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ABSTRACT

Introduction: Insulin degludec/insulin aspart
(IDegAsp) is a fixed-ratio co-formulation of
insulin degludec (a basal insulin) and insulin
aspart (a prandial insulin). The aim of this study
was to investigate clinical outcomes in people

with type 2 diabetes (T2D) after initiating IDe-
gAsp treatment in a real-world setting.
Methods: This 26-week, open-label, non-inter-
ventional study was conducted in Australia,
India, Malaysia, Philippines, Saudi Arabia, and
South Africa. Data were obtained from 1102
adults with T2D initiating or switching to IDe-
gAsp from antidiabetic treatments (including
oral antidiabetic drugs, basal insulin, basal–bo-
lus insulin, premix insulin, and glucagon-like
peptide 1 receptor agonist) per local clinical
practice.
Results: Compared with baseline, there was
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significant improvement in HbA1c at end of
study (EOS, first visit within weeks 26–36; esti-
mated change - 1.4% [95% CI - 1.51; - 1.29];
P\ 0.0001 [primary outcome]). From baseline
to EOS, there were significant reductions in
fasting plasma glucose (- 2.7 mmol/L
[95% CI - 2.98; - 2.46]; P\ 0.0001), body
weight (- 1.0 kg [95% CI - 1.51; - 0.52];
P\ 0.0001), and basal insulin dose in insulin-
experienced participants (- 2.3 units
[95% CI - 3.51; - 1.01]; P\0.001). The inci-
dence rates of non-severe (overall and noctur-
nal) and severe hypoglycaemia decreased
significantly (P\0.001) between the period
before baseline and before EOS.
Conclusion: In adults with T2D, initiating or
switching to IDegAsp from previous antidia-
betic treatment was associated with improved
glycaemic control, lower basal insulin dose (in
insulin-experienced participants), and lower
rates of hypoglycaemia.
Trial Registration: Clinical trial registration
NCT04042441.

Keywords: Glycaemic control; Insulin
degludec/insulin aspart; Real-world; Type 2
diabetes

Key Summary Points

Why carry out this study?

Insulin degludec/insulin aspart (IDegAsp)
is a fixed-ratio co-formulation of insulin
degludec (a long-acting basal insulin) and
insulin aspart (a rapid-acting prandial
insulin).

The BOOST randomised clinical trial
(RCT) programme demonstrated that
IDegAsp can provide effective glycaemic
control with a low risk of hypoglycaemia
in people with type 2 diabetes (T2D),
along with flexible dose timing and a low
daily injection burden.

The aim of this real-world study was to
investigate clinical outcomes in people
with T2D who initiated or switched to
IDegAsp in local clinical practice across six
countries.

What was learned from the study?

In a real-world population of people with
T2D, initiating IDegAsp, or switching to it
from previous antidiabetic treatment, was
associated with improved glycaemic
control, lower basal insulin dose (in
insulin-experienced participants), and
lower rates of hypoglycaemia.

The results of this real-world study add to
the body of evidence from RCTs
evaluating the impact of initiating or
switching to IDegAsp in people with T2D.

INTRODUCTION

Type 2 diabetes (T2D) is characterised by both
insulin resistance and inadequate insulin
secretion. Pharmacological management of T2D
typically begins with the introduction of oral
antidiabetes drugs (OADs), but the majority of
people with T2D will eventually require exoge-
nous insulin therapy [1]. Insulin therapy is
often initiated as a long-acting basal insulin
alone or as a premix insulin [1]. Basal–bolus
insulin therapy is considered the gold standard
for people with T2D failing to achieve gly-
caemic targets with basal or premix insulin
alone or in combination with OADs [1]. How-
ever, clinical inertia—the failure to establish
appropriate targets and escalate treatment to
achieve treatment goals—is prevalent in clinical
practice, and is particularly problematic with
the initiation and intensification of insulin in
T2D [2, 3]. The reasons for clinical inertia are
multifactorial for both people with T2D and
physicians, and include fear of hypoglycaemia
and the burden of multiple daily injections [4].
To overcome these barriers, there is a need for
insulin regimens that can match dynamic
physiological insulin needs with fewer daily
injections and greater flexibility compared with
basal–bolus regimens.

Insulin degludec/insulin aspart (IDegAsp;
Ryzodeg�, Novo Nordisk A/S, Søborg, Denmark)
is a co-formulation in a fixed ratio of 70%
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insulin degludec, a basal insulin, and 30%
insulin aspart (IAsp), a prandial insulin [5].
IDegAsp is administered immediately before a
main meal; its unique pharmacodynamic pro-
file provides a stable basal insulin action over a
24-h period owing to the flat, ultra-long effect
of IDeg, with the short-acting IAsp component
providing prandial control for that meal and
limiting postprandial hyperglycaemia [5]. The
efficacy and safety of IDegAsp in people with
T2D who were either insulin-naı̈ve or previously
treated with insulin have been extensively
investigated in the BOOST clinical trial pro-
gramme [6–10]. These treat-to-target ran-
domised controlled trials (RCTs) demonstrated
that once- or twice-daily IDegAsp provides
effective glycaemic control with a relatively low
risk of hypoglycaemia and a simpler titration
regimen than premix or basal–bolus regimens.
In addition, owing to the long duration of
action and low day-to-day variation in glucose-
lowering effect of the basal component, IDe-
gAsp has been shown to allow for flexibility in
the timing of insulin administration without
deterioration in glycaemic control, as long as it
is dosed with the main meal(s) [11, 12].

Although RCTs are the gold standard for
comparing the safety and efficacy of different
therapies, they are limited by their study design
and patient inclusion criteria. Real-world evi-
dence (RWE) studies are required to comple-
ment data generated from RCTs. At present,
only a small number of RWE studies have been
conducted into treatment with IDegAsp. A
small retrospective study in India reported a
decrease in HbA1c and fasting plasma glucose
(FPG) after 12 months of IDegAsp treatment in a
mixed population of insulin-naı̈ve and insulin-
experienced people with T2D [13]. Additionally,
a recent prospective study in Japanese adults
with T2D previously treated with basal insulin
with or without prandial insulin showed
switching to IDegAsp to be associated with
maintenance of glycaemic control, a reduced
daily total and basal insulin dose requirement,
and a similar incidence of non-severe hypogly-
caemia in comparison with baseline [14]. There
remains, however, a need for multicentre RWE
studies examining treatment with IDegAsp, to
provide evidence of the generalisability of the

results from the BOOST clinical trial programme
to wider populations in actual clinical settings.

The aim of this study was to investigate
glycaemic control and other clinical outcomes
in a real-world clinical setting in people with
T2D who initiated IDegAsp, or switched to it
from previous antidiabetic treatment, according
to local clinical practice across six different
countries.

METHODS

Study Design and Population

The study design has been published previously
[15]. Briefly, this was a 26-week, multicentre,
prospective, open-label, non-interventional
study investigating clinical outcomes in people
with T2D after initiating or switching to IDe-
gAsp as per the local label at the discretion of
their treating physician (ClinicalTrials.gov,
NCT04042441). The study consisted of a base-
line visit (informed consent and treatment ini-
tiation), observation visits in accordance with
local clinical practice, and an end-of-study visit
(EOS, the first visit within the window from
weeks 26 to 36). The decision to initiate or
switch to treatment with IDegAsp was taken
prior to baseline and was independent of the
decision to include the participant in the study.
The physician determined the starting dose and
frequency of IDegAsp administration, as well as
any adjustments thereafter. Dose adjustment or
discontinuation of other glucose-lowering
medication during the study was permitted. No
additional diagnostic or monitoring procedures
beyond local standard clinical practice were
performed.

Data were collected from 65 sites across six
countries between August 2019 and December
2020. Enrolment was not competitive, and the
sites were selected on the basis of their ability to
enrol a sufficient number of participants.
Investigators were compensated for each
patient enrolled in accordance with the Good
Pharmaco-epidemiological Practices (GPP)
guidelines. Sites were compensated for time
spent documenting informed consent, data
entry in the electronic Case Report Form, and
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other study-specific activities such as system
training that were not part of their routine
clinical care. All hourly rate payments were in
line with fair market value for the respective
country.

The study was conducted in accordance with
the Declaration of Helsinki (2013) [16]. The
protocol and participant consent forms were
approved by research ethics boards/institutional
review boards for all sites (Table S1 in the elec-
tronic supplementary material). Informed writ-
ten consent was obtained from all participants
before any study-related activities.

Participants were selected for this study by
physicians on the basis of the inclusion and
exclusion criteria. Adults (at least 18 years of
age) with a diagnosis of T2D were eligible for
inclusion if they had been treated with any
antidiabetic medications other than IDegAsp
for at least 26 weeks and had an HbA1c value
recorded no more than 12 weeks prior to sign-
ing informed consent and initiating treatment
(baseline visit). Exclusion criteria included prior
participation in the study, previous IDegAsp
treatment, hypersensitivity to the active sub-
stance or to any of the excipients specified in
the IDegAsp local label, and mental incapacity,
unwillingness to participate or language barriers
that would lead to inadequate understanding or
cooperation.

Study Objectives and Endpoints

The main objective of this study was to evaluate
glycaemic control and other clinical outcomes
after initiating or switching to IDegAsp. Sec-
ondary objectives were to describe the clinical
use of IDegAsp in a real-world setting, including
reasons for initiating or discontinuing
treatment.

The primary endpoint was change in HbA1c
from baseline to EOS. Secondary endpoints
included the proportion of participants achiev-
ing HbA1c\ 7.0% at EOS, the proportion of
participants achieving HbA1c levels below a
pre-defined individualised treatment target at
EOS (categories of target ranges were \6.5%,
6.5% to \7.0%, 7.0% to \7.5%, 7.5% to
\8.0%, and C 8.0%), and change from baseline

to EOS in FPG, total, basal, and prandial insulin
dose, and body weight. Additional endpoints
included patient-reported non-severe hypogly-
caemic episodes (overall and nocturnal) occur-
ring within 4 weeks prior to IDegAsp initiation
and within 4 weeks prior to EOS, and severe
hypoglycaemic episodes occurring within
26 weeks prior to IDegAsp initiation and during
the 26-week study duration. Non-severe hypo-
glycaemia was defined as an episode with
symptoms and/or self-measured blood glucose
value B 3.9 mmol/L that the patient was able to
self-treat, and a nocturnal event was defined
depending on whether the patient perceived
the event to have occurred at night. Severe
hypoglycaemia was defined as an episode of
hypoglycaemia requiring the assistance of
another person to actively administer carbohy-
drate or glucagon, or take other corrective
action to relieve neurocognitive symptoms.
Data on the reasons for initiating IDegAsp
treatment at baseline, reasons for discontinuing
IDegAsp treatment, and the proportion of par-
ticipants discontinuing treatment during the
study period were also collected. Exploratory
endpoints included healthcare resource utilisa-
tion (HRU) associated with management of
diabetes and its complications observed within
12 weeks prior to IDegAsp initiation and within
12 weeks prior to EOS or discontinuation, and
HRU associated with severe hypoglycaemia
observed within 26 weeks prior to IDegAsp ini-
tiation, and during the 26 weeks prior to EOS.

Statistical Methods

The sample size calculation was based on the
primary endpoint and aimed to have sufficient
power for primary endpoint analysis, both
overall and in each of the six participating
countries. Assuming a mean change in HbA1c
of 0.5% (standard deviation [SD], 1.8%) and a
missing HbA1c value at EOS in 25% of partici-
pants, we planned to enrol 1112 people, with a
minimum of 139 in each country, to detect the
HbA1c difference at 90% power.

The full analysis set (FAS) included all eligi-
ble participants who signed the informed con-
sent and initiated treatment with IDegAsp.
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Primary analysis of the primary endpoint was
conducted using crude and adjusted mixed
models for repeated measurements (MMRM).
The analysis was based on all participants in the
FAS with at least one post-baseline HbA1c
measurement using the ‘in-study’ observation
period. This observation period represented the
time period during which participants were
considered to be in the study, regardless of
IDegAsp treatment discontinuation. The crude
model included baseline HbA1c and time of
HbA1c as covariates. The adjusted model
included baseline HbA1c, time of HbA1c, age,
sex, body mass index (BMI), study site, and
previous antidiabetic treatment as covariates.
Secondary analyses of the primary endpoint
were conducted on the basis of the ‘on-treat-
ment’ observation period. This observation
period represented the time period during
which participants were receiving IDegAsp, and
thus values measured after treatment discon-
tinuation were disregarded.

Primary and secondary analyses were repe-
ated for change from baseline to EOS in FPG,
insulin dose, and body weight, with the base-
line value of the relevant endpoint included as
covariate. The incidence rates of non-severe
(overall and nocturnal) and severe hypogly-
caemia were analysed using negative binomial
regression models with the log-transformed
follow-up time as offset.

Here, we present the results of the primary
analyses using the adjusted MMRM for the in-
study observation period, except for HRU which
was analysed using the on-treatment observa-
tion period only. Endpoints analysed using the
on-treatment observation period are listed in
Table S2 in the electronic supplementary
material.

RESULTS

Study Population Demographics
and Clinical Characteristics

Of the 1462 people with T2D assessed for eligi-
bility, 1102 were initiated or switched to IDe-
gAsp and included in the FAS (Fig. S1 in the
electronic supplementary material). Of these,

92.1% of participants completed the study. The
demographic and clinical characteristics of
participants at baseline are presented in Table 1.
Among the 1102 participants in the FAS, mean
(SD) age at baseline was 58.6 (12.23) years,
mean HbA1c was 9.8 (1.99)%, and mean dura-
tion of diabetes was 13.3 (8.33) years. Of the
1057 participants with prior antihypergly-
caemic treatment data, 35.1% were receiving
OADs only, 21.9% premix insulin, 21.8% basal
insulin, 13.0% basal–bolus insulin, and 8.2%
glucagon-like peptide 1 receptor agonist (GLP-
1 RA) ± insulin. Baseline characteristics by
country subgroup are shown in Table S3 in the
electronic supplementary material.

At treatment initiation, 52.2% of partici-
pants (n = 575) received IDegAsp once daily
(OD) and 47.6% of participants (n = 525)
received IDegAsp twice daily (BID). Dosing fre-
quency was described as ‘other’ in two partici-
pants. The mean (SD) starting daily dose of
IDegAsp was 35.9 (25.43) U in the overall study
population and 24.3 (15.79) U in prior OAD-
only users. The majority of participants (62.7%)
had an individual target HbA1c of 7.0% to
\7.5%. Physicians’ reasons for initiating IDe-
gAsp are summarised in Table 2 (note that
physicians could report more than one reason
for initiation). The most frequently reported
reason was to improve the patient’s glycaemic
control (93.1%). Physicians also reported low-
ering the risk of hypoglycaemia (26.4%) and
specific characteristics of IDegAsp itself,
including flexibility in the dosing regimen
(26.0%), fewer injections than basal and bolus
therapy (25.1%), and avoidance of the need for
reconstitution as reasons for treatment initia-
tion (8.9%). Reasons for discontinuing IDegAsp
treatment are listed in Table S4 in the electronic
supplementary material.

Glycaemic Control

In participants contributing to the analysis of
the primary endpoint, observed mean (SD)
HbA1c at baseline was 9.7 (1.95)% and the
estimated mean (SD) at EOS was 8.3 (0.05)%.
HbA1c was statistically significantly lower at
EOS compared with baseline (estimated

Adv Ther



difference - 1.4% [95% CI - 1.51; - 1.29];
P\ 0.0001) (Fig. 1). Results of the primary
analysis using the crude MMRM and secondary
analysis based on the on-treatment observation
period were consistent with the main result
(Table S2 in the electronic supplementary
material).

A statistically significant reduction in HbA1c
was observed in all prior treatment subgroups
(Fig. 1). The reduction was numerically greatest
in the OAD-only subgroup (estimated differ-
ence - 2.0% [95% CI - 2.17; - 1.85];
P\ 0.0001) and smallest in the basal–bolus
(estimated difference - 0.9%
[95% CI - 1.20; - 0.52]; P\0.0001) and pre-
mix insulin (estimated difference - 0.9%
[95% CI - 1.17; - 0.64]; P\0.0001) sub-
groups. Significant reductions in HbA1c from
baseline to EOS were also observed across the six
individual countries, with the largest reduction
in the Saudi Arabian cohort (estimated differ-
ence - 2.0% [95% CI - 2.31; - 1.78];
P\ 0.0001) and the smallest in the Australian

Table 1 Demographic and clinical characteristics at baseline

Overall
N = 1102

Age, mean (SD) 58.6 (12.23)

Male, n (%) 591 (53.6)

Duration of diabetes (years), mean (SD) 13.3 (8.33)

Body weight (kg)a, mean (SD) 79.5 (19.56)

BMI (kg/m2), mean (SD) 29.2 (5.86)

HbA1c (%)a, mean (SD) 9.8 (1.99)

FPG (mmol/L)a, mean (SD) 11.0 (4.22)

Antidiabetic treatment, n (%)

OADs only 371 (35.1)

Premix insulin ± bolus insulin (± OADs) 232 (21.9)

Basal insulin only (± OADs) 230 (21.8)

Basal–bolus insulin (± OADs) 137 (13.0)

GLP-RA ± insulin (± OADs) 87 (8.2)

Dose of previous prandial insulin
(U), mean (SD)

25.8 (22.84)

Diabetes complications, n (%)

Diabetic neuropathy 216 (24.7)

Diabetic nephropathy 178 (20.3)

Cardiovascular disease 150 (17.1)

Diabetic retinopathy 102 (11.6)

Peripheral vascular disease 15 (1.7)

Individual target HbA1c, n (%)

\ 6.5% 28 (2.5)

6.5% to\ 7.0% 195 (17.7)

7.0% to\ 7.5% 691 (62.7)

7.5% to\ 8.0% 112 (10.2)

C 8.5% 76 (6.9)

OADs included sulfonylureas, meglitinides, biguanides, thiazo-
lidinediones, dipeptidyl peptidase 4 inhibitors, sodium-glucose
co-transporter 2 inhibitors, and a-glucosidase inhibitors
BMI body mass index, FPG fasting plasma glucose, GLP-1 RA
glucagon-like peptide 1 receptor agonist, OAD oral antidiabetic
drug, N number of participants in the full analysis set, n number
of participants, SD standard deviation, U unit
aBaseline assessments from B 12 weeks prior to signing informed
consent and initiating IDegAsp treatment

Table 2 Physicians’ reasons for initiating or switching to
IDegAsp

Overall
N = 1102

To improve the patient’s glycaemic control 1026 (93.1)

To lower the risk of hypoglycaemia 291 (26.4)

Flexibility in the dosing regimen 286 (26.0)

Fewer injections than basal and bolus

therapy

277 (25.1)

No reconstitution needed 98 (8.9)

Change in coverage status favouring

IDegAsp

82 (7.4)

Other 54 (4.9)

Physicians could select more than one reason for each
patient. A change in coverage status favouring IDegAsp
refers to a change in healthcare insurance or reimburse-
ment requirements that led to better access to the drug
IDegAsp insulin degludec/insulin aspart, N number of
participants in the full analysis set
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cohort (estimated difference - 0.8% [95% CI
- 1.05; - 0.56]; P\0.0001) (Fig. S2 in the
electronic supplementary material). Similarly,
there was a significant reduction in FPG from
baseline to EOS in the overall study population
(estimated difference - 2.7 mmol/L [95% CI
- 2.98; - 2.46]; P\ 0.0001).

At EOS, 14.9% of participants had an HbA1c
level\7.0% compared with 4.3% of partici-
pants at baseline, while 14.9% of participants
achieved an HbA1c level below their pre-de-
fined individual target by EOS compared with
2.5% of participants at baseline.

Insulin Dose

In insulin-experienced participants (prior basal
insulin only, basal–bolus insulin, and premix
insulin users), the observed mean total daily
insulin dose at baseline was 49.1 (SD 33.88) U
and the estimated total daily insulin dose at
EOS was 48.1 (standard error [SE] 1.08) U. There
was a significant increase in daily prandial
insulin dose from baseline to EOS. Observed
mean daily prandial insulin dose was 15.6 (SD

22.39) U at baseline, increasing to an estimated
17.0 (SE 0.61) U at EOS (estimated difference
1.8 U [95% CI 0.62; 3.02], P = 0.0031). There
was also a significant reduction in basal daily
insulin dose from baseline to EOS. Observed
mean daily basal insulin dose was 33.5 (SD
20.96) U at baseline, decreasing to an estimated
31.3 (SE 0.64) U at EOS (estimated difference
- 2.3 U [95% CI - 3.51; - 1.01], P = 0.0004).

In the prior treatment subgroups, there were
significant reductions in total daily insulin dose
in prior premix insulin and prior basal–bolus
users. Mean (SD) total daily insulin decreased
from 56.8 U at baseline to 52.6 U at EOS in the
premix insulin subgroup (estimated difference
- 5.9 U [95% CI - 8.94; - 2.90]; P = 0.0002)
and from 68.3 U at baseline to 54.2 U at EOS in
the basal–bolus subgroup (estimated difference
- 13.8 U [95% CI - 18.24; - 9.27]; P\ 0.0001).

Hypoglycaemia

The observed incidence rates of overall and
nocturnal non-severe hypoglycaemia and sev-
ere hypoglycaemia in the period prior to

Fig. 1 Change in HbA1c from baseline to EOS.
***P\ 0.0001. Data are mean [95% CI]. Baseline data
are for participants contributing to the analysis. The full
adjusted model included baseline value, time, time-squared
for HbA1c measure, age, sex, BMI, previous antidiabetic
regimen, and study site. To handle (quadratic) deviation
from linearity, a random coefficient model with time and
time squared as fixed coefficients, and patient and patient

time as random coefficients was used. An unstructured
covariance matrix was used to describe the variability for
repeated measurements. BMI body mass index, basal only
basal insulin only (± OADs); basal–bolus basal–bolus
insulin (± OADs), CI confidence interval, EOS end of
study, GLP-1 RA glucagon-like peptide 1 receptor ago-
nist ± insulin (± OADs), OAD oral antidiabetic drug,
premix premix insulin ± bolus insulin (± OADs)
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initiating IDegAsp and the period before EOS or
discontinuation are shown in Table 3. In the
overall study population, there was a significant
reduction in the rate of non-severe hypogly-
caemia (estimated rate ratio [RR] 0.46 [95% CI
0.30; 0.71]; P = 0.0004), non-severe nocturnal
hypoglycaemia (RR 0.23 [95% CI 0.12; 0.44;
P\ 0.0001), and severe hypoglycaemia (RR 0.06
[95% CI 0.02; 0.24]; P\0.0001) after initiating
or switching to IDegAsp. Secondary analyses of
hypoglycaemia rates were consistent with the
primary analyses (Table S2 in the electronic
supplementary material).

Body Weight

There was a significant reduction in body
weight in the overall study population at EOS
compared with baseline (estimated difference
- 1.0 kg [95% CI - 1.51; - 0.52]; P\ 0.0001)
(Fig. 2), and this was consistent with the sec-
ondary analysis (Table S2 in the electronic sup-
plementary material). In the prior treatment
subgroups, body weight reduction was statisti-
cally significant in prior OAD-only users (esti-
mated difference - 1.4 kg [95% CI - 2.32;

- 0.49]; P = 0.0028), basal insulin users (esti-
mated difference - 1.1 kg [95% CI - 2.09;
- 0.07]; P = 0.0362), and basal–bolus insulin
users (estimated difference - 1.5 kg [95% CI
- 2.70; - 0.23]; P = 0.0212). There was a small
increase in body weight in participants previ-
ously treated with GLP-1 RA ± insulin (esti-
mated difference 0.3 kg [95% CI - 1.10; 1.77]),
and this was not statistically significant.

Healthcare Resource Utilisation

For HRU associated with diabetes and its com-
plications, initiating or switching to IDegAsp
resulted in a significant decrease in the inci-
dence of self-reported outpatient visits (RR 0.44
[95% CI 0.35; 0.54]; P\0.0001), emergency
room visits (RR 0.22 [95% CI 0.11; 0.44];
P\ 0.0001), work days missed (RR 0.06 [95% CI
0.03; 0.14]; P\0.0001), and in-patient hospi-
talisations (RR 0.24 [95% CI 0.14; 0.41];
P\ 0.0001) between the 12-week period prior
to baseline and the 12-week period before EOS
or discontinuation (Table S5 in the electronic
supplementary material). For HRU associated
with severe hypoglycaemia, initiating or

Table 3 Hypoglycaemic episodes occurring prior to initiation of IDegAsp (baseline) and prior to EOS or discontinuation

n n with event Events Rate Estimated rate ratio [95% CI]

Non-severe

Within 4 weeks of initiation 1038 128 364 4.57 0.46 [0.30; 0.71]

Within 4 weeks prior to EOS or discontinuation 1001 44 162 2.11 P = 0.0004

Nocturnal non-severe

Within 4 weeks of initiation 1038 59 142 1.78 0.23 [0.12; 0.43]

Within 4 weeks prior to EOS or discontinuation 1001 14 31 0.40 P\ 0.0001

Severe

Within 26 weeks of initiation 1058 23 51 0.10 0.06 [0.02; 0.24]

Within 26 weeks prior to EOS 1005 3 3 0.01 P\ 0.0001

Data based on the full analysis set. Negative binomial regression models specifying a log-transformed follow-up time offset
term were used to examine the incidence rate of hypoglycaemic events occurring prior to initiation of IDegAsp and prior to
end of study or at discontinuation
CI confidence interval, EOS end of study, IDegAsp insulin degludec/insulin aspart, n number of participants contributing to
the analysis, rate events per patient-year
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switching to IDegAsp resulted in a significant
decrease in the incidence of self-reported
emergency room visits (RR 0.19 [95% CI 0.05;
0.70]; P = 0.0124), in-patient visits (RR 0.21
[95% CI 0.05; 0.83]; P = 0.0262), and work days
missed (RR 0.10 [95% CI 0.01; 0.76]; P = 0.0261)
between the 26-week period prior to baseline
and the 26-week period before EOS (Table S5 in
the electronic supplementary material).

Adverse Events

In total, 172 adverse events (AEs) were reported
in 99 participants (Table S6 in the electronic
supplementary material). Of these, 57 serious
AEs were reported in 39 participants. Most
serious AEs were classed as ‘unlikely related’ to
IDegAsp treatment. Two serious AEs were clas-
sed as ‘probably related’ to IDegAsp treatment,
and these were reported by one patient who
experienced a severe hypoglycaemic event
resulting in a fall and fracture of the femur. By
system organ class, the most common AEs were

metabolism and nutrition disorders (2.7%).
Seven deaths were reported during the study.

DISCUSSION

In this real-world, prospective, non-interven-
tional study, people with T2D were initiated or
switched to IDegAsp from previous antidiabetic
treatment as part of routine clinical practice. In
the overall study population, representing six
countries, use of IDegAsp for 26–36 weeks was
associated with a significant reduction in
HbA1c, FPG, and body weight, and significantly
reduced rates of severe, non-severe, and non-
severe nocturnal hypoglycaemia overall com-
pared with baseline. In insulin-experienced
participants, there was a reduced daily basal
insulin dose requirement. The results of this
study provide data on the impact of initiating or
switching to IDegAsp in a real-life clinical set-
ting and add to the body of evidence from RCTs
evaluating IDegAsp in comparison with existing
insulin regimens in people with T2D.

Fig. 2 Change in body weight from baseline to EOS.
*P\ 0.05, ** P\ 0.01, ***P\ 0.0001. Data are mean
[95% CI]. Baseline data are for participants contributing
to the analysis. The full adjusted model included baseline
value, time, time-squared of body weight measure, age, sex,
BMI, previous antidiabetic treatment regimen, and study
site. To handle (quadratic) deviation from linearity, a
random coefficient model with time and time squared as
fixed coefficients, and patient and patient time as random

coefficients was used. An unstructured covariance matrix
was used to describe the variability for repeated measure-
ments. BMI body mass index, basal only basal insulin only
(± OADs), basal–bolus basal–bolus insulin (± OADs),
CI confidence interval, EOS end of study, GLP-1 RA
glucagon-like peptide 1 receptor agonist ± insulin
(± OADs), OAD oral antidiabetic drug, premix premix
insulin ± bolus insulin (± OADs)
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A statistically significant improvement in
HbA1c was seen in each of the six countries,
with the Saudi Arabian cohort showing the
largest reduction and the Australian cohort the
smallest reduction from baseline to EOS.
Change in HbA1c was also broadly similar
across prior treatment subgroups, with a
numerically greater improvement in prior OAD-
only users. The high baseline HbA1c in the
OAD-only subgroup suggests a degree of clinical
inertia, and hence insulin hesitancy, in this
patient population. The reasons for initiating or
switching to IDegAsp are likely to be different
for prior OAD users compared with prior insulin
users (e.g. need for improved glycaemic control
versus fewer injections/greater flexibility/
avoidance of hypoglycaemia), and this may
impact upon the HbA1c level achieved in the
different subgroups.

The percentage of participants with an
HbA1c\ 7.0% was numerically higher at EOS
compared with baseline, but the number of
participants reaching this target was relatively
low. Hence, this study shows that, while IDe-
gAsp improves outcomes in a real-world setting,
the level of improvement is less than is typically
seen in similar-length RCTs, where more regular
follow-ups and more aggressive titration algo-
rithms are enforced. This suggests that it may be
pertinent to investigate the use of stricter titra-
tion algorithms for potential incorporation into
routine care. As mean baseline HbA1c was rel-
atively high, longer treatment periods may be
required for people to obtain target HbA1c
levels, particularly if clinicians have concerns
regarding development of diabetic retinopathy
associated with rapid decrease in HbA1c. It is
also important to note that, in routine clinical
practice, HbA1c targets may be higher than
7.0%. In this study, 79.8% of participants had
an individual treatment target at baseline of
C 7.0%, and this may have affected achieve-
ment of the\7.0% target.

The significant reduction in FPG following
the initiation of IDegAsp reflects the reduction
observed in HbA1c. Importantly, the improve-
ments in glycaemic control were achieved with
no negative impact on hypoglycaemia. As the
basal component of IDegAsp has a very low
pharmacokinetic/pharmacodynamic (PK/PD)

variability versus other basal insulins, clinicians
should be less concerned about the complexi-
ties of dose titration when prescribing IDegAsp.
There is also a much clearer PK/PD separation of
the basal and prandial components in IDegAsp
versus premix insulins. This means that the
prandial effect is better able to match the
physiological need following a large meal, with
less risk of late postprandial hypoglycaemia.
The fear of hypoglycaemia is a significant bar-
rier to insulin initiation and intensification
among people with T2D and physicians, and
lowering the risk of hypoglycaemia was the
second most common reason selected by the
physicians for initiating or switching to
IDegAsp.

Over the study period, treatment with IDe-
gAsp was associated with a significant decrease
in daily basal insulin dose in insulin-experi-
enced participants. In participants receiving
premix or basal–bolus insulin prior to the study,
the switch to IDegAsp was associated with sig-
nificant reductions in daily total insulin dose. A
reduced insulin dose can have positive impli-
cations in clinical practice, such as fewer AEs
and lower healthcare costs.

There was a reduction in body weight in the
overall study population (- 1.0 kg) and in the
prior OAD-only, basal insulin, and basal–bolus
subgroups. Potential reasons for this finding
may differ depending on prior treatment. Peo-
ple in the OAD-only subgroup may have been
switched from high doses of sulfonylureas
(especially in Saudi Arabia and India, where
there is a strong preference for this treatment
approach), which are associated with weight
gain [17–20]. The lower total daily insulin dose
in prior basal–bolus insulin users (- 13.8 U)
may also have contributed to the weight loss
observed in this subgroup. As insulin is an
anabolic hormone, a decrease in dose may
positively affect protein catabolism and lipoly-
sis and, to some degree, decrease lipogenesis,
resulting in weight loss [21]. Additionally, the
reduction in hypoglycaemia after switching to
IDegAsp from other insulin regimens may have
resulted in less so-called ‘defensive snacking’
(driven by fears of hypoglycaemia), thus reduc-
ing overall food intake [22]. Lastly, baseline
HbA1c and BMI values indicate that this was an
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overweight population (near obese) in need of
treatment intensification. A renewed focus on
diet or exercise modifications following the
switch to IDegAsp treatment may have also
impacted upon body weight.

Exploratory analysis suggests that, following
the initiation or switch to IDegAsp, there was a
reduction in the number of outpatient visits,
emergency room visits, work days missed, and
in-patient hospitalisations associated with dia-
betes and its complications, and a reduction in
the number of emergency room visits, in-pa-
tient hospitalisations, and work days missed
associated with severe hypoglycaemia. The
reduction in HRU associated with IDegAsp
treatment is encouraging and reflects the
improvements observed in the clinical parame-
ters. However, it should be noted that, as an
exploratory endpoint, the study may not be
adequately powered for these analyses, and the
HRU results should be accepted with caution.

Consistent with our findings, improvements
in glycaemic control, a reduced risk of hypo-
glycaemia, and lower basal insulin dose
requirement in prior insulin users were also
reported in the BOOST clinical trial programme
[6–11]. A recent meta-analysis of five phase 3,
26-week, treat-to-target trials comparing IDe-
gAsp BID with premix insulin or basal–bolus
insulin demonstrated similar HbA1c results,
significantly lower FPG level, lower insulin
dose, and lower rates of overall and nocturnal
hypoglycaemia with IDegAsp versus the com-
parators across a spectrum of patient baseline
characteristics [23].

There can be discrepancies between the
results of RCTs and real-life clinical practice
driven in part by non-adherence to complex
regimens [24]. However, the positive alignment
found between this study and the BOOST clin-
ical trials may reflect the advantages of IDegAsp
over other insulin regimens in people with T2D.
Compared with premix regimens such as
biphasic insulin aspart 30/70, IDegAsp does not
require resuspension before each injection, and
allows flexibility in the time of administration,
as long as it is dosed with the main meal(s) of
the day [12]. This allows people to be more
flexible with the timing of their main meal,
rather than eating at the same time every day.

IDegAsp may also be preferable to basal–bolus
regimens in terms of simplicity, reduced
resource usage (as fewer needles and blood
glucose monitoring tests are required), and in
cases where fear of injections is a barrier to the
transition to insulin.

This study provides important insights into
the clinical outcomes associated with initiating
or switching to IDegAsp in a real-world setting.
The large cohort size, multicentre design, and
broad inclusion and exclusion criteria make the
results generalisable to a wide population of
people with T2D. Data collected from study
sites located across a diverse group of six coun-
tries also provide insights across different clini-
cal practices and healthcare systems. However,
there are some key limitations that should be
considered when interpreting the results of this
study. Participants were empirically selected
with the expectation that they would benefit
from a change of regimen to IDegAsp. As a
result of the prospective nature of the study, it is
possible that the physician’s therapeutic choice
may have been involuntarily influenced by
their site’s participation in the study. The non-
interventional design means there was no con-
trol over baseline parameter ranges, insulin
titration methods, and insulin titration fre-
quency. As a single-arm study with no com-
parator group, the contribution of a placebo
effect cannot be ruled out, and any other addi-
tional factors, such as changes in concomitant
OAD therapy, that resulted in clinical changes
could not be investigated. Between-country
differences may also have affected the results;
differences in local clinical practice, dosing and
titration practices, and insurance coverage exist,
and these may have affected the treatment
participants received. Subgroup analyses per-
formed by previous treatment regimens or by
country used lower sample sizes and this may
have resulted in reduced statistical precision in
these analyses. Finally, the movement restric-
tions and social distancing imposed during the
COVID-19 pandemic period, which coincided
with this study, may have impacted upon
healthcare access and standard of care.
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CONCLUSIONS

In this real-world, prospective, non-interven-
tional study in people with T2D, initiating or
switching to IDegAsp was associated with
improved glycaemic control, lower basal insulin
dose in insulin-experienced participants, and
significantly lower rates of non-severe (overall
and nocturnal) and severe hypoglycaemia in
comparison with baseline.
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