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Abstract

Background and Aims: Nocturnal hypoglycemia is mainly a consequence of inappropriate basal insulin therapy
in type 1 diabetes (T1D) and may compromise optimal glycemic control. Insulin degludec is associated with a
lower risk of nocturnal hypoglycemia in T1D. As nocturnal hypoglycemia is often asymptomatic, we applied
continuous glucose monitoring (CGM) to detect a more precise occurrence of nocturnal hypoglycemia in the
HypoDeg trial, comparing insulin degludec with insulin glargine U100 in people with T1D and previous noc-
turnal severe hypoglycemia.

Materials and Methods: In the HypoDeg trial, 149 people with T1D were included in an open-label randomized
cross-over trial. Sixty-seven participants accepted optional participation in the predefined substudy of 4 x 6 days
of blinded CGM requiring completion of at least one CGM period in each treatment arm. CGM data were
reviewed for hypoglycemic events.

Results: Treatment with insulin degludec resulted in a relative rate reduction (RRR) of 36% (95% confidence
interval [CI]: 10%—54%; P <0.05) in nocturnal CGM-recorded hypoglycemia (<3.9 mmol/L), corresponding to
an absolute rate reduction (ARR) of 0.85 events per person-week. In nocturnal CGM-recorded hypoglycemia
(£3.0 mmol/L), we found an RRR of 53% (95% CI: 36%—65%; P <0.001), corresponding to an ARR of 0.75
events per person-week. At the lower detection limit of the CGM (2.2 mmol/L), treatment with insulin deglu-
dec resulted in a significant RRR of 58% (95% CI: 23%—77%; P =0.005). The reductions were primarily due to
significant RRRs in asymptomatic hypoglycemia.

Conclusion: In people with T1D, prone to nocturnal severe hypoglycemia, insulin degludec compared with

insulin glargine U100 significantly reduces nocturnal CGM-recorded hypoglycemia.

www.clinicaltrials.gov (#NCT02192450).

Keywords: Insulin analogs, Insulin degludec, Insulin glargine U100, Nocturnal hypoglycemia, Type 1 diabetes.

Introduction

NOCTURNAL HYPOGLYCEMIA IS MOST OFTEN asymptom-
atic and thus passes unrecognized.' Frequent noctur-
nal asymptomatic hypoglycemia may promote impaired
awareness of hypoglycemia,” " which increases the risk of
severe hypoglycemia.>™” The concern of severe hypoglyce-
mia, occurring during the night, often results in avoidance
behavior that may impair glycemic control. Thus, people
with type 1 diabetes (T1D) who have experienced noctur-
nal severe hypoglycemia may aim at higher blood glucose
at bedtime resulting in overnight hyperglycemia.® There-
fore, reduction in nocturnal hypoglycemia is a key clinical
challenge.

The long-acting insulin analogs insulin glargine U100 and
insulin detemir reduce the risk of nocturnal hypoglycemia
compared with neutral protamine hagedorn (NPH) insulin.’
Insulin degludec provides a further reduction of nocturnal
hypoglycemia than insulin glargine U100."%""* A limitation
of the trials performed with insulin degludec so far is the
exclusion of subjects with recurrent severe hypoglycemia,
and none specifically including people prone to nocturnal
severe hypoglycemia. Furthermore, the studies have not ap-
plied continuous glucose monitoring (CGM) for recording of
hypoglycemia, which is necessary to capture the extent of
asymptomatic hypoglycemia, constituting the majority of
nocturnal hypoglycemic events.

The objective of the HypoDeg trial was to investigate
whether insulin degludec U100 in comparison with insulin
glargine U100 reduces the risk of nocturnal hypoglycemia
in people with T1D prone to nocturnal severe hypoglyce-
mia. The primary objective of the HypoDeg trial was the
occurrence of nocturnal symptomatic hypoglycemia as eval-
uated by blood glucose monitoring (BGM). There was a

significant relative rate reduction (RRR) of 28% in hypogly-
cemic events at BGM <3.9 mmol/L and an RRR of 37% at
BGM <3.0 mmol/L during treatment with insulin degludec.'*

In this study, we report the data on hypoglycemic end-
points recorded by blinded CGM from a predefined substudy
of the HypoDeg trial.

Materials and Methods
Study design

HypoDeg is a 2-year investigator-initiated controlled
multicenter cross-over study conducted in a prospective,
randomized, open, blinded endpoint adjudication (PROBE)
design. The study investigated the effect of insulin deglu-
dec on hypoglycemic events compared with insulin glar-
gine U100 in People with TID prone to nocturnal severe
hypoglycemia.'>

We included adults (>18 years) diagnosed with T1D for
>5 years and, most notably, one episode or more of nocturnal
severe hypoglycemia within the last 2 years (as defined by
the need of external assistance for recovery). Recruitment
and screening are previously described.'”

Participants were randomized 1:1 to treatment with insulin
degludec or insulin glargine U100 administered with the
evening meal. Administration of insulin glargine U100 at this
time provides a more consistent overnight glycemic control
than administration in the morning.'®

Participants took their short-acting insulin (insulin aspart)
three times daily before main meals, and they reduced both
basal and prandial insulin doses by 20% at the beginning of
the trial period. After 12 months of treatment (3 months run-
in and 9 months maintenance), participants crossed over
to the other treatment for 12 months (3 months run-in and
9 months maintenance). We aimed at maintaining baseline
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hemoglobin (HbAlc) at the discretion of the local investi-
gator because this was the most pragmatic glycemic target in
these hypoglycemia-prone participants.

The primary endpoint of the trial was the incidence of
nocturnal symptomatic hypoglycemia as recorded by BGM.
The secondary endpoints were severe hypoglycemia inci-
dence, glycemic control as evaluated by HbAlc, and mean
insulin doses.'* All endpoints were recorded during the
9 months of maintenance treatment. We have described the
protocol previously in detail.'®

The participants were offered optional participation in a
predefined CGM substudy consisting of 6 days of blinded
CGM after 6, 12, 18, and 24 months of treatment, securing
two CGM periods during each treatment arm. The blinded
CGM monitoring (iPr0®2 with the Enlite® sensor; Medtronic
Minimed, Northridge, CA) was initiated at the participant’s
site, or at the Clinical Research Unit at Copenhagen Uni-
versity Hospital - North Zealand, Hillergd.

The sensor was inserted into the abdominal region, and
participants were instructed to record BGM four times daily,
the first 2 h after insertion and for later calibration as recom-
mended by the manufacturer. After 6 days, the CGM
recordings were uploaded to Medtronic Carelink iPro Ther-
apy Management Software for Diabetes. The data remained
blinded to the investigators until the end of the trial and were
not used to adjust insulin dosage.

Participants kept a diary of activities, mealtimes, and
insulin doses. We asked them to keep notes of symptoms of
hypoglycemia in the diary and confirm hypoglycemic events
with BGM.

A valid CGM period was from the first CGM measurement
with a corresponding BGM calibration to the last CGM
measurement within 12h since the previous calibration.
We excluded missing signals for >30min from the total
observation time, as we considered it enough to miss a hypo-
glycemic event.

The study was approved by the regional committee on
biomedical research ethics (#H-3-2014-101), the Danish
Medicines Agency (#201407615), and the Danish Data Pro-
tection Agency (I-suite no: 02945; #NOH-2014-018). The
study is registered at (www.eudract.ema.europ.eu [#2014-
001942-24]) and at (www.clinicaltrials.gov). We conducted
the study in accordance with the Helsinki Declaration and
according to good clinical practice (GCP) standards moni-
tored by the Danish Agency for GCP.

All participants provided written informed consent.

Data are available from the corresponding author upon
request.

Definitions of CGM-recorded hypoglycemic endpoints

CGM data were reviewed for hypoglycemic events with
CGM values of <3.9 mmol/L (£70 mg/dL), CGM <3.0 mmol/L
(£54 mg/dL), and CGM <2.2mmol/L (<40 mg/dL), cor-
responding to the lower detection limit of the CGM system.
We assessed CGM data in accordance with the protocol of
the main study, which was written before the current rec-
ommendations concerning hypoglycemia reporting estab-
lished by The International Hypoglycaemia Study Group
and the International Consensus on use of CGM.!""!8 Thus,
hypoglycemic events with CGM <3.9 mmol/L include all
events equal to and <3.9 mmol/L; furthermore, hypoglyce-
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mic events are reported as <3.0 mmol/L, not as <3.0 mmol/L,
consistent with data from the main trial on BGM.'*!'

We included events lasting at least 15 min (four consecu-
tive measurements in the CGM data), and we defined the
termination of a hypoglycemic event as interstitial glucose
concentration >3.9 mmol/L for 15 min.'®

Notes in the diary on symptoms of hypoglycemia and a
CGM-verified low glucose value confirmed an event of symp-
tomatic hypoglycemia. Asymptomatic events were CGM-
verified low glucose values without corresponding notes in
the diaries. A few events were classified as “‘unknown’” when
notes on single events were unclear.

The definition of nighttime was periods from 23:00 to
06:59 or 00:00 to 05:59. Hypoglycemic events starting
15 min or less before 23:00 or 00:00 were also considered as
nocturnal, based on a period lasting =15 min (four consecu-
tive measurements). The definition of daytime was periods
from 07:00 to 22:59 or from 06:00 to 23:59. We also con-
sidered hypoglycemic events starting 15 min or less before
07:00 or 06:00 as daytime. There is currently no consensus on
defining the night period. To compare the results according to
time periods with previous studies and make sure that there
were no differences in the occurrence of hypoglycemia based
on the period, we used two different periods.

Statistical analyses

According to the data distribution, we performed base-
line comparisons between groups for continuous variables
using independent samples 7-test or Mann—Whitney U test.
For categorical variables, we compared differences in pro-
portions between groups using the chi-square test.

As the distribution of hypoglycemia rates is skewed, we
present medians and ranges in addition to means and SD.
Through a Poisson log-linear model with fixed effects of
treatment, treatment sequence, and period (first or last CGM
period in each treatment period), we modeled the number of
events to compare rates of hypoglycemia between groups.
Owing to the cross-over design, the participants act as their
own control. We used the generalized estimation equation
(GEE) to compare the occurrence of hypoglycemia. The GEE
considers the cluster of repeated measurements within each
subject with fixed effects of treatment, treatment sequence,
and period.

We quantified treatment comparisons as incidence rate
ratios, which can be interpreted as a RRR and is presented as
such.

To translate hypoglycemia rates into a clinically relevant
number, we calculated the time needed to treat one person
(TNT1) with insulin degludec to prevent one event of CGM-
recorded hypoglycemia. We calculated the TNT1 using the
following formula'®:

1
Incidence glargine — Incidence degludec

Since the frequencies of CGM-recorded hypoglycemic
events are unknown in patients prone to nocturnal severe
hypoglycemia and that hypoglycemic rates are subject to
unpredictable study effects, we did not consider a formal
sample size calculation feasible.*
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We set a level of statistical significance at 5% (two sided)
and used the statistical software SPSS (IBM SPSS statis-
tics 25) for all analyses.

Results

A total of 149 participants were randomized in the main
HypoDeg trial. A subgroup of 89 subjects agreed to partic-
ipate in the CGM substudy. Seventy-four participants fulfilled
the predefined criterion of at least one completed CGM period
in each treatment arm. Seven participants were excluded from
the analysis because the notes in their diaries were unclear or
insufficient. Hence, we ended up with 67 participants in total.

The participants in the CGM substudy, who were inclu-
ded in our analysis, were characterized by a long duration
of diabetes (mean 28 years), acceptable HbAlc (7.8%),
C-peptide negativity (88%), and a high prevalence of im-
paired awareness or unawareness (83%). The participants had
experienced a mean of 2.5 nocturnal severe hypoglycemic
episodes (range 1-12) in the preceding 2 years (Table 1).

The total valid observation time was 1441 days (715 days
in the insulin degludec arm and 726 in the insulin glargine
U100 arm) with a mean total valid observation time per
participant of 21.5 (SD 4.5) days. During treatment with
insulin degludec and insulin glargine U100, the mean total
valid observation time per participant was 10.7 (SD 2.7) days
and 10.8 (SD 2.5) days, respectively.

Fifty participants (75%) completed 24 days of CGM, 12
participants (18%) completed 18 days of CGM, and 5 par-
ticipants (7%) completed 12 days of CGM. The mean number
of any CGM-recorded hypoglycemic event per participant
was 31 (95% confidence interval: 26-36).

A total of 1301 CGM-recorded hypoglycemic events
(£3.9 mmol/L) were recorded, corresponding to a mean of 6.4
(SD 4.7) events per person-week (‘““‘A’” in Table 2). Of CGM-
recorded hypoglycemic events (<3.0 mmol/L), we observed a
total of 595 events corresponding to a mean of 2.9 (SD 3.5)
events per person-week (A’ in Table 2). We recorded
185 events at the lower detection limit of the CGM
(£2.2mmol/L), corresponding to a mean of 0.9 (SD 1.9)
events per person-week (‘“A’’ in Table 2). The mean number
of events per participant according to treatment and time
interval is depicted in Figure 1.

During the main study, we included 136 episodes of severe
hypoglycemia in the analysis.'* Among these episodes, we
registered one during the CGM substudy. The episode had a
BGM of 1.8 mmol/L; in the CGM data, the interstitial glu-
cose value was 2.7 mmol/L.

Event rates according to treatment

CGM <3.9mmol/L. At this threshold of hypoglycemia,
we registered 591 events (45%) during treatment with insulin
degludec and 710 events (55%) during treatment with insulin
glargine U100. There were no significant differences in all-
day (24 h) event rates between treatments (‘“A’’ in Table 2).

Of these events, 342 (26%) were nocturnal (23:00-06:59).
A 36% RRR (P=0.009) during treatment with insulin
degludec was observed for nocturnal CGM-recorded hypo-
glycemia as compared with insulin glargine U100 corre-
sponding to an absolute rate reduction (ARR) of 0.85 events
per person-week when treated with insulin degludec (A’ in
Table 3). The reduction was due to a 32% RRR (P=0.004)
in asymptomatic hypoglycemia with insulin degludec com-
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pared with insulin glargine U100, corresponding to an ARR
of 0.55 events per person-week (‘“C”” in Table 3) (Fig. 2 and
Supplementary Fig. S1). In contrast, we did not detect any
significant differences between treatments in the occurrence
of nocturnal symptomatic hypoglycemia (B’ in Table 3).

During daytime, we recorded 946 events at this threshold
of hypoglycemia without finding any significant differences
between treatments (‘““A”’ in Table 4).

The TNTI1 for nocturnal CGM-recorded hypoglycemia
(£3.9mmol/L) was 1.4 weeks. The TNT1 for nocturnal
asymptomatic hypoglycemia at this threshold was 2 weeks.

CGM <3.0mmol/L. At this threshold of hypoglycemia,
we registered 236 events (40%) during treatment with insulin
degludec and 359 events (60%) during treatment with insulin
glargine U100. For all-day (24 h) events, there was a 34%
RRR (P<0.001) of CGM-recorded hypoglycemia in favor
of insulin degludec. The difference was explained by a 25%
RRR (P=0.012) in asymptomatic hypoglycemia with insu-
lin degludec, corresponding to an ARR of 0.49 events per
person-week, and a 48% RRR (P=0.022) in symptomatic
hypoglycemia with insulin degludec compared with insulin
glargine U100 (““A—C”’ in Table 2).

One hundred ninety-three (32%) events were nocturnal
(23:00-06:59). When treated with insulin degludec, we ob-
served a 53% RRR (P<0.001) in nocturnal CGM-recorded
hypoglycemia compared with insulin glargine U100, corre-
sponding to an ARR of 0.75 events per person-week (“A” in
Table 3). A 52% RRR (P <0.001) in asymptomatic hypogly-
cemia with insulin degludec was the primary reason for the
reduction in nocturnal CGM-recorded hypoglycemia. This
reduction corresponded to an ARR of 0.43 events per person-
week (““C” in Table 3). There were no significant differences
between treatments in nocturnal symptomatic hypoglycemia
(““B” in Table 3) (Fig. 3 and Supplementary Fig. S1).

During daytime (07:00-22:59), we recorded 391 (66%)
events. We observed a 24% RRR (P=0.021) of CGM-
recorded hypoglycemic events during treatment with insulin
degludec compared with insulin glargine U100, correspond-
ing to an ARR of 0.49 events per person-week (‘“A” in
Table 4). This reduction was due to a 49% RRR (P =0.027)
in daytime symptomatic hypoglycemia with insulin degludec
compared with insulin glargine U100, corresponding to an
ARR of 0.14 events per person-week (B’ in Table 4).

The TNT1 at this threshold of nocturnal CGM-recorded
hypoglycemia was 1.4 weeks. The TNT1 for nocturnal
asymptomatic hypoglycemia was 2 weeks.

CGM <2.2mmol/L. At this hypoglycemia threshold, we
registered 55 events (30%) during treatment with insulin
degludec and 130 events (70%) during treatment with in-
sulin glargine U100. There was a 55% RRR (P=0.003) of
all-day (24 h) CGM-recorded hypoglycemia in favor of in-
sulin degludec (‘“A” in Table 2). The reduction was partly
due to a 79% RRR (P =0.022) in all-day (24 h) symptomatic
hypoglycemia with insulin degludec compared with insulin
glargine and partly due to a 46% RRR (P=0.017)
in asymptomatic hypoglycemia with insulin degludec
compared with treatment with insulin glargine (‘‘B” and
“C” in Table 2).

We recorded a total of 72 (39%) nocturnal (23:00-06:59)
events of CGM-recorded hypoglycemia at the lower



TABLE 1. BASELINE CHARACTERISTICS OF PARTICIPANTS

+CGM -CGM
Characteristic (N=149) (N=67) (N=82)
Age? (years) 54+ 14 57113 52+13
Male gender, n (%) 105 (71) 45 (67) 60 (73)
Body mass index” (kg/m?) 269+ 14 27.0%5 25314
Duration of diabetes (years) 279+14 284+t14 27.5t14
Glycated hemoglobin
% 7811 7.81£0.8 7.81£0.8
mmol/mol 62%10 6219 62110
Late diabetic complications, n (%)
Retinopathy
Simplex 55 37) 28 (42) 27 (33)
Laser treated 34 (23) 14 (21) 20 (24)
Nephropathy
Microalbuminuria 19 (13) 71 12 (15)
Macroalbuminuria 6 (4) 3(5) 3(4)
Peripheral neuropathy® 42 (28) 27 (40) 15 (19)
Autonomic neuropathy 32 (22) 14 (21) 18 (22)
Macrovascular complicationsd 17 (11) 8 (12) 9(11)
Hypertension 80 (54) 34 (51) 46 (56)
C-peptide negative,® n (%) 124 (87) 59 (88) 65 (87)
Hypoglycemla awareness, n (%)
Clarke?
Aware 39 (27) 18 (27) 21 (27)
Unclassifiable 47 (32) 22 (33) 25 (32)
Reduced awareness 59 (40) 26 (39) 33 (42)
Gold*®
Aware 94 (65) 37 (55) 57 (70)
Impaired 52 (36) 29 (43) 23 (28)
Pedersen-Bjergaard®’
Aware 25 (17) 11 (16) 14 (18)
Impaired 94 (64) 41 (61) 53 (67)
Unaware 27 (19) 15 (22) 12 (15)
Nocturnal severe hypoglycemia in the preceding 2 years (episodes per patient)
Mean +SD 2312 2.5+2 2.1+2
Median (range) 1 (1-15) 2 (1-12) 1 (1-15)
Participants with more than one episode of nocturnal severe hypoglycemia in the preceding 2 years
n (%) 68 (46%) 34 (51%) 34 (42%)
Median (range) 3 (2-15) 3 (2-12) 2 (2-15)
Weekly alcohol consumption' (units) 8§+7 87 87
Smokers,® n (%) 41 (28) 13 (20) 28 (35)
Pretrial basal insulin type
Insulin glargine U100 52 (36) 35 (39) 17 (28)
Neutral protamine hagedorn insulin 25 (17) 9 (14) 16 (20)
Premixed insulin 1(1) 1) 0 (0)
Insulin degludec 6 (4) 4 (6) 2(3)
Insulin glargine U300 2 (1) 2 (3) 0 (0)
Insulin dose (U/day)
Total basal insulin dose at baseline 28118 31121 27116
Total overall insulin dose at baseline 57127 61+34 53+20

Data are mean+SD or number (%), unless indicated otherwise.

Slgmﬁcant difference P=0.038 Mann—Whitney U test for non-normal distribution.

"Significant difference P=0.048 Mann—Whitney U test for non-normal distribution.

Slgmﬁcant difference P=0.003 Pearson chi-square.

9Macrovascular complications: hypertension, myocardial infarction, ischemic heart disease, heart failure, stroke, and/or peripheral

vascular surgery.

C -peptide negative =below detection limit (<20 pmol/L or <0.02 nmol/L).

1 unit=15 g of alcohol.

€Significant difference P=0.041 Pearson chi-square.

CGM, continuous glucose monitoring.
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TABLE 2. CONTINUOUS GLUCOSE MONITORING-RECORDED HYPOGLYCEMIA IN MAINTENANCE PERIODS
ACCORDING TO TREATMENT

BROSEN ET AL.

IDeg IGlar RRR (%) ARR
E E/week E E/week E/week [95% CI] E/week [95% CI] P
A. All-day (24h) CGM-recorded hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 591 710 12 [-2 to 25] 0.84 [-0.09 to 1.77] 0.094
Mean (SD) 59 @&.7) 6.9 (4.8)
Median (range) 4.5 (0 to 18) 6.4 (0 to 22)
<3.0 mmol/L 236 359 34 [18 to 47] 1.06 [0.25 to 1.86] <0.001
Mean (SD) 23 (3.1) 35@3.7)
Median (range) 1.2 (0 to 17) 2.3 (0 to 19)
<2.2 mmol/L 55 130 55 [24 to 73] 0.80 [0.23 to 1.37] 0.003
Mean (SD) 0.6 (1.2) 1.3 (2.4)
Median (range) 0 (0.7) 0 (0 to 14)
B. All-day (24 h) symptomatic hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 68 11 [-38 to 42] 0.17 [-0.22 to 0.56] 0.61
Mean (SD) 0.7 (1.1) 0.7 (1.3)
Median (range) 0(0to5) 0 (0 to 8)
<3.0 mmol/L 19 37 48 [9 to 70] 0.18 [-0.05 to 0.40] 0.022
Mean (SD) 0.2 (0.5) 0.3 (0.8)
Median (range) 0 (0 to 3) 0(@Oto17)
<2.2 mmol/L 2 11 79 [20 to 94] 0.12 [0.02 to 0.22] 0.022
Mean (SD) 0.02 (0.1) 0.1 (0.4)
Median (range) 0@Otol) 0 (0to2)
C. All-day (24 h) asymptomatic hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 424 486 9 [-9 to 24] 0.57 [-0.26 to 1.41] 0.285
Mean (SD) 4.2 (4.0) 4.7 (3.9)
Median (range) 3.2 (0 to 18) 4.1 (0 to 19)
<3.0 mmol/L 179 240 25 [6 to 40] 0.49 [-0.19 to 1.18] 0.012
Mean (SD) 1.8 (2.5) 24 (29
Median (range) 0.5 (0 to 10) 00 to17)
<2.2 mmol/L 44 86 46 [10 to 67] 0.46 [0.04 to 0.89] 0.017
Mean (SD) 0.4 (1.0 0.9 (1.6)
Median (range) 0 (0 to 6) 0 (0 to 8)

ARR, absolute rate reduction with IDeg; CI, confidence interval; E/week, events per person-week; IDeg, insulin degludec; IGlar, insulin

glargine U100; RRR, relative rate reduction with IDeg.

detection limit of the CGM. We found a 58% RRR
(P=0.005) in CGM-recorded hypoglycemia with insulin
degludec compared with treatment with insulin glargine
U100, corresponding to an ARR of 0.39 events per person-
week (““A” in Table 3). There was a trend toward less
asymptomatic hypoglycemia with insulin degludec than in-
sulin glargine U100 (“‘C” in Table 3). We detected too few
events of symptomatic hypoglycemia to allow comparison of
treatments.

During daytime, at this threshold, we recorded 109 (59%)
events (07:00-22:59). We observed a 53% RRR (P=0.008)
in CGM-recorded hypoglycemia during treatment with
insulin degludec compared with insulin glargine U100 (““A”
in Table 4), corresponding to an ARR of 0.50 events per
person-week. The reduction was due to a44% RRR (P=0.017)
in asymptomatic hypoglycemia with insulin degludec, cor-
responding to an ARR of 0.35 events per person-week (““C”’
in Table 4). There were too few symptomatic events during
this period to test for differences between treatments.

We also analyzed other conventional time definitions:
daytime defined from 06:00 to 23:59 and nighttime from
00:00 to 05:59. All significant differences at all three hypo-
glycemia thresholds were robust to these definitions (Sup-
plementary Tables S1 and S2).

Discussion

In this study of people with T1D prone to nocturnal severe
hypoglycemia, treatment with insulin degludec resulted in a
significant reduction of nocturnal CGM-recorded hypogly-
cemic events compared with treatment with insulin glargine
U100. The difference between treatments was consistent
between definitions of nighttime. The difference in noctur-
nal CGM-recorded hypoglycemia increased with increasing
depth of hypoglycemia with RRR of 36%, 53%, and 58% at
CGM <3.9mmol/L, CGM <3.0mmol/L, and at the lower
detection limit of the CGM < 2.2 mmol/L.

At CGM <3.0 mmol/L and at the lower detection limit,
we also found significant reductions in daytime CGM-
recorded hypoglycemia in favor of insulin degludec. The
CGM <3.0 mmol/L threshold corresponds to level 2 hy-
poglycemia as defined by the International Hypoglycaemia
Study Group as indicating serious clinically important
hypoglycemia.'’

These analyses are complementary to our previously re-
ported primary endpoint of the trial, based upon nocturnal
symptomatic BGM-confirmed hypoglycemia. We found
an RRR of 28% at BGM <3.9mmol/L. and 37% at BGM
<3.0 mmol/L in nocturnal symptomatic hypoglycemia during
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treatment with insulin degludec and an RRR of 35% in all-day
(24 h) severe hypoglycemia.'* Our present findings in CGM-
recorded hypoglycemia are consistent with these relative
differences.

However, the complete capture of hypoglycemic expo-
sure by CGM translates the consistent relative differences
into much more clinically relevant absolute differences. At
CGM <£3.9 mmol/L and CGM <3.0 mmol/L, the TNT1 with
insulin degludec to avoid an episode of nocturnal CGM-
recorded hypoglycemia was 1.4 weeks at both thresholds
of hypoglycemia.

Our data on CGM-recorded hypoglycemia, in addition to
BGM data, provide evidence of a reduction of all types of
nocturnal hypoglycemia with insulin degludec, as signifi-
cant reductions in asymptomatic hypoglycemia drove the
ARRs in nocturnal CGM-recorded hypoglycemia. As for
nocturnal symptomatic hypoglycemia in the CGM data, we
did not find significant reductions, as observed in the BGM
data,'* probably because of the overall observation period
with CGM being much shorter than the 2 years of BGM
measurements. Furthermore, the symptomatic events relied
on notes in the participants’ diaries and, for some partici-
pants, they may have been insufficient due to participant
response bias.

CGM = 3.9 mmol/L

CGM = 3.0 mmol/L
nocturnal

CGM = 3.9 mmol/L
daytime

CGM = 3.0 mmol /L
daytime

CGM-recorded hypoglycemic event rates with 95% CI according to glucose threshold and time period. Significant
<0.05, **p<0.001). All-day 24 h, nocturnal 23:00-06:59, daytime 07:00-22:59. CGM, continuous glucose

Insulin degludec and insulin glargine U100 have been
compared based on BGM in three published studies in
T1D.'%""13 Birkeland et al.'” published a phase 2, 16-week
randomized controlled open-label three-arm parallel-group
multicenter study in 178 participants with T1D. The Basal-
Bolus Type 1 trial (BEGIN) was a phase 3 open-label
parallel-group treat-to-target multicenter study of 629 par-
ticipants with TID.'"'> The SWITCH 1 Randomized
Clinical Trial was a double-blind randomized cross-over
noninferiority multicenter trial involving 501 participants
with TID."”” The studies demonstrated relative reductions
in nocturnal hypoglycemia with insulin degludec amounting
to 10%-36%.

Comparisons of hypoglycemia rates are difficult due to
the pooling of hypoglzycemlc events (symptomatic and
severe hypoglycemla) 122 The incidence of hypoglyce-
mic events is influenced by the titration regimens used, as
aiming for low target fasting glucose values causes more
hypoglycemlc episodes in patients already at hypoglyce-
mia risk.?'"?* Furthermore, hypoglycemia was only a
secondary endpoint, and CGM was not applied in the
studies. The Birkeland and BEGIN studies excluded pa-
tients with previous major/severe hypoglycemia and hy-
poglycemia unawareness. '



TABLE 3. CONTINUOUS GLUCOSE MONITORING-RECORDED HYPOGLYCEMIA IN MAINTENANCE PERIODS
ACCORDING TO TREATMENT

IDeg IGlar RRR (%) ARR
23:00 to 06:59 E E/week E E/week E/week [95% CI] E/week [95% CI] P
A. Nocturnal CGM-recorded hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 128 214 36 [10 to 54] 0.85 [0.31 to 1.39] 0.009
Mean (SD) 1.3 (1.6) 2.0 (2.0)
Median (range) 1.1 (0to7) 1.3 (0 to 8)
<3.0 mmol/L 60 133 53 [36 to 65] 0.75 [0.34 to 1.15] <0.001
Mean (SD) 0.6 (1.1) 1.3 (1.8)
Median (range) 0 (0to5) 0 (0to8)
<2.2 mmol/L 20 52 58 [23 to 77] 0.39 [0.09 to 0.70] 0.005
Mean (SD) 0.2 (0.5) 0.5 (1.1)
Median (range) 0 (0 to?2) 0@0to7)
B. Nocturnal symptomatic hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 14 25 29 [-1 to 72] 0.17 [-0.06 to 0.40] 0.482
Mean (SD) 0.1 (0.4) 0.2 (0.6)
Median (range) 0 (0 to 2.6) 0 (0 to 3.5)
<3.0 mmol/L 5 13 46 [-1 to 85] 0.14 [-0.04 to 0.33] 0.347
Mean (SD) 0.05 (0.3) 0.1 (04)
Median (range) 0 (0 to 3) 0(@0to4)
C. Nocturnal asymptomatic hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 96 149 32 [0 to 53] 0.55 [0.07 to 1.02] 0.044
Mean (SD) 0.9 (1.4) 1.4 (1.7)
Median (range) 0 (0 to 6) 1.2 (0 to 7)
<3.0 mmol/L 43 91 52 [30 to 67] 0.43 [0.05 to 0.81] <0.001
Mean (SD) 0.4 (0.9) 0.9 (1.4)
Median (range) 0 (0to5) 0(Oto7)
<2.2 mmol/L 16 35 47 [-10 to 74] 0.20 [-0.05 to 0.45] 0.073
Mean (SD) 0.2 (0.4) 0.3 (0.8)
Median (range) 0(0to 2) 0(0to4)

ARR, absolute rate reduction with IDeg; CI, confidence interval; E/week, events per person-week; IDeg, insulin degludec; IGlar, insulin
glargine U100; RRR, relative rate reduction with IDeg.
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FIG. 2. Nocturnal CGM-recorded hypoglycemia (<3.9 mmol/L). Event rates with 95% CI according to treatment 23:00—
06:59. Significant differences (*p <0.05).
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TABLE 4. CONTINUOUS GLUCOSE MONITORING-RECORDED HYPOGLYCEMIA IN MAINTENANCE PERIODS
ACCORDING TO TREATMENT

IDeg IGlar RRR (%) ARR
07:00 to 22:59 E E/week E E/week E/week [95% CI] E/week [95% CI] P
A. Daytime CGM-recorded hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 457 489 2 [-15 to 16] 0.25 [-0.59 to 1.09] 0.777
Mean (SD) 4.5 (3.9 4.7 (3.9)
Median (range) 3.7 (0 to 15) 3.6 (0 to 19)
<3.0 mmol/L. 168 223 24 0 to 41] 0.49 [-0.26 to 1.24] 0.021
Mean (SD) 1.7 (2.5) 2.2 (2.8)
Median (range) 0.5 (0 to 16) 1.2 (0 to 16)
<2.2 mmol/L 34 75 53 [11 to 73] 0.50 [0.06 to 0.95] 0.008
Mean (SD) 0.3 (0.9) 0.8 (1.9)
Median (range) 0 (0 to 6) 0 (0 to 12)
B. Daytime symptomatic hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 60 51 -8 [-77 to 34] —-0.14 [-0.50 to 0.23]  0.758
Mean (SD) 0.6 (1.3) 0.5 (0.9)
Median (range) 00 to9) 0 (0 to 6)
<3.0 mmol/L 14 25 49 [7 to 71] 0.14 [-0.04 to 0.33]  0.027
Mean (SD) 0.1 (0.4) 0.2 (0.6)
Median (range) 0(0to?2) 0(0to4)
C. Daytime asymptomatic hypoglycemia in maintenance periods according to treatment
<3.9 mmol/L 320 333 0 [-22 to 18] 0.14 [-0.56 to 0.83] 0.991
Mean (SD) 3.2 (3.3) 3.2 (3.3)
Median (range) 2.3 (0 to 15) 2.3 (0 to 17)
<3.0 mmol/L 133 149 11 [-15 to 30] 0.045 [-0.55 to 0.64]  0.377
Mean (SD) 1.3 2.1 1.5 (2.2)
Median (range) 0 (0 to 10) 1.1 (0 to 13)
<2.2 mmol/L. 27 50 44 [10 to 66] 0.35 [0.03 to 0.66] 0.017
Mean (SD) 0.3 (0.7) 0.5 (1.3)
Median (range) 0(0to4) 00to7)
ARR, absolute rate reduction with IDeg; CI, confidence interval; E/week, events per person-week; IDeg, insulin degludec; IGlar, insulin

glargine U100; RRR, relative rate reduction with IDeg.
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FIG. 3. Nocturnal CGM-recorded hypoglycemia (<3.0 mmol/L). Event rates with 95% CI according to treatment 23:00—

06:59. Significant differences (**p <0.001).

651



652

The SWITCH 1 study included patients with at least one
risk factor for hypoglycemia. In the study, 25% of the par-
ticipants had a history of one episode or more of severe
hypoglycemia in the preceding year. Twenty-one percent of
the participants in the SWITCH 1 study had hypoglycemia
unawareness.'> In comparison, in our cohort 46% of
the participants had more than one episode of severe hy-
poglycemia in the past 2 years, and the majority had im-
paired hypoglycemia awareness assessed by validated
methods (Table 1).

Our Present data expand the findings in the previous three
studies'®™"® and show even greater absolute reductions in
rates of hypoglycemia with the use of insulin degludec when
CGM is applied. The use of CGM is critical when it comes to
evaluating actual hypoglycemic rates,”* especially asymp-
tomatic and nocturnal events.

We found that the reduction in nocturnal hypoglycemia
during treatment with insulin degludec compared with
insulin glargine U100 was primarily due to a reduction in
asymptomatic events. This finding, which can be detected
only by CGM, is important because a high frequency of
asymptomatic hypoglycemia among all hypoglycemic
events is a significant predictor of future severe hypo-
glycemia.’

Miura et al. did a head-to-head comparison of insulin
degludec versus insulin glargine U300. The trial was a ran-
domized controlled cross-over study in 46 people with T1D,
excluding participants with frequently recurring severe
hypoglycemia within the last year.

As assessed by CGM, treatment with insulin degludec
resulted in a significantly shorter duration of time below range
<3.9mmol/L. There were no differences between treatments
on the duration of time below range <3.0 mmol/L. The fre-
quency of hypoglycemic events confirmed by self-monitoring
blood glucose did not differ between treatments.”* The
exclusion of high-risk participants, treat-to-target design, and
relatively short duration of maintenance treatment makes the
results difficult to compare with our study.

This study has several strengths. All participants had expe-
rienced at least one episode of nocturnal severe hypoglyce-
mia within the past 2 years, and the majority had experienced
more than two episodes. The long duration of run-in, cross-
over, and maintenance periods approaches steady state and
reduces the fluctuations in endpoints. By limiting the analysis
of endpoints to the maintenance periods, we minimize any
carry-over effects. The cross-over design makes it possible
to compare the two treatments in the same person, thereby
eliminating the interperson variability between treatment
arms, particularly when analyzing hypoglycemic events with
a skewed distribution.

This design also reduces the effect of confounding
covariates. Another strength is that none of the partici-
pants used CGM, which makes the rates of hypoglyce-
mia unmanipulated. Moreover, the CGMs were blinded
and without alarms, eliminating bias in the data. The
CGM periods each consisted of 6 days. Although not
consecutive, we obtained a mean observation period of
11 days in each treatment arm per participant, which is
close to the recommended 14 days of CGM data to es-
timate glycemic control.?

The main limitation of our study is its open-label design.
However, the limitation is minor in collecting blinded CGM

BROSEN ET AL.

data, especially asymptomatic hypoglycemia, as reporting
bias is reduced. The precision of the interstitial glucose val-
ues recorded by CGM systems differs. The Enlite CGM
system used in this substudy has a mean absolute differ-
ence in the hypoglycemic range of 0.4mmol/L (glucose
values 3.9-3.0mmol/L) and 0.7 mmol/L (glucose values
<3.0 mmol/L) in an unselected cohort.

In the same cohort, the CGM system showed 0.5 mmol/L
higher values in the hypoglycemic range compared with
BGM,?° which could indicate that the incidence of asymp-
tomatic hypoglycemia in our study is a conservative esti-
mate. Future studies on CGM-recorded data should use the
most accurate and available devices. We conducted the study
from 2015 to 2017, and we used the best available CGM at
the time.

The statistically significant reduction of nocturnal CGM-
recorded hypoglycemia in our participants at all three
hypoglycemia thresholds when treated with insulin degludec
should lead to the consideration of changing the basal insulin
therapy to insulin degludec in patients who experience dif-
ficulties with nocturnal hypoglycemia. Moreover, the results
of our study call for future use of CGM in insulin trials to
properly detect the actual occurrence of, especially asymp-
tomatic, hypoglycemia.

Conclusion

In people with T1D prone to nocturnal severe hypogly-
cemia, treatment with insulin degludec, compared with
insulin glargine U100, provides a clinically relevant relative
and absolute reduction of nocturnal CGM-recorded hypo-
glycemia. CGM provides important supplementary glycemic
information in clinical trials when added to conventional
glycemic measures such as BGM and HbAlc.
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