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ABSTRACT

Introduction: Hypoglycaemia is a common
side effect of insulin therapy; low or high gly-
cated haemoglobin (HbA1c) levels, history of
hypoglycaemia or long diabetes duration are
known modifiers of hypoglycaemia risk. In
randomised clinical trials, lower rates of hypo-
glycaemia have been observed with the new-
generation insulin analogue, long-acting insu-
lin degludec, compared with other basal
insulins.

Methods: The ReFLeCT study was a prospective
observational study over 12 months. Patient-re-
ported diary data on hypoglycaemia were col-
lected frompatients with type 1 diabetes (T1D) or
type 2 diabetes (T2D) who were switching from
otherbasal insulins to insulindegludec (degludec)
at their physician’s discretion in routine clinical
care. Two secondary analyses were undertaken to
investigate the change in number of hypogly-
caemic events: a post hoc analysis using the
updated American Diabetes Association (ADA)
level 1, 2 and 3 hypoglycaemia definitions, and a
pre-specified analysis using patient characteristics
(baseline HbA1c, diabetes duration, and physi-
cian’s rationale for initiating degludec).
Results: Switching to degludec was associated
with significantly fewer hypoglycaemic events
for all definitions in T1D, and level 1 and 2 in
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T2D (too few level 3 events for statistical com-
parison). Moreover, patient characteristics did
not influence the observed reduction in hypo-
glycaemia in T1D and T2D.
Conclusion: These results demonstrate that
switching to degludec from other basal insulins
was associated with reduced rates of hypogly-
caemia, irrespective of the definition used or
baseline patient characteristics.
Trial Registration: NCT02392117

PLAIN LANGUAGE SUMMARY

Low blood sugar levels (hypoglycaemia) are a
common, and sometimes serious, side effect of
treatment with insulin in people with diabetes. In
the ReFleCT study, adults with type 1 (T1D) and
type 2 diabetes (T2D) were asked to complete a
diary for 12 months when their doctor changed
their previous long-acting insulin treatment to
insulin degludec (degludec). The key outcome of
the study was whether the frequency of hypogly-
caemia changed when a patient’s insulin treat-
ment was switched. Here, we used the diary
information fromtheReFLeCTstudy to investigate
whether the change in the rate of hypoglycaemia
was related to thewayhypoglycaemiawasdefined,
or to patients’ characteristics at the time their
insulin was switched. These characteristics inclu-
ded the length of time that patients had had dia-
betes, their blood sugar control, and their doctor’s
reasonforchangingtheirmedication.Ourfindings
showed that the way hypoglycaemia was defined,
and patients’ characteristics, did not generally
influence the frequency of hypoglycaemia for
patients with T1D or T2D. However, the most
severe hypoglycaemia in patients with T2D
occurred too infrequently to be assessed. Patients
in all groups had less hypoglycaemia overall after
switching compared with their previous treat-
ment, suggesting thatdegludecmaybea treatment
option for a broad range of patients with diabetes.

Keywords: Basal insulin; Insulin degludec;
Hypoglycaemia; Type 1 diabetes; Type 2
diabetes

Key Summary Points

Hypoglycaemia is a common problem for
people with diabetes receiving insulin
therapy, which may limit the achievement
of glycaemic targets, and is associated with
morbidity and long-term complications.

In the prospective observational ReFLeCT
study, patient-reporteddiarydatawereused
to demonstrate that patients with type 1
and type 2 diabetes (T2D) switched to
insulin degludec (degludec) from another
basal insulin experienced significantly less
hypoglycaemia over 12 months.

In this secondary analysis, we investigated
whether this effect was consistent with
the use of the updated American Diabetes
Association (ADA) hypoglycaemia
definitions, and when assessed by
patients’ baseline characteristics.

Patients experienced significantly less
hypoglycaemia overall with degludec
regardless of the definition used, or their
baseline duration of diabetes, baseline
HbA1c or physician’s reason for switching
to degludec. However, there were too few
episodes of level 3 hypoglycaemic episodes
inpatientswithT2D for these tobeassessed.

These findings suggest that switching to
degludec from other basal insulins may be
associated with lower hypoglycaemia rates
in a broad range of patients in routine
clinical practice.
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INTRODUCTION

Hypoglycaemia is a common and potentially
serious treatment side effect of insulin therapy
in both type 1 (T1D) and type 2 diabetes (T2D)
[1]. Randomised controlled trials (RCTs) have
demonstrated a hypoglycaemia risk reduction
with insulin degludec (degludec), a new-gener-
ation long-acting basal insulin analogue, com-
pared with insulin glargine 100 units/mL
(U100) in both T1D and T2D [2–5]. The Results
from Real-World Clinical Treatment with Tre-
siba� (ReFLeCT) study was a prospective,
observational study that collected real-world
data on hypoglycaemia and other clinical
parameters of patients receiving degludec in
routine clinical practice [6]. In the ReFLeCT
study, switching to degludec from other basal
insulins was associated with significantly
reduced rates of hypoglycaemia in insulin-trea-
ted adults with T1D or T2D [6].

The International Hypoglycaemia Study
Group (IHSG) developed new hypoglycaemia
definitions in 2016, endorsed by the American
Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD) [7].
The ADA issued updated definitions in 2019 [8].
The IHSG developed the updated definitions to
standardise reporting across clinical trials, and
allow for improved cross-trial comparisons [7].
These definitions were developed after data
collection started in the ReFLeCT study in 2015
[6].

Clinical risk factors for hypoglycaemia
include older age, exercise, renal impairment,
hypoglycaemia-induced autonomic failure, and
intensification of glycaemic treatment (and the
degree of glycaemic control) [1]. Many RCTs
exclude patients with these risk factors, recur-
rent/recent severe hypoglycaemia [5, 9–11] or
HbA1c levels\7.0% [5, 10], [9.5% or[ 10%
[3–5, 10]. Consequently, there is a paucity of
research in these populations, despite a notably
high hypoglycaemia risk in some groups (e.g.
those with HbA1c levels\ 6.5% or[ 9.0%) [1].
The ReFLeCT study applied very few inclusion
and exclusion criteria. This provides an oppor-
tunity to investigate whether treatment with
degludec is likely to benefit patients not

typically included in RCTs, e.g. because of their
baseline HbA1c or high hypoglycaemia risk, as
indicated by long diabetes duration [1] or recent
hypoglycaemia.

The aim of these secondary analyses was to
investigate the change in the number of hypo-
glycaemic events in the ReFLeCT study using
updated hypoglycaemia definitions (post hoc
analysis), and to reanalyse the primary end-
point across patient characteristics (pre-speci-
fied analysis).

METHODS

Overview

The detailed methods of the study have been
published previously [6]. In brief, the ReFLeCT
study was a prospective, observational study,
comprising a 4-week baseline period on
patients’ current basal insulin and a 12-month
follow-up period after switching to degludec
100 units/mL or 200 units/mL [6]. Insulin-trea-
ted patients, aged 18 years or more with T1D or
T2D, whose physician decided to switch them
to degludec treatment, were eligible for inclu-
sion [6]. The final decision to initiate degludec
occurred within routine clinical practice [6].
The study was conducted across seven coun-
tries: Denmark, Italy, the Netherlands, Spain,
Sweden, Switzerland and the United Kingdom
(UK) [6]. Informed consent was obtained from
all patients, in accordance with the require-
ments of the Declaration of Helsinki, before any
study-related activities [12]. Independent ethics
committees and institutional review boards
across the participating centres reviewed and
approved this study (Supplementary Table S1).

Data on hypoglycaemic events experienced
(date/time of event, if it was self-treated,
symptoms experienced, blood glucose [BG]
value [if recorded], and resource use) were col-
lected prospectively using dedicated patient
diaries [6]. Patient diary data were collected
during four discrete periods, occurring at regu-
lar intervals during the 12-month duration of
follow-up, and each lasting 4 weeks. The pri-
mary endpoint of the ReFLeCT study was the
change from the baseline period in the number
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of overall hypoglycaemic events during the
12-month follow-up period. Overall hypogly-
caemia was defined as any event recorded as
hypoglycaemia in the diary, irrespective of
symptoms, BG measurement or time of day [6].

These analyses investigated the change in
the number of hypoglycaemic events after
switching to degludec from other basal insulins
using updated hypoglycaemia definitions (post
hoc analysis) and pre-specified patient charac-
teristics. Hypoglycaemia rates were compared
between the 4-week baseline period and the
4-week data collection periods during
12 months’ follow-up after switching to
degludec.

Updated ADA Hypoglycaemia Definitions

Updated ADA hypoglycaemia definitions were
used to investigate the change in the number of
hypoglycaemic events after switching to deglu-
dec from other basal insulins; level 1,
BG C 3.0–\3.9 mmol/L (C 54–\ 70 mg/dL);
level 2, BG\3.0 mmol/L (\54 mg/dL); level 3
(severe), an event with severe cognitive
impairment that required external assistance
[8].

Pre-specified Patient Characteristics

Secondary analyses were carried out investigat-
ing the change in the number of overall hypo-
glycaemic events after switching to degludec
from other basal insulins, using pre-specified
patient characteristics. Patients were categorised
according to baseline HbA1c level, diabetes
duration quartiles, and physician’s reason for
initiating degludec (concern about hypogly-
caemia or not hypoglycaemia-related).

Statistical Analyses

Data were analysed separately for patients with
T1D and T2D, and the number of hypogly-
caemic events was converted to rates per
patient-year of exposure (PYE). In both analyses,
rate ratios (RRs) for hypoglycaemia between the
4-week baseline and 12-month follow-up peri-
ods were analysed using negative binomial

regression specifying a log-transformed follow-
up time offset term adjusted for baseline
covariates; these were also used to test for
interactions between period and subgroups for
overall hypoglycaemia. Baseline covariates
included period (pre/post-switch to degludec),
baseline HbA1c level, gender, body mass index,
duration of diabetes, age and country. Addi-
tional T2D covariates were bolus insulin (Yes/
No) and sulfonylureas or glinides (Yes/No). All
statistical tests were two-sided with a signifi-
cance level of p\0.05.

RESULTS

The primary endpoint of the ReFLeCT study
demonstrated that switching to degludec from
other basal insulins was associated with signifi-
cantly reduced rates of overall hypoglycaemia
in insulin-treated adults with T1D (RR 0.80
[0.74; 0.88]95% confidence interval [CI]) and T2D (RR
0.46 [0.38; 0.56]95%CI). Mean HbA1c decreased
significantly from baseline to the follow-up
period for patients with T1D or T2D (Supple-
mentary Table S2). Baseline characteristics and
reasons for switching to degludec are presented
in Supplementary Tables S3 and S4, respec-
tively. Insulin glargine (U100 and U300
[300 units/mL], individuals’ concentration not
recorded) was the most common pre-trial basal
insulin in patients with T1D and T2D (63.8%
and 59.1%, respectively; Supplementary
Table S3).

Hypoglycaemia Rates Using Updated ADA
Hypoglycaemia Definitions

Overall, 481 and 516 patients with T1D and
T2D, respectively, were included in the fully
adjusted analysis, with diary and complete
covariate data. For patients with T1D, RRs
demonstrated significantly lower rates of
hypoglycaemia during the 12-month follow-up,
versus the 4-week baseline period, for the level 1
(RR 0.90 [0.81; 0.99]95%CI), level 2 (RR 0.80
[0.70; 0.91]95%CI) and level 3 (RR 0.28 [0.14;
0.56]95%CI) hypoglycaemia definitions (Fig. 1).

Similarly, for patients with T2D, RRs showed
significantly lower rates of hypoglycaemia
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during the 12-month follow-up versus the
4-week baseline period, for both the level 1 (RR
0.54 [0.43; 0.67]95%CI) and level 2 (RR 0.56
[0.40; 0.79]95%CI) hypoglycaemia definitions
(Fig. 1). The rate of level 3 hypoglycaemic
events per PYE in patients with T2D was 0.0 in
the 4-week baseline period, and 0.1 in the
12-month follow-up period; the overall number
of events was insufficient to allow for statistical
comparison (Fig. 1).

Hypoglycaemia Rates by Patient
Characteristics

For patients with T1D, RRs demonstrated lower
rates of hypoglycaemia (8–33% lower) during
the 12-month follow-up, versus the 4-week
baseline period, with the majority showing a
statistically significant difference (Fig. 2). How-
ever, there was no significant interaction
between period and patient characteristic

group, in any of the three groups, for overall
hypoglycaemia in patients with T1D (Fig. 2).

For patients with T2D, RRs demonstrated
lower rates of hypoglycaemia (27–60% lower)
during the 12-month follow-up period versus
the 4-week baseline period (Fig. 2). All RRs
showed a statistically significant reduction in
hypoglycaemia during follow-up versus baseline
irrespective of baseline HbA1c category, reason
for switching and diabetes duration, except for
patients with baseline HbA1c C 8.5–\9.5%
(C 69.4–\80.3 mmol/mol) (Fig. 2). There was
no significant interaction between periods and
all three patient characteristic groups for overall
hypoglycaemia in patients with T2D (Fig. 2).

DISCUSSION

These secondary analyses of the ReFLeCT study
demonstrated that switching to degludec from
other basal insulins in routine clinical practice

Fig. 1 Rate ratios of hypoglycaemia according to updated
hypoglycaemia definitions in patients with a T1D and
b T2D. *p\ 0.05; **p\ 0.001. �Severe hypoglycaemia, an
episode requiring the assistance of another person to
actively administer carbohydrate, glucagon or take other
corrective actions. a Models were adjusted for period
(pre/post-switch to degludec), baseline HbA1c, gender,
BMI, duration of diabetes, age and country. Total follow-
up time (patient-years) was 38.5 for the 4-week baseline
period and 104.5 for the 12-month follow-up period.
b Models were adjusted for period (pre/post-switch to

degludec), baseline HbA1c, gender, BMI, duration of
diabetes, bolus insulin (Yes/No), sulfonylureas or glinides
(Yes/No), age and country. Total follow-up time (patient-
years) was 40.8 for the 4-week baseline period and 118.8
for the 12-month follow-up period. % percentage of
patients with an event, ADA American Diabetes Associ-
ation, BMI body mass index, CI confidence interval, E
number of events, R rate of events per patient-year of
exposure, N number of patients with an event, T1D type 1
diabetes, T2D type 2 diabetes
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was associated with lower rates of hypogly-
caemia in patients with T1D or T2D, irrespective
of the updated hypoglycaemia definition used,
baseline glycaemic control, duration of dia-
betes, or reasons for switching basal insulin.
These analyses corroborated the findings of the
primary report that switching to degludec from
other basal insulins was associated with reduced
rates of overall hypoglycaemia in patients with
diabetes in routine clinical practice.

RCTs have previously shown a reduced
hypoglycaemia risk with degludec versus insu-
lin glargine U100 in patients with T1D or T2D
[2–5]. Patients with T1D and an HbA1c B 10%,

and with T2D and an HbA1c B 9.5%, were
assessed, respectively, in the SWITCH-1 and -2
randomised, double-blind, treat-to-target,
crossover trials; in both, patients had at least
one hypoglycaemic risk factor. Significantly
lower rates of overall symptomatic hypogly-
caemia (BG\3.1 mmol/L or severe) were
observed with degludec versus insulin glargine
U100 in both trials [3, 4]. However, as RCTs
often exclude patients with certain characteris-
tics, the analyses presented here likely reflect a
broader patient cohort and demonstrate that
patients at high risk of hypoglycaemia are also
likely to benefit from degludec, regardless of

Fig. 2 Rate ratios of overall hypoglycaemia in patients
with a T1D and b T2D. *p\ 0.05; **p\ 0.001; �p values
relate to a test for an interaction between period and
patient characteristics for overall hypoglycaemia. Analysed
using negative binomial regression models. a Models were
adjusted for period (pre/post-switch to degludec) baseline
HbA1c, gender, BMI, duration of diabetes, age and
country. b Models were adjusted for period (pre/post-
switch to degludec), baseline HbA1c, gender, BMI, dura-
tion of diabetes, bolus insulin (Yes/No), sulfonylureas or
glinides (Yes/No), age and country. The rate ratio

represents the change in the 12-month follow-up period
rate compared with the 4-week baseline period rate, with
the significance of a test of the hypothesis that rate
ratio = 1 indicated by asterisks. Based on patient diary
periods with 26–30 days. % percentage of patients with an
event, BMI body mass index, CI confidence interval, E
number of events, n number of patients included in fully
adjusted analyses, N number of patients with an event, R
rate of events per patient-year of exposure, T1D type 1
diabetes, T2D type 2 diabetes
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long diabetes duration, low or high baseline
HbA1c levels or hypoglycaemia concerns moti-
vating the switch to degludec. The reduced rates
of hypoglycaemia after switching to degludec
from other basal insulins in these groups are of
clinical relevance, and suggest degludec can be
used in a variety of patients with diabetes.

The use of prospective data collection was a
strength of this study, reducing potential
memory recall bias. Additionally, definitions for
level 1, 2 and 3 hypoglycaemia were well rep-
resented in the rate of events and for the change
between the baseline and follow-up periods
(except for level 3 hypoglycaemia for T2D),
strengthening the generalisability of these
results. In this study, the rate of non-severe was
higher than severe hypoglycaemia, in both the
baseline and follow-up periods, reflecting the
rate of events observed in the general popula-
tion [1, 13, 14]. Therefore, in contrast to RCTs,
these results more accurately represent patient
experiences in routine clinical practice. How-
ever, as hypoglycaemia was self-reported, it
cannot be excluded that patients may have
underreported their hypoglycaemia, particu-
larly severe events, owing to potential fear of
losing their driving license [15]. Overall, within
each patient characteristic category the results
are consistent. In some patient categories,
reduction in the rates of hypoglycaemia at fol-
low-up versus baseline did not reach statistical
significance, most likely owing to the small
sample size or low event rate. Finally, the real-
world nature of the ReFLeCT study allowed for
less stringent inclusion criteria [6], therefore
being more representative of clinical practice
versus RCTs.

Study limitations include the observational
design precluding randomisation, and that a
comparator arm was not included; this makes it
difficult to determine if reductions in hypogly-
caemia were a treatment or study effect. As in
the primary analysis, change in hypoglycaemia
was not assessed by baseline insulin group. The
proportion of patients receiving glargine U100
vs U300 was not recorded, and it is unclear if
differences in their profiles of action may have
affected results for each group when switching
to degludec. There was also the potential for
diary fatigue to cause incomplete reporting and

bias the results. Furthermore, patients with fre-
quent hypoglycaemia may have been overrep-
resented among those who agreed to
participate. However, this may provide a more
realistic representation of the patients likely to
be switched to degludec by their physician in
clinical practice.

CONCLUSION

These secondary analyses corroborated the
findings of the primary ReFLeCT study, and
demonstrated that, irrespective of the hypogly-
caemia definition used or pre-specified patient
characteristics, switching to degludec from
other basal insulins was associated with reduced
rates of hypoglycaemia in patients with T1D or
T2D. These findings support the use of degludec
in a broad range of patients with diabetes in
routine clinical care.
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