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Many people with type 2 dia-
betes are also overweight or 
obese; this comorbidity in-

creases insulin resistance, leading to 
a requirement for high doses of basal 
insulin to achieve glycemic targets 
(1). Data from the phase 3a insulin 
degludec (IDeg) clinical program 
indicate that ~20% of patients with 
type 2 diabetes require high doses of 
basal insulin (>80 units/day). This 
increases injection frequency because 
the dose exceeds the maximum that 
can be delivered in a single admin-
istration, which also increases regi-
men complexity. Indeed, injection 
frequency is a well-recognized barrier 
that can reduce treatment adherence, 
thus compromising glycemic control 
(2,3). Hypothetically, therefore, a 
more concentrated insulin formula-
tion, if accompanied by the ability to 
deliver higher doses of basal insulin 
in a single injection, would improve 
patient adherence and health-related 
quality of life (HRQoL).

IDeg, a basal insulin analog with 
an ultra-long duration of action, 
has been shown to be as effective as 
insulin glargine 100 units/mL (IGlar 

U100) with fewer hypoglycemic epi-
sodes, particularly nocturnal episodes 
(4–9). IDeg is available in two formu-
lation strengths: 100 units/mL and 
200 units/mL (IDeg U200), which 
share identical pharmacokinetic and 
pharmacodynamic properties (10). 
However, IDeg U200 facilitates the 
delivery of up to 160 units with a 
single injection, compared with a 
maximum of 80 units for the 100 
units/mL formulation. A treat-to-tar-
get clinical trial (in accordance with 
U.S. Food and Drug Administration 
guidance for treating to similar gly-
cemic control to enable interpretable 
comparison of hypoglycemia [11]) 
compared the efficacy and safety of 
IDeg U200 with IGlar U100. Both 
agents were combined with met-
formin in insulin-naive participants 
with type 2 diabetes. The primary 
objective of noninferiority of IDeg 
U200 to IGlar U100, as assessed by 
A1C change from baseline, was met 
(12). Additionally, IDeg U200 was 
associated with significantly greater 
fasting plasma glucose (FPG) reduc-
tions and significantly lower rates of 
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■ IN BRIEF Many patients with type 2 diabetes require high basal insulin 
doses, necessitating multiple injections, increasing patient burden, and 
resulting in reduced treatment adherence. This randomized, controlled, 
crossover trial compared the efficacy, safety, and patient-reported outcomes 
for a concentrated formulation of insulin degludec (200 units/mL) to those of 
insulin glargine in patients requiring high doses of basal insulin. By offering 
equivalent glycemic control while reducing the rate of confirmed hypoglycemia 
and the number of injections required for administration, insulin degludec 200 
units/mL may be preferred by patients with type 2 diabetes who require high 
basal insulin doses.
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confirmed and nocturnal confirmed 
hypoglycemia (12).

The primary objective of this 
study (BEGIN: HIGH DOSE) was 
to confirm these findings of non-
inferiority. The study also aimed to 
investigate patient-reported outcomes 
(PROs) for IDeg U200 compared 
with IGlar U100, both administered 
once daily with metformin to insulin- 
experienced patients with type 2 dia-
betes who required ≥81 units/day of 
IGlar U100.

Methods

Trial Design
This 32-week, open-label, crossover, 
treat-to-target trial was conducted at 
28 U.S. sites. Blinding was not con-
sidered appropriate because of the 
difference in strength between the 
respective formulations. The study 
was completed in compliance with 
the Declaration of Helsinki (13) 
and the International Conference 
on Harmonization Good Clinical 
Practice Guidelines (14). Institutional 
review boards reviewed and approved 
the protocol for each site, and all par-
ticipants provided written, informed 
consent before participating. This trial 
is registered with ClinicalTrials.gov as 
NCT01570751.

Participants
Adults with type 2 diabetes for ≥6 
months who had been receiving 
65–100 units/day IGlar U100 once 
daily in combination with metformin 
and one other oral antidiabetic drug 
(OAD) for at least 3 months and who 
had A1C levels ≥7.5% were eligible 
for inclusion. Patients presenting 
with any of the following criteria 
were excluded: clinically significant 
cardiovascular, hepatic, renal, or 
oncological disease; recurrent severe 
hypoglycemia; hypoglycemia un-
awareness; pregnancy; or proliferative 
retinopathy. 

Treatments
Eligible patients received IGlar vials 
for a 16-week run-in period during 
which treatment was optimized using 
a treat-to-target approach to ensure 

stable and improved A1C before ran-
domization to have similar baseline 
conditions at the start of each of the 
two treatment periods (11,15). All 
OADs except for metformin were 
discontinued. Participants’ daily 
metformin doses remained unaltered 
throughout the trial. Basal insulin was 
injected at the same time of day as 
preferred by the patient throughout 
the trial.

Patients requiring ≥81 units/day 
of IGlar U100 at the end of the 
run-in period were randomized 1:1 
to one of two 16-week treatment 
sequences: IDeg U200 once daily 
(3 mL FlexTouch; Novo Nordisk, 
Bagsværd, Denmark) (16) followed 
by once-daily IGlar U100 (Lantus 
100 units/mL, 3 mL SoloSTAR; 
Sanofi U.S., St. Louis, Mo.) or vice 
versa. At 16 weeks, participants were 
switched directly to the other for-
mulation without a washout period. 
Basal insulin doses were titrated 
based on the average of three con-
secutive prebreakfast, self-monitored 
plasma glucose (SMPG) measure-
ments. IDeg U200 or IGlar U100 
were injected subcutaneously in the 
thigh, abdomen, or upper arm, with 
rotation of injection sites within the 
same region from one injection to the 
next. In instances in which the dose 
of insulin exceeded the maximum 
that could be delivered in a single 
injection (160 units for IDeg U200 
or 80 units for IGlar U100), the dose 
was split across as many injections as 
required, which were administered 
at the same time point and in the 
same bodily region as chosen by the 
patient.

Endpoints
The primary endpoint was change 
in A1C from baseline at 16 weeks 
of treatment. Secondary efficacy and 
safety endpoints included A1C re-
sponders; change in FPG; number of 
severe, confirmed, and nocturnal con-
firmed hypoglycemic episodes; PROs; 
adverse events (AEs); insulin dose; 
body weight; and standard physiolog-
ical and laboratory tests. Confirmed 

hypoglycemic events were defined as 
episodes of SMPG of <3.1 mmol/L 
(<56 mg/dL) or severe episodes re-
quiring assistance. Hypoglycemic ep-
isodes occurring between 12:01 a.m. 
and 05:59 a.m. (inclusive) were classi-
fied as nocturnal. Laboratory analyses 
were performed by Quintiles Central 
Laboratories (Marietta, Ga.).

Statistical Analysis
Only endpoints derived after 16 
weeks of randomized treatment (i.e., 
at the end of each treatment period) 
were analyzed statistically. Unless 
otherwise specified, missing values 
(including intermittent missing val-
ues) were imputed using the last- 
observation-carried-forward method. 
Only values obtained after the first 8 
weeks in each treatment period were 
carried forward to avoid carryover ef-
fects. Endpoints derived in the first 
treatment period were not carried 
over to the second treatment peri-
od. All endpoints were summarized 
descriptively at each visit using ob-
served data. 

Mean estimated treatment dif-
ferences (ETDs, or ratios) were 
calculated together with two-sided 
95% confidence intervals (CIs) for 
all endpoints analyzed statistically. 
Noninferiority was considered con-
firmed if the upper bound of the 
two-sided 95% CI for the mean A1C 
ETD was ≤0.4%. A linear mixed 
model with period and treatment as 
fixed effects and subject as a random 
effect was used for statistical model-
ing of A1C, FPG, and PRO measures. 
The number of hypoglycemic events 
was analyzed using a negative bino-
mial regression model with a log-link 
and logarithm of the exposure time 
(100 patient-years) as offset, includ-
ing the same fixed effects and random 
effect as for the primary endpoint. 
Sample size was determined using a 
t statistic assuming a one-sided test 
of size 2.5% and a mean ETD of 
D = 0%. Based on prior experience, 
an estimate for the standard devia-
tion (SD) of 1.0% for A1C was used 
in the sample size calculation, which 
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was performed using SAS 9.1.3 soft-
ware (SAS Institute, Cary, N.C.). 
Th e minimum sample size required 
to meet the primary objective with 
at least 85% power was 144 patients 
in the per-protocol set. All endpoint 
analyses were based on the full anal-
ysis set (all randomized subjects). Th e 
primary analysis was repeated using 
the per-protocol analysis set. Safety 
endpoints were summarized using 
the safety analysis set (all participants 
receiving at least one dose of IDeg 
U200 or IGlar U100).

Results

Patient Characteristics
Th e patient disposition is illustrated 
in Figure 1. Following randomization, 

the patient demographics and charac-
teristics for each treatment sequence 
were highly comparable (Table 1).

Efficacy Endpoints
For both treatment sequences, the 
largest reduction in A1C occurred 
during the run-in period, as would be 
predicted from the treat-to-target pro-
tocol. After 16 weeks of treatment, the 
primary endpoint was met, and non-
inferiority was confi rmed (mean ETD 
[IDeg U200–IGlar U100] −0.06%, 
95% CI −0.21 to 0.09) (Figure 2A).     
Sensitivity analyses supported the pri-
mary analysis (data not shown). Th e 
mean reduction in A1C was −0.12% 
with IDeg U200 and −0.06% with 
IGlar U100. At 16 weeks, 19.6 and 
13.8% of patients on IDeg U200 and 

IGlar U100, respectively, achieved an 
A1C <7.0% (Figure 2B). Th e mean 
change in FPG from baseline to 16 
weeks was signifi cantly greater for pa-
tients treated with IDeg U200 (−0.82 
mmol/L) than with IGlar U100 
(−0.05 mmol/L), with an ETD (IDeg 
U200–IGlar U100) of −0.77 mmol/L 
(95% CI −1.39 to −0.15, P <0.05) 
(Figure 2C).

Patient-Reported Outcomes
Patient HRQoL was evaluated us-
ing the Short Form 36v2 (SF-36v2) 
questionnaire (17), and insulin device 
satisfaction was measured using the 
Treatment-Related Impact Measure–
Diabetes Device (TRIM-DD), which 
comprises eight items covering device 
functioning (including ease of learn-
ing to use the device) and device 
bother (including physical discomfort 
when using the device, size, and use 
in public) (18). Preferred treatment 
was assessed using categorical answers.

After 16 weeks, there were no 
statistically significant differences 
between IDeg U200 and IGlar U100 
in any of the SF-36v2 questionnaire 
domains or summary scores (data 
not shown). At baseline, TRIM-DD 
scores for both devices were high 
(mean range 76.1–78.0 on a 0–100 
scale, with higher scores indicat-
ing a higher device satisfaction). 
However, signifi cantly more partic-
ipants reported less device bother 

TABLE 1. Patient Baseline Characteristics
Characteristic IDeg U200/IGlar U100 

Full Analysis Set
(n = 73)

IGlar U100/IDeg U200
Full Analysis Set

(n = 72)

Female/male (%) 42.5/57.5 33.3/66.7

Race: white/black/Asian/other (%) 91.8/6.8/1.4/0.0 86.1/12.5/1.4/0.0

Ethnicity: Hispanic or Latin American (%) 39.7 45.8

Age (years) 54.7 ± 10.2 55.8 ± 9.0

Weight (lb) 234.8 ± 52.6 229.1 ± 52.2

BMI (kg/m2) 36.9 ± 6.7 35.4 ± 6.6

Duration of diabetes (years) 12.1 ± 6.7 12.1 ± 7.9

A1C (%) 8.0 ± 1.1 8.3 ± 1.4

A1C (mmol/mol)* 63.9 67.2

FPG (mg/dL) 135.6 ± 58.6 153.3 ± 74.6

Values are mean ± SD unless otherwise stated. *Calculated, not measured.

■ FIGURE 1. Patient disposition throughout the trial. FAS, full analysis set; SAS, 
safety analysis set.
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with the IDeg U200 FlexTouch 
than with the IGlar SoloSTAR pen 
(ETD 6.01 [95% CI 2.23–9.78], P 
<0.05) (Table 2). Similarly, the IDeg 
U200 device scored significantly 
higher than the IGlar U100 device 
with regard to device function (ETD 
8.40 [95% CI 5.15–11.65], P <0.05) 
(Table 2), resulting in a signifi cantly 
higher overall score in favor of the 

IDeg U200 device compared with the 
IGlar U100 device (ETD 7.50 [95% 
CI 4.79–10.21], P <0.05) (Table 2). 
At the end of the trial, based on their 
experience of both treatments, more 
patients (54.5%) preferred IDeg 
U200 compared with IGlar U100 
(20.0%); 15.9% had no preference, 
and 2.8% did not know which device 
they preferred.

Safety Endpoints
Th e incidence and relative rates of 
hypoglycemia for this trial are sum-
marized in Table 3. Four patients 
experienced severe hypoglycemia 
with IDeg U200 and one with IGlar 
U100. Overall, the rates of severe, 
confi rmed, and nocturnal confi rmed 
hypoglycemia were low for both IDeg 
U200 and IGlar U100. Th e estimated 
mean rate of confi rmed hypoglycemia 
was statistically signifi cantly lower 
with IDeg U200 than with IGlar 
U100 (estimated rate ratio 0.594 
[95% CI 0.391–0.901], P <0.05). 
Nocturnal confi rmed hypoglycemia 
rates were numerically lower but not 
statistically diff erent for IDeg U200 
compared with IGlar U100 (Table 3).

The observed mean change in 
body weight from baseline was 
numerically smaller with IDeg U200 
than with IGlar U100 (0.4 vs. 1.0 
kg) but did not reach statistical sig-
nifi cance (−0.62 kg [95% CI −1.25 
to 0.01]). Mean insulin doses were 
comparable between IDeg U200 and 
IGlar U100 after 16 weeks (157.3 vs. 
152.2 units), with 50.4 and 94.1% of 
patients, respectively, needing to split 
their dose into multiple injections. 
Of those who needed to split their 
dose, more patients administered 
four or more injections with IGlar 
U100 than with IDeg U200 (10.3 vs. 
2.2%). Th e average number of injec-
tions was lower for IDeg U200 than 
for IGlar U100 at both week 4 (IDeg 
U200 1.38 vs. IGlar U100 2.27) and 
week 16 (IDeg U200 1.62 vs. IGlar 
U100 2.40).

AE rates were comparable for 
IDeg U200 and IGlar U100 (event 
rate per 100 patient-years of expo-
sure 246 vs. 260, respectively). Th e 
most common AE was nasopharyn-
gitis, and the majority of treatment-
emergent AEs were mild or moderate 
in severity. Th ere were no deaths in 
this trial, and the event rate for severe 
AEs was similar between treatments.

Discussion
The IDeg U200 formulation and 
device provides the same number of 

■ FIGURE 2. Change in A1C over time (A), proportion of patients achieving target 
A1C <7.0% (B), and change in FPG over time (C).
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units of insulin as IGlar 100 units/mL 
in a smaller volume, postulated to 
offer particular benefits to patients 
requiring high doses of insulin by re-
ducing the burden imposed by mul-
tiple injections. This trial aimed to 
confirm the noninferiority of IDeg 
U200 compared with IGlar U100 
in providing glycemic control and to 
investigate patient satisfaction and 
HRQoL for people with type 2 di-
abetes requiring high insulin doses. 

After 16 weeks of treatment, 
noninferiority was confirmed with 
respect to change in A1C from base-
line. A significantly greater reduction 
in FPG was seen with IDeg U200 
than with IGlar U100, a trend pre-
viously observed in phase 3a trials 
with both IDeg formulations (100 

and 200 units/mL) compared with 
IGlar U100 (4,6,8,12,19). Moreover, 
although HRQoL did not differ 
according to treatment as measured 
by the SF-36v2, patients reported 
greater treatment satisfaction with 
IDeg U200 than with IGlar U100. 
This was true both in terms of sig-
nificantly higher ratings for device 
function and less device bother for 
the IDeg U200 pen compared with 
the IGlar U100 pen and in terms of 
a higher proportion of patients prefer-
ring treatment with IDeg U200 than 
with IGlar U100. 

Injection frequency is a known 
barrier to adherence that has a neg-
ative effect on patient HRQoL (2,3); 
therefore, by reducing the number of 
injections required, IDeg U200 may 

result in a lower burden of disease. 
In terms of safety parameters, the 
rate of confirmed hypoglycemia was 
significantly lower, and the rate of 
nocturnal confirmed hypoglycemia 
was numerically lower with IDeg 
U200 than with IGlar U100. A pre-
vious study demonstrated a similar 
trend toward a reduction in noctur-
nal hypoglycemia with IDeg U200 
compared with IGlar U100 (12). 
Patients also experienced less weight 
gain with IDeg U200 than with 
IGlar U100, although the difference 
failed to reach statistical significance. 

Mean insulin doses were similar 
between treatments after 16 weeks; 
however, although patients were able 
to reduce their A1C levels without 
significant hypoglycemia, not all were 
able to reach the American Diabetes 
Association target of 7%. This reveals 
the limits of basal insulin alone and 
demonstrates that, for many patients 
with longstanding disease, further 
treatment intensification may be 
necessary. However, this trial reflects 
the real-world setting in which many 
patients are on high basal insulin 
doses without intensification and re- 
affirms that more proactive intensifi-
cation is required to achieve glycemic 
goals. No safety issues were identi-
fied with IDeg U200, and there were 
no differences between IDeg U200 
and IGlar U100 with respect to AEs, 
withdrawal rates, or standard labora-
tory safety parameters. 

The main strength of this trial lies 
in its randomized, crossover design. 

TABLE 2. Patient-Reported Outcomes: TRIM-DD 
IDeg U200  
(n = 140)

IGlar U100  
(n = 142)

ETD (95% CI), P

Device function (score)

Baseline 76.1 76.8
8.40 (5.15–11.65), <0.05

Week 16 86.1 77.9

Device bother (score)

Baseline 78.0 77.7
6.01 (2.23–9.78), <0.05

Week 16 90.9 84.9

Total (score)

Baseline 76.8 77.2
7.50 (4.79–10.21), <0.05

Week 16 87.9 80.5

Device function comprises five items: using the device, functioning of the 
device, ease in learning how to use the device, delivery of the correct full 
dose of medication, and adjustment of medication for small dose changes. 
Device bother comprises three items: physical discomfort related to use of 
the device, using the device in public, and size of the device (18).

TABLE 3. Summary of Hypoglycemia Data
IDeg U200  
(n = 140)

IGlar U100  
(n = 142)

IDeg U200 Versus  
IGlar U100

Incidence 
(% [n])

Episodes/PYE  
(n)

Incidence 
(% [n])

Episodes/
PYE (n)

Rate  
Ratio

95% CI

Severe 2.9 (4) 0.12 0.7 (1) 0.02 5.12 0.492–53.14

Confirmed 26.4 (37) 1.92 36.6 (52) 2.88 0.59* 0.391–0.901

Nocturnal confirmed 9.3 (13) 0.38 11.3 (16) 0.63 0.66 0.290–1.480

*P <0.05, safety analysis set. None of the severe hypoglycemic episodes led to withdrawal or were linked to other AEs. 
Only one severe hypoglycemic episode was reported as serious; it occurred during the follow-up period (3 days after 
last drug date [IDeg]). According to the patient’s wife, the patient had not eaten that day. The patient was treated orally 
with orange juice by his wife and recovered on the same day. PYE, patient-year of exposure.
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However, the necessity of an open- 
label trial could have introduced bias. 
This was addressed by minimizing 
participants’ familiarity with insulin 
pen devices through exclusive en- 
rollment of patients who were only 
familiar with IGlar vials. 

Conclusion
This trial confirms the noninferiority 
of IDeg U200 to IGlar U100 in terms 
of reduction in A1C from baseline. In 
addition, IDeg U200 significantly re-
duced confirmed hypoglycemia com-
pared with IGlar U100, and PRO 
measures indicate that IDeg U200 
may be preferred to IGlar U100 by 
patients with type 2 diabetes requir-
ing high-dose insulin. 
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