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Aims: To investigate the association of novel oral glucose-lowering drugs (GLDs), compared

with that of insulin, with risk of all-cause mortality, cardiovascular disease (CVD) and severe

hypoglycaemia.

Methods: During 2013 to 2014 all patients with type 2 diabetes in Sweden identified as new

users of novel oral GLDs, either dipeptidyl peptidase-4 (DPP-4) inhibitors or sodium-glucose

cotransporter-2 (SGLT2) inhibitors (only dapagliflozin available in Sweden during the study

period), with those initiating insulin as a comparison group, in the Prescribed Drug Register

were included and followed in the Patient and Cause of Death Registers. The novel GLD group

and insulin group were matched 1:1 using propensity score. Cox regression models were used

to estimate risks.

Results: Of 37 603 patients, 21 758 were matched 1:1 to novel GLD vs insulin groups, with

median follow-up times of 1.51 years (16 304 patient-years) and 1.53 years (16 306 patient-

years), respectively. Treatment with novel GLDs was associated with a 44% (hazard ratio [HR]

0.56 [95% confidence interval {CI} 0.49-0.64]), 15% (HR 0.85 [95% CI 0.73-0.99]) and 74%

(0.26 [95% CI 0.12-0.57]) lower risk of all-cause mortality, CVD and hypoglycaemia, respec-

tively, compared with insulin treatment. In separate analyses for the two novel GLDs, dapagli-

flozin was associated with lower risks of all-cause mortality and CVD (56% [HR 0.44, 95% CI

0.28-0.70] and 49% [HR 0.51, 95% CI 0.30-0.86], respectively), while DPP-4 inhibitor treat-

ment was associated with lower risk of all-cause mortality (41% [HR 0.59, 95% CI 0.51-0.67]),

but not with CVD (HR 0.87, 95% CI 0.75-1.01).

Conclusions: Novel oral GLD treatment was associated with lower risk of all-cause mortality,

CVD and severe hypoglycaemia compared with insulin treatment. Dapagliflozin was associated

with a lower risk of both all-cause mortality and CVD, whereas DPP-4 inhibitor treatment was

only associated with lower risk of all-cause mortality.
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1 | INTRODUCTION

International guidelines recommend metformin as the first-line drug

treatment in the majority of patients with type 2 diabetes (T2D).1

After varying time on metformin, most patients with T2D need inten-

sified treatment because of disease progression and insufficient gly-

caemic control.

The choice of glucose-lowering drug (GLD) as add-on to ongoing

glucose-lowering therapy includes a number of pharmacological treat-

ments: insulin, dipeptidyl peptidase-4 (DPP-4) inhibitors, sulphonylur-

eas, sodium-glucose co-transporter-2 (SGLT2) inhibitors,

thiazolidinediones, acarbose or glucagon-like peptide-1 (GLP-1)

receptor agonists. There is no consensus on which drug to choose,

however, and the focus is on individualized treatment, mainly with

the aim of improving glucose control.2

Although insulin initiation can improve glycaemic control rapidly,

the complexity of injection regimens, the need to frequently titrate

doses, as well as the risk of weight gain and hypoglycaemia remain

problematic for many patients.3–5 Furthermore, safety concerns have

been raised regarding increased risk of cardiovascular disease (CVD)

and all-cause mortality in patients with T2D treated with insulin.6–10

In contrast to insulin treatment, novel glucose-lowering agents

for the treatment of T2D, including SGLT2 inhibitors and DPP-4 inhi-

bitors, are alternative options with the advantages of oral administra-

tion, low risk of hypoglycaemia and weight gain11–14 and with recent

proof of cardiovascular safety.11,15–17 Sweden has a relatively high

use of insulin for the treatment of T2D compared with other

European countries.18–20

The aim of the present observational study was to investigate

whether new initiation of novel oral GLDs, that is, SGLT-2 inhibitors

and DPP-4 inhibitors, was associated with change in risk of all-cause

mortality, CVD events, or severe hypoglycaemia compared with new

initiation of insulin treatment using Swedish nationwide healthcare

registry data.

2 | MATERIAL AND METHODS

2.1 | Data sources

This observational registry study used data from mandatory Swedish

national registries as follows: the Prescribed Drug Register, covering

all drug prescriptions filled since 2005 using Anatomical Therapeutic

Chemical (ATC) codes; the Cause of Death Register (established

1961); and the National Patient Register, covering all hospitalizations

and discharge diagnoses since 1987 and all outpatient hospital visits

since 2001. All three registers are held by the Swedish National

Board of Health and Welfare (NBHW).

2.2 | Study population

All patients who for the first time (new users, treatment-naïve or as

add-on to existing antidiabetic therapy) filled a prescription for either

DPP-4 inhibitors or SGLT2 inhibitors, hereafter called the “novel

GLD” group of treatments, or insulin, during the time period July

1, 2013 to December 31, 2014 were identified. The index date was

defined as the date of first filled prescription of either a novel GLD or

insulin. Patients with a diagnosis of gestational diabetes (International

Classification of Diseases [ICD]-10 code: O24.4) within 1 year of the

index date and patients with type 1 diabetes were excluded. Patients

with type 1 diabetes were defined as those with a type 1 diabetes

diagnosis (ICD-10 code: E10) and treated with insulin during their first

year of GLD treatment, or those aged <30 years at the start of insulin

treatment, or aged <15 years at the start of any diabetes medication.

Patients with a possible index date for both drug classes included in

the novel group were primarily included in the SGLT2 inhibitor group

and secondly in the DPP-4 inhibitor group. For example, a patient fill-

ing a DPP-4 inhibitor prescription prior to an SGLT2 inhibitor pre-

scription was placed in the SGLT2 inhibitor group. The main analyses

were carried out according to an on-treatment approach, and patients

were observed from the index date until index drug discontinuation,

defined as treatment gap >6 months between filled prescriptions,

death, or December 31, 2014. In addition, intention-to-treat (ITT)

analyses were performed including the follow-up time after which the

novel GLD or insulin treatment was discontinued.

Individual patient-level data from the three national registers

were linked using personal identification numbers (assigned at birth

and mandatory when using the public healthcare system). Data link-

age was performed by the NBHW, and the linked database was man-

aged by Statisticon AB, Uppsala, Sweden. Baseline treatments,

defined by ATC codes, were defined as any identified filled prescrip-

tion of the treatment of interest during the year prior to the index

date. The study protocol was approved by the Stockholm regional

ethics committee (registration number 2013/2206-31).

2.3 | Definition of outcomes

Three endpoints were defined: (1) death from any cause; (2) fatal and

non-fatal CVD: a main diagnosis in the inpatient register of myocar-

dial infarction (I21), ischaemic stroke (I63–I64), unstable angina pec-

toris (I20.0), heart failure (I50) or cardiovascular death (death with an

ICD-10 code I diagnosis as primary cause of death; (3) severe hypo-

glycaemia: a main or secondary diagnoses in the inpatient register of

hypoglycaemia (E16.0, E16.1, or E16.2) or diabetes with coma (ICD-

10 E10.0, E11.0, E12.0, E13.0, or E14.0), as these codes are typically

used for hypoglycaemia requiring third party assistance. (See Sup-

porting Information Table S1 for ICD diagnoses and ATC codes.)

2.4 | Statistical analyses

The time from index initiation of novel drug or insulin to a clinical

event (all-cause mortality, fatal or non-fatal CVD, or severe hypogly-

caemia) was visualized using Kaplan–Meier graphs. Patients were

censored at treatment discontinuation, death or study period end (ie,

for clinical endpoints December 31, 2014 and for all-cause mortality

October 31, 2015).

Propensity score was used to match each patient who initiated a

novel drug with a patient who initiated insulin (1:1) using caliper 0.2.

The probability of having an initiation of a new novel drug (depend-

ent variable) was estimated using a logistic regression model with
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group and age, gender, diabetes duration, history of myocardial

infarction, unstable angina, angina pectoris, coronary revasculariza-

tion, heart failure, atrial fibrillation, stroke, transitory ischaemic attack,

peripheral artery disease, major organ specific bleeding, bariatric sur-

gery, microvascular complications, severe hypoglycaemia, lower limb

amputations, chronic obstructive pulmonary disease, kidney disease,

cancer, frailty (defined as ≥3 days of hospitalization during the year

prior to index date), all separate GLDs, drugs to prevent or treat CVD

(angiotensin-converting enzyme inhibitors, angiotensin receptor

blockers, β-blockers, low-/high ceiling diuretics, aldosterone antago-

nists, warfarin, statins, low-dose acetylsalicylic acid, antiplatelet drugs,

calcium channel blockers, weight loss drugs) and calendar year of

both index date and date of first line initiation as independent vari-

ables. Propensity score distribution was used to study overlap

between the two matched groups.

Statistical analyses comparing treatments (novel group vs insulin)

in the matched cohort were performed using Cox proportional

hazards models, where the dependence within the matched pairs was

handled using a robust estimation of the variances. The matching was

performed using the Match function in the R package Matching.21

In a second model, a series of adjusted Cox proportional hazard

models was used on the total unmatched population. Directed acyclic

graphs22 were used to minimize the risk of bias and identify the two

adjustment models (Supporting Information, Figure S2A and B). Sepa-

rate adjustment models were determined for risk of fatal and non-

fatal CVD and all-cause mortality (Figure 2A) and severe hypoglycae-

mia (Figure 2B).

The model for estimating the risk of severe hypoglycaemia was

adjusted for age and frailty.23 The model for fatal and non-fatal CVD

was adjusted for age, sex, frailty, prior CVD as defined in Table 1, and

use of statins, low-dose aspirin and antihypertensives. History of

CVD was assessed in the National Patient Register from 1987 until

index date. The proportional hazard assumptions were assessed by

examining Schoenfeld residuals.

To estimate the impact of separate drug classes in the novel

group, separate matches of SGLT2 inhibitor to insulin and DPP-4

inhibitors to insulin were performed using the propensity score

method and Cox proportional hazards models, as described above. To

test the impact of the primary group selection process in a sensitivity

analysis, a second method was used, where patients were assigned to

the treatment groups based on the first of the three treatments

(SGLT2 inhibitor, DPP-4 inhibitors or insulin) that was initiated.

P values < .05 were taken to indicate statistical significance, and

all analyses were conducted using R statistical software (R version

3.2.3).24

3 | RESULTS

3.1 | Unmatched patient characteristics and
treatments

During the observation period, 37 603 patients initiated new therapy

with novel GLDs or insulin; 33.4% and 66.6%, respectively (Table 1

and Figure 1). The SGLT2 inhibitor group consisted of dapagliflozin

only (no other SGLT2 inhibitor was found in the Prescribed Drug

Register during the study period, therefore, this subgroup is hereafter

referred to as dapagliflozin) and the DPP-4 inhibitors group of sita-

gliptin (94%), saxagliptin (4%), vildagliptin (2%) and linagliptin (0%);

and the insulin group consisted of intermediate-acting (53%), pre-

mixed (23%), long-acting (12%) and short-acting (12%; Supporting

Information, Table S2).

Before matching, patients in the novel GLD group were younger

(64.5 vs 68.3 years), less frequently women (40% vs 42%), had a

longer time from first GLD (4.9 vs 4.7 years), less microvascular dis-

ease (19% vs 27%), and lower cardiovascular burden (previous myo-

cardial infarction, heart failure, stroke) than patients in the insulin

group (Table 1). The novel GLD group received more treatment with

statins and antihypertensives, but less often low-dose aspirin and

β-blockers, compared with the insulin group (Table 1). Use of other

GLDs did not differ regarding sulphonylurea therapy (30% vs 28%) or

GLP-1 receptor agonist therapy, while metformin was more often

used in the novel GLD group (84% vs 63%).

3.2 | Propensity score-matched analyses

After 1:1 propensity score matching, 21 758 patients initiated on

either novel drug or insulin were identified (Figure 1). Only 11% of

the patients had no GLD treatment during the year before index and

the majority of patients filled prescriptions of ≥2 GLDs. The novel

GLD and insulin groups were similar with regard to all baseline vari-

ables (Table 1) and showed a 92% propensity score distribution over-

lap (Supporting Information, Figure S1A). CVD prevalence for the

whole cohort at baseline was 33% (Supporting Information, Table S3).

The median follow-up times were 1.51 years (16 304 patient-years)

and 1.53 years (16 306 patient-years) for the novel GLD and insulin

groups, respectively. The matched novel GLD group consisted of

19% and 81% new users of dapagliflozin and DPP-4 inhibitors,

respectively. The matched DPP-4 inhibitor group consisted of sita-

gliptin (n = 8261; 94%), saxagliptin (n = 398; 5%), vildagliptin

(n = 142; 2%), linagliptin (n = 1; 0%). The insulins were intermediate-

acting (63%), premixed (18%), long-acting (12%) and short-acting

(8%).

In the novel GLD group, crude numbers (incidence per 100

patient-years) of all-cause death, fatal and non-fatal CVD, and severe

hypoglycaemia were 330 (2.56), 302 (4.66) and 8 (0.12), respectively,

detailed data not shown. The corresponding results for the insulin

group were 554 (4.57), 350 (5.49) and 30 (0.46). As illustrated by the

Kaplan–Meier curves (Figure 2A-C), the increased incidences in both

groups were proportional to each other, with a continuous increased

separation between the curves with increasing follow-up time.

Compared with the insulin group, the novel group was signifi-

cantly associated with 44%, 15% and 74% decreased risk of all-cause

mortality, fatal and non-fatal CVD, and severe hypoglycaemia, respec-

tively (details of hazard ratios [HRs] and 95% confidence intervals

[CIs] are shown in Table 2). The ITT analyses showed similar risk esti-

mates to the on-treatment analyses.

In the subgroup of patients with established CVD at baseline,

novel GLD treatment was associated with lower risk of all-cause mor-

tality compared with insulin treatment, whereas no risk differences
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TABLE 1 Baseline characteristics of patients who were new users of novel GLDs (either dapagliflozin or DPP-4 inhibitors) compared with new

users of insulin

Unmatched Propensity score matched 1:1

Novel GLD group Insulin Novel GLD group Insulin P
n = 12 544 n = 25 059 n = 10 879 n = 10 879

Age, years (s.d.) 64.5 (11.9) 68.3 (14.1) 65.1 (12.0) 65.1 (13.5) .742

Gender (female) 4978 (40) 10 626 (42) 4408 (41) 4410 (41) .989

Time since first GLD, years (s.d.) 4.9 (3.1) 4.7 (3.6) 5.0 (3.2) 5.0 (3.2) .550

Myocardial infarction 1152 (9) 3008 (12) 1012 (9) 1017 (9) .926

CABG 402 (3) 1034 (4) 367 (3) 370 (3) .940

PCI 981 (8) 2048 (8) 840 (8) 849 (8) .839

Unstable angina 540 (4) 1378 (5) 488 (4) 471 (4) .597

Angina pectoris 1445 (12) 3606 (14) 1298 (12) 1316 (12) .723

Heart failure 934 (7) 3518 (14) 874 (8) 906 (8) .443

Atrial fibrillation 1222 (10) 3988 (16) 1141 (10) 1155 (11) .774

Stroke 1012 (8) 3658 (15) 963 (9) 959 (9) .943

Hemorrhagic 156 (1) 547 (2) 146 (1) 137 (1) .632

Ischemic 667 (5) 2570 (10) 640 (6) 641 (6) 1.000

TIA 301 (2) 1132 (5) 286 (3) 304 (3) .478

Peripheral artery disease 572 (5) 1712 (7) 527 (5) 507 (5) .545

Chronic kidney disease 306 (2) 1339 (5) 295 (3) 322 (3) .288

Microvascular disease 2326 (19) 6691 (27) 2225 (20) 2229 (20) .960

Severe hypoglycemia 27 (0) 124 (0) 25 (0) 20 (0) .551

Cancer 1897 (15) 6018 (24) 1780 (16) 1791 (16) .855

COPD 458 (4) 1537 (6) 430 (4) 433 (4) .945

Lower limb amputations 26 (0) 182 (1) 26 (0) 26 (0) 1.000

Antihypertensives 9683 (77) 18280 (73) 8226 (76) 8101 (74) .052

Statins 7916 (63) 12927 (52) 6535 (60) 6589 (61) .463

Low dose aspirin 4014 (32) 8925 (36) 3552 (33) 3560 (33) .919

β-blockers 5306 (42) 11293 (45) 4596 (42) 4663 (43) .365

Metformin 10584 (84) 15865 (63) 8925 (82) 8957 (82) .583

Sulphonylurea 3763 (30) 7113 (28) 3405 (31) 3431 (32) .715

DPP-4 inhibitor 625 (5) 2248 (9) 625 (6) 621 (6) .930

GLP-1 receptor agonist 458 (4) 1221 (5) 457 (4) 475 (4) .569

Metiglinides 549 (4) 1422 (6) 525 (5) 544 (5) .572

Index year .435

2013 3347 (27) 8153 (33) 3121 (29) 3068 (28)

2014 9197 (73) 16906 (67) 7758 (71) 7811 (72)

Number of GLD classes dispensed within 1 year before
index

0 1106 (8.82) 6749 (26.93) 1104 (10.15) 1319 (12.12)

1 7522 (59.96) 11326 (45.20) 6268 (57.62) 5797 (53.29)

2 3631 (28.95) 6286 (25.08) 3238 (29.76) 3440 (31.62)

3+ 285 (2.27) 698 (2.79) 269 (2.47) 323 (2.97)

First registered year of dispensed GLD .999

2005 3051 (24) 7965 (32) 2980 (27) 2975 (27)

2006 904 (7) 1637 (7) 831 (8) 825 (8)

2007 889 (7) 1463 (6) 758 (7) 753 (7)

2008 1041 (8) 1461 (6) 849 (8) 883 (8)

2009 1083 (9) 1512 (6) 883 (8) 895 (8)

2010 1084 (9) 1352 (5) 835 (8) 824 (8)

2011 1113 (9) 1247 (5) 803 (7) 813 (7)

2012 1027 (8) 1149 (5) 755 (7) 745 (7)

(Continued )
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were observed regarding CVD (Supporting Information, Table S3). In

the separate analyses of the drug classes in the novel group, dapagli-

flozin was significantly associated with lower CVD risk (HR 0.47

[95% CI 0.24-0.93]), whereas DPP-4 inhibitors did not differ from

insulin (HR 1.00 [95% CI 0.84-1.19]; Supporting Information,

Table S3).

In the larger cohort of patients without CVD at baseline, novel

GLD treatment was associated with lower risks of all three outcomes.

In the separate analyses, both dapagliflozin and DPP-4 inhibitors vs

insulin had significantly lower risk associations with all-cause mortal-

ity. The association with CVD did not reach significance for dapagliflo-

zin, whereas for DPP-4 inhibitors it was significant.

3.3 | Multivariate-adjusted survival analyses

When applying multivariate adjustment to the full cohort of 37 603

patients, novel GLD treatment and insulin treatment were associated

with similar lower risks of all-cause mortality, fatal and non-fatal

CVD, and severe hypoglycaemia compared with the propensity

matched model (Table 2). The ITT analyses yielded similar risk esti-

mates to the on-treatment analyses.

3.4 | Separate comparisons of dapagliflozin vs
insulin and DPP-4 inhibitors vs insulin

After propensity score matching (1:2); 6141 patients who

initiated either dapagliflozin (n = 2047) or insulin (n = 4094) were

identified, while 1:1 matching of DPP-4 inhibitors resulted in

20 558 patients initiating either a DPP-4 inhibitor (n = 10 279) or

insulin (n = 10 279). No significant baseline differences were

observed between the compared groups (Supporting Information,

Table S4) and the propensity score distribution overlaps were

93% in both cases (Supporting Information, Figure S1B and C).

Baseline CVD prevalence rates were 24% and 33% in the dapagli-

flozin and DPP-4 inhibitor groups, respectively (Supporting Infor-

mation, Table S4).

The median follow-up times were 1.51 years (6182 patient-

years) and 1.40 years (2866 patient-years) for the dapagliflozin and

insulin groups, respectively, while the median follow-up times were

identical for the DPP-4 inhibitors and insulin groups: 1.53 years

(15 727 patient-years) for each group.

The crude numbers (incidence per 100 patient-years) of all-cause

mortality, fatal and non-fatal CVD, and severe hypoglycaemia events

for the propensity score-matched dapagliflozin vs insulin analyses

were 22 (0.98) vs 106 (2.19), 18 (1.68) vs 79 (3.27), and 1 (0.09) vs

5 (0.20), respectively (detailed data not shown). The increased inci-

dence rates in both groups were proportional to each other, with a

continuous increased separation between the curves with follow-up

time (Figure 3A-F). Compared with insulin, dapagliflozin was associ-

ated with 56% (HR 0.44 [95% CI 0.28–0.70]) and 49% (HR 0.51 [95%

CI 0.30-0.86]) lower risks of all-cause mortality and fatal and non-

fatal CVD, respectively (Table 3). Correspondingly, DPP-4 inhibitor

use was associated with an all-cause mortality risk reduction of 41%

(HR 0.59 [95% CI 0.51-0.67]), but did not reach a statistically signifi-

cant association with fatal and non-fatal CVD (HR 0.87 [95% CI

0.75-1.01]).

Risk of severe hypoglycaemia was 69% lower in the DPP-4 inhib-

itor group (HR 0.31 [95% 0.15-0.66]) compared with the insulin

TABLE 1 Continued

Unmatched Propensity score matched 1:1

Novel GLD group Insulin Novel GLD group Insulin P
n = 12 544 n = 25 059 n = 10 879 n = 10 879

2013 1249 (10) 2775 (11) 1088 (10) 1062 (10)

2014 1103 (9) 4498 (18) 1097 (10) 1104 (10)

All numbers in parenthesis are percentage if not stated otherwise.

Abbreviations: CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease. PCI, percutaneous coronary intervention; s.d.,
standard deviation; TIA, transient ischaemic attack.

370,291 patients with T2D during 1st of July 

2013 to 31st of December 2014

12,544 

novel drug

25,059 

insulin

37,603 new users of  novel drug (SGLT-2 or 

DPP-4 inhibitor) or insulin

10,879

novel drug

10,879

insulin

14,180 (57%)

non-matchable insulin 

patients

1665 (13%)

non-matchable novel 

drug  patients

FIGURE 1 Patient flow chart.
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group. Lower numbers of severe hypoglycaemia were also observed

in the dapagliflozin group (HR 0.45 [95% CI 0.05-3.76]); however,

because there were very few hypoglycaemic events it did not reach

statistical significance (Table 3).

3.5 | Sensitivity analysis

When assessing new users of dapagliflozin, DPP-4 inhibitors or

insulin, whichever came first to define the novel and insulin

group, the number of patients who were able to be matched

decreased to 17 848 and the groups were similar at baseline

(data not shown). Compared with the insulin group, the novel

GLD group was significantly associated with 42%, 17% and 72%

decreased risks of all-cause mortality, fatal and non-fatal CVD,

and severe hypoglycaemia, respectively (details of HRs and

95% CIs are shown in Supporting Information, Table S5). The ITT

analyses showed similar risk estimates to the on-treatment

analyses.
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TABLE 2 Hazard ratios in new users of novel drugs (either dapagliflozin or DPP-4 inhibitors) vs insulin using propensity-matched patients (1:1)

Number of
patients

All-cause mortality Fatal/non-fatal CVD Severe hypoglycemia

HR 95% CI P HR 95% CI P HR 95% CI P

Propensity-matched (novel vs
insulin)

21 578 0.561 (0.49-0.64) <.001 0.851 (0.73-0.99) .037 0.261 (0.12-0.57) .001

ITT 21 578 0.581 (0.52-0.65) <.001 0.841 (0.73-0.97) .014 0.321 (0.16-0.65) .002

Multivariate adjusted (novel vs
insulin)

37 603 0.482 (0.43-0.54) <.001 0.792 (0.70-0.90) <.001 0.233 (0.11-0.48) <.001

ITT 37 603 0.502 (0.46-0.56) <.001 0.782 (0.70-0.88) <.001 0.313 (0.17-0.58) <.001

Multivariate adjusted Cox proportional hazard analyses are presented to test the results with a different statistical method.
1 Matched by propensity scores based on age, sex, frailty (≥3 days in hospital within 1 year prior to index), comorbidity and treatment.
2 Adjusted for age, sex, frailty, prior CVD, and use of statins, low-dose aspirin, and antihypertensives.
3 Adjusted for age and frailty.
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FIGURE 3 Kaplan–Meier curves and HRs comparing propensity score-matched dapagliflozin and DPP-4 inhibitors vs insulin groups for A and B,

all-cause mortality; C and D, fatal and non-fatal CVD; and E and F, severe hypoglycaemia.
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4 | DISCUSSION

In a T2D population with 33% prevalent CVD and a relatively short

GLD treatment history, we have shown that initiation of novel oral

GLDs, specifically, dapagliflozin or DPP-4 inhibitors, was associated

with 44%, 15% and 74% decreased risks of all-cause mortality, fatal

and non-fatal CVD, and severe hypoglycaemia, respectively, com-

pared with new initiation of insulin. When assessing the separate

contribution in the novel GLD group compared with insulin, dapagli-

flozin was associated with 56% and 49% lower risks of all-cause mor-

tality and fatal and non-fatal CVD, respectively. DPP-4 inhibitor

treatment was associated with a 41% lower risk of all-cause mortal-

ity, but the estimated HR for fatal and non-fatal CVD was closer to

1, and not statistically significant when compared with insulin. Risk of

severe hypoglycaemia was 69% lower in the DPP-4 inhibitor group

compared with the insulin group. Lower numbers of severe hypogly-

caemic events were also observed in the dapagliflozin group; how-

ever, because there were few such events, this did not reach

statistical significance.

In the recent randomized ORIGIN trial, an assessment of insulin

glargine’s ability to reduce CVD events by normalizing fasting glucose

levels was performed, demonstrating a neutral effect on CVD out-

come; however, the extrapolation of the ORIGIN results to a real clin-

ical T2D setting can be questioned.25 Compared with the present

study, the ORIGIN trial population was characterized by high CVD

morbidity (eg, an almost 4 times higher baseline prevalence of myo-

cardial infarction than in the present study), despite mild hyperglycae-

mia and, importantly, in the comparator group neither DPP-4

inhibitors nor SGLT2 inhibitors were used. Furthermore, insulin glar-

gine was associated with an increased risk of CVD in the subgroup of

patients without history of CVD, which could support the present

findings in a population where 2/3 patients had no previous CVD

history.

Concerns have been raised about insulin treatment, as it may be

associated with mechanisms negatively affecting risk of CVD.26,27 To

the best of our knowledge, no randomized study using CVD

endpoints has compared patients treated with insulin with either

DPP-4 inhibitor and/or SGLT2 inhibitor treatment. In the absence of

outcome results from randomized clinical trials, observational studies

comparing insulin with alternative per oral GLDs are the best availa-

ble evidence.6,9,28,29

Our group recently showed that insulin compared with DPP-4

inhibitor treatment initiated after metformin monotherapy was asso-

ciated with 41%, 29% and 76% lower risk of all-cause mortality, CVD

and severe hypoglycaemia.29 In the present study, the corresponding

risk reductions associated with the novel oral drug treatments vs

insulin were very similar; however, the criterion of at least 6-month

metformin monotherapy treatment before the index date in our pre-

vious study, resulted in a cohort which was captured at a later stage

in the disease progression, and accordingly patients were older, had a

longer period of GLD treatment, and more macro- and microvascular

disease at baseline compared with the present study. This may sup-

port the hypothesis that initiation of DPP-4 inhibitors is associated

with a risk reduction in all-cause mortality and CVD even if used at

different stages in the progression of T2D, compared with new initia-

tion of insulin treatment.

Two recent observational studies from Sweden and the USA

have compared insulin treatment directly with sulphonylurea after

metformin monotherapy.6,9 These studies showed that patients with

T2D treated with sulphonylurea had significantly lower all-cause mor-

tality risk reduction (17% and 29%, respectively) compared with

insulin-treated patients with T2D. The strengths of the present study

were the additional adjustments of both essential laboratory data and

diabetes duration. In the present study we show higher risk reduction

of all-cause mortality (44%) in patients with T2D treated with novel

GLDs than in those treated with insulin, in contrast to the above-

mentioned studies that used sulphonylurea as the comparator.6,9 One

reason for this finding may be that novel GLDs, which were used in

the present study, have been demonstrated to be safe15,16,30 and

even protective17 with regard to CVD, whereas sulphonylureas,

although limited to observational data, have been associated with

higher risks in comparison to DPP-4 inhibitors.6,23,31–35 Hence, the

TABLE 3 Hazard ratios in new users of dapagliflozin and DPP-4 inhibitors individually, vs insulin, using propensity-matched patients

Number of
patients

All-cause mortality Fatal/non-fatal CVD Severe hypoglycemia

HR 95% CI P HR 95% CI P HR 95% CI P

Propensity matched1

Dapagliflozin vs insulin 6139 0.44 (0.28-0.70) <.001 0.51 (0.30-0.86) .011 0.45 (0.05-3.76) .464

DPP-4 inhibitor vs insulin 20 558 0.59 (0.51-0.67) <.001 0.87 (0.75-1.01) .076 0.31 (0.15-0.66) .002

ITT (dapagliflozin) 6139 0.38 (0.26-0.57) <.001 0.51 (0.31-0.84) .008 0.90 (0.17-4.65) .895

ITT (DPP-4 inhibitor) 20 558 0.59 (0.53-0.65) <.001 0.88 (0.76-1.01) .063 0.39 (0.20-0.75) .005

Multivariate adjusted

Dapagliflozin vs insulin 28 090 0.292 (0.19-0.44) <.001 0.412 (0.26-0.66) <.001 0.213 (0.03-1.52) .123

DPP-4 inhibitor vs insulin 34 730 0.472 (0.41-0.52) <.001 0.812 (0.71-0.91) .001 0.253 (0.13-0.51) <.001

ITT (SGLT2 inhibitor) 28 090 0.262 (0.18-0.38) <.001 0.402 (0.26-0.63) <.001 0.393 (0.10-1.61) .193

ITT (DPP-4 inhibitor) 34 730 0.492 (0.45-0.54) <.001 0.792 (0.71-0.89) <0.001 0.343 (0.19-0.62) <.001

Multivariate adjusted Cox proportional hazard analyses are presented to test the results with a different statistical method.
1 Matched by propensity scores based on age, sex, frailty (3 or more days in hospital within 1 year prior to index), comorbidity and treatment.
2 Adjusted for age, sex, frailty, prior CVD, and use of statins, low-dose aspirin, and antihypertensives.
3 Adjusted for age and frailty.
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choice of comparator to insulin could be of high importance and the

use of newer GLDs is suggested to be a more appropriate comparator

because of increased clinical use and new guidelines stating sulpho-

nylureas should be used with caution.5

We found lowered risk of CVD with dapagliflozin compared with

insulin, whereas DPP-4 inhibitors did not show any such association,

with the estimated HR being closer to 1 and not significant. This find-

ing was even more apparent in the subpopulation with established

CVD at baseline, where the association remained significantly low for

dapagliflozin but was completely abolished for DPP-4 inhibitors. The

difference in CVD risk for dapagliflozin could be explained by a class

effect, supported by a recent meta-analysis by Wu et al.,36 in addition

to the results from a recent large cardiovascular outcome trial by Zin-

man et al.17 The neutral CVD risk association with DPP-4 inhibitors

in the present study is consistent with several clinical outcomes trials

documenting cardiovascular safety.11,15,16,30 Thus, the difference in

risk associations between dapagliflozin and DPP-4 inhibitors supports

the robustness of our findings using an observational study design

with data from a real clinical setting.

In the present study, we found a markedly lowered risk (74%

lower) of severe hypoglycaemia in the novel-treated group com-

pared with the insulin-treated group. In addition, assessing dapa-

gliflozin and DPP-4 inhibitors separately resulted in similar

numerical reductions in severe hypoglycaemia vs insulin treatment.

It is well known that insulin treatment is associated with an

increased risk of hypoglycaemia,37,38 in concordance with the

present study. Hypoglycaemia has been reported to be associated

with CVD and mortality through different pathways23,37,39,40 and

could partly explain the increased risks of CVD and mortality seen

in the present study. This is in contrast to GLD treatment with

DPP-4 inhibitors and SGLT2 inhibitor drugs, where hypoglycaemia

is rare.16,17

Not only hypoglycaemia but also weight gain might have contrib-

uted to the higher risk of all-cause death and CVD.41 Although

patients with T2D starting insulin treatment gain weight,42 it can only

be speculated whether this may have contributed to the higher CVD

risk observed in the present study. Nevertheless, drugs such as DPP-

4 inhibitors and dapagliflozin are weight-neutral and weight-reducing,

respectively, which are effects that have been proposed to be protec-

tive in terms of CVD risks, and these effects might explain the results

seen in this study.41

In summary, despite insulin’s clear advantages of blood glucose

control and prevention of microvascular disease, there is increasing

evidence that other complications may limit its benefits in the treat-

ment of patients with T2D. During the last few years, newer GLDs

with less risk of hypoglycaemia and CVD have become available, and

may be therapeutic alternatives with a lower risk of serious adverse

effects.17,43

The present results represent, to our knowledge, the first evi-

dence of the cardiovascular benefit of an SGLT2 inhibitor (here, dapa-

gliflozin), in a real clinical setting, supporting a class effect by

complementing what has previously been shown, both in a rando-

mized controlled cardiovascular outcome trial and a meta-analy-

sis.19,36 The beneficial associations of lowered CVD and mortality

risks in the present study should also be interpreted in the context of

a T2D population with a lower CVD burden at baseline compared

with the clinical randomized trial.17

Notwithstanding these reassuring results, some concerns have

been raised regarding adverse events from the novel drugs, such as

heart failure44 and pancreatitis for the DPP-4 inhibitors,45 and spo-

radic cases of ketoacidosis for SGLT2 inhibitors.46 The relationship of

DPP-4 inhibitors with increased risks of hospitalization for heart fail-

ure has not yet been resolved; however, the results of another obser-

vational study and a meta-analysis are not consistent with this

finding.31,44

A strength of the present work is the population-based, nation-

wide and unselected real-world study design, which provides a high

external validity and large population, allowing propensity score-

matched analyses. In addition, this is a study with full register cover-

age for hospitalizations, filled drug prescriptions, and cause of death

in a country with an established and complete public healthcare sys-

tem. Diagnoses in the Swedish Patient Registry have been reported

to have high validity,47 and few patients are lost to follow-up. For the

multivariate adjusted analyses directed acyclic graphs used to create

the optimal adjustments of hazard models should provide minimal

bias.22 The frequent and early use of insulin in Sweden increased the

possibility of finding well-matched patients initiated on DPP-4 inhibi-

tors or SGLT2 inhibitor, for example, using caliper 0.2 when propen-

sity score-matching. The reason for the high use of insulin in

Sweden18,20 compared with other European countries19 is not clearly

understood, but an explanation could be the Swedish national guide-

lines48 that state treatment with medium- to long-acting insulin is the

highest priority after metformin in pharmacological treatment of T2D.

Sensitivity analyses were performed to test the primary method of

defining the novel and insulin groups and the results remained

robust.

Observational studies such as the present one also have limita-

tions. The present study has no information on laboratory measure-

ments, lifestyle variables, primary healthcare data, or socio-economic

data, and consequently there may be confounding factors that

remain; however, the close matching with an extensive number of

essential variables and relatively high HRs should minimize the risk of

unknown confounding. In addition, we had no information on diabe-

tes duration or body weight, although, by matching for index year

and the year of first-line treatment initiation, a robust proxy for time

since diagnosis was used.

In Sweden, no other SGLT2 inhibitor type besides dapagliflozin

was used during the study period and we were therefore not able to

address potential agent-specific or class effects. We also had no

information on emigration, which could result in loss to follow-up.

However, the on-treatment analyses used should minimize the

effects of patients moving out of Sweden. Furthermore, our assess-

ment of severe hypoglycaemia was crude, including only events lead-

ing to hospital admission. It was not possible to evaluate other

hypoglycaemic events in this register-based study. Another limitation

is that patients with a recorded hypoglycaemic event had to survive

until this occasion and, if anything, this would underestimate the total

mortality rate in these patients compared with those without a hypo-

glycaemic event. Further, the numbers of hypoglycaemia in the dapa-

gliflozin group were small, limiting interpretation in this group.
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In conclusion, the present observational study in a general T2D

population shows that the novel oral GLDs, dapagliflozin or DPP-4

inhibitors were associated with lower risk of all-cause mortality, CVD

and severe hypoglycaemia when compared to insulin. When analysed

separately, dapagliflozin was associated with a lower risk of both all-

cause mortality and fatal/non-fatal CVD, whereas DPP-4 inhibitor

treatment was only associated with lower risk of all-cause mortality.

Prospective randomized trials are needed to further elucidate these

findings.
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