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Materials and methods: The HypoDeg trial is a 2-year investigator-initiated, random-
ized, controlled crossover trial in 149 participants randomized to treatment with insu-
lin degludec and insulin glargine U100 for 12 months each. The 51 participants in this
predefined substudy stayed at least one night in hospital during each treatment arm
for plasma glucose samples to be taken. Endpoints were glucose profiles, including
mean plasma glucose, glycaemic variability and risk of hypoglycaemia.

Results: There were no differences between treatments regarding mean plasma glu-
cose. We saw a flatter glucose profile during insulin degludec compared with insulin
glargine U100 treatment, which had a nadir at 4:00 AM, with a subsequent rise. Dur-
ing treatment with insulin degludec, the participants had lower glycaemic variability,
with an estimated treatment difference of —4.3% (95% confidence interval [CI] —8.1
to —0.5; P < 0.05). Participants treated with insulin degludec were less likely to expe-
rience nocturnal hypoglycaemia below 3.0 mmol/L (hazard ratio 0.36 [95% CI
0.17-0.73; P < 0.05]).

Conclusion: Based on nocturnal plasma glucose measurements, treatment with insu-
lin degludec compared with insulin glargine U100 administered in the evening results
in lower glycaemic variability and lower risk of nocturnal hypoglycaemia without dif-

KEYWORDS

1 | INTRODUCTION

Achieving glycaemic control during the night with a low risk of hypo-
glycaemia is of utmost importance to people with type 1 diabetes, as
recurrent symptomatic hypoglycaemia at night may compromise over-
all glycaemic control.? Long-acting insulin analogues, including insulin
degludec, lower the risk of nocturnal hypoglycaemia in people with
type 1 diabetes and recurrent nocturnal severe hypoglycaemia.?™®

The HypoDeg trial investigated whether insulin degludec U100
compared with insulin glargine U100 reduces the occurrence of noc-
turnal symptomatic hypoglycaemia, as evaluated by blood glucose
monitoring (BGM) in people with type 1 diabetes and recurrent noc-
turnal severe hypoglycaemia.® The study showed a clinically signifi-
cant reduction in nocturnal symptomatic hypoglycaemia during
treatment with insulin degludec compared with insulin glargine U100°
and similar reductions in nocturnal asymptomatic hypoglycaemia as
recorded by continuous glucose monitoring (CGM).” BGM mainly cap-
tures nocturnal symptomatic events and provides no insight into
plasma glucose profiles during the night. CGM provides comprehen-
sive glycaemic data during daily life, but these are considered less pre-
cise than BGM data and have not yet been accepted as valid
endpoints at the regulatory level. In particular, nocturnal CGM data
obtained by early CGM systems with a mean absolute relative differ-
ence (MARD) greater than 10%, such as the Medtronic iPro (Enlite
sensor; Medtronic Minimed, Northridge, California) used in this study
with a MARD of 12.9% to 18.9%.% have been viewed with scepticism
regarding their precision.” Furthermore, concerns have been raised

ferences in mean plasma glucose.

basal insulin, clinical trial, glycaemic control, hypoglycaemia, insulin analogues, type 1 diabetes

about the occurrence of hypoglycaemic events due to the risk of arte-
facts caused by sensor insertion site compression during sleep.® This
predefined HypoDeg substudy was specifically designed to address
these limitations, with the aim of assessing nocturnal glucose trajecto-
ries for comparison of pharmacodynamics and risk of hypoglycaemia
between insulin degludec and insulin glargine U100 according to labo-
ratory standard plasma glucose measurements in this population of
people with type 1 diabetes and at high risk of nocturnal severe

hypoglycaemia.

2 | RESEARCH DESIGN AND METHODS
2.1 | Trial design and procedures

The HypoDeg trial is a Danish investigator-initiated, controlled,
2-year, multicentre, crossover trial conducted in a PROBE (prospec-
tive, randomized, open trial, blinded endpoint adjudication) design. In
the trial, the effect of insulin degludec compared with insulin glargine
U100 on hypoglycaemic events in people with type 1 diabetes prone
to nocturnal severe hypoglycaemia was reported. Nocturnal severe
hypoglycaemia was defined as an event of hypoglycaemia that
required the assistance of another person and occurred during sleep
at night. Participants were randomized 1:1 to receive basal-bolus
treatment with insulin degludec and insulin aspart for 12 months, fol-
lowed by insulin glargine U100 and insulin aspart, or the reverse

order. The primary endpoint of the HypoDeg trial was the incidence

85U8017 SUOWIWIOD BA181D) 8|cealdde ) Aq peusenob a.e sejolue YO '8SN JO S8|nJ 10} ARIq1T8UIUO AB|IM UO (SUONIPUOD-PUE-SWS)ALI0Y A8 | 1M Ale.q Ul Uo//:Sthiy) SUORIPUOD pue Sws | 81 89S *[£202/20/50] Uo Ariqisuluo A |im 'Ariq) AisieAiun Biogey A €00ST Wop/TTTT 0T/I0p/Lod'auljuownese) | poid-sejoLied sqnd-wop//sdny wouy papeojumod ‘9 ‘€202 '9ZETEIT



BR@SEN ET AL.

WILEY_L %%

TABLE 1 Baseline characteristics of participants.

Characteristic
Age?, years
Male sex, n (%)
Body mass index®, kg/m?
Duration of diabetes, years
HbA1c, mmol/mol
HbAlc, %
Late diabetic complications, n (%)
Retinopathy Simplex
Laser-treated
Nephropathy Microalbuminuria
Macroalbuminuria
Peripheral neuropathy
Autonomic neuropathy
Macrovascular complications®
Hypertension
C-peptide negative?, n (%)
Hypoglycaemia awareness, n (%)
Clarke?! Aware
Unclassifiable

Reduced awareness

Gold?? Aware
Impaired

Pedersen-Bjergaard?! Aware
Impaired
Unaware

Nocturnal severe hypoglycaemia in the
preceding 2 years, episodes/patient

Mean + SD

Median (range)
Weekly alcohol consumption®, units
Smokers, n (%)
Insulin dose, IU/d

Total basal insulin dose at baseline

Total overall insulin dose at baseline

Note: Data are mean * SD or number (%) unless indicated otherwise.

Participation in Non-participation in

overnight substudy overnight substudy
(N = 149) (N=51) (N =98)
54+ 14 58 + 13 52 +13
105 (71) 34 (67) 71(72)
269 £4.2 273 %50 25435
28 + 14 28 + 14 28 + 14
61.7+9.8 62.1+88 61.5+10.3
7.8+0.9 7.8+0.8 7.8+0.9
55(37) 19 (35) 36 (37)
23 (15) 11(22) 23 (24)
19 (13) 3(6) 16 (17)
6(4) 3(6) 3(3)
42 (28) 23 (24) 19 (37)
32(22) 11(22) 21(21)
17 (11) 7 (14) 10 (10)
80 (54) 29 (57) 51(52)
124 (87) 44 (86) 80 (88)
39 (26) 16 (32) 23 (24)
47 (32) 16 (32) 31(32)
59 (41) 18 (36) 41 (42)
94 (63) 31(61) 63 (64)
52 (35) 19 (37) 33(34)
25(17) 10(20) 15 (15)
94 (63) 31 (61) 63 (64)
27 (18) 10 (20) 17(18)
23+22 26+24 21+21
1(1-15) 1(1-12) 1(1-15)
8+7 8+8 8+7
41 (28) 8(16) 33(34)
28 + 18 32+23 25+ 12
57 +27 65 + 36 53+20

Significant difference P = 0.007 by Mann-Whitney U-test for non-normal distribution.

bSignificant difference P = 0.005 by independent samples t-test.

“Macrovascular complications: hypertension, ischaemic heart disease, heart failure, stroke, transient cerebral ischaemia, and/or peripheral vascular surgery.

dC-peptide negative = below detection limit (<20 pmol/L).
€One unit = 8 g of alcohol.

of nocturnal symptomatic hypoglycaemia as evaluated by BGM during
the 2-year study. The trial protocol and primary outcomes have been
described in detail elsewhere.>¢

We invited the participants to take part in an optional overnight

substudy of four nights—two nights in each treatment arm after 6, 12,

18 and 24 months of participation. On the day of the overnight stay,
participants arrived in the late afternoon at the Clinical Research Unit
at Copenhagen University Hospital—Nordsjelland, Hillered, where
they were offered a standard evening meal and followed their usual

evening routine, including administration of bolus insulin. There were
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no restrictions on the timing of the last bolus of insulin. Participants
administered bolus and basal insulin in the same manner during the
substudy visits as during the main trial. The long-acting insulin ana-
logues were administered at the evening meal. At bedtime, they had a
venous line inserted in the cubital vein. During the night, a study
nurse or physician observed the participants and took blood samples
for blinded plasma glucose measurements every hour from 11:00 PM
to 7:00 AM while the participants were asleep. Plasma glucose sam-
ples were analysed by photometry at the laboratory the following day
using a Siemens Dimension Vista 1500 (Siemens Medical Solutions,
Malvern, Pennsylvania) analyser. The plasma glucose measurements,
thus, were not used to control glycaemic levels during the trial.

If participants experienced symptomatic hypoglycaemia, the per-
sonnel noted this, took a point-of-care blood glucose measurement,
and took action to restore the glucose level. The event was recorded
as symptomatic hypoglycaemia if the plasma glucose at the time was
<3.9 mmol/L.

The trial was approved by the Regional Committee on Biomedi-
cal Research Ethics (#H-3-2014-101) and the Danish Medicines
Agency (#201407615), and the Danish Data Protection Agency (I-
suite no: 02945; #NOH-2014-018). The trial is registered at www.
eudract.ema.europ.eu (#2014-001942-24) and www.clinicaltrials.
gov (#NCT02192450). It was conducted according to the Helsinki
Declaration and Good Clinical Practice standards monitored by the
Danish Agency for Good Clinical Practice. All participants provided

written informed consent.

2.2 | Participants
Adults (218 years) diagnosed with type 1 diabetes for more than
5 years and with one or more episodes of nocturnal severe hypogly-
caemia within the last 2 years were eligible for participation. We ran-
domized 149 people in the main trial. Recruitment and screening have
been described previously.®

The participants in the overnight substudy were characterized by
a long duration of diabetes, a mean glycated haemoglobin (HbA1c)
level of 62.1 mmol/mol (7.8%), C-peptide levels below the detection
limit (<20 pmol/L), and a high prevalence of impaired or absent aware-
ness (Pedersen-Bjergaard method?). The mean number of nocturnal
severe hypoglycaemic events (previous 2 years) was 2.6 per patient
(Table 1). No clinically relevant differences were found between par-

ticipants and non-participants.

2.3 | Outcomes

To assess differences in treatment effects on mean plasma glucose,
we calculated overall mean plasma glucose levels and mean plasma
glucose at distinct timepoints. Next, the variability of nocturnal glu-
cose profiles was assessed using the coefficient of variation (CV). To
evaluate the risk of nocturnal hypoglycaemia according to treatment,

we collected data on the number of nights with at least one episode

of hypoglycaemia during the night. Furthermore, we collected data on
the number of measures of low plasma glucose and the number of

nights with consecutively low measures of low plasma glucose.

2.4 | Definitions of hypoglycaemia

We reviewed the plasma glucose measurements for hypoglycaemic
events, classified according to international consensus by the Interna-
tional Hypoglycaemia Study group (IHSG)*2: level 1: a glucose alert
value of <3.9 mmol/L (<70 mg/dL) and level 2: a plasma glucose of
<3.0 mmol/L (<54 mg/dL), which is sufficiently low to indicate serious,
clinically important hypoglycaemia.

Because level 1, according to the IHSG, covers all hypoglycaemic
events equal to and below 3.9 mmol/L, we added an intermediary
level of glucose values (3.9 to 3.0 mmol/L) to differentiate whether
differences in level 2 hypoglycaemia solely drove a difference in level
1 hypoglycaemia.

There were no events of severe hypoglycaemia during this
substudy.

2.5 | Statistical analysis

According to data distribution, we performed baseline comparisons
between groups for continuous variables using an independent sam-
ples t-test or the Mann-Whitney U-test. For categorical variables, we
compared differences in proportions between groups using Pearson's
chi-squared test.

We defined the overall mean total plasma glucose concentration
as the mean of all plasma glucose values from 11:00 PM to 7:00 AM
and calculated the mean plasma glucose for every distinct timepoint
during the night. In the analysis of mean plasma glucose at 7:00 AM
(as an indicator of fasting plasma glucose), participants with symptom-
atic hypoglycaemia during the night were left out, as these episodes
were treated with the ingestion of carbohydrates.

The CV was calculated as a percentage to quantify the glycaemic var-
iability during the night (CV = [(SD of glucose)/(mean glucose)] x 100). A
mixed linear regression model was applied to assess the effect of the two
different insulin regimens on mean plasma glucose levels and the
CV. Treatment and visit numbers were fixed effects, and the participant
numbers were random effects. When applying the mixed model and
assigning participant numbers as a random effect, the model accounts for
the repeated-measure and crossover design. We included the interaction
between treatment and visit in the model to account for a possible effect
between visits. Hence the results are the CV for single nights.

The linear mixed model provided the estimated treatment differ-
ences, and standard descriptive statistics were used to indicate the
mean values of variables.

In a Poisson log-linear model with fixed effects of treatment,
treatment sequence, and visit, we modelled the number of measures
of low plasma glucose to compare rates of hypoglycaemia between

groups. The same model was used to compare the number of nights
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FIGURE 1 Mean plasma glucose mmol/L (SEM) during the night
according to treatment. The insulin analogues were administered at
6:30 Pm

with hypoglycaemia and consecutively low measures of plasma
glucose.

Due to the crossover design, the hypoglycaemia rate is presented
as a percentage of the total number of nights with a hypoglycaemic
episode where participants were treated with either insulin analogue.
So, regardless of the number of episodes on a given night, the hypo-
glycaemia rate includes nights with a minimum of one episode of
hypoglycaemia. Hypoglycaemia rates in the two treatment groups
were compared using hazard ratios (HRs) and 95% confidence inter-
vals (Cls) from a Cox proportional hazards regression analysis. We
used time-to-event during the night and Kaplan-Meier plots to illus-
trate the proportion of participants who experienced hypoglycaemia
at different levels during the night.

The level of statistical significance was set at 5% (two-sided). The
statistical software SPSS (IBM SPSS statistics 25) was used for all

analyses.

3 | RESULTS

A subgroup of 61 people agreed to participate in the overnight sub-
study. The predefined criterion for including participants in our ana-
lyses was available data from at least one night in each treatment arm,
leaving 51 participants and 196 nights for inclusion in the final analy-
sis. Forty-five participants (88%) completed all four nights, four (8%)
participants completed three nights, and two (4%) participants com-
pleted two nights (one in each treatment arm). Valid data were
obtained for 196 nights in 51 participants, 97 nights during treatment
with insulin degludec, and 99 nights with insulin glargine U100.

3.1 | Plasma glucose profiles

The overall mean (SD) plasma glucose concentration in the insulin
degludec arm was 9.0 (3.3) mmol/L and was 8.5 (3.3) mmol/L in the

insulin glargine U100 arm. The mixed model analysis showed no dif-
ferences between treatments in overall mean plasma glucose. We
evaluated mean plasma glucose concentration at the specific time-
points (11:00 PM, 12:00 AM, 1:00 AM, 2:00 AM, 3:00 AM, 4:00 AM,
5:00 AM, 6:00 AM and 7:00 AM). There were no differences between
treatments, including fasting plasma glucose at 7:00 AM. Figure 1,
showing the plasma glucose profiles according to treatment, illustrates
that treatment with insulin degludec results in a steady decline in
plasma glucose throughout the night. In contrast, treatment with insu-
lin glargine U100 declined to a nadir at approximately 4:00 AM, with a
subsequent rise.

3.2 | Coefficient of variation

The mean (SD) CV at night during treatment with insulin degludec and
insulin glargine U100 were 22.1% (12.0%) and 27.5% (14.9%), respec-
tively. In the linear mixed model, the difference in CV between treat-
ments was statistically significant (estimated treatment difference —4.3%
[95% Cl —8.1 to —0.5]; P < 0.05). The CV shown is for single nights, as
we included the interaction between visit and treatment in the statistical
model, which was insignificant. Hence, the difference between treatment
effects on CV during the single visit was influenced only by the
treatment.

3.3 | Hypoglycaemia

We recorded hypoglycaemia on 57 (29%) out of 196 nights, 19 nights
during insulin degludec treatment and 38 nights during insulin glargine
U100 treatment, and this difference was significant (P < 0.05 [95% Cl
0.3 to 0.8]). During insulin degludec treatment, we recorded 68 mea-
sures of low plasma glucose and 109 measures during insulin glargine
U100 treatment. There was no difference between treatments in level
1 (3.9 mmol/L) measures; however, there were significantly fewer
level 2 (<3.0 mmol/L) measures during insulin degludec treatment
(P <0.05[95% Cl 0.2 to 1.0]).

Eighteen participants (35%) did not experience any hypogly-
caemia, 17 (33%) experienced one night with hypoglycaemia
(plasma glucose <3.9 mmol/L), eight (16%) experienced two nights
with hypoglycaemia, and five (10%) experienced three nights with
hypoglycaemia. Three participants (6%) experienced hypoglycaemia
during all four nights. Symptomatic hypoglycaemic events were
recorded in 18 participants (35%)—six events during insulin deglu-
dec treatment and 16 events during insulin glargine U100
treatment.

Twenty-eight participants had more than one measure of hypo-
glycaemia during the night. These measures were consecutive during
most nights (38 out of 45). The mean nadir and number of consecu-
tive measures of hypoglycaemia were the same between treatments.
The number of nights with consecutive measures of hypoglycaemia
differed numerically between treatments. During insulin degludec

treatment, there were consecutive hypoglycaemia measures for
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TABLE 2 Hazard ratios (95% Cl) of hypoglycaemia based on event rates of hypoglycaemia.

Insulin degludec (97 nights)

LS e icas nights with an event (%)

Level 1 (<3.9 mmol/L) 19 (20)
Level 2 (<3.0 mmol/L) 8(8)
Intermediary (3.9-3.0 mmol/L) 16 (16)
Symptomatic (<3.9 mmol/L) 5(5)
Asymptomatic (<3.9 mmol/L) 18 (19)
Asymptomatic (<3.0 mmol/L) 6(6)

Abbreviation: Cl, confidence interval.

[HR 0.46 (95% C1 0.27 — 0.77 P< 0.05)|

— Insulin degludec

1.0 Insulin glargine U100

Probability of a hypoglycaemia-free night
o
-]
L

T T T T T T T T 1
23:00 24:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00

Clock-hour

FIGURE 2 Probability of a hypoglycaemia-free night at level

1 (3.9 mmol/L) according to treatment and clock-hour during the
night in 51 people with type 1 diabetes and recurrent nocturnal
severe hypoglycaemia. The insulin analogues were administered at
6:30 pm. Cl, confidence interval; HR, hazard ratio

14 nights and during insulin glargine U100 for 25 nights. The differ-

ence was not significant.

3.4 | Level1: plasma glucose <3.9 mmol/L

The rate of hypoglycaemia expressed as nights with a minimum of one
episode of level 1 hypoglycaemia was lower during insulin degludec treat-
ment (20% vs. 38%; HR 0.46 [95% Cl 0.27 to 0.77]; P < 0.05 [Table 2]).
This translates into a 54% lower risk of experiencing level 1 hypoglycaemia
during the night when treated with insulin degludec than with insulin glar-
gine U100. The Kaplan-Meier survival curve illustrates the probability of a
hypoglycaemia-free night at each timepoint during the night in Figure 2.

A possible influence of evening meal insulin aspart administration
was tested by excluding nights with episodes at bedtime (11:00 PM).
Even after excluding these nights, the hypoglycaemia rate in the insu-
lin degludec arm remained lower (18% vs. 33%; HR 0.51 [95% CI 0.28
to 0.92]; P < 0.05 [Table 2]). Repeated Cox regression analysis, includ-
ing only the participants (n = 45) who completed all four nights, con-

firmed the results, with a lower rate of nights with a minimum of one

Insulin glargine U100

(99 nights) nights with Hazard ratio 95% ClI P value
an event (%)

38(38) 0.46 0.27-0.77 0.0034
22 (22) 0.36 0.17-0.73 0.011
36 (36) 0.40 0.23-0.69 0.001
13 (15) 0.38 0.15-0.95 0.055
35(35) 0.48 0.28-0.82 0.0076
17 (17) 0.35 0.15-0.79 0.021

[HR 0.36 [95% C1 0.18 - 0.73 P<0.05]|
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FIGURE 3 Probability of a hypoglycaemia-free night at level

2 (<3.0 mmol/L) according to treatment and clock-hour during the
night 51 people with type 1 diabetes and recurrent nocturnal severe
hypoglycaemia. The insulin analogues were administered at 6:30 pm.
Cl, confidence interval; HR, hazard ratio

episode of level 1 hypoglycaemia in the insulin degludec arm (20%
vs. 37%; HR 0.49 [95% CI 0.28 to 0.87]; P < 0.05 [Table 2]).

3.5 | Level 2: plasma glucose <3.0 mmol/L

The rate of nights with a minimum of one episode of level 2 hypogly-
caemia was 64% lower during treatment with insulin degludec as com-
pared with treatment with insulin glargine U100 (8% vs. 22%; HR
0.36 [95% CI 0.18-0.73]; P < 0.05 [Table 2]). The Kaplan-Meier sur-
vival curve illustrates the distribution of hypoglycaemic episodes and

the probability of a hypoglycaemia-free night at this level (Figure 3).
3.6 | Intermediary level of hypoglycaemia: plasma
glucose 3.9 mmol/L to 3.0 mmol/L

At the intermediary level, we found a 60% lower rate of nights with a

minimum of one episode of hypoglycaemia during treatment with
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insulin degludec (16% vs. 36%; HR 0.40 [95% Cl 0.23 to 0.69];
P =0.001 [Table 2]).

3.7 | Symptomatic and asymptomatic
hypoglycaemia

During treatment with insulin degludec, the rate of nights with a mini-
mum of one episode of symptomatic hypoglycaemia was 62% lower
than during insulin glargine U100 treatment (5% vs. 15%; HR 0.38
[95% CI 0.15 to 1.0]; P = 0.053 [Table 2]).

Leaving out episodes of symptomatic hypoglycaemia at both
levels also resulted in significant differences between treatments. At
hypoglycaemia levels 1 and 2, the rate of nights with a minimum of
one episode of asymptomatic hypoglycaemia during the night was
lower during treatment with insulin degludec than insulin glargine
U100 (19% vs. 35%; HR 0.48 [95% Cl 0.28 to 0.82], P = 0.05 and 6%
vs. 17%; HR 0.35 [95% CI 0.15 to 0.79], P = 0.05, respectively
[Table 2]).

The survival analyses were repeated according to visits to esti-
mate the effect of the duration of treatment. The results were as fol-
lows. After 6 months of maintenance treatment (insulin degludec
compared with insulin glargine U100, an HR below 1 indicates less
hypoglycaemia during insulin degludec treatment): level 1 hypoglycae-
mia (<3.9 mmol/L): HR 0.39 [95% Cl 0.15-1.03], nonsignificant; level
2 hypoglycaemia (<3.0 mmol/L): HR 0.46 [95% Cl 0.17-1.2],
nonsignificant.

After 12 months of maintenance treatment (insulin degludec
compared with insulin glargine U100; an HR below 1 indicates less
hypoglycaemia during degludec treatment): level 1 hypoglycaemia
(3.9 mmol/L): HR 0.65 [95% CI 0.31 to 1.37], nonsignificant; level
2 hypoglycaemia (<3.0 mmol/L): HR 0.32 [95% CI 0.11 to 0.95],
P = 0.0430.

4 | DISCUSSION

This analysis of nocturnal plasma glucose profiles in people with type
1 diabetes experiencing recurrent nocturnal severe hypoglycaemia
provides mechanistic insight into the beneficial effect of insulin deglu-
dec on the risk of nocturnal hypoglycaemia. Thus, we found a signifi-
cantly lower glycaemic variability during the night for treatment with
insulin degludec than treatment with insulin glargine U100. At compa-
rable mean nocturnal glucose levels, the treatment with insulin deglu-
dec resulted in a 54% reduction in the risk of nocturnal
hypoglycaemia. Because the HypoDeg Trial participants were
hypoglycaemia-prone, this finding is essential as it may be directly
applied in a clinical setting with patients experiencing nocturnal
hypoglycaemia.

At night, hypoglycaemia risk depends primarily on the basal insu-
lin's pharmacokinetic and pharmacodynamic profile. Euglycaemic
clamp studies of insulin degludec show that the pharmacodynamic

profile is uniform across a 24-hour dosing interval, with low within-

subject variability in the glucose-lowering effect.® The half-life of
insulin degludec is 25 hours, compared with 12.5 hours for insulin
glargine U100. Compared with insulin glargine U100, the within-
subject variability in the glucose-lowering effect of insulin degludec is
one-quarter that of insulin glargine U100.** In day-to-day variability,
insulin degludec results in a stable variability, whereas insulin glargine
U100 results in a peak in variability at 14 to 16 hours post-dosing.*
These properties of insulin degludec may explain the results in
the present study. The present results correspond well with the main
result of the HypoDeg trial showing a relative rate reduction of 28%
in nocturnal symptomatic hypoglycaemia at level 1 (<3.9 mmol/L) and
37% at level 2 (3.0 mmol/L) hypoglycaemia with insulin degludec.®
As most episodes of nocturnal hypoglycaemia are asymptomatic,’® we
also applied CGM in another predefined substudy of the HypoDeg
trial that showed a relative rate reduction of 32% at level 1 nocturnal
asymptomatic hypoglycaemia and 52% at level 2. During the main
trial, asymptomatic hypoglycaemia could only be captured during the
day. Asymptomatic hypoglycaemia on CGM may be overestimated

716 and erro-

due to CGM imprecisions in the low blood glucose range
neous hypoglycaemic recordings due to physical pressure on the
CGM device during the night.2° By using plasma glucose measure-
ments, these concerns were eliminated in this study. Because the
plasma glucose measures were blinded and not analysed until the fol-
lowing day, they did not influence treatment decisions. Hence, the
results of the present study confirm that differences found in noctur-
nal hypoglycaemia by CGM are reliable when controlled with labora-
tory standard plasma glucose measurements.

As this trial includes people with type 1 diabetes and a high risk
of nocturnal hypoglycaemia, it expands the results of the BEGIN and
SWITCH trials. These previous trials found similar relative reductions
in nocturnal hypoglycaemia during treatment with insulin degludec
compared with insulin glargine U1007:18 in people with type 1 diabe-
tes with no or an intermediary risk of hypoglycaemia.

The major strength of this trial is the use of plasma glucose mea-
surements every hour during sleep and the complete recording of
symptomatic hypoglycaemia by study personnel. These are state-of-
the-art glucose measurements and are considered more accurate than
CGM, particularly in the hypoglycaemic range. Another strength is
that the inclusion of people at high risk of hypoglycaemia makes the
findings representative of the hypoglycaemia rates that will occur in
clinical practice in people with type 1 diabetes and problematic hypo-
glycaemia; previous trials comparing insulin degludec to insulin glar-
gine U100 have excluded or not specifically included people with a
high risk of nocturnal hypoglycaemia. A third strength is the study's
crossover design, which eliminates the random effects of participants
with extreme rates of hypoglycaemia. The in-hospital setting may
have impacted nocturnal glycaemia, although we tried to normalize
the situation as much as possible by allowing participants to follow
their usual routines. A minor limitation of this substudy is that we only
took plasma glucose once every hour, which is less extensive
than CGM.

Today, there are two ultra-long-acting basal insulins available.

Only two studies have compared insulin glargine U300 and insulin
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degludec.?”?° As both studies included people at low risk of hypogly-
caemia, it is difficult to say whether the similarities between the two
insulins in these studies would apply to people with type 1 diabetes
who are at high risk of hypoglycaemia. A study similar in methodology
to the one presented here in a similar patient population would be
desirable.

In conclusion, in people with type 1 diabetes and recurrent noc-
turnal severe hypoglycaemia, treatment with insulin degludec com-
pared with insulin glargine U100 administered at the evening meal
significantly reduces nocturnal glycaemic variability assessed by labo-
ratory plasma glucose measurements during two in-hospital nights
during each treatment and as a consequence, also consistently
reduces the rate of nights with hypoglycaemia. There was no differ-
ence between treatments in mean plasma glucose, overall or at spe-

cific timepoints during the night.
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