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ABSTRACT
Objective: Meta-analysis to compare hypoglycemia
rates of basal insulin degludec (IDeg) with insulin glargine
(IGlar) in patients with diabetes achieving good glycemic
control (hemoglobin A1c [HbA1c] <7% at end of trial).
Methods: In a preplanned meta-analysis, patient data
from 7 randomized, treat-to-target, 26- or 52-week trials in patients with type 1 diabetes mellitus (T1DM) or
type 2 diabetes mellitus (T2DM) who administered IDeg
(n = 2,899) or IGlar (n = 1,431) once daily were analyzed.
Using a negative binomial regression model, this metaanalysis compared hypoglycemia rates in patients achieving HbA1c <7% at end of trial with IDeg (n = 1,347) and
IGlar (n = 697).
Results: In all trials, IDeg was noninferior to IGlar
in HbA1c reduction from baseline. At end of trial, 2,044
patients (T2DM, n = 1,661; T1DM, n = 383) achieved
HbA1c <7%. The overall confirmed hypoglycemia rate,
defined as plasma glucose <56 mg/dL or severe hypoglycemia if requiring assistance, was significantly lower with
IDeg versus IGlar (estimated rate ratio [ERR] IDeg:IGlar,
0.86; 95% confidence interval [CI], 0.76 to 0.98). The
nocturnal confirmed hypoglycemia rate, defined as occurring between midnight and 6:00 am, was significantly
lower with IDeg (ERR, 0.63; 95% CI, 0.52 to 0.77). In the
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maintenance period (16 weeks onward when average insulin dose and glycemic levels stabilized), the overall confirmed hypoglycemia rate was significantly lower (ERR,
0.79; 95% CI, 0.68 to 0.92) and the nocturnal confirmed
hypoglycemia rate was significantly lower (ERR, 0.57;
95% CI, 0.45 to 0.72) with IDeg versus IGlar.
Conclusion: Patients with T1DM and T2DM achieved
HbA1c <7% with significantly lower rates of overall and
nocturnal confirmed hypoglycemia with IDeg versus
IGlar. The lower hypoglycemia rate with IDeg was more
pronounced in the maintenance period. (Endocr Pract.
2015;21:917-926)
Abbreviations:
ERR = estimated rate ratio; HbA1c = hemoglobin A1c;
IDeg = insulin degludec; IGlar = insulin glargine; NPH
= Neutral Protamine Hagedorn; PG = plasma glucose;
T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus
INTRODUCTION
Diabetes mellitus is a global epidemic, with an estimated 371 million individuals affected, 50% of whom are
undiagnosed (1). Glycemic control is key to therapy, and
randomized controlled trials show that improved glycemic control decreases the risk of microvascular and macrovascular complications in both type 1 diabetes mellitus
(T1DM) and type 2 diabetes mellitus (T2DM) (2-5). The
position statement provided by the American Diabetes
Association (ADA) and the European Association for the
Study of Diabetes recommends a hemoglobin A1c (HbA1c)
goal of <7% for nonpregnant adults, with a focus on individualized glycemic targets recommended for specific patient
populations (6,7). The American Association of Clinical
Endocrinologists (AACE) and the American College of
Endocrinology recommend an HbA1c target of 6.5% or less
for most nonpregnant adults if it can be achieved safely (8)
and also recognize the need to individualize targets.

ENDOCRINE PRACTICE Vol 21 No. 8 August 2015 917

918

However, the risk and fear of hypoglycemia associated with insulin treatment limits treatment adherence and
the achievement and maintenance of glycemic control
(9,10). Nocturnal hypoglycemia is of particular clinical
concern, as many episodes are asymptomatic, and patients
may be unable to take corrective action to prevent a mild
episode from becoming severe (11). Nonsevere nocturnal
hypoglycemia can impair sleep quality, diminish the sense
of well-being, and reduce productivity. Repeated hypoglycemia, including asymptomatic nocturnal hypoglycemia,
impairs defenses against subsequent hypoglycemia by
causing a defective glucose counterregulatory response
and thereby contributes to hypoglycemia unawareness, a
risk factor for severe hypoglycemia (9,11-13). Importantly,
hypoglycemia itself maybe a risk factor for cardiovascular
events (14).
Long-acting basal insulin analogues, such as insulin
glargine (IGlar) and insulin detemir, have been developed
to provide more physiologic basal insulin coverage with
decreased risk for hypoglycemia, especially nocturnal,
as compared with human Neutral Protamine Hagedorn
(NPH) insulin (15). Although the 2 analogues have a flatter
pharmacodynamic profile than NPH insulin, they do not
reproduce the physiologic, relatively peakless profile of
endogenous basal insulin found in healthy individuals (16).
Furthermore, within-patient variability of the peak effect
in blood glucose lowering from one injection to the next
can become a major contributing factor to nocturnal hypoglycemia, limiting the ability to achieve optimal glycemic
control (16). Therefore, hypoglycemia, including nocturnal
hypoglycemia, still poses a clinical concern (17,18). This
supports the need for an insulin with lower variability and
thus potentially also a lower risk of hypoglycemia that
may encourage treatment adherence and safer achievement
of glycemic control. Moreover, it also supports the need
to continue research and development of insulins which
closely mimic the normal physiologic profile.
Insulin degludec (IDeg) is a basal insulin with an
ultralong duration of action. Upon injection into the subcutaneous tissue, it forms a depot of soluble multihexamers
from which insulin monomers are slowly and continuously
absorbed into the circulation (19). This mechanism of protraction results in a half-life of 25.4 hours, a flatter pharmacokinetic and pharmacodynamic profile, and a significantly
decreased within-patient day-to-day variability compared
with IGlar (20,21). Thus, IDeg has attributes which would
be expected to have a lower risk for hypoglycemia than
IGlar.
Consistent with the results from clinical pharmacology
studies, results from a preplanned meta-analysis of pooled
patient-level data from 7 phase 3 prospective, randomized
clinical trials comparing IDeg to IGlar in patients with both
T1DM and T2DM showed that treatment with IDeg resulted
in significantly lower rates of overall confirmed hypoglycemia in patients with T2DM and significantly lower rates

of nocturnal confirmed hypoglycemia in patients with both
T1DM and T2DM, as compared with treatment with IGlar.
A wide range of patients with T1DM and T2DM were
included in the previously published preplanned metaanalysis of the 7 treat-to-target trials designed to achieve
prebreakfast plasma glucose (PG) levels <90 mg/dL. The
objective of this analysis was to compare the rates of hypoglycemia between IDeg and IGlar in the subpopulation that
achieved the glycemic goal of HbA1c <7% at end of trial
and at stable dose levels in patients with both T1DM and
T2DM.
METHODS
Design of Trials Included in
the Meta-analysis
The original evaluation of rates of hypoglycemia with
IDeg (22) reported in a preplanned meta-analysis of pooled
patient-level data included the 7 trials in the IDeg phase
3 clinical development program (BEGINTM) (23-29);
these were randomized, open-label, treat-to-target trials
of 26- or 52-weeks duration comparing once-daily IDeg
with once-daily IGlar. IDeg was administered once daily
with the main evening meal (or between the start of the
main evening meal and bedtime in trial 3586), whereas
IGlar was administered once daily, at the same time every
day, according to approved labeling. The meta-analysis
described herein includes the subpopulation of patients
who had HbA1c levels of <7% at end of trial. Two trials
enrolled patients with T1DM (trials 3583 and 3770), and
5 enrolled patients with T2DM (trials 3579, 3672, 3586,
3582, and 3668). Two of these trials (T1DM trial 3770 and
T2DM trial 3668) included an additional forced flexible
dosing regimen for IDeg—a prespecified alternating morning and evening dosing from day to day to test the extremes
of once-daily dosing (26,27). It was prespecified that data
from patients randomized to this flexible dosing regimen
were not to be included in the meta-analysis, as this dosing
schedule of IDeg does not reflect its intended use in clinical practice. Additionally, excluding those patients from
the flexible dosing regimen ensured as much homogeneity
as possible between the patients and studies included in
the meta-analysis. The design of the 7 trials is described in
Table 1.
Key inclusion criteria included patients who were ≥18
years of age (except in trial 3586, in which patients from
Japan were ≥20 years of age) with a baseline HbA1c of 7.0
to 10.0% (in T2DM) or ≤10% (in T1DM). Exclusion criteria included hypoglycemia unawareness, more than one
severe hypoglycemic episode in the last year, or serious
comorbidities. Additionally, patients could be withdrawn
at the discretion of the investigator if these patients experienced hypoglycemic episodes during the treatment period
that posed a safety concern, or, if after 12 weeks of treatment they showed no reduction in HbA1c and a fasting
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Table 1
Overview of Trials Included
Number
Number of
Randomization of patients patients achieving
(IDeg:IGlar) randomized
HbA1c <7%

Primary
reference

Diabetes
population

Trial treatment

Trial 3579:
BEGINTM:
ONCE LONG
(52 weeks)

Insulin-naïve,
T2DM

IDeg od or IGlar od +
met ± DPP-4I

3:1

1,030

539

(29)

Trial 3672:
BEGINTM:
LOW VOLUME
(26 weeks)

Insulin-naïve,
T2DM

IDeg od or IGlar od +
met ± DPP-4I

3:1

457

247

(24)

Trial 3586:
BEGINTM:
ONCE ASIA
(26 weeks)

Insulin-naïve,
T2DM

IDeg od or IGlar
od + met, SU, or
α-glucosidase inhibitors

2:1

435

189

(28)

Trial 3668:
BEGINTM: FLEX
(26 weeks)

Insulin-treated,
T2DM

IDeg od Flexible, IDeg
od Fixed or IGlar od +
OAD(s) (met, SU, pio)

1:1:1

194

(27)

Trial 3582:
BEGINTM:
BB T2DM
(52 weeks)

Insulin-treated,
T2DM

IDeg od or IGlar od +
IAsp tidb ± met ± pio

3:1

992

492

(23)

Trial 3583:
BEGINTM:
BB T1DM
(52 weeks)

Insulin-treated,
T1DM

IDeg od or IGlar od +
IAsp tidb

3:1

629

255

(25)

Trial 3770:
BEGINTM:
FLEX T1DM
(26 weeks)

Insulin-treated,
T1DM

IDeg od Flexible, IDeg
od Fixed or IGlar od, +
IAsp tidb

1:1:1

329a

128

(26)

Trial (duration)

458a

Abbreviations: DPP-4I = dipeptidyl peptidase inhibitor; HbA1c = hemoglobin A1c; IAsp = insulin aspart; IDeg = insulin degludec; IGlar = insulin
glargine; met = metformin; od = once daily; pio = pioglitazone; SU = sulfonylurea; T2DM = type 2 diabetes mellitus; tid = thrice daily.
a The flexible dosing arms of Trials 3668 and 3770 were prespecified to be excluded from the meta-analysis as the regimen did not reflect the intended
use of IDeg in clinical practice. Hence, the total number of patients randomized to the flexible IDeg dosing arms in Trials 3668 (229 patients) and
3770 (164 patients) have been excluded from the total number of patients randomized in the study.
b IAsp was to be administered as mealtime insulin with breakfast, lunch, and main evening meal, and a fourth bolus does could be administered to
cover an additional meal.

glucose >240 mg/dL (>13.3 mmol/L) without an identified
cause.
The treat-to-target design of the trials included the
same titration algorithms for the IDeg and IGlar treatment
groups to enable patients to achieve a prebreakfast blood
glucose calibrated to a PG target of <5.0 mmol/L (<90 mg/
dL) (23-29). Consequently, similar glycemic control was
achieved with both treatments, and noninferiority of IDeg
to IGlar in HbA1c reduction was confirmed in all trials (30).
The trials were not designed to test superiority in glycemic
control.
The 7 trials included in this meta-analysis were conducted between September 2009 and December 2010,
in accordance with the Declaration of Helsinki (31) and
Good Clinical Practice (32). Protocols were approved
by independent ethics committees/institutional review

boards prior to beginning the trials, and patients signed
an informed consent before trial entry. Trials were registered with ClinicalTrials.gov with the following numbers:
NCT00982644 (trial 3579), NCT01068665 (trial 3672),
NCT01059799 (trial 3586), NCT00972283 (trial 3582),
NCT01006291 (trial 3668), NCT00982228 (trial 3583),
NCT01079234 (trial 3770).
Assessment and Classification
of Hypoglycemia
It was prespecified that confirmed hypoglycemia was
defined as episodes that were biochemically confirmed by
a PG reading of <56 mg/dL (<3.1 mmol/L) or were severe
and required assistance from others (6). The chosen prespecified PG threshold offered a fair balance between
glucose levels at which counterregulatory mechanisms
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are triggered and levels at which patients typically report
symptoms (33). This threshold also adheres to the European
Medicines Agency guidelines (34). The classification of
treatment-emergent (occurring on or after the first day of
exposure to treatment and no later than 7 days after the
last day of treatment with IDeg or IGlar), overall confirmed
(PG <3.1 mmol/L [<56 mg/dL] or severe episodes), nocturnal confirmed (occurring between midnight and 6:00 am),
and severe (requiring assistance) hypoglycemic episodes
has been described previously (22), and this was applied
uniformly across the 7 trials.
Statistical Analysis
The statistical analysis plan for the meta-analysis of
hypoglycemia rates for the total randomized population
was reviewed by the U.S. Food and Drug Administration
prior to unblinding any data and was prespecified for inclusion and the statistical methodology. The meta-analysis
presented here is identical to the methodology described
previously for the total population (22), except that only
patients with HbA1c levels of <7% at end of trial were
included in this meta-analysis. Hypoglycemia rates were
evaluated for the subpopulations comprising only patients
with T2DM (insulin-naïve or previously treated with insulin), only patients with T1DM, or patients with T2DM and
T1DM. The definition of the maintenance period—the
period following active titration when the average insulin
dose had stabilized and stable glycemic control had been
achieved—was prespecified in response to comments from
regulatory agencies. This period extended from week 16 to
end of trial across the phase 3a trials.
Treatment-emergent hypoglycemic episodes were
counted for each patient, divided by exposure time (as an
offset in the model), and analyzed using a negative binomial regression model adjusted for differences across trials, diabetes type, antidiabetic therapy at screening, sex,
geographical region, and age. The negative binomial model
(an extension of the Poisson model) allows for heterogeneity between patients arising from within-patient correlation. Hypoglycemic rates were expressed as the number of
episodes per patient-year of exposure. Relative differences
from the statistical analyses were presented as estimated
rate ratios (ERR), defined as the estimated rate for IDeg
divided by the estimated rate for IGlar, with a corresponding 95% confidence interval (CI). Thus, an ERR of 0.75
corresponds to a 25% lower rate for IDeg than for IGlar,
and similarly, a rate of 1.25 corresponds to a 25% higher
rate for IDeg than for IGlar.
RESULTS
The total population in the trials (shown in Table
1) comprised 4,330 patients: 2,899 randomized to IDeg
and 1,431 randomized to IGlar. Withdrawal rates (16.6%
[IDeg] and 13.8% [IGlar]), baseline characteristics, and

demographics were similar among groups (22). Of the
2,044 patients (47.2%) achieving glycemic control (HbA1c
<7% at end of trial), 1,661 were patients with T2DM, of
which 975 were insulin-naïve, and 383 were patients with
T1DM.
Noninferiority of IDeg to IGlar with respect to HbA1c
reduction was confirmed in all 7 trials at generally similar insulin dose levels, which allowed a valid comparison
of hypoglycemia in each of the trials. Although the mean
insulin dose at end of trial was lower with IDeg in some of
the trials, a meta-analysis of hypoglycemia for the overall
pooled population using a model adjusted for dose yielded
results similar to those obtained without adjusting for dose
(35).
A comparison of hypoglycemia rates among patients
achieving HbA1c <7% at end of trial in individual trials
(Table 2) showed lower rates of overall confirmed hypoglycemia in the insulin-naïve trial populations with T2DM
(trials 3579, 3672, and 3586) and slightly higher rates in
the population with T2DM that included both insulin-naïve
as well as those previously treated with insulin (trial 3668).
Among the insulin-naïve trial populations, the hypoglycemia rates were higher in trial 3586, which included the
option of concomitant treatment with sulfonylurea and
IDeg or IGlar in Pan-Asian patients. The highest hypoglycemia rates were seen in the trials using basal-bolus
insulin therapy and were higher in trials with T1DM (trials
3583 and 3770) than T2DM (trial 3582) patients. The rates
of nocturnal confirmed hypoglycemia followed a similar
trend. The rates of severe hypoglycemia were extremely
low—zero or almost zero in trials using basal insulin
only—and ranged from 0.1 to 0.5 events per patient-year
in the basal-bolus trials. Generally, the hypoglycemia rates
in patients achieving HbA1c <7% at end of trial across trials
were similar between the entire trial period and the maintenance period; however, the rates of overall confirmed
hypoglycemia in the basal-bolus T1DM trials were generally lower in the maintenance period (Table 2).
When analyzing populations pooled across trials, the
rate of overall confirmed hypoglycemia with IDeg was
significantly lower than that with IGlar in patients who
achieved glycemic control (HbA1c <7%) for the population with T2DM (ERR, 0.80; 95% CI, 0.68 to 0.93) and
for the population in trials containing T1DM and T2DM
patients (ERR, 0.86; 95% CI, 0.76 to 0.98) (Table 3). This
treatment benefit was even greater with IDeg in the maintenance period, and the overall confirmed hypoglycemia
rates with IDeg were significantly lower in the population
with T2DM (ERR, 0.74; 95% CI, 0.61 to 0.89) and in the
population in trials containing patients with either T1DM
or T2DM (ERR, 0.79; 95% CI, 0.68 to 0.92) (Table 3 and
Fig. 1). The rates of overall confirmed hypoglycemia with
IDeg and IGlar in the T1DM population were not significantly different in either the entire trial or the maintenance
period.

T2DM

n (%)

1

1

0.0

E

Rate

0.0

0

0 (0.0)

0.3

7

5 (4.3)

1.4

31

20 (17.2)

0.0

0

0 (0.0)

0.2

12

8 (6.7)

1.3

74

IGlar

0.0

0

0 (0.0)

0.5

11

10 (7.9)

2.2

52

27 (21.4)

0.0

0

0 (0.0)

0.3

18

12 (9.4)

1.4

90

41 (32.0)

T2DM

35 (29.4)

IDeg

3672

0.0

0

0 (0.0)

0.5

10

9 (8.0)

2.4

52

29 (25.7)

0.0

0

0 (0.0)

0.6

37

22 (18.6)

2.6

151

IGlar

0.0

0

0 (0.0)

1.2

16

8 (11.4)

4.1

54

24 (34.3)

0.0

0

0 (0.0)

1.1

38

19 (26.8)

3.2

112

38 (53.5)

T2DM

53 (44.9)

IDeg

3586

0.0

0

0 (0.0)

0.7

13

8 (8.7)

3.4

60

25 (27.2)

0.0

0

0 (0.0)

0.4

20

10 (10.8)

3.1

145

IGlar

0.0

0

0 (0.0)

0.9

17

9 (9.1)

3.4

64

30 (30.3)

0.0

0

0 (0.0)

0.6

29

16 (15.8)

3.1

154

44 (43.6)

T2DM

45 (48.4)

IDeg

3668

0.1

16

15 (4.2)

1.0

247

106 (29.4)

10.2

2,449

266 (73.7)

0.1

24

21 (5.6)

1.1

384

144 (38.6)

10.7

3,766

IGlar

0.0

4

3 (2.4)

2.1

167

48 (39.0)

15.7

1,260

93 (75.6)

0.1

6

5 (4.0)

2.1

250

65 (52.0)

15.9

1,884

109 (87.2)

T2DM

311 (83.4)

IDeg

3582

0.2

22

15 (8.3)

3.7

438

104 (57.5)

42.3

5,036

168 (92.8)

0.2

39

25 (13.3)

4.3

757

138 (73.4)

47.8

8,389

IGlar

0.1

4

4 (6.5)

6.1

249

37 (59.7)

40.3

1,653

58 (93.5)

0.1

6

5 (7.6)

6.7

408

46 (69.7)

43.5

2,639

64 (97.0)

T1DM

181 (96.3)

IDeg

3583

0.5

6

4 (6.8)

5.9

68

25 (42.4)

72.2

833

50 (84.7)

0.4

11

6 (9.8)

8.5

257

40 (65.6)

86.1

2,591

IGlar

0.4

5

4 (6.3)

7.8

96

33 (52.4)

89.4

1,094

57 (90.5)

0.5

15

6 (9.2)

9.0

287

46 (70.8)

92.1

2,953

64 (98.5)

T1DM

60 (98.4)

IDeg

3770

Abbreviations: E = number of episodes; IDeg = insulin degludec; IGlar = insulin glargine; n = number of patients with at least one episode of hypoglycemia; % = proportion of patients with at least one
episode; T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus.
a Rate = number of episodes divided by patient years of exposure.

0.0

1 (0.7)

1 (0.3)

n (%)

Severe

46

68

0.3

E

Rate

0.5

20 (14.8)

43 (11.1)

n (%)

Nocturnal confirmed

1.7

2

170

437

E

Rate

0.0

0.0

55 (40.7)

2

1

2 (1.4)

0.4

0.2

1 (0.3)

55

85

26 (18.7)

1.8

235

69 (49.6)

IGlar

169 (43.8)

n (%)

Confirmed

Maintenance Period

Rate

E

n (%)

Severe

Rate

E

53 (13.3)

1.6

Ratea

Nocturnal confirmed

601

211 (52.8)

E

n (%)

Confirmed

Entire Trial Period

IDeg

Population

Treatment

3579

Trial number

Table 2
Summary of Hypoglycemic Episodes in Patients Achieving Glycemic Control
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Analysis of the rates of nocturnal confirmed hypoglycemia in the populations pooled across trials showed significantly lower rates with IDeg versus IGlar in patients
who achieved glycemic control for the insulin-naïve population with T2DM (ERR, 0.56; 95% CI, 0.38 to 0.84); for
the population with T2DM (ERR, 0.56; 95% CI, 0.44 to
0.72); and for the population in trials containing patients
with either T1DM or T2DM (ERR, 0.63; 95% CI, 0.52 to
0.77) (Table 3). The reduction in hypoglycemic episodes
with IDeg in patients that achieved glycemic control was
more apparent in the maintenance period, in which the nocturnal hypoglycemia rates were significantly lower with
IDeg than with IGlar across all the pooled populations;
the rates were lower in the population of insulin-naïve
patients with T2DM (ERR, 0.49; 95% CI, 0.30 to 0.81);
in the population with T2DM (ERR, 0.53; 95% CI, 0.39 to
0.72); in the population with T1DM (ERR, 0.67; 95% CI,
0.47 to 0.95); and in trial populations containing patients
with either T1DM or T2DM (ERR, 0.57; 95% CI, 0.45 to
0.72) (Table 3 and Fig. 1). The magnitude of the difference
in nocturnal hypoglycemia rates between treatments was
generally greater than the difference in rates for overall
hypoglycemia (Table 3).
DISCUSSION
Diabetes-related complications such as acute myocardial infarction, stroke, amputations, end-stage renal disease, and death from hyperglycemic crisis have declined
dramatically over the past 2 decades (36). However, this

appears to have been paralleled by a higher rate of hospital
admissions for hypoglycemic events (37). Thus, there is a
great need to lower the rate of hypoglycemic events at the
same time as controlling glucose and HbA1c to near goal.
The benefit of lower rates of hypoglycemia (overall
and nocturnal) with IDeg versus IGlar that had previously
been observed in the meta-analysis of the total population
of the trials (significantly lower for overall and nocturnal
hypoglycemia) (22) was thus also observed in the subset of
patients achieving good glycemic control (HbA1c <7%). As
had been observed in the total population of the trials (22),
a high degree of consistency in the relative benefit regarding hypoglycemia (IDeg versus IGlar) in those achieving
good glycemic control was observed across trials, particularly for nocturnal hypoglycemia, illustrating the robustness of the observation.
The Diabetes Control and Complications Trial report
from 1993 (5), and subsequent analyses (38,39), had
reported an exponential increase in the rate of severe hypoglycemia with decreasing HbA1c (5), and a similar relationship between HbA1c and hypoglycemia had been reported
more recently for NPH, insulin detemir, and IGlar trials
(15). In contrast, our data demonstrate that the absolute
rates of hypoglycemia, including severe hypoglycemia,
in patients achieving good glycemic control were similar to those observed in the total population of the trials
(22), suggesting that the rates of hypoglycemia are largely
independent of HbA1c on a population level. Noteworthy
is the fact that this preplanned meta-analysis for IDeg confirms that the relative difference between IDeg and IGlar is

Table 3
Hypoglycemia Rates in IDeg- and IGlar-Treated Patients Achieving Glycemic Control
Estimated rate ratio
IDeg:IGlar (95% confidence interval)
Insulin-naïve
T2DM

T2DM

T1DM

T1DM+T2DM

Overall confirmed

0.88
(0.69-1.10)

0.80
(0.68-0.93)a

1.12
(0.89-1.39)

0.86
(0.76-0.98)a

Nocturnal confirmed

0.56
(0.38-0.84)a

0.56
(0.44-0.72)a

0.81
(0.59-1.10)

0.63
(0.52-0.77)a

Overall confirmed

0.77
(0.58-1.02)

0.74
(0.61-0.89)a

1.00
(0.78-1.30)

0.79
(0.68-0.92)a

Nocturnal confirmed

0.49
(0.30-0.81)a

0.53
(0.39-0.72)a

0.67
(0.47-0.95)a

0.57
(0.45-0.72)a

Population
Entire trial period

Maintenance period

Abbreviations: IDeg = insulin degludec; IGlar = insulin glargine; T1DM = type 1 diabetes mellitus;
T2DM = type 2 diabetes mellitus.
a Significantly lower risk with IDeg based on 95% confidence interval.
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(A)
T2DM
Basal only

IN

IN+IT
Basal–bolus

T1DM
Basal–bolus

Trial 3579 (52 wk)
Trial 3672 (26 wk)
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Fig. 1. Estimated rate ratios (IDeg:IGlar) and 95% confidence intervals of A) overall confirmed hypoglycemia and B)
nocturnal confirmed hypoglycemia in the maintenance period. IDeg = insulin degludec; IGlar = insulin glargine; IN =
insulin naïve; IT = insulin treated; T1DM = type 1 diabetes mellitus; T2DM = type 2 diabetes mellitus; wk = week. *The
95% confidence interval of the estimated rate ratio is less than 1, and the results are statistically significant.

independent of HbA1c, in line with what has been shown
for insulin detemir versus NPH and IGlar versus NPH
(40,41) and despite the fact that the functional relationship
between HbA1c and hypoglycemia seems to differ between
this meta-analysis and previous publications (5,15,38,39).
The benefit of IDeg versus IGlar in patients achieving good glycemic control was even more noticeable in the
maintenance period (after week 16). This resembles what
had been seen in the overall population (22). As the maintenance period is generally characterized by stabilization
of insulin dose and glycemic parameters, it is likely that
this period more accurately reflects the hypoglycemic rates
of patients who have good glycemic control and is of particular relevance to long-term treatment. Furthermore, the

maintenance period is even more appropriate in this investigation, as the criterion of HbA1c <7% infers that subjects
were in good control in the maintenance phase but not necessarily so during the titration phase.
In addition, the benefit of IDeg versus IGlar was more
pronounced for nocturnal hypoglycemia. There could be
two possible explanations for this. First, nocturnal hypoglycemia may more accurately reflect the risk associated
with a basal insulin because the impact of bolus insulin,
meals, and physical activity is minimal. Second, these
results could also be explained by the finding that the glucose-lowering action of IDeg is evenly distributed (about
50:50) in the first and second 12-hour periods after oncedaily dosing, whereas roughly 60% of exposure to IGlar
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occurs in the first 12 hours after once-daily dosing (42).
This uneven distribution could underlie the finding that
the timing of administration of IGlar can affect nocturnal
hypoglycemia, such that more nocturnal hypoglycemia
occurs after evening or bedtime administration than after
morning dosing (17). Although the timing of IGlar dosing was not recorded in these studies, investigators were
free to prescribe IGlar at any time of day (but at the same
time each day), as per prescribing information. By contrast,
IDeg could be administered only with the evening meal.
The benefit of reduced hypoglycemia risk with IDeg
versus IGlar was observed to a greater degree in the population with T2DM, compared with T1DM. There may be two
explanations for this. First, approximately three-fourths of
patients with T1DM treated with IDeg were from the 3583
trial (25), in which 28% of the patients were using basal
insulin twice daily before enrollment. The total basal insulin dose for these patients was switched 1:1 for IDeg and
reduced by 20 to 30% for IGlar (according to the prescribing information) and administered once daily; this led to
more hypoglycemia with IDeg in the initial weeks of treatment. Second, all of the T1DM trials were basal-bolus trials, whereas only one of the five T2DM trials was a basalbolus trial. Thus, in the T2DM trials, the contribution of
bolus doses was far less confounding to overall confirmed
hypoglycemia and nocturnal hypoglycemia. Therefore, the
treatment benefit with IDeg was apparent in patients with
T1DM only after a period of active titration for nocturnal
hypoglycemia.
The mechanism whereby IDeg has a more favorable
hypoglycemic risk profile versus IGlar was not investigated
in these studies. Several risk factors for hypoglycemia are
reported in the literature, and prominent among these are
low mean blood glucose levels and variability in blood
glucose levels (both interday and intraday) (39). Relative
to IGlar, IDeg has been shown to have (1) a reduced dayto-day variability in its glucose-lowering effect (20), and
(2) a flatter intraday pharmacodynamic profile (21), which
would be expected to lead to reduced variability in intraday blood glucose levels. Hypoglycemia risk may also
partly be related to impaired release of counterregulatory
hormones, and IDeg has been shown to be associated with
a moderately greater level of counterregulatory hormones
than IGlar in a study of induced hypoglycemia (43). The
predominant risk factor, however, appears to be inappropriately high insulin levels at vulnerable time points. It
is therefore likely that the reduced risk of hypoglycemia
for IDeg versus IGlar revealed in this and the previously
published meta-analysis was mainly due to a reduction in
the variability of glucose-lowering activity due to IDeg’s
flatter and more stable pharmacokinetic and pharmacodynamic profile.
Major strengths of this meta-analysis lie in the choice
of several randomized trials having the same trial design,

using the same comparator and titration algorithms (distinguished for T1DM and T2DM); the prespecified elements of
the meta-analysis design; and the consistency of the results
between the subpopulation studied in this analysis and the
total population previously presented (22). Weaknesses
include the open-label designs, the self-reporting of hypoglycemic episodes (and the potential risk of missed episodes), and the fact that only one HbA1c responder target
was prespecified for investigation. However, due to the
very robust results seen across trials and across different
definitions of hypoglycemia (44), we do not believe that
these factors impact the overall conclusion.
Fear of hypoglycemia is a major impediment to initiating insulin treatment and to the achievement of target
HbA1c levels recommended by the ADA and AACE to
minimize complications (6-8). Longer-acting insulins such
as insulin detemir, IGlar, and now IDeg have progressively
lowered the risk of nocturnal hypoglycemia previously
encountered with insulins such as NPH. Now, this metaanalysis has confirmed the favorable hypoglycemic profile
of IDeg relative to IGlar in patients who achieve good glycemic control (i.e., those who achieve lower HbA1c levels
and who might be most anxious about hypoglycemia). This
favorable profile was observed across a broad spectrum
of diabetes patients and was particularly true for T2DM
patients, both confirmed and nocturnal hypoglycemia, as
well as for nocturnal hypoglycemia in T1DM patients.
Thus, this meta-analysis suggests that IDeg offers a more
favorable hypoglycemic profile than IGlar for patients targeting HbA1c levels <7%.
CONCLUSION
In conclusion, the results of this meta-analysis show
that the benefits of IDeg versus IGlar regarding lower risk
of hypoglycemia, that were previously observed in the total
population of seven IDeg/IGlar trials, also apply to the subset of patients who achieved good glycemic control (HbA1c
<7.0%). This property of IDeg will allow safer and more
intensive insulin titration in patients to minimize diabetes
complications.
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