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Summary
Background Intensive basal-bolus insulin therapy has been shown to improve glycaemic control and reduce the risk 
of long-term complications that are associated with type 1 diabetes mellitus. Insulin degludec is a new, ultra-longacting 
basal insulin. We therefore compared the effi  cacy and safety of insulin degludec and insulin glargine, both 
administered once daily with mealtime insulin aspart, in basal-bolus therapy for type 1 diabetes.

Methods In an open-label, treat-to-target, non-inferiority trial, undertaken at 79 sites (hospitals and centres) in six 
countries, adults (aged ≥18 years) with type 1 diabetes (glycated haemoglobin [HbA1c] ≤10% [86 mmol/mol]), who had 
been treated with basal-bolus insulin for at least 1 year, were randomly assigned in a 3:1 ratio, with a computer-
generated blocked allocation sequence, to insulin degludec or insulin glargine without stratifi cation by use of a 
central interactive response system. The primary outcome was non-inferiority of degludec to glargine, assessed as a 
reduction in HbA1c after 52 weeks, with the intention-to-treat analysis. This trial is registered with ClinicalTrials.gov, 
number NCT00982228.

Findings Of 629 participants, 472 were randomly assigned to insulin degludec and 157 to insulin glargine; all were 
analysed in their respective treatment groups. At 1 year, HbA1c had fallen by 0·40% points (SE 0·03) and 0·39% points 
(0·07), respectively, with insulin degludec and insulin glargine (estimated treatment diff erence –0·01% points 
[95% CI –0·14 to 0·11]; p<0·0001 for non-inferiority testing) and 188 (40%) and 67 (43%) participants achieved a 
target HbA1c of less than 7% (<53 mmol/mol). Rates of overall confi rmed hypoglycaemia (plasma glucose 
<3·1 mmol/L or severe) were similar in the insulin degludec and insulin glargine groups (42·54 vs 40·18 episodes 
per patient-year of exposure; estimated rate ratio [degludec to glargine] 1·07 [0·89 to 1·28]; p=0·48). The rate of 
nocturnal confi rmed hypoglycaemia was 25% lower with degludec than with glargine (4·41 vs 5·86 episodes per 
patient-year of exposure; 0·75 [0·59 to 0·96]; p=0·021). Overall serious adverse event rates (14 vs 16 events per 
100 patient-years of exposure) were similar for the insulin degludec and insulin glargine groups.

Interpretation Insulin degludec might be a useful basal insulin for patients with type 1 diabetes because it provides eff ective 
glycaemic control while lowering the risk of nocturnal hypoglycaemia, which is a major limitation of insulin therapy.

Funding Novo Nordisk.

Introduction
The physiological replacement of insulin in patients with 
type 1 diabetes mellitus is challenging because exogenous 
insulin needs to cover both basal and meal-related (bolus) 
insulin requirements. In landmark trials, intensive basal-
bolus therapy was successful in improving glycaemic 
control and reducing the risk of long-term complications 
that are associated with type 1 diabetes mellitus.1,2

The American Diabetes Association (ADA) and 
European Association for the Study of Diabetes (EASD) 
recommend a glycated haemoglobin (HbA1c) target of 
less than 7% (<53 mmol/mol), without substantial 
hypoglycaemia.3,4 A history of hypoglycaemia and the fear 
of further episodes, particularly at night, can lead to poor 
adherence to treatment and compromise glycaemic 
control.5–8 Nocturnal hypoglycaemia is associated with 

poor quality of sleep, decreased sense of wellbeing, 
fatigue, and reduced productivity.5,7,9,10

The risk of hypoglycaemia is partly due to impaired 
protective endocrine and physiological responses but 
limitations in subcutaneous insulin delivery contribute 
substantially to hypoglycaemic risk. Subcutaneous ab-
sorption is not reproducible and insulin entry directly 
into the peripheral circulation (bypassing portal 
circulation) is not linked to glucose sensing. Insulin 
analogues have been developed to improve the 
physiological coverage of the need for insulin. Basal 
insulin analogues such as insulin glargine and insulin 
detemir have longer duration of action and lower risks of 
hypoglycaemia than neutral protamine Hagedorn 
insulin, especially at night.11 However, neither insulin 
reliably provides 24 h basal insulin replacement on all 
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days in all patients with type 1 diabetes mellitus, and 
once-daily dosing with these analogues can be inadequate; 
thus, an insulin with a more predictable and longer 
duration of action is needed.12

Insulin degludec is an ultra-longacting insulin that is 
in clinical development. On subcutaneous injection, it 
forms a depot of soluble multihexamers from which 
insulin is slowly and continuously absorbed into the 
circulation.13 Pharmacokinetic data show that insulin 
degludec has a fl at, stable profi le at steady state and a 
terminal half-life of more than 25 h, which is twice that 
of insulin glargine, and a duration of action greater than 
40 h.13,14 In a phase 2 trial, glycaemic control with insulin 
degludec in patients with type 1 diabetes mellitus was 
similar to that with insulin glargine but the rate of 
hypoglycaemia was lower,15 perhaps because in 
pharmacodynamic studies the day-to-day variability with 
insulin degludec was four times lower.16

We compared the effi  cacy and safety of insulin degludec 
with that of insulin glargine, both administered once daily 
in a basal-bolus regimen with rapid-acting insulin aspart 
as meal-time insulin in participants with type 1 diabetes 
mellitus in this BEGIN Basal-Bolus Type 1 trial.

Methods
Study design and participants
In a 52 week, randomised, controlled, open-label, 
multinational, parallel design, treat-to-target, non-
inferiority trial, participants with type 1 diabetes mellitus 
were given insulin degludec or insulin glargine, with 
insulin aspart as the meal-time insulin. The trial was 
undertaken at 79 sites that were university-affi  liated, 
public and private hospitals and clinical research centres 
in six countries (France, Germany, Russia, South Africa, 
the UK, and the USA).

Adults (aged ≥18 years) who had been diagnosed with 
type 1 diabetes mellitus for at least 1 year and had received 
any basal-bolus insulin therapy for at least 1 year before 
screening, with HbA1c of 10% (86 mmol/mol) or less and 
body-mass index of 35 kg/m² or less were eligible for 
participation in this study. The complete inclusion and 
exclusion criteria are provided in the appendix p 1.

The trial was done in accordance with the Declaration of 
Helsinki17 and Good Clinical Practice Guidelines.18 Signed 
informed consent was obtained from each participant. 
The protocol and the consent form were reviewed and 
approved by the local independent ethics committee or 
institutional review board before trial initiation.

Randomisation and masking
Eligible participants were randomly assigned in a 3:1 ratio 
to once-daily insulin degludec (100 U/mL, subcutaneously, 
3 mL FlexPen, insulin and insulin pen manufactured by 
Novo Nordisk, Bagsværd, Denmark) or insulin glargine 
(Lantus, 100 U/mL, subcutaneously, 3 mL SoloStar, insulin 
and insulin pen manufactured by Sanofi , Paris, France), 
both in combination with meal-time insulin aspart 

(NovoRapid/NovoLog, 100 U/mL, subcutaneously, 3 mL 
FlexPen, Novo Nordisk, Bagsvaerd, Denmark), by means 
of a central interactive voice or web response system. The 
random allocation scheme was computer generated using 
blocks. The allocation sequence was generated by trained 
personnel in clinical supplies labelling and information 
technology. The investigators enrolled the eligible  
participants. The 3:1 randomisation ratio ensured adequate 
exposure to insulin degludec, as required by regulatory 
guidelines.19 This study was open label, with participants 
and investigators not masked to treatment because the 
injection devices were diff erent. However, masking of the 
trial products was maintained for the titration surveillance 
committee and everyone involved in defi ning the analysis 
sets until the database was locked for statistical analysis. 
Continuous safety surveillance in these trials was done by 
an internal masked Novo Nordisk Safety Committee and 
an independent ad-hoc group was to be established to 
maintain masking if the committee requested unmasking. 
An independent, external, masked event adjudication 
committee adjudicated cardiovascular events in accordance 
with predefi ned classifi cations.

Procedures
Eligible participants were switched from their long-term 
basal-bolus insulin therapy to once-daily insulin degludec 
or insulin glargine with mealtime insulin aspart at 
randomisation (week 0). If previous basal insulin was used 
once daily, initial doses were replaced with insulin degludec 
or insulin glargine in a 1:1 ratio. If more than one daily 
dose had been taken, the total daily basal dose was 
calculated and replaced with insulin degludec in a 1:1 ratio, 
with the recommendation that the dose be reduced by 
20–30% for patients in the insulin glargine group, and 
administered once daily, as per approved prescribing 
information. Insulin degludec was administered once 
daily with the main evening meal and insulin glargine was 
administered according to approved labelling (once daily at 
any time but at the same time every day throughout the 
study). Participants switched their pretrial bolus insulin to 
insulin aspart in a 1:1 ratio. Insulin aspart was taken before 
each meal (breakfast, lunch, and dinner). Additional doses 
were allowed with a fourth meal and snacks. At the end of 
the treatment, basal insulin was switched to neutral 
protamine Hagedorn insulin to minimise interference 
with antibody detection at the follow-up visit 1 week later.

A treat-to-target approach was used throughout the 
study to ensure optimum titration. Changes to basal 
insulin were recommended before changes to the bolus 
insulin were considered. The basal insulin dose was 
titrated with the aim of achieving before-breakfast self-
measured plasma glucose (SMPG) concentration of 
3·9 mmol/L to less than 5·0 mmol/L. The bolus insulin 
doses were titrated with the aim of achieving preprandial 
(of next meal) and bedtime SMPG concentrations of 
3·9 mmol/L to less than 5·0 mmol/L. Details, including 
titration algorithms, are provided in appendix pp 2–6.

See Online for appendix
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Safety variables were adverse events, hypoglycaemic 
episodes, insulin dose, bodyweight, injection-site reac-
tions, abnormal fi ndings related to physical exam ination, 
vital signs, fundoscopy, electrocardiogram (ECG), and 
laboratory tests (including antibodies). Confi rmed hypo-
glycaemic episodes included those with a plasma glucose 
concentration of less than 3·1 mmol/L or severe episodes 
necessitating assistance3 (appendix p 7). Hypoglycaemic 
episodes occurring from 0001 h and 0559 h were classifi ed 
as nocturnal and those occurring from 0600 h and 0000 h 
were classifi ed as diurnal.

Laboratory analyses were undertaken at the com mercial 
central laboratories (Quintiles Laboratories Europe, West 
Lothian, UK, Quintiles Laboratories South Africa, Irene, 
South Africa, Quintiles Laboratories, Marietta, GA, USA). 
Antibodies were analysed at Celerion Switzerland, 
Fehraltorf, Switzerland, by a validated subtraction radio-
immunoassay method.20,21

Statistical analysis
The primary objective was to confi rm the non-inferiority 
of insulin degludec to insulin glargine in reduction in 
HbA1c from baseline after 52 weeks of treatment.19 Non-
inferiority was confi rmed if the upper limit of the 95% CI 
of the treatment diff erence was less than or equal to 
0·4% points, as recommended by regulatory guidelines.

The type 1 error rate was controlled by use of a 
hierarchical (fi xed-sequence) testing procedure for selected 
endpoints, including change in HbA1c concentration, 
number of nocturnal confi rmed and overall confi rmed 
hypoglycaemic episodes, and change in fasting plasma 
glucose (FPG;  appendix p 8). Sample size was determined 
by the primary objective with the assumption of a one-
sided t test at a signifi cance level of 2·5%, a zero mean 
treatment diff erence, and an SD of 1·1% for HbA1c. A total 
of 624 participants were needed for at least 95% power 
after adjustment for a 15% dropout rate.

All participants randomly assigned treatment were 
included in the intention-to-treat statistical analyses of all 
effi  cacy endpoints (HbA1c, FPG, SMPG, health-related 
quality of life [HRQoL]), hypoglycaemia, bodyweight, and 
lipids. All other safety endpoints were assessed in 
participants exposed to treatment. Missing values were 
imputed by the last observation carried forward 
approach.19 Statistical analyses were done with SAS 
software (version 9.1.3).

Baseline characteristics, demography, and adverse 
events were presented by use of descriptive statistics. 
Treatment diff erences in HbA1c, FPG, SMPG, HRQoL, 
insulin dose, bodyweight, and lipid concentrations after 
52 weeks of treatment were estimated by use of ANOVA, 
with treatment, antidiabetic treatment at screening (once-
daily or more than once-daily basal injections [including 
pump]), sex, and region as fi xed factors, and age and 
baseline values as covariates. Rate ratios of hypoglycaemic 
episodes were estimated by use of a negative binomial 
regression model with treatment, antidiabetic therapy at 

screening, sex, and region as fi xed factors, and age as 
covariate, for all reported episodes that were assessed to 
be treatment-emergent in all randomly assigned 
participants (predefi ned analysis). To establish the 
hypoglycaemic profi le after achievement of stable dose 
and glycaemic control for most participants, the model 
was also fi tted in a post-hoc analysis of episodes occurring 
in the maintenance period from week 16 to week 52. The 
9-point SMPG profi le data were analysed with a repeated 
measures model. Prandial increments in plasma glucose 
were analysed by use of the ANOVA method described 
above. The time to fi rst achieve SMPG before breakfast 
of less than 5·0 mmol/L was analysed by use of a Cox 
proportional hazards model. Insulin dose and diurnal 
confi rmed hypoglycaemia were analysed post hoc. Data 

Figure 1: Trial profi le
Full-analysis set included all randomly assigned participants. Safety-analysis set included participants exposed to 
treatment. Per-protocol analysis set included participants who complied with all recruitment criteria (ie, inclusion 
and exclusion criteria), had at least 12 weeks of exposure, and had valid assessments of glycated haemoglobin at 
baseline and at or after 12 weeks of treatment. *37 participants did not meet inclusion criteria of glycated 
haemoglobin of 10% (86 mmol/mol) or less. †See appendix p 9. ‡As judged by investigator. §Two participants 
were withdrawn because of lack of eff ect as per withdrawal criterion. ¶One participant was withdrawn because of 
lack of eff ect as per withdrawal criterion. ||See appendix p 9.

722 participants assessed for eligibility

93 excluded
55 did not meet inclusion criteria*
23 met exclusion criteria

6 outside randomisation period
5 withdrew informed consent
3 unavailable
1 lost to follow-up

629 enrolled and randomly assigned 3:1

157 allocated to insulin glargine

3 (2%) withdrawn
1 (<1%) professional reason
2 (1%) unwilling to adhere to 

treatment regimen

154 (98%) treated

17 (11%) withdrawn
2 (1%) adverse events†
2 (1%) non-compliance
3 (2%) withdrawal criteria¶

10 (6%) other reasons||

137 (87%) completed treatment

157 (100%) full-analysis set
147 (94%) per-protocol analysis set
154 (98%) safety-analysis set

Allocation

Follow-up

Analysis
472 (100%) full-analysis set
448 (95%) per-protocol analysis set
472 (100%) safety-analysis set

404 (86%) completed treatment

68 (14%) withdrawn
12 (3%) adverse events†
11 (2%) non-compliance

2 (<1%) ineffective therapy‡
15 (3%) withdrawal criteria§
28 (6%) other reasons||

472 (100%) treated

472 allocated to insulin degludec
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were reported with 95% CI and p values for two-sided 
testing at an α of 0·05.

This trial is registered with ClinicalTrials.gov, number 
NCT00982228.

Role of the funding source
The sponsor was responsible for the study design, supply 
of trial products and equipment, monitoring, data 
management, statistics, and preparation of the clinical 
trial report. All authors had access to trial data and had full 
responsibility for the content of the report and had fi nal 
responsibility for the decision to submit for publication.

Results
626 of 629 participants who were randomly assigned to 
treatment between Sept 1, 2009, and Nov 8, 2010, were 
given one of the trial drugs, and most (404 [86%] of 472 in 
insulin degludec group and 137 [87%] of 157 in insulin 
glargine group) completed the trial (fi gure 1). The overall 
withdrawal pattern was similar in the two groups.

Baseline characteristics were representative of a popu-
lation with type 1 diabetes mellitus with reasonably good 
glycaemic control (mean HbA1c 7·7%, 60·7 mmol/mol, 
table 1). The antidiabetic regimen before the trial for most 
participants (455 [72%] of 629) consisted of once-daily 
basal injection with one or more bolus doses; insulin 
glargine and insulin aspart were the most commonly 
used pretrial basal and bolus insulins, used by 442 (70%) 
and 325 (52%) participants, respectively (table 1).

As would be expected with the treat-to-target method, 
the mean decrease in HbA1c from baseline was similar 
between treatments (fi gure 2A; appendix p 10): 0·40% 
points (SE 0·03) for insulin degludec and 0·39% points 
(0·07) for glargine with an estimated treatment diff erence 
(ETD) of –0·01% points (95% CI –0·14 to 0·11; p<0·0001 
for one-sided test of non-inferiority evaluated at the 2·5% 
level). Thus, insulin degludec was non-inferior to insulin 
glargine in reducing HbA1c concen trations. The robust-
ness of the primary analysis was further supported by the 
results of the per-protocol set (–0·01% points [–0·14 to 
0·12]) and additional sensitivity analyses (appendix p 11).

Similar proportions of participants achieved the ADA 
and EASD HbA1c target (<7%, <53 mmol/mol) with insulin 
degludec (188 [40%] of 472) and insulin glargine (67 [43%] 
of 157). After 52 weeks of treatment, mean baseline FPG 
decreased by 1·3 mmol/L (SE 0·2) to 7·8 mmol/L (0·2) 
with insulin degludec and by 1·4 mmol/L (0·4) to 
8·3 mmol/L (0·3) with insulin glargine. The mean 
reduction in laboratory-reported FPG (fi gure 2B; appen-
dix p 10) was not signifi cantly diff erent between treatments, 
with an estimated treatment diff erence of –0·33 mmol/L 
(95% CI –1·03 to 0·36; p=0·35). Mean 9-point SMPG 
profi les decreased in both groups (fi gure 2C). The mean 
SMPG before breakfast used for dose adjustment decreased 
from 8·6 mmol/L (0·1) at baseline to 7·3 mmol/L (0·1) 
with insulin degludec and from 8·6 mmol/L (0·2) to 
7·8 mmol/L (0·2) with insulin glargine. The mean SMPG 
before breakfast was signifi cantly lower with insulin 
degludec; estimated treatment diff erence between insulin 
degludec and insulin glargine was –0·55 mmol/L 
(–1·03 to –0·08; p=0·023). Diff erences in the mean pran-
dial increments after breakfast (p=0·70), lunch (p=0·68), 
and main evening meal (p=0·86) were not signifi cant 
(appendix p 11). The median time to fi rst achieve the SMPG 
before breakfast of less than 5·0 mmol/L was 5 weeks 
(IQR 3–14) for participants treated with insulin degludec 
and 10 weeks (4–22) for those given insulin glargine 
(appendix p 12).

At end of trial, the mean values for daily basal, daily 
bolus, and daily total insulin doses were signifi cantly 

Insulin degludec Insulin glargine

Full-analysis set 472 157

Safety-analysis set 472 154

Women 194 (41%) 67 (43%)

Race

White 437 (93%) 148 (94%)

Black 9 (2%) 3 (2%)

Asian 6 (1%) 3 (2%)

Other 20 (4%) 3 (2%)

Ethnic origin

Hispanic or Latin American 22 (5%) 10 (6%)

Non-Hispanic or non-Latino 450 (95%) 147 (94%)

Age (years) 42·8 (13·7) 43·7 (13·3)

Bodyweight (kg) 78·9 (14·3) 78·3 (16·2)

Body-mass index (kg/m²) 26·3 (3·7) 26·4 (4·2)

Duration of diabetes (years) 19·1 (12·2) 18·2 (11·4)

HbA1c (%) 7·7 (0·9) 7·7 (1·0)

HbA1c (mmol/mol*) 60·7 (9·8) 60·7 (11·0)

FPG (mmol/L) 9·1 (4·0) 9·7 (4·4)

Diastolic blood pressure (mm Hg) 74·1 (8·4) 73·5 (7·9)

Systolic blood pressure (mm Hg) 121·8 (12·8) 119·2 (12·9)

HDL cholesterol (mmol/L) 1·57 (0·4) 1·60 (0·5)

LDL cholesterol (mmol/L) 2·51 (0·8) 2·47 (0·8)

Total cholesterol (mmol/L) 4·54 (0·9) 4·55 (0·9)

Triglycerides (mmol/L) 1·00 (0·9) 1·03 (0·7)

Basal insulin type at screening

Glargine 334 (71%) 108 (69%)

Detemir 87 (18%) 34 (22%)

Neutral protamine Hagedorn 37 (8%) 12 (8%)

Other 2 (<1%) ··

Bolus insulin at screening

Aspart 244 (52%) 81 (52%)

Lispro 183 (39%) 59 (38%)

Other 45 (10%) 17 (11%)

Data are number, number (%), or mean (SD). Data are for the full-analysis set, 
with the exception of lipids and blood pressure, which are for the safety-analysis 
set. Baseline values for FPG, HbA1c, and lipids were recorded at the randomisation 
visit (week 0) and the others were recorded at the screening visit (1 week before 
randomisation). HbA1c=glycated haemoglobin. FPG=fasting plasma glucose. 
*Calculated, not measured, by the formula: (HbA1c [%] – 2·15) × 10·929.

Table 1: Demographics and baseline characteristics of the randomly 
assigned population in the insulin degludec and insulin glargine groups
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lower by 14%, 10%, and 11%, respectively, in the insulin 
degludec group relative to the insulin glargine group 
(table 2). Mean daily doses of insulin degludec changed 
little during the trial, and there was a substantial increase 
in insulin glargine in the fi rst 5 weeks. The mean daily 
insulin aspart doses increased mostly during the fi rst 
12 weeks in both treatment groups (appendix p 13).

Mean weight gain was similar in both treatment 
groups: 1·8 kg (SE 0·2) with insulin degludec and 1·6 kg 
(0·3) with insulin glargine (p=0·62; appendix p 11, p 14). 
The rates of all confi rmed hypoglycaemic episodes and 
diurnal con fi rmed hypoglycaemic episodes were similar 
in the two treatment groups (fi gure 3A; table 3). The 
lower rate of nocturnal confi rmed hypoglycaemia with 
insulin degludec was apparent as early as 8 weeks after 
treatment initiation, and was signifi cantly lower by 25% 
at the end of treatment. The rate of severe hypoglycaemic 
episodes was low and did not diff er signifi cantly between 
treatments (table 3). The rates of overall confi rmed and 
nocturnal confi rmed hypoglycaemic episodes were also 
analysed in participants during the maintenance phase 
(from week 16 to end of trial) when insulin doses and 
glycaemic indicators seemed to have stabilised for most 
participants. In the maintenance phase, the rate of 
confi rmed hypoglycaemic episodes per patient-year of 
exposure was similar between the insulin degludec and 
insulin glargine groups (37·30 vs 36·22, estimated rate 
ratio of insulin degludec to insulin glargine 1·02 [95% CI 
0·83–1·25]; p=0·83) and the rate of nocturnal confi rmed 
hypoglycaemic episodes per patient-year of exposure was 
signifi cantly lower by 27% with insulin degludec (3·91 vs 
5·22, 0·73 [0·56–0·96]; p=0·024).

Adverse event rates were 438 per 100 patient-years of 
exposure (PYE) for insulin degludec and 432 per 100 PYE 
for insulin glargine (table 4). No treatment-specifi c 
patterns were seen (appendix p 15). Most adverse events 
(2377 [94%] of 2518) were mild or moderate and were 
thought to be unrelated to basal insulin by the investigator 
(2315 [92%]; table 4; appendix p 30). The rate of injection-
site reactions was low in both groups (table 4) and none 
were severe.

Rates of serious adverse events per 100 PYE were similar 
between the insulin degludec and insulin glargine groups. 
The distribution of the number of serious adverse events 
was similar in the two treatment groups (appendix p 25) 
and most participants in the insulin degludec (423 [90%] of 
472) and insulin glargine (137 [89%] of 154) groups reported 
no serious adverse events. The most frequently reported 
serious adverse events related to basal insulin were 
hypoglycaemia, hypoglycaemic unconsciousness, and 
hypoglycaemic seizure (appendix p 26). Four serious 
adverse events were adjudicated as major adverse 
cardiovascular events, of which three were fatal. One 
serious adverse event of sudden death was in a 26-year-old 
woman who was found dead in bed after 32 days of 
treatment; her medical history included diabetes and 
asthma. The death was judged to be related to insulin 

Figure 2: Glycaemic effi  cacy in the insulin degludec and insulin glargine groups
(A) HbA1c. (B) FPG. (C) 9-point SMPG at baseline and end of treatment. Data are mean (SE), reported for all 
randomly assigned participants (full-analysis set). Error bars represent SE. Last observation carried forward 
approach was used for imputing postbaseline missing data. FPG=fasting plasma glucose. HbA1c=glycated 
haemoglobin. SMPG=self-measured fasting plasma glucose.
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glargine and insulin aspart by the investigator. Two fatal 
myocardial infarc tions were reported in the insulin 
degludec group and were not causally related to treatment—

one occurred after 79 days of treatment in a 67-year-old 
man whose medical history included diabetes, 
hypertension, and cardiovascular disease, and the other 
death occurred after 138 days of treatment in a 60-year-old 
man whose medical history included diabetes and obesity.

The median concentration of antibodies specifi c to 
insulin degludec was zero during the trial and the 
concentration of antibodies cross-reacting between 
insulin degludec and human insulin stayed low during 
the trial (appendix p 27). No apparent association between 
the development of insulin-degludec-specifi c antibodies 
or cross-reacting antibodies and HbA1c or insulin dose 
was noted (data not shown).

No diff erences were noted in physical examination 
fi ndings, vital signs, electrocardiography, fundoscopy, 
and laboratory measurements. No signifi cant diff erences 
were seen in HRQoL assessments with the 36-item short 
form health (SF-36) survey (version 2; appendix p 28).

Discussion
Reduction in HbA1c concentration from baseline with 
insulin degludec and insulin glargine was similar, thus 
establishing non-inferiority of insulin degludec to insulin 
glargine in improving long-term glycaemic control in 
type 1 diabetes. Further evidence of improved glycaemic 
control with both insulins was the reduction in FPG and 
SMPG. Mean SMPG before breakfast was signi fi cantly 
lower with insulin degludec than with insulin glargine; 
reduction in laboratory-reported FPG tended to be greater 
with insulin degludec than with insulin glargine, though 
the diff erence was not signifi cant.

The before-breakfast titration target of 3·9 mmol/L to 
less than 5·0 mmol/L is lower than targets described 
in other intensive basal-bolus therapy trials in patients 
with type 1 diabetes—eg, preprandial SMPG target of 
3·9–6·7 mmol/L in the DCCT study.2 The fl at and stable 
pharmacokinetic profi le of insulin degludec has the 
potential to lower hypoglycaemic risk.14,16 Therefore, an 
ambitious titration target was thought to be appropriate. 
Furthermore, the ultimate decision about the choice of 
insulin dose was made at the investigators’ discretion.

Though glycaemic control was similar, participants 
treated with insulin degludec were using less basal, 
bolus, and total insulin at the end of the study than were 
those treated with insulin glargine. This diff erence might 
be attributable to a requirement for higher doses of 
insulin glargine to achieve adequate 24 h coverage when 
used once daily.

The similarity between rates of overall confi rmed 
hypoglycaemia with insulin degludec and glargine 
(42·5 and 40·2 episodes per PYE) is supported by the 
fi nding that only 11% of all confi rmed hypoglycaemic 
episodes were nocturnal; thus, the overall confi rmed 
hypoglycaemia rate was mainly attributable to daytime 
episodes, probably related mainly to insulin aspart.

Nocturnal hypoglycaemia is more likely than are 
diurnal episodes to indicate hypoglycaemic risk attributed 

Insulin degludec 
(U/kg; n=470)

Insulin glargine 
(U/kg; n=154)

Mean ratio* 
of insulin 
degludec to 
insulin 
glargine

Estimated 
treatment 
ratio† of insulin 
degludec to 
insulin glargine 
(95% CI)

p value

Basal insulin (degludec or glargine)

Pretrial 0·37 (0·01) 0·36 (0·01) ·· ·· ··

Week 1 0·35 (0·01) 0·33 (0·01) ·· ·· ··

Week 52 0·35 (0·01) 0·39 (0·02) 0·91 0·86 (0·81–0·92) <0·0001

Bolus insulin aspart (at mealtimes)

Week 1 0·36 (0·01) 0·38 (0·01) ·· ·· ··

Week 52 0·40 (0·01) 0·44 (0·02) 0·90 0·90 (0·83–0·98) 0·016

Total insulin (basal + bolus) ··

Week 1 0·72 (0·01) 0·71 (0·02) ·· ··

Week 52 0·75 (0·02) 0·82 (0·03) 0·91 0·89 (0·84–0·93) <0·0001

Data are mean (SE), unless otherwise indicated, for all participants exposed to treatment who contributed to analyses. 
Missing values at week 52 were imputed with the last observation carried forward approach. *Calculated as the ratio of 
mean doses of insulin degludec to insulin glargine at last treatment visit. †Estimated by use of ANOVA of 
log-transformed dose value (U/kg) at week 52 with treatment, antidiabetic therapy at screening, sex, and region as 
fi xed factors, and age and week 1 dose as covariates.

Table 2: Daily insulin dose in the insulin degludec and insulin glargine groups

Figure 3: Overall confi rmed (A) and nocturnal confi rmed (B) hypoglycaemic 
episodes
Data are for all exposed participants (safety-analysis set). Insulin exposure 
period was from fi rst day of treatment to no later than 7 days after the last day 
of treatment.
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to basal insulin since it largely eliminates the confounding 
eff ects of bolus doses. Notably, rates of nocturnal 
hypoglycaemia were 25% lower with insulin degludec, as 
found in a previous phase 2 trial.15 These results could be 
explained partly by diff erences in the pharmacokinetic 
profi les of the two insulins: insulin degludec has a longer 
half-life and exposure to this insulin is evenly distributed 
(about 50:50) in the fi rst and second 12 h periods after 
once-daily dosing, whereas roughly 60% of exposure to 
insulin glargine occurs in the fi rst 12 h after once-daily 
dosing.14 This uneven distribution could underlie the 
fi nding that the timing of administration of insulin 
glargine can aff ect nocturnal hypoglycaemia, such that 
more nocturnal hypoglycaemia occurs after evening or 
bedtime administration than after morning dosing.22 
Although the timing of insulin glargine dosing was not 
recorded in our study, investigators were free to prescribe 
glargine at any time of day as per prescribing information 
and 70% of participants were using insulin glargine 
before joining the trial. By contrast, insulin degludec 
could be administered only with the evening meal.

The limitations of this trial are similar to those of any 
open-label trial; there is an underlying risk of reporting 

bias or greater caution for adjustment of doses of the 
new drug insulin degludec. However, the delivery devices 
for the two basal insulins were diff erent, preventing 
masking of treatments. Furthermore, unavailability of 
placebo-fi lled devices precluded a double-dummy design, 
although such a design would have been unethical in 
patients with type 1 diabetes. As mentioned previously, 
the time of insulin glargine administration was not 
systematically recorded, so we could not investigate 
whether it aff ected the risk of nocturnal hypoglycaemia. 
Although uniform titration of bolus doses at the 
multinational sites was desirable, this challenging goal 
was unlikely to have been achieved.

The rate of hypoglycaemia with insulin degludec, 
relative to insulin glargine, in the maintenance phase was 
lower than that estimated for the entire treatment duration 
of 52 weeks (rate ratios 1·02 vs 1·07 for overall confi rmed 
hypoglycaemia and 0·73 vs 0·75 for nocturnal confi rmed 
hypoglycaemia). This diff erence might be partly attrib-
utable to tighter glycaemic control in the maintenance 
period. The lower day-to-day variability of action of insulin 
degludec16 possibly underlies the fi nding of the lower rate 
of nocturnal hypoglycaemia coupled with the better 

Insulin degludec (n=472) Insulin glargine (n=154) Estimated rate 
ratio of insulin 
degludec:insulin 
glargine (95% CI)

p value

Participants Hypoglycaemic 
episodes*

Rate per 
PYE

Participants Hypoglycaemic 
episodes*

Rate per 
PYE

Severe hypoglycaemia 58 (12%) 90 0·21 16 (10%) 23 0·16 1·38 (0·72–2·64) 0·34

Overall confi rmed hypoglycaemia 451 (96%) 18 389 42·54 147 (95%) 5796 40·18 1·07 (0·89–1·28) 0·48

Diurnal confi rmed hypoglycaemia 444 (94%) 15 928 36·09 145 (94%) 4831 32·82 1·11 (0·91–1·34) 0·30

Nocturnal confi rmed hypoglycaemia 341 (72%) 1905 4·41 114 (74%) 845 5·86 0·75 (0·59–0·96) 0·021

Data are number or number (%), unless otherwise indicated. Interpretation of the number of participants and episodes must take into consideration the 3:1 (insulin degludec 
to insulin glargine) randomisation. PYE=patient-year of exposure. *Occurring on or after the fi rst day of exposure to treatment and no later than 7 days after the last day of 
treatment with insulin degludec or insulin glargine.

Table 3: Hypoglycaemic episodes in the insulin degludec and insulin glargine groups

Insulin degludec (n=472) Insulin glargine (n=154)

Participants Events Event rate per 
100 PYE

Participants Events Event rate per 
100 PYE

Adverse events 397 (84%) 1895 438 128 (83%) 623 432

Serious adverse events 49 (10%) 59 14 17 (11%) 23 16

Severity

Severe 75 (16%) 107 25 24 (16%) 34 24

Moderate 201 (43%) 502 116 60 (39%) 159 110

Mild 356 (75%) 1286 297 118 (77%) 430 298

Adverse events possibly or probably related 
to basal insulin

102 (22%) 161 37 26 (17%) 34 24

Injection-site reactions 13 (3%) 17 4 8 (5%) 11 8

Data are number or number (%), unless otherwise indicated. The complete list of adverse events is provided in the appendix p 15. Information about causality to the trial 
product were missing for eight events. PYE=patient-years of exposure.

Table 4: Summary of adverse events



Articles

1496 www.thelancet.com   Vol 379   April 21, 2012

glycaemic control in the maintenance phase. An 
alternative explanation is that diff erences in the starting 
dose of basal insulin in patients treated with pretrial doses 
of twice-daily basal insulin, with the total daily basal dose 
being switched 1:1 for insulin degludec in the trial, and 
recommended to be reduced by 20–30% for insulin 
glargine (according to its prescribing information), led to 
more hypoglycaemia with insulin degludec in the initial 
weeks of treatment. Therefore, a dose reduction might be 
advisable for insulin degludec, especially when switching 
patients previously using twice-daily basal insulin whose 
glycaemic parameters are close to target.

Nevertheless, risk of nocturnal hypoglycaemic episodes 
is a major concern for patients with diabetes. Nocturnal 
hypoglycaemia impairs sleep quality and next-day 
wellbeing, resulting in decreased work productivity,5,7,10 
and can contribute to a reduced awareness of hypo-
glycaemia.23 Thus, reduced nocturnal hypoglycaemia 
could be thought of as a useful clinical advance (panel). In 
a clinical setting, the adverse symptoms of hypoglycaemia 

and the unfavourable eff ect of hypoglycaemia on quality 
of life can result in both patients and physicians avoid ing 
stringent glycaemic control to prevent recurrence. 
Although this approach might be appropriate for patients 
with a history of severe hypoglycaemia, advanced 
microvascular or macrovascular complications, and 
extensive comorbidities, a reduction in hypoglycaemic 
risk, particularly nocturnal, might encourage more 
reasonable eff orts to strive for stricter glycaemic control 
in patients with a short duration of diabetes, long life 
expectancy, and no signifi cant cardiovascular disease. The 
benefi ts of improved glycaemic control in controlling 
long-term microvascular and macrovascular compli-
cations might be easier to emphasise in light of the 
reduced risk of nocturnal hypoglycaemia.

Rates of severe hypoglycaemia in intensive therapy 
trials in patients with type 1 diabetes mellitus have 
decreased in recent years. The rates of severe hypo-
glycaemia reported in this study were roughly three to 
four times lower than the rate (0·62 episodes per PYE) 
reported in DCCT.2 Importantly, rates of severe hypo-
glycaemia are much higher in everyday practice than in 
clinical trials, as shown by the 20 times higher rate 
reported in a prospective observational study based in 
secondary care centres for diabetes in the UK.24 This 
diff erence is partly because patients with recurrent 
episodes are usually excluded from trials, but also 
because those in trials receive close supervision and are 
treated according to protocol. Whether reductions in 
hypoglycaemia reported in clinical trials translate into 
benefi ts in clinical practice remains to be seen.

Insulin degludec provides similar glycaemic control to 
insulin glargine with a lower rate of nocturnal hypo-
glycaemia, suggesting a potential role for insulin 
degludec in helping patients with type 1 diabetes to reach 
and maintain tight glucose targets.
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Panel: Research in context

Systematic review
We searched PubMed, Embase, and abstracts presented at the 2011 American Diabetes 
Association for articles with terms “insulin therapy”, “insulin treatment”, “insulin 
regimen”, “insulin analogue”, “detemir”, “NPH”, “glargine”, “degludec”, and 
“hypoglycaemia”. We did not set any criteria for assessment of quality.

Interpretation
Glycaemic control is essential to reduce the risk of long-term complications that are 
associated with diabetes. Hypoglycaemia, associated with insulin treatment is a major 
barrier to the achievement and maintenance of good glycaemic control. Even non-severe 
hypoglycaemia adversely aff ects the management of diabetes and work productivity.5 
Subcutaneous systemic insulin delivery is a major contributor to hypoglycaemic risk 
because it cannot mimic the normal physiology of insulin secretion. Insulin analogues 
have been developed to provide improved physiological coverage of insulin needs. The 
development of the insulin analogues, such as insulin glargine and insulin detemir, is an 
important advance in the treatment of diabetes because these insulins are associated 
with a reduced risk of nocturnal hypoglycaemia compared with neutral protamine 
Hagedorn insulin. However, these insulins do not reliably provide 24 h basal insulin 
replacement in all patients, which is particularly important in type 1 diabetes because the 
patients have no endogenous insulin reserves. Insulin degludec is an ultra-longacting 
insulin that is in clinical development; it has a fl at, stable pharmacokinetic profi le, and a 
duration of action that is longer than 42 h.14 In this treat-to-target phase 3 study in 
patients with type 1 diabetes, insulin degludec reduced the risk of nocturnal 
hypoglycaemia by 25% compared with insulin glargine. However, the rate of daytime 
hypoglycaemia, which was probably much aff ected by mealtime insulin, was similar in the 
insulin degludec and insulin glargine groups. Thus, further studies are needed to establish 
improved titration guidelines about how best to combine insulin degludec with mealtime 
insulin in patients with type 1 diabetes. The clinical signifi cance of the potential 
advantage of insulin degludec in basal-bolus therapy for type 1 diabetes is in agreement 
with results of a phase 3 basal-bolus study in patients with longstanding type 2 diabetes 
in whom insulin degludec achieved glycaemic control that was similar to insulin glargine, 
with reduced overall and nocturnal hypoglycaemia. Thus, insulin degludec potentially 
provides an improved basal insulin (as shown by lower rates of hypoglycaemia) that 
should be used in the management of diabetes.
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