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ABSTRACT

Introduction Mortality and disability in diabetes mellitus
are determined mostly by cardiovascular complications
and cancer. The impact of dipeptidyl peptidase-4 inhibitor
(DPP-4i) and sodium-glucose cotransporter-2 inhibitor
(SGLT2i) monotherapy or combination on long-term
complications of type 2 diabetes mellitus was studied.
Research design and methods Patients with type
2 diabetes treated with DPP-4i or SGLT2i during a
3-year period were identified in the database of the
National Institute of Health Insurance Fund in Hungary.
All-cause mortality, acute myocardial infarction, stroke,
hospitalization for heart failure (HHF), lower limb
amputation (LLA) and cancer were assessed. Outcomes
of add-on SGLT2i to DPP-4i treatment in comparison with
switching DPP-4i therapy to SGLT2i were also evaluated.
After propensity score matching, survival analysis was
performed with a Cox proportional hazards model.
Results After propensity score matching, both SGLT2i
and DPP-4i groups included 18 583 patients. All-cause
mortality (HR, 0.80; 95% CI 0.68 to 0.94; p=0.0057), HHF
(HR, 0.81; 95% CI 0.71 to 0.92; p=0.0018), and risk of
cancer (HR, 0.75; 95% CI 0.66 to 0.86; p<0.0001) were
lower in the SGLT2i population compared with DPP-4i. Risk
of LLA was higher in the SGLT2i group (HR, 1.35; 95% CI
1.03 to 1.77; p=0.0315). SGLT2i in combination with DPP-
4i results in lower all-cause mortality (HR, 0.46; 95% CI
0.31 to 0.67; p=0.0001), with a lower trend in stroke, LLA,
HHF and cancer, but without any statistical difference.
Conclusions SGLT2i treatment leads to a lower risk of
overall mortality, HHF and cancer when compared with
DPP-4i treatment. Adding SGLT2i to DPP-4i instead of
switching from DPP-4i to SGLT2i further lowers the risk of
all-cause mortality.

INTRODUCTION
Since acute metabolic complications have
become less frequent and less severe, long-
term outcomes of patients with type 2 diabetes
mellitus (T2DM) have become more and
more important.1–3 Diabetes mellitus is associated with a twofold to fourfold increase in

Significance of this study
What is already known about this subject?
►► Sodium-
glucose cotransporter-2 inhibitor (SGLT2i)

has been found to positively influence cardiovascular complications and may reduce cancer death as
well.
►► Data of patients taking SGLT2i and/or dipeptidyl
peptidase-4 inhibitor (DPP-4i) have been analyzed
from the records of the National Institute of Health
Insurance Fund in Hungary during a 5-year long
period.

What are the new findings?
►► SGLT2i treatment was found to result in lower all-

cause mortality, hospitalization for heart failure and
risk of cancer and there was a declining trend in
the prevalence of stroke in comparison with DPP-4i
treatment.
►► Adding SGLT2i to DPP-4i results in markedly lower
all-cause mortality in comparison with switching
from DPP-4i to SGLT2i.
►► Adding SGLT2i to DPP-4i instead of switching from
DPP-4i to SGLT2i may prove to be a beneficial approach in terms of improving all-cause mortality and
neutralizing the effect of SGLT2i on the risk of lower
limb amputation.

How might these results change the focus of
research or clinical practice?
►► The data obtained from the real world enhance our

knowledge on switching or combining different
treatment modalities for diabetes mellitus.
►► The results point to the direction of clinical research
on long-
term complications influencing morbidity
and mortality in diabetes mellitus.

mortality, compared with the general population.4–6 Cardiovascular (CV) mortality
seems to be a major determinant of all-cause
mortality.4 6 The most extensively studied
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outcomes are major adverse CV events, most frequently
involving non-fatal myocardial infarction, non-fatal stroke
and CV death. Recently, especially in the case of sodium-
glucose cotransporter-2 inhibitor (SGLT2i), hospitalization for heart failure (HHF) has become another
focus of interest.7 8 Initial cardiovascular outcome trials
(CVOTs) have demonstrated non-inferiority, that is, safety
of drugs. The superiority of empagliflozin (EMPA-REG
OUTCOME)7 was first proven. Further studies8–10 justified
benefits with novel agents as well. The benefit of SGLT2i
was confirmed by analysis of larger databases or pragmatic,
non-
randomized (CVD-
REAL, CVD-
REAL Nordic and
EMPRISE) trials providing real-world evidence (RWE).
The need for RWE studies is striking, since real-world data
do not always coincide with the findings of CVOTs.11
CVOT studies have changed the guidelines. For
example, the 2018 American Diabetes Association (ADA)
and European Association for the Study of Diabetes
(EASD) joint position statement recommends that after
initial metformin treatment, CV risk or the presence of
heart failure or chronic kidney disease should be taken
into account. SGLT2i is recommended for patients with
HHF or chronic kidney disease. The consensus was briefly
updated in 2019.12 Although hemoglobin A1c (HbA1c)
represents a gradual increase in risk, associated with lowest
mortality at a range of 6%-6.9%,4 therapeutic recommendations suggest administration of glucagon-like peptide-1
receptor agonists (GLP-1 RA) and SGLT2i, independent
of baseline HbA1c or individualized HbA1c target.12 Stroke
and lower limb amputation (LLA) are consequences of
macrovascular and microvascular complications. Stroke
is only mildly influenced by glucose-lowering treatment,
while observations on LLAs are conflicting. Some sources
did not show any significant alteration, but a substantial
increase was also observed.13–15
Another leading cause of mortality in patients with
type 2 diabetes is cancer. Diabetes itself is associated
with a substantially higher risk of different types of
cancer.16 17 Available reports do not allow drawing a
conscious conclusion about the relationship of cancer
and glucose-lowering compounds.
The recommended initial therapy for T2DM is
metformin after diet modifications and lifestyle changes.
There are several options to expand medical therapy
thereafter. SGLT2i and dipeptidyl peptidase-4 inhibitor (DPP-4i) may be combined with metformin due to
different mechanisms; the combination of SGLT2i and
DPP-4i with metformin is a desirable option to enhance
glucose-lowering effect. The potential effect of the triple
combination of metformin, SGLT2i and DPP-
4i on
complications including mortality and CV risk still awaits
confirmation.
The aim of our study was to assess the risk of mortality
and morbidity in patients with T2DM treated with SGLT2i
or DPP-4i alone or in combination: in one part of the
study SGLT2i versus DPP-4i therapy, and in the other
part DPP-4i treatment switched to SGLT2i versus SGLT2i
added to DPP-4i were compared.
2

RESEARCH DESIGN AND METHODS
Data sources and study populations
A nationwide, retrospective, longitudinal study was
performed using the National Institute of Health Insurance Fund (NHIF) database. This is a nationwide insurance system covering close to 100% of the Hungarian
population and collecting patient identification and
International Classification of Diseases (ICD)-10 code
information on all inpatient and outpatient visits, as well
as on all prescriptions of reimbursed drugs including antidiabetic drugs, and the date of death from the mortality
database issued by the Central Statistical Office.
All patients in the NHIF database who had taken
DPP-4i or SGLT2i between August 1, 2014 and July 31,
2017 were identified (figure 1 and online supplemental
figure 1). Patients aged younger than 18 years, women
with gestational diabetes (ICD-10: O24.4) and those with
polycystic ovary syndrome (ICD-10: E28.2) or those who
had dialysis treatment were excluded. Only patients with
T2DM were considered in the current analysis, and we
excluded those who met the criteria of type 1 diabetes
mellitus published earlier (figure 1).18
Our study aimed to compare the efficacy of SGLT2i
versus DPP-
4i therapies (called SGLT2i ‘clean’ and
DPP-4i ‘clean’ groups), as well as evaluate the outcomes
of choice of therapy, switching DPP-4i therapy to SGLT2i
treatment versus add-on SGLT2i to DPP-4i (called SGLT2i
‘switch’ and SGLT2i ‘add-on’ groups).
First, we created two cohorts: one for those who started
DPP-4i therapy and another for SGLT2i users within the
index period from August 1, 2014 to July 31, 2017 who
did not take these medications 12 months before the
index date (figure 1). The index date was defined as
the first day of introducing SGLT2i or DPP-4i treatment.
Patients who started both SGLT2i and DPP-4i within the
index period were excluded. The index period was the
same and a 12-month long drug-free period was required
for both arms. Previous treatment with DPP-4i and the
period from diagnosis to treatment were balanced during
propensity score matching (online supplemental table
1). Consequently, the effect of immortal bias for the CVD-
REAL study, which was criticized,19 was prevented. The
study period started from August 1, 2014 and closed on
July 31, 2019. Patients were followed from the index date
until the date of the investigated event, date of death, or
end of study period. They were censored in case there
was no disposal of the investigated therapy for 90 days
after the last prescription of treatment or had a prescription of the drug of the opposite arm.
In the second part of the study, we selected patients
who had any DPP-4i therapy 3 months before the first day
of SGLT2i prescription (figure 1). The SGLT2i ‘switch’
arm was identified if patients had no DPP-4i disposal
and were still alive after 3 months of SGLT2i index date.
We followed patients in this arm until occurrence of the
investigated outcome, date of death, or end of study
period. Patients were censored in case they did not have
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765
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Figure 1 Flow chart of patient enrollment and exclusions for the SGLT2i ‘clean’ versus DPP-4i ‘clean’ cohorts, as well as
for the SGLT2i ‘add-on’ versus SGLT2i ‘switch’ cohorts. The flow chart also indicates the change in the number of cases due
to propensity score matching. DPP-4i, dipeptidyl-peptidase-4 inhibitor; PCOS, polycystic ovary syndrome; SGLT2i, sodium-
glucose cotransporter-2 inhibitor.

SGLT2i medication for more than 90 days following
the last prescription or until the date of any repeated
prescription of DPP-4i therapy.
In case of ‘add-on’ SGLT2i to DPP-4i arm, patients with
T2DM had to meet the following requirements: (1) any
DPP-4i treatment 3 months before the first day of SGLT2i
prescription; (2) in case they were on SGLT2i treatment
for at least 3 months and had at least one prescription of
DPP-4i therapy within 3 months after the index date; and
(3) were alive for at least 3 months after SGLT2i initiation. Patients were followed until the investigated event,
date of death or end of study period, or for 90 days after
the last disposal.
Patients who were censored in the first (‘clean’) DPP-4i
arm of the study due to addition of SGLT2i to DPP-4i or
switching from SGLT2i to DPP-4i were investigated in the
second part of the study in case they met the criteria for
inclusion.
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765

Baseline patient characteristics including age, sex,
index date, date of T2DM diagnosis, prior comorbidities and previous non-
antidiabetic medications were
described during the screening period from January 1,
2009 to the index date (online supplemental tables 1
and 2; definitions are provided in online supplemental
table 3). Previous medication was defined as any drug
prescribed in the 12 months prior to the index date.
To prevent the impact of time-lag bias,19 we defined
the period between the date of diagnosis of T2DM and
the index date, and the length of prior DPP-4i treatment,
and the ratio of these two periods was adjusted during
propensity score matching (online supplemental tables
1 and 2). Aiming to manage time-lag bias, the different
types of treatments, including insulin therapy, during
the first year of screening period were calculated and
balanced during propensity score matching.
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Since the index period of DPP-4i and SGLT2i was the
same (starting with the availability date of SGLT2i in
Hungary) and a 12-month drug-free period was required
for both arms, and with the rate of previous DPP-4
users and the duration of T2DM being balanced during
propensity score matching, the effect of immortal bias
could also be eliminated.
We investigated the outcomes of all-cause mortality,
myocardial infarction together with percutaneous coronary intervention (PCI), diagnosis of ischemic or hemorrhagic stroke confirmed on CT performed 30 days
before or after the record date of stroke, and primary or
secondary HHF. Further predefined outcomes were LLA
and primary or secondary diagnosis of cancer requiring
hospitalization.
Definitions of diagnoses and outcomes are detailed in
online supplemental table 3.
Propensity score matching
Propensity scores were used to match each patient who
initiated an SGLT2i with those who started DPP-4i in the
‘clean’ part at a ratio of 1:1 with a caliper of 0.2. The
probability of initiation of an SGLT2i was estimated using
a logistic regression model, with all available patient variables at the index date considered as independent variables. Propensity scores were used to match each patient
who initiated an SGLT2i ‘add-on’ arm with patients in the
SGLT2i ‘switch’ arm in the ‘add-on’ part at a ratio of 1:1
with a caliper of 0.2. The probability of initiation of an
SGLT2i add-on was estimated using a logistic regression
model, with all available patient variables at the index
date considered as independent variables. Altogether 54
parameters were used for propensity score matching in
both parts.
Statistical analysis
After matching, a standardized difference of more
than 10% was used to detect significant group imbalance between baseline variables. Survival analysis was
performed using Cox proportional hazards model, with
time since the index date as the underlying timescale.
Proportionality assumptions were tested. All matching
and analyses were performed with R V.3.6.1 statistical
software.
RESULTS
A total of 84 915 patients were included in the analysis. We identified 27 980 and 56 935 patients who
started SGLT2i and DPP-4i in the index period, respectively. After propensity score matching, 18 583 patients
remained in each group and the standardized mean
difference decreased substantially for all parameters
(online supplemental figure 2, online supplemental
table 1). The follow-
up times were 635 and 656 days
in the SGLT2i ‘clean’ and the DPP-4i ‘clean’ cohorts,
respectively (online supplemental table 4). The distribution of SGLT2i therapies at index date before and after
propensity score matching in the SGLT2i ‘clean’ versus
4

the DPP-4i ‘clean’ cohort was comparable (online supplemental table 5). Figure 2 shows the Kaplan-Meier survival
curves for the individual endpoints. All-cause mortality
and the composite endpoint of non-fatal acute myocardial infarction (AMI), stroke and all-
cause mortality,
HHF, and cancer were associated with lower HR in the
SLGT2i ‘clean’ cohort versus the DPP-4i ‘clean’ cohort.
On the contrary, the risk of LLA was higher in the
SGLT2i-treated versus DPP-4i-treated patients. Figure 3
indicates that AMI with PCI (HR, 1.26; 95% CI 0.97 to
1.64, p=0.0771) and CT-proven stroke (HR, 0.82; 95% CI
0.62 to 1.07, p=0.1421) tended to take different directions. The risk of all-cause mortality was lower by 20%
(HR, 0.80; 95% CI 0.68 to 0.94, p=0.0057) in the SGLT2i
group, but the risk of LLA was 35% higher (with a wide
CI; HR, 1.35; 95% CI 1.03 to 1.77, p=0.0315) in patients
on SGLT2i treatment compared with the DPP-4i-treated
cohort (figure 3). The hazard of HHF was 19% lower
(HR, 0.81; 95% CI 0.71 to 0.92, p=0.0018) and the risk
of cancer was also 25% lower (HR, 0.75; 95% CI 0.66 to
0.86, p<0.0001) in the SGLT2i-treated cohort (figure 3).
In the case of significantly higher (as in the case of LLA)
or lower HR, the number needed to harm (NNH) or the
number needed to treat (NNT) values were calculated,
respectively (online supplemental table 8). At 36 months
of follow-up, NNT for all-cause mortality was 116, while
that for HHF and cancer were 117 and 94, respectively.
Concerning LLA, the NNH value was 313 (online supplemental table 8). The rate of secondary prevention was
14.38% in the SGLT2i ‘clean’ group versus 14.68% in the
DPP-4i ‘clean’ group, having either AMI with PCI, coronary artery bypass grafting (CABG), PCI with stenting,
stroke, HHF, or LLA in the history (not shown in figures
or tables).
In the second analysis, 7167 patients were found in
whom SGLT2i was added to DPP-4i, while DPP-4i was
switched to SGLT2i in 4891 patients. Propensity score
matching resulted in 4843 patients in both arms of
investigation (online supplemental figure 3, online
supplemental table 2). The mean follow-up times were
657 and 733 days in the SGLT2i ‘add-on’ and SGLT2i
‘switch’ cohorts, respectively (online supplemental
table 6). The distribution of SGLT2i therapies at index
date before and after propensity score matching in the
SGLT2i ‘add-on’ versus the SGLT2i ‘switch’ cohort was
comparable (online supplemental table 7). Figure 4
shows the Kaplan-
Meier survival curves for the individual endpoints. All-cause mortality and the composite
endpoint of non-fatal AMI, stroke and all-cause mortality
were lower in the SGLT2i ‘add-on’ versus the SGLT2i
‘switch’ group; however, the risk of AMI, stroke, HHF
and cancer was not different between the groups. Additionally, the rate of LLA was not different between the
SGLT2i ‘add-on’ versus the SGLT2i ‘switch’ cohort. The
all-cause mortality curves of the SGLT2i ‘add-on’ and
that of the SGLT2i ‘switch’ cohort started to diverge from
approximately the eighth month on. In figure 5 the risk
of AMI, stroke, LLA, HHF and cancer did not show any
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765
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Figure 2 Kaplan-Meier survival curves of major complications and mortality in the propensity score-matched SGLT2i ’clean’
versus DPP-4i ’clean’ cohorts. The red lines represent the DPP-4i ‘clean’ cohort, while the blue lines represent the SGLT2i
‘clean’ cohort. The number of patients at risk is different in the individual outcomes because patients were censored if they had
that particular outcome in the previous 1 year. AMI, acute myocardial infarction; DPP-4i, dipeptidyl peptidase-4 inhibitor; HHF,
hospitalization for heart failure; PCI, percutaneous coronary intervention; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

significant difference between the two cohorts. However,
all of these parameters except for AMI+PCI tended to
be lower in the SGLT2i ‘add-on’ cohort in comparison
with the SGLT2i ‘switch’ group (figure 5). All-cause
mortality was 54% lower (HR, 0.46; 95% CI 0.31 to 0.67,
p=0.0001). Since there was a highly significant difference in mortality favoring SGLT2i ‘add-on’ treatment,
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765

NNT was calculated (online supplemental table 8). At
the end of the third year this amounted to 57. The prevalence of secondary prevention in the SGLT2i and DPP-4i
‘add-on’ group was 13.52% vs 13.28% in the SGLT2i
‘switch’ group, having either AMI with PCI, CABG, PCI
with stenting, stroke, HHF, or LLA in the history (not
shown in figures or tables).
5
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Figure 3 Major complications and mortality in the propensity score-matched SGLT2i ’clean’ versus DPP-4i ’clean’ cohorts.
P values are derived from the Cox proportional hazards model. The number of patients at risk is different in the individual
outcomes because patients were censored if they had that particular outcome in the previous 1 year. AMI, acute myocardial
infarction; DPP-4i, dipeptidyl peptidase-4 inhibitor; HHF, hospitalization for heart failure; PCI, percutaneous coronary
intervention; SGLT2i, sodium-glucose cotransporter-2 inhibitor.

DISCUSSION
Using the database of the Hungarian NHIF, we obtained
data for all patients using SGLT2i and/or DPP-4i between
August 2014 and July 2017. All-cause mortality and the
major causes of mortality such as CV complications and
the risk of cancer were evaluated. First, two propensity
score-matched groups were created: one taking SGLT2i
but not DPP-4i, and another group where conversely the
patients were taking DPP-4i but not SGLT2i (‘clean’ treatments). The most important findings were that all-cause
mortality, the composite endpoint of non-
fatal AMI,
stroke and all-cause mortality, HHF, and risk of cancer
were 20%, 13%, 19%, and 25% lower after SGLT2i treatment compared with DPP-4i treatment, respectively. AMI
was practically unchanged, but LLA was 35% higher in
the SGLT2i-treated cohort.
In the second approach a switch to SGLT2i from
DPP-4i (‘switch’ group) was compared with those who
initiated an SGLT2i with continuation of DPP-4i (‘add-
on’ group). In this part the all-cause mortality was 54%
and the composite endpoint of non-fatal AMI, stroke and
all-cause mortality was 36% lower in the SGLT2i ‘add-on’
group versus the SGLT2i ‘switch’ group; however, the risk
of AMI, stroke, HHF and cancer did not differ. The rate
of LLA was also not different between SGLT2i ‘add-on’
and SGLT2i ‘switch’ cohorts.
In our study we found a 20% lower risk of all-cause
mortality in the ‘clean’ groups. SGLT2i decreased
mortality up to 37%,7 or resulted in a non-significant
mild decrease10 in CVOT, which is in line with our
results. Although RWE trials are not superior to
randomized controlled trials (RCTs) due to lack of
randomization, they may strengthen observations on
a broader population. CVD-
REAL and CVD-
REAL
Nordic presented significant 48% and 49% improvement in all-cause mortality, respectively.20 21 A post-hoc
analysis of the latter study has shown that SGLT2i was
6

associated with a 41% lower mortality than DPP-4i.22
Both studies have been methodologically criticized19
due to the chances of a so-called immortal-time bias
and lag-time bias, which were eliminated in our study.
DPP-4i themselves did not demonstrate any effect on
mortality in CVOTs.
In our study, keeping the DPP-4i when initiating SLGT2i
(‘add-on’) resulted in 54% lower mortality as compared
with those who have stopped taking the DPP-4i after the
SGLT2i has been started (‘switch’ group). This finding
highly argues for the combination of SGLT2i and DPP-4i
among patients treated with metformin or sulfonylurea.
Whether it is due to the intrinsic properties of the two
classes of drugs or to a combination therapy in general,
similarly to that observed, for example, in the VERIFY
study,23 is unknown. Although individual outcomes such
as stroke, LLA, HHF and cancer were not statistically
different between the two cohorts of the second arm,
they may all contribute to a better survival in the ‘add-on’
group. This suggests that the combination applied could
have an additive effect.
The efficacy of SGLT2i in reducing CV complications
was confirmed in many CVOTs. Patients with AMI and
PCI were identified from the national database. We
found that the SGLT2i ‘clean’ group was not associated
with a lower hazard in this regard compared with the
DPP-4i ‘clean’ usage. Similarly, no difference was found
between the SGLT2i ‘add-on’ and ‘switch’ cohorts with
regard to AMI. Nevertheless, the risk of non-fatal AMI
was not reduced significantly in SGLT2i trials.7 8 10 The
risk of AMI in the CVD-
REAL study was decreased
by 22%24; however, the CVD-
REAL Nordic study
failed to present a lower prevalence of AMI.21 CVOTs
compared the investigated drug with placebo on top
of standard treatment. Consequently, these trial results
are not directly comparable with our data; however,
the results with regard to AMI are in line with RCT
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765
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Figure 4 Kaplan-Meier survival curves of major complications and mortality in the propensity score-matched SGLT2i ’add-
on’ versus DPP-4i ’switch’ cohorts. The blue lines represent the SGLT2i ‘add-on’ cohort, while the red lines refer to the SGLT2i
‘switch’ cohort. The number of patients at risk is different in the individual outcomes because patients were censored if they
had that particular outcome in the previous 1 year. AMI, acute myocardial infarction; DPP-4i, dipeptidyl peptidase-4 inhibitor;
HHF, hospitalization for heart failure; PCI, percutaneous coronary intervention; SGLT2i, sodium-glucose cotransporter-2
inhibitor.

data and partially with the RWE data on SGLT2i and
DPP-4i.
Stroke is another frequent complication of diabetes
which leads to long-
term disability and may occur
substantially more frequently in patients with diabetes
than in individuals without diabetes. There was no
difference in the prevalence of stroke, neither in the
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765

SGLT2i ‘clean’ versus the DPP-
4i ‘clean’ cohort nor
in the SGLT2i ‘add-
on’ versus ‘switch’ comparisons.
Although the design of previous clinical trials examining the effect of SGLT2i and DPP-4i on stroke does
not allow a direct comparison of study results, neither of
these drugs exert a substantial effect on the prevalence
of stroke in diabetes.24
7
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Figure 5 Major complications and mortality in the propensity score-matched SGLT2i ’add-on’ versus SGLT2i ’ switch’
cohorts. P values are derived from the Cox proportional hazards model. The number of patients at risk is different in the
individual outcomes because patients were censored if they had that particular outcome in the previous 1 year. AMI, acute
myocardial infarction; HHF, hospitalization for heart failure; PCI, percutaneous coronary intervention; SGLT2i, sodium-glucose
cotransporter-2 inhibitor.

As expected in our study, HHF was 19% lower in
the SGLT2i ‘clean’ versus the DPP-
4i ‘clean’ group,
in line with CVOTs, where SGLT2i decreased HHF
by 27%–35%.7 8 10 RWE CVD-
REAL20 and CVD-
REAL
21
Nordic studies also found a substantial decrease in
HHF, at 39% and 30%, respectively. The most relevant
data in line with our results came from the EMPRISE
study, where a 50% decrease in HR of HHF was found
favoring an SGLT2i compared with a DPP-4i.25 There was
no significant difference between the SGLT2i ‘add-on’
and ‘switch’ groups with regard to HHF. This unequivocal finding suggests a group effect of SGLT2i on HHF.
LLA is a major complication of diabetic angiopathy
and neuropathy. Our study has shown that SGLT2i
use was associated with a 35% higher hazard of LLA as
compared with DPP-4i. A 132% increase of hazard for
LLA was observed in the Swedish-
Danish nationwide
registry26 in the SGLT2i group compared with the GLP-1
RA group. In the SGLT2i group a 38% higher risk was
detected compared with the DPP-4i population in a big
US propensity-matched cohort27 study. In this trial non-
canagliflozin SGLT2i showed an HR of 2.25 and canagliflozin an HR of 1.15. A 97% increase was found for
LLA after an SGLT2i treatment.10 LLA has increased
with 25% in a recent meta-analysis, however with high
heterogeneity and mainly due to the results of the
CANVAS study.10 28 It should be emphasized that canagliflozin is not marketed in Hungary, so the higher rate
of LLA in our study cannot be attributed to canagliflozin
treatment. On the one hand, the risk of LLA is higher
on SGLT2i treatment, while on the other hand the all-
cause mortality is lower in patients treated with SGLT2i.
This finding may suggest that a lower all-cause mortality
may save patients for LLA in the SGLT2i arm, since the
major determinant of mortality in patients with T2DM
is composed of CV diseases and cancer-related death. If
8

mortality decreases in an observational group, the likelihood of an occurrence of a non-fatal event may increase.
Cancer-related death was also lower in SGLT2i-treated
patients than in those on DDP-4i. The combination of
SGLT2i and DPP-4i results in a non-significantly lower
risk of LLA of 37% in comparison with switching from
DPP-
4i to SGLT2i, although the effect of DPP-
4i and
SGLT2i on LLA is currently not well understood. These
results suggest that combination with DPP-4i may lower
the risk of LLA associated with SGLT2i.
Diabetes itself is associated with a substantially higher
risk of cancer, with relative risks ranging from 1.2 to 2.5
for different cancer sites except for prostate.16 Pancreatic
cancer is up to 7.61 times higher than in patients without
diabetes.17 We have found a 25% lower hazard of cancer
in the SLGT2i ‘clean’ versus the DPP-4i ‘clean’ cohort.
There are conflicting results on the prevalence of cancer
in patients treated with glucose-
lowering compounds.
Initially, both GLP-1 RA and DPP-4i were suspected to
lead to an increased risk of pancreatic and thyroid cancer;
however, today, these concerns have been resolved.29
Some studies refer to a possible increase in cancer using
SGLT2i, mainly bladder cancer, while others suggest a
protective effect, for example in case of canagliflozin and
gastrointestinal tract cancer.30 Incidence of cancer was not
reported for empagliflozin7 and was not altered by canagliflozin10 in CVOTs. The overall rate was not different
in dapagliflozin-treated patients, except for a 43% lower
prevalence of bladder cancer.8 In our study, the additive use of SGLT2i and DPP-4i (in the SGLT2i ‘add-on’
group) was not significantly associated with a lower risk
of cancer as compared with those patients who stopped
taking DPP-4i after initiation of an SGLT2i. The follow-up
of patients was in line with or even longer than previous
landmark RCT studies in the field of diabetes (SAVOR-
TIMI, 2.1; EXAMINE, 1.5; TECOS, 3; CARMELINA, 2.2;
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765
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EMPA-
REG, 3.1; CANVAS, 2.4; DECLARE-
TIMI, 4.2;
EMPEROR-REDUCED, 1.33; DAPA-HF, 1.5; ELIXA, 2.1;
LEADER, 3.8; SUSTAIN-6, 2.1; EXCEL, 3.2; HARMONY,
1.6).31 Especially in the case of RWE studies (CVD-REAL,
approximately 0.9; CVD-REAL Nordic, 0.95 years),31 the
follow-up time was short, generally less than 1–1.5 years.
The risk of cancer was evaluated as a safety measure in
many of these studies. Altogether, the 3-year observational
period has already provided data showing a striking difference in mortality between the groups investigated.
The strengths of our study include providing a nationwide approach, since most citizens have received medical
coverage from the NHIF; therefore, these data provide
a near full coverage of the Hungarian population with
diabetes. Also, thorough propensity score matching,
including significant CV and non-
vascular comorbidities and drug therapy, was performed. We would like to
draw special attention to the well-matched usage of CV
drugs as well as heart failure medications. Additionally,
because of earlier criticism on RWE data,19 we eliminated
immortal-time bias and time-lag bias.
The limitations of this study are the lack of laboratory as
well as anthropometric data, and the retrospective, non-
randomized nature of the study in line with other RWE
studies. There are no HbA1c data available, which may lead
to possible confounding effect since patients with SGLT2i
added to DPP-4i may associate with more severe diabetic
status compared with switchers. However, patients with a
suspected more severe condition in the add-on group had
better outcomes than those in the switch group, with a
potentially milder diabetes. This finding in fact is rather
a strength of this study not a limitation. Furthermore,
we are also aware that the last modification of the ADA/
EASD joint statement recommends CV protective agents,
irrespective of the current or desired HbA1c value.12 Renal
function, including actual glomerular filtration rate
(GFR), was also not available for inclusion in the analysis
since the database consists of ICD codes only. Patients on
SGLT2i treatment may have had better renal function, as
suggested by prescription label that currently allows initiation of SGLT2i at a GFR of >60 mL/min/1.73 m2 only.
However, risk factors of chronic kidney disease were well
balanced between the groups of different treatments. In
total 54 parameters were involved in propensity score
matching. Only 1 out of 54 parameters has shown a mild
imbalance after matching both cohorts. The standardized
mean difference (SMD) for the index year in the first
cohort was 0.153 and that for metformin use was 0.113.
The reason for incomplete matching may be that the
unmatching of these parameters was high before propensity score matching, 58% for the index year and 11.5% for
metformin treatment. However, the other 53 parameters
were properly balanced in each cohort, so the outcome of
the survival analysis might not have been influenced.
CONCLUSIONS
In conclusion, our results represent a nationwide experience on SGLT2i treatment, a lower risk of overall
BMJ Open Diab Res Care 2021;9:e001765. doi:10.1136/bmjdrc-2020-001765

mortality and cancer, a lower chance of developing HHF,
and a higher chance of LLA, as compared with DPP-
4i. Furthermore, adding SGLT2i to DPP-
4i instead of
switching from DPP-4i to SGLT2i may prove to be a beneficial approach in terms of further improving all-cause
mortality and neutralizing the effect of SGLT2i on the
risk of LLA.
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Supplementary Figure 2: Distribution of the propensity scores prior to and after propensity score
matching in the SLGT2i ‘clean’ vs the DPP-4I ‘clean’ cohorts.
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Supplementary Figure 3: Distribution of the propensity scores prior to and after propensity score
matching in the SLGT2i ‘add-on’ vs the SGLT2i ‘switch’ cohort
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Supplementary Table 1: Baseline characteristics of the SLGT2i ‘clean’ vs the DPP-4i ‘clean’ cohorts prior to and following
propensity score matching.

UNMATCHED

SGLT2i

PROPENSITY SCORE-MATCHED

DPP-4i ’clean’

SMD

DPP-4i
SGLT2i ’clean’

’clean’

SMD

’clean’

Days on DPP4i since diagnosis (mean (SD))

93 (276)

39 (179)

0.232

65 (230)

58 (231)

0.028

Days from diagnosis to index (mean (SD))

2,132 (900)

1,758 (948)

0.404

1,913 (958)

1,875 (980)

0.039

Ratio of days (mean (SD))

0.04 (0.11)

0.02 (0.08)

0.211

0.03 (0.09)

0.02 (0.09)

0.026

Year of DM diagnosis (%)

0.262

0.041

<

2009

17,604 (62.9)

28,857 (50.7)

9,760 (52.5)

9,617 (51.8)

-

2010

2,014 (7.2)

4,833 (8.5)

1,541 (8.3)

1,449 (7.8)

-

2011

1,633 (5.8)

4,284 (7.5)

1,311 (7.1)

1,321 (7.1)

-

2012

1,308 (4.7)

3,585 (6.3)

1,104 (5.9)

1,125 (6.1)

-

2013

1,226 (4.4)

3,250 (5.7)

1,048 (5.6)

994 (5.3)

-

2014

1267 (4.5)

4236 (7.4)

1106 (6.0)

1194 (6.4)

-

2015

1243 (4.4)

3923 (6.9)

1144 (6.2)

1186 (6.4)

-

2016

1178 (4.2)

2900 (5.1)

1087 (5.8)

1151 (6.2)

-

2017

507 (1.8)

1067 (1.9)

482 (2.6)

546 (2.9)
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Index year (%)

0.580

0.153

-

2014

598 (2.1)

7532 (13.2)

570 (3.1)

1081 (5.8)

-

2015

6045 (21.6)

19474 (34.2)

4674 (25.2)

4481 (24.1)

-

2016

12543 (44.8)

19065 (33.5)

7902 (42.5)

7145 (38.4)

-

2017

8794 (31.4)

10864 (19.1)

5437 (29.3)

5876 (31.6)

AMI with PCI n (%)

841 (3.0)

1,590 (2.8)

0.013

508 (2.7)

499 (2.7)

0.003

CABG surgery n (%)

352 (1.3)

616(1.1)

0.016

182 (1.0)

181 (1.0)

0.001

PCI with stenting n (%)

1,565 (5.6)

2,777 (4.9)

0.032

909 (4.9)

903 (4.9)

0.001

Chronic heart failure n (%)

1,417 (5.1)

2,984 (5.2)

0.008

799 (4.3)

788 (4.2)

0.003

Atrial fibrillation n (%)

1,507 (5.4)

4,057 (7.1)

0.072

1036 (5.6)

1034 (5.6)

<0.001

Stroke n (%)

1,113 (4.0)

2,992 (5.3)

0.061

733 (3.9)

799 (4.3)

0.018

Peripheral artery disease n (%)

978 (3.5)

2,257 (4.0)

0.025

564 (3.0)

593 (3.2)

0.009

Lower limb amputation n (%)

361 (1.3)

460 (0.8)

0.047

164 (0.9)

151 (0.8)

0.008

Cancer n (%)

1,872 (6.7)

5,178 (9.1)

0.089

1,297 (7.0)

1,305 (7.0)

0.002

COPD n (%)

1,441 (5.2)

2,879 (5.1)

0.004

900 (4.8)

862 (4.6)

0.010

Severe hypoglycemia n (%)

64 (0.2)

103 (0.2)

0.011

33 (0.2)

30 (0.2)

0.004

Keto-/lactic acidosis n (%)

63 (0.2)

43 (0.1)

0.039

21 (0.1)

22 (0.1)

0.002

Major bleeding n (%)

538 (1.9)

1,212 (2.1)

0.015

328 (1.8)

348 (1.9)

0.008

Metformin n (%)

14,626 (52.3)

30,862 (54.2)

0.039

9,764 (52.5)

9,741 (52.4)

0.002
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Sulfonylurea n (%)

10,375 (37.1)

29,801 (52.3)

0.311

8,979 (48.3)

8,931 (48.1)

0.005

GLP-1RA n (%)

2,693 (9.6)

917 (1.6)

0.353

1,091 (5.9)

877 (4.7)

0.051

Metiglinides n (%)

25 (0.1)

60 (0.1)

0.005

20 (0.1)

27 (0.1)

0.011

Metformin + metiglinid n (%)

380 (1.4)

560 (1.0)

0.035

327 (1.8)

289 (1.6)

0.016

Glitazones n (%)

122 (0.4)

199 (0.3)

0.014

100 (0.5)

97 (0.5)

0.002

Acarbose n (%)

774 (2.8)

2830 (5.0)

0.114

674 (3.6)

698 (3.8)

0.007

Insulin n (%)

11,219 (40.1)

3,042 (5.3)

0.911

2,932 (15.8)

2,555 (13.7)

0.057

Short acting insulin (Human/analog) n (%)

8,052 (28.8)

1,245 (2.2)

0.790

1,414 (7.6)

1,202 ( 6.5)

0.045

Intermediate insulin (human basal) n (%)

5,140 (18.4)

1,575 (2.8)

0.525

1,460 (7.9)

1,230 (6.6)

0.048

Long acting insulin (analog basal) n (%)

6,856 (24.5)

1,146 (2.0)

0.703

1,280 (6.9)

1,048 (5.6)

0.052

Premix insulin (human/analog) n (%)

1,704 (6.1)

455 (0.8)

0.293

573 (3.1)

426 (2.3)

0.049

CV risk treatment n (%)

25,696 (91.8)

51,214 (90.0)

0.066

16,860 (90.7)

16,481 (88.7)

0.067

Low dose Aspirin n (%)

9,074 (32.4)

16,813 (29.5)

0.063

5,444 (29.3)

5,405 (29.1)

0.005

Statin n (%)

14,339 (51.2)

27,431 (48.2)

0.061

8,916 (48.0)

8,823 (47.5)

0.010

Antihypertensives n (%)

24,539 (87.7)

48,664 (85.5)

0.065

16,018 (86.2)

15,687 (84.4)

0.050

ACEi n (%)

16,300 (58.3)

33,242 (58.4)

0.003

10,645 (57.3)

10,631 (57.2)

0.002

ARB n (%)

8,405 (30.0)

15,505 (27.2)

0.062

5,304 (28.5)

5,254 (28.3)

0.006

Dihydropyridine CCB n (%)

6,140 (21.9)

13,067 (23.0)

0.024

3,964 (21.3)

4,041 (21.7)

0.010

Non-dihydropyridine CCB n (%)

368 (1.3)

795 (1.4)

0.007

228 (1.2)

210 (1.1)

0.009

Sütp , et al. BMJ Open Diab Res Care 2021; 9:e001765. doi: 10.1136/bmjdrc-2020-001765

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)
BMJ Open Diab Res Care

Beta blockers n (%)

15,648 (55.9)

29,807 (52.4)

0.072

9,885 (53.2)

9,805 (52.8)

0.009

Thiazides n (%)

177 (0.6)

409 (0.7)

0.010

107 (0.6)

105 (0.6)

0.001

Loop diuretics n (%)

5,472 (19.6)

10,220 (18.0)

0.041

3,046 (16.4)

3,041 (16.4)

0.001

Aldosterone antagonist n (%)

2,096 (7.5)

3,550 (6.2)

0.050

1,200 (6.5)

1,150 (6.2)

0.011

Digoxin n (%)

452 (1.6)

1,203 (2.1)

0.037

300 (1.6)

322 (1.7)

0.009

Digitoxin n (%)
Amiodarone n (%)

186 (0.7)
275 (1.0)

639 (1.1)
674 (1.2)

0.049
0.019

126 (0.7)
182 (1.0)

109 (0.6)
170 (0.9)

0.012
0.007

Warfarin n (%)

638 (2.3)

1,391 (2.4)

0.011

404 (2.2)

417 (2.2)

0.005

P2Y12 receptor antagonists n (%)

2,755 (9.8)

5,910 (10.4)

0.018

1680 (9.0)

1738 (9.4)

0.011

Factor XA inhibitor n (%)

328 (1.2)

730 (1.3)

0.010

228 (1.2)

215 (1.2)

0.006

Direct thrombin inhibitor n (%)

129 (0.5)

263 (0.5)

<0.001

92 (0.5)

97 (0.5)

0.004

Other antiplatelets n (%)

60 (0.2)

144 (0.3)

0.008

40 (0.2)

44 (0.2)

0.005

Corticosteroids n (%)

1,236 (4.4)

2,794 (4.9)

0.023

845 (4.5)

851 (4.6)

0.002

Weight loss medication n (%)

<10 (0.0)

<10 (0.0)

0.009

<10 (0.0)

<10 (0.0)

<0.001

ata include some demographic parameters, significant co-morbidities as well as anti-diabetic and cardiovascular medications.
=angiotensin-converting enzyme inhibitors, ARB=angiotensin-II receptor blockers, CCB=calcium channel blockers, CV = vascular,
SMD=standardized mean difference
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Supplementary Table 2: Baseline characteristics of the SLGT2i ‘add-on’ vs the SGLT2i ‘switch’ cohorts prior to and
after propensity score matching.

UNMATCHED

PROPENSITY-SCO RE MATCHED

SGLT2i ’add-on’ SGLT2i ’switch’

Number of patients

SMD

SGLT2i

SGLT2i

’add-on’

’switch’

4,843

4,843

SMD

7,167

4,891

3,088 (43.1)

2,329 (47.6)

0.091

2,192 (45.3)

2,300 (47.5)

0.045

54.6 (9.1)

54.0 (9.1)

0.073

54.3 (9.1)

54.0 (9.1)

0.028

Age at index date (mean (SD))

61.0 (9.4)

60.2 (9.4)

0.079

60.5 (9.5)

60.3 (9.4)

0.030

Days on DPP4isince diagnosis (mean (SD))

1,026 (738)

967 (708)

0.082

1,000 (734)

969 (708)

0.041

Days from diagnosis to index (mean (SD))

2305 (689)

2280 (682)

0.037

2291 (689)

2282 (681)

0.014

Female gender n (%)

Age at diagnosis of DM
(mean (SD))

Ratio of days (mean (SD))

0.31 (2.87)

0.22 (1.01)

Year of DM diagnosis (%)

0.043

0.23 (1.68)

0.22 (1.02)

0.059

0.056

<

2009

4,914 (68.6)

3,334 (68.2)

3,269 (67.5)

3,303 (68.2)

-

2010

630 (8.8)

410 (8.4)

443 (9.1)

406 (8.4)

-

2011

491 (6.9)

357 (7.3)

356 (7.4)

352 (7.3)

-

2012

346 (4.8)

265 (5.4)

247 (5.1)

262 (5.4)

-

2013

287 (4.0)

213 (4.4)

194 (4.0)

213 (4.4)

-

2014

237 (3.3)

144 (2.9)

159 (3.3)

142 (2.9)

-

2015

164 (2.3)

119 (2.4)

108 (2.2)

117 (2.4)

-

2016

79 (1.1)

43 (0.9)

60 (1.2)

42 (0.9)

-

2017

19 (0.3)

6 (0.1)

7 (0.1)

6 (0.1)

Index year (%)

0.084

0.005

0.077
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-

2014

192 (2.7)

178 (3.6)

133 (2.7)

177 (3.7)

-

2015

1,708 (23.8)

1,270 (26.0)

1,170 (24.2)

1,251 (25.8)

-

2016

3,176 (44.3)

2,017 (41.2)

2,147 (44.3)

1,998 (41.3)

-

2017

2,091 (29.2)

1,426 (29.2)

1,393 (28.8)

1,417 (29.3)

AMI with PCI n (%)

173 (2.4)

147 (3.0)

0.036

132 (2.7)

139 (2.9)

0.009

CABG surgery n (%)

92 (1.3)

44 (0.9)

0.037

58 (1.2)

44 (0.9)

0.028

PCI with stenting n (%)

341 (4.8)

263 (5.4)

0.028

248 (5.1)

255 (5.3)

0.007

Chronic heart failure n (%)

239 (3.3)

166 (3.4)

0.003

159 (3.3)

161 (3.3)

0.002

Atrial fibrillation n (%)

412 (5.7)

232 (4.7)

0.045

259 (5.3)

230 (4.7)

0.027

Stroke n (%)

265 (3.7)

155 (3.2)

0.029

166 (3.4)

155 (3.2)

0.013

Peripheral artery disease n (%)

174 (2.4)

145 (3.0)

0.033

115 (2.4)

142 (2.9)

0.035

Lower limb amputation n (%)

34 (0.5)

31 (0.6)

0.021

24 (0.5)

29 (0.6)

0.014

Cancer n (%)

480 (6.7)

328 (6.7)

<0.001

335 (6.9)

324 (6.7)

0.009

COPD n (%)

268 (3.7)

208 (4.3)

0.026

195 (4.0)

202 (4.2)

0.007

Severe hypoglycemia n (%)

<10 (0.1)

<10 (0.1)

0.010

<10 (0.1)

<10 (0.1)

<0.001

Keto-/lactic acidosis n (%)

<10 (0.0)

<10 (0.1)

0.029

<10 (0.0)

<10 (0.1)

0.020

Major bleeding n (%)

126 (1.8)

70 (1.4)

0.026

75 (1.5)

70 (1.4)

0.009

Metformin n (%)

1,600 (22.3)

1,555 (31.8)

0.214

1,263 (26.1)

1,511 (31.2)

0.113

Sulphonylurea n (%)

4,210 (58.7)

3,146 (64.3)

0.115

2,931 (60.5)

3,109 (64.2)

0.076

GLP-1RA n (%)

162 (2.3)

149 (3.0)

0.049

132 (2.7)

141 (2.9)

0.011

Metiglinides n (%)

10 (0.1)

<10 (0.1)

0.005

<10 (0.1)

<10 (0.1)

0.006

Metformin + metiglinid n (%)

40 (0.6)

17 (0.3)

0.031

25 (0.5)

17 (0.4)

0.025

Glitazones n (%)

48 (0.7)

20 (0.4)

0.036

21 (0.4)

20 (0.4)

0.003

Acarbose n (%)

389 (5.4)

167 (3.4)

0.098

224 (4.6)

167 (3.4)

0.060

Insulin n (%)

350 (4.9)

362 (7.4)

0.105

275 (5.7)

330 (6.8)

0.047
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Short acting insulin (Human/analog) n (%)

87 (1.2)

100 (2.0)

0.066

77 (1.6)

88 (1.8)

0.018

Intermediate insulin (human basal) n (%)

168 (2.3)

175 (3.6)

0.073

137 (2.8)

161 (3.3)

0.029

Long acting insulin (analog basal) n (%)

184 (2.6)

177 (3.6)

0.061

141 (2.9)

161 (3.3)

0.024

Premix insulin (human/analog) n (%)

22 (0.3)

35 (0.7)

0.057

19 (0.4)

28 (0.6)

0.027

CV risk treatment n (%)

6,631 (92.5)

4,506 (92.1)

0.015

4,479 (92.5)

4,460 (92.1)

0.015

Low dose Aspirin n (%)

2,149 (30.0)

1,618 (33.1)

0.067

1,506 (31.1)

1,593 (32.9)

0.039

Statin n (%)

3,863 (53.9)

2,590 (53.0)

0.019

2,599 (53.7)

2,556 (52.8)

0.018

Antihypertensives n (%)

6,276 (87.6)

4,270 (87.3)

0.008

4,233 (87.4)

4,225 (87.2)

0.005

ACEi n (%)

4,017 (56.0)

2,797 (57.2)

0.023

2,756 (56.9)

2,767 (57.1)

0.005

ARB n (%)

2,266 (31.6)

1,407 (28.8)

0.062

1,470 (30.4)

1,397 (28.8)

0.033

Dihydropyridine CCB n (%)

1,536 (21.4)

984 (20.1)

0.032

1,022 (21.1)

977 (20.2)

0.023

Non-dihydropyridine CCB n (%)

101 (1.4)

74 (1.5)

0.009

73 (1.5)

68 (1.4)

0.009

Beta blockers n (%)

3,735 (52.1)

2,628 (53.7)

0.032

2,568 (53.0)

2,596 (53.6)

0.012

Thiazides n (%)
Loop diuretics n (%)

40 (0.6)
927 (12.9)

30 (0.6)
664 (13.6)

0.007
0.019

34 (0.7)
636 (13.1)

28 (0.6)
650 (13.4)

0.016
0.009

Aldosterone antagonist n (%)

321 (4.5)

258 (5.3)

0.037

223 (4.6)

251 (5.2)

0.027

Digoxin n (%)

119 (1.7)

72 (1.5)

0.015

77 (1.6)

70 (1.4)

0.012

Digitoxin n (%)

37 (0.5)

24 (0.5)

0.004

23 (0.5)

24 (0.5)

0.003

Amiodarone n (%)

61 (0.9)

29 (0.6)

0.031

32 (0.7)

28 (0.6)

0.011

Warfarin n (%)

141 (2.0)

85 (1.7)

0.017

91 (1.9)

84 (1.7)

0.011

P2Y12 receptor antagonists n (%)

701 (9.8)

460 (9.4)

0.013

451 (9.3)

451 (9.3)

<0.001

Factor XA inhibitor n (%)

84 (1.2)

52 (1.1)

0.010

52 (1.1)

50 (1.0)

0.004

Direct thrombin inhibitor n (%)

39 (0.5)

19 (0.4)

0.023

25 (0.5)

19 (0.4)

0.018

Other antiplatelets n (%)

15 (0.2)

11 (0.2)

0.003

13 (0.3)

11 (0.2)

0.008

Corticosteroids n (%)

263 (3.7)

189 (3.9)

0.010

180 (3.7)

186 (3.8)

0.006

Weight loss medication n (%)

<10 (0.0)

<10 (0.0)

0.005

<10 (0.0)

<10 (0.0)

<0.001
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The data include some demographic parameters (age and gender), significant co-morbidities as well as anti-diabetic and
cardiovascular medications. ACEi = angiotensin-converting enzyme inhibitors, ARB = angiotensin-II receptor blockers, CCB =
calcium channel blockers, CV = cardiovascular, SMD = standardized mean difference
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Major organ specific One occurrence of following bleeding ICD D62, I60, I61, I62, R31, R04, D500,
bleeding

codes in inpatient (primary diagnosis) records. H313, H356, H431, H450, I312, I850, K250, K252,

K254, K256,
K260, K262, K264, K266, K270,
K272, K274, K276, K280, K282,
K284, K286, K625, K661, K920,
K921, K922, S064, S065, S066,
J942, K228F, K298A, K638B,
K638C, K838F, K868G, I864A,
H052A, S368D, G951A
Periferial arterial disease Occurrence of defined ICD codes in inpatient
(PAD)
PCI with stent

I701, I702, I703, I704, I705, I706,

(primary diagnosis) records.
I707, I708, I709, I7039
Occurrence of defined ICPM codes in inpatient

33970, 33971, 33972, 33974, 33975,

records.

33976, 33981, 33982, 33983, 33984,
33985, 33986, 33987, 33988, 33989 Severe

hypoglycemia Occurrence of ICD codes in inpatient (primary E100, E110, E120, E130, E140,
diagnosis) records.

E160, E161, E162

ICD-10 = international Classification of Diseases Version 10, ICPM = Hungarian modification of International
Classification of Procedures in Medicine (ICPM) published in 1978. AMI = Acute myocardial infarction, PCI =
percutaneous coronary stent implantation, LLA = Lower limb amputation, HHF = hospitalization for heart failure.
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Supplementary Table 4: Follow up time in the SGLT2i ‘clean’ vs DPP-4i ‘clean’ cohorts.

Before matching

Median

Treatment

After matching

25% (days)

N of patients Mean (days)

Median

(days)

arm

SGLT2i
27,980

635

DPP-4i ’clean’ 56,935

656

25% (days) 75% (days)

75% (days) N of patients Mean (days)
(days)

700

156

1,006

18,583

639

673

574

147

1,071

18,583

596

527

152

1,016

142

929

’clean’

Number of cases, mean, median values as well as the boundary 25 and 75 percentile are provided.
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Supplementary Table 6: Follow up time in the SGLT2i ‘add-on’ vs SGLT2i ‘switch’ cohorts.
Before matching

Treatment arm N of patients Mean (days)

Median

After matching

25% (days)

75% (days) N of patients Mean (days)

(days)

Median

25% (days)

75% (days)

685

193

1,010

789

304

1,071

(days)

SGLT2i ’add-on’

7,167

657

706

200

1,014

4,843

650

SGLT2i ’switch’

4,891

733

789

304

1,071

4,843

733

Number of cases, mean, median values as well as the boundary 25 and 75 percentile are provided.
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Supplementary Table 8: Number of patients needed to treat (NNT) or number needed to harm (NNH)
values regarding SGLT2i ‘clean’ vs DPP-4i ‘clean’ as well as SGLT2i ’add-on’ vs SGLT2i ‘switch’
comparisons.

NNT

NNH

NNT

NNH

SGLT2i ‘clean’ vs

SGLT2i ‘clean’ vs

SGLT2i ‘add-on’ vs

SGLT2i ‘add-on’ vs

DPP-4i ‘clean’

DPP-4i ‘clean’

SGLT2i ‘switch’

SGLT2i ‘switch’

AMI with PCI

n.a.

n.a.

n.a.

n.a.

Stroke with CT

n.a.

n.a.

n.a.

n.a.

All-cause mortality

116

n.a.

57

n.a.

LLA

n.a.

313

n.a.

n.a.

HHF

117

n.a.

n.a.

n.a.

Cancer

94

n.a.

n.a.

n.a.

Outcome

n.a. = not applicable (no significant difference was observed between the compared
cohorts)
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