 (0.6–2.2) years, 1.4 (0.7–2.2) years 
and 1.2 (0.5–2.2) years, respectively. The point estimates 

Figure 3  Cumulative probability of (A) major adverse cardiovascular events, (B) cardiovascular death, (C) heart failure and 
(D) all-cause death in patients initiating DPP-4 inhibitors, GLP-1 receptor agonists or SGLT2 inhibitors at mean values of all 
included covariates for intention-to-treat analyses. DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like peptide-1 
receptor agonist; SGLT2i, sodium-glucose co-transporter 2 inhibitor.

https://dx.doi.org/10.1136/bmjopen-2021-051549
https://dx.doi.org/10.1136/bmjopen-2021-051549
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of the HRs for all outcomes in the on-treatment analysis 
were in line with the ITT findings (figure 2, online supple-
mental table S4 and figure S1). However, while in the ITT 
analysis, the effect of SGLT2i compared with DPP-4i on 
HF hospitalisation risk was not significant, the on-treat-
ment analysis revealed a 1.9-fold lower risk of HF hospi-
talisation in patients initiating SGLT2i (HR=0.54; 95% CI 
0.30 to 0.99; p=0.047). Point estimates of HRs for CV and 
all-cause death for the GLP-1RA group were lower than in 
the ITT analysis and less accurate because of the smaller 
number of events in the GLP-1RA group. Detailed results 
of final covariate models for on-treatment analyses are 
presented in online supplemental table S4.

Time-dependent insulin models
The effects of the SGLT2i and GLP-1RA groups on risk 
of all outcomes in the time-dependent insulin models 
were similar to the ITT findings. The effects of insulin in 
the time-dependent insulin models were also similar to 
those in the ITT analysis. The effect of insulin was statis-
tically significant in the time-dependent insulin models 
for MACE (HR=1.25; 95% CI 1.02 to 1.54; p=0.034) and 
all-cause death (HR=1.61; 95% CI 1.36 to 1.91; p<0.0005). 
This model revealed the following numbers of patients 
using insulin at the time of the event or at the end of 
follow-up: (1) 1100 (29%) patients from the DPP-4i 
group, (2) 1124 (39%) patients from the SGLT2i group 
and (3) 475 (56%) patients from the GLP-1RA group.

DISCUSSION
This is the first real-world observational study to compare 
CV outcomes of patients being treated with different 
novel antidiabetic medicine groups in one study. Impor-
tantly, this study evaluated the use of novel antidiabetic 
medicines as add-on therapy to an existing background 
therapy, and it had a long follow-up period of 2.8 years. 
The study showed that SGLT2i add-on therapy was asso-
ciated with a 1.5-fold lower risk of MACE and a 2.2-fold 
lower risk of CV death compared with DPP-4i add-on 
therapy in patients with T2D. In addition, SGLT2i were 
associated with a 1.9-fold lower risk of hospitalisation due 
to HF in the on-treatment analysis, while ITT analysis 
revealed a non-significant reduction in risk of HF hospi-
talisation. GLP-1RA add-on therapy was associated with 
a 1.6-fold lower risk of MACE, a non-significantly lower 
risk of CV death, and a non-significantly higher risk of HF 
hospitalisation compared with DPP-4i.

In comparison with other studies comparing SGLT2i 
and DPP-4i,15 16 the current study revealed a greater risk 
reduction of MACE and CV death in patients treated 
with SGLT2i. The greater risk reduction of MACE and 
CV death found here is likely due to the longer follow-up 
period of this study. Similar to SGLT2i, GLP-1RA treat-
ment was also found to result in a greater risk reduction 
of MACE compared with other studies that used DPP-4i 
as a comparator.17 21 Moreover, a non-significant risk 
reduction of CV death was found, which was of greater 

magnitude to that found by Svanström et al;17 the non-
significance of our result is likely due to the small number 
of patients in the GLP-1RA group and the small absolute 
number of events in this group, which led to wide CIs.

Current study also revealed a risk reduction of all-
cause death in patients treated with SGLT2i or GLP-1RA 
compared with those treated with DPP-4i. While the risk 
reduction of all-cause death in the SGLT2i group was 
mostly due to the risk reduction of CV death, an additional 
risk reduction in all-cause death was observed for GLP-
1RA, which might be due to non-CV mortality. Indeed, 
the preliminary results of our study suggest that GLP-
1RA use is associated with a lower risk of non-CV death 
compared with DPP-4i use, whereas there is no difference 
between SGLT2i and DPP-4i groups. However, evaluating 
the relative effect among antidiabetic medicine groups 
on non-CV mortality was not the aim of the current study. 
A new study including a new cohort of patients is needed 
to investigate this effect. However, findings of the current 
study are in contrast to the findings of a recent network 
meta-analysis26 that found no additional benefit of GLP-
1RA on mortality beyond the reduction of CV mortality 
risk. A higher risk reduction in non-CV mortality in users 
of GLP-1RA in the current study might be due to death 
from cancer. Recent meta-analyses showed no association 
between the risk of different types of cancer and the use 
of GLP-1RA27 or DPP-4i.28 However, further studies are 
needed to investigate the possible beneficial effect of 
GLP-1RA on cancer mortality.

The magnitude of reduction in HF risk in the on-treat-
ment analysis was similar to other studies that compared 
SGLT2i and DPP-4i.9 12 15 16 18 In contrast, the ITT analysis 
did not show statistically significant reduction in HF risk 
in patients treated with SGLT2i. According to previous 
studies, the effect of SGLT2i on the risk reduction of 
HF could be observed soon after therapy initiation.1 18 A 
longer follow-up period in our study, during which many 
patients switched therapy, might possibly explain why 
statistical significance in the ITT analysis was not reached 
between the SGLT2i and DPP-4i groups. A noticeable 
number (13%) of patients in the DPP-4i group switched 
to SGLT2i during follow-up, which may have resulted in 
a smaller difference in HF risk between the two groups.

There is not yet clear evidence of any different effect 
on HF risk of GLP-1RA compared with DPP-4i. Our study 
showed that GLP-1RA add-on therapy was associated with 
a 1.4-fold higher risk of HF hospitalisation compared 
with DPP-4i add-on therapy. These results are in agree-
ment with the study by Dawwas et al which showed that 
patients treated with DPP-4i had a 1.2-fold lower risk 
of HF compared with those treated with GLP-1RA.13 In 
contrast, two other observational studies comparing initi-
ators of GLP-1RA and DPP-4i showed no difference in the 
risk of HF hospitalisation between DPP-4i and GLP-1RA 
groups.17 21

In addition, in our study, the use of statins was associ-
ated with a lower risk of CV events and lower mortality 
rates. We assume that patients treated with statins had 

https://dx.doi.org/10.1136/bmjopen-2021-051549
https://dx.doi.org/10.1136/bmjopen-2021-051549
https://dx.doi.org/10.1136/bmjopen-2021-051549
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lower low-density lipoprotein (LDL) cholesterol levels 
than patients not treated with statins, resulting in the 
lower incidence of CV events.29 However, to confirm this 
assumption, data on LDL cholesterol levels for the entire 
cohort would be needed.

Strengths
Potential immortal time bias was avoided by using inci-
dent user design and comparing CV outcomes of patients 
taking antidiabetic medicines that are used at similar 
disease stages. In addition, as cohort entry was defined 
by at least two prescriptions, both issued within a 135-day 
period, of a novel antidiabetic medicine group, follow-up 
started 135 days after the first prescription.30 Further-
more, a lag period after the first prescription was used 
to reduce a potential protopathic bias.31 Moreover, we 
developed a Cox regression model that included all avail-
able confounding variables that might affect the associa-
tion between antidiabetic medicine groups and outcome 
of interest.25 We did not use propensity score matching 
for three treatment groups because in this case many 
patients (about 80%) would have been excluded from the 
final study sample, leading to less generalisable results.32 
Furthermore, the number of events in our models was at 
least eight times higher than the number of confounders 
included in the models. In such a case, the use of regres-
sion models instead of propensity scores leads to more 
accurate and less biased estimates.33 In addition, the rela-
tively long follow-up period in this study enabled us to 
detect differences in CV events and deaths that may not 
be apparent at the shorter follow-up durations of previous 
studies. Moreover, on-treatment analyses and sensitivity 
analyses confirmed that the results of our primary anal-
yses were robust.

Limitations
The study results must be interpreted in the context of 
the following study limitations. First, data regarding other 
comorbidities and date of diabetes diagnosis was not 
included in healthcare databases used in this study. We 
addressed this limitation by using data on all dispensed 
outpatient prescriptions as a proxy for comorbidities. We 
used time from the first dispensed prescription for antidia-
betic medicine as a proxy for duration of diabetes therapy. 
However, because data before 2009 were not available, we 
could only distinguish between patients who had suffered 
from diabetes for more or less than 5 years. Second, we 
could not adjust for some potential confounders since 
we did not have data on laboratory values of glycated 
haemoglobin (HbA1c), LDL cholesterol, blood pres-
sure, left ventricular function, smoking status or body 
mass index. However, we indirectly adjusted for some of 
these confounders by using data on dispensed outpatient 
medicines. Third, inclusion period started at the date of 
introduction of the first medicine from the SGLT2i group 
(dapagliflozin) in the Slovenian market. Results from the 
EMPA-REG study became available soon after the intro-
duction of SGLT2i medicines in the Slovenian market, 

and this may have encouraged prescribing of SGLT2i (in 
particular, empagliflozin) to patients with higher CV risk; 
this possibly resulted in a protopathic bias. To minimise 
potential protopathic bias, we used a lag period after first 
prescription.

CONCLUSIONS
This real-world study revealed that SGLT2i and GLP-1RA 
as add-on therapy improve CV morbidity and mortality 
in patients with T2D compared with DPP-4i as add-on 
therapy. SGLT2i and GLP-1RA add-on therapy was associ-
ated with a lower risk of MACE and CV death compared 
with DPP-4i add-on therapy. Furthermore, SGLT2i were 
associated with a lower risk of HF, while GLP-1RA use 
was associated with a non-significantly higher risk of HF 
compared with DPP-4i. The results of this study may help 
to inform treatment decisions when selecting an optimal 
add-on antidiabetic medicine in order to reduce CV 
morbidity and mortality in patients with T2D.
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