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ABSTRACT
Purpose: The goal of this study was to compare
the efficacy and tolerability of insulin degludec with
those of other long-acting insulin analogues (insulin
glargine and insulin detemir) in patients with type 1
or 2 diabetes mellitus (T1D or T2D).
Methods: Those randomized controlled trials comparing insulin degludec with other long-acting insulin
analogues in the treatment of patients with T1D or
T2D published on or before August 21, 2022, were
retrieved from PubMed, Web of Science, the Cochrane
Library, and EMBASE. The efficacy end points were the
changes from baseline in hemoglobin A1c and fasting
plasma glucose (FPG). The tolerability end point was
the prevalence of hypoglycemia confirmed throughout
the treatment period.
Findings: Data from a total of 20 trials (19,048 patients) were included. The differences in the reductions
in glycosylated hemoglobin between insulin degludec
and other long-acting basal insulin analogues (insulin
glargine and insulin detemir) used for the treatment
of patients with T1D or T2D were not significant.
However, the reduction in FPG was greater with
insulin degludec (–0.370 mmol/L; 95% CI, –0.473 to
–0.267 mmol/L; P ≤ 0.001). Throughout the treatment
periods of all of the available trials, the estimated
rate ratios of overall and nocturnal hypoglycemia were
significantly decreased with insulin degludec compared
with insulin glargine or insulin detemir in patients with
T1D or T2D; the differences in the risks for severe
hypoglycemia were not significant.
Implications: Compared with other long-acting
insulin analogues (insulin glargine and insulin detemir),
insulin degludec was associated with a significantly
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decreased FPG, with lower prevalences of overall and
nocturnal hypoglycemia. (Clin Ther. 2022;44:1520–
1533.) © 2022 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NCND license (http://creativecommons.org/licenses/bync-nd/4.0/)
Keywords: Insulin
degludec,
Randomized
controlled trials, Type 1 diabetes mellitus, Type 2
diabetes mellitus.

INTRODUCTION
The treatment of type 1 and type 2 diabetes mellitus
(T1D and T2D) requires efficient blood glucose
control, especially fasting plasma glucose (FPG).
Meanwhile, the risk for hypoglycemic events should be
reduced to the greatest possible extent. The emergence
of long-acting basal insulin analogues provides a
favorable choice. Currently, the first-generation longacting insulin analogues include insulin detemir and
insulin glargine 100 U/mL (IGlar100). Compared
with neutral protamine Hagedorn insulin, the firstgeneration long-acting insulin analogues have been
associated with a longer duration of action (up to 24
hours), more stable control of FPG, and a reduced
prevalence of hypoglycemia; therefore, they can serve
as effective alternatives to neutral protamine Hagedorn
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insulin.1 However, there is still failure in basal blood
glucose control and the occurrence of hypoglycemic
events in the clinical treatment of diabetes mellitus,
and hence a second generation of long-acting basal
insulin analogues was developed (IGlar300,2 insulin
degludec 100 U/mL [IDeg100], and IDeg200).3 ,4 Compared with other long-acting basal insulin analogues,
insulin degludec has favorable pharmacokinetic and
pharmacodynamic characteristics, including a long
half-life of about 25 hours and a duration of action
longer than 42 hours. In the stable state, the injection
of insulin degludec once daily has been associated
with steadily lowered blood glucose.5 ,6 It has been
demonstrated in previous related trials13,26 that insulin
degludec had hypoglycemic effects similar to those
of other first- and second-generation long-acting
basal insulin analogues, and meanwhile reduced the
related hypoglycemic risk. In some meta-analyses, such
premixed agents as insulin degludec + insulin aspart
and insulin degludec + liraglutide were included.7 ,8 In
this case, a meta-analysis was conducted on data from
randomized, controlled trials, with all intervention
measures in the included studies being insulin degludec
(excluding the influence of mixed agents) and the
control measures covering the first- and secondgeneration long-acting basal insulins, in an attempt to
investigate the pros and cons of insulin degludec in
hypoglycemia-related efficacy and tolerability in the
treatment of most patients with T1D or T2D.

MATERIALS AND METHODS
This meta-analysis was conducted as per the guidelines
of Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA).9 The protocol was registered with the International Prospective Register of
Systematic Reviews (PROSPERO) database (protocol
number CRD42022300343).

Data Sources and Retrieval
Articles containing such key words as degludec,
type 1 diabetes mellitus, type 2 diabetes mellitus, and
randomized trials and published on or before August
21, 2022, were retrieved from PubMed, Web of Science,
the Cochrane Library, and EMBASE. There was no
restriction on language. The reference lists of relevant
meeting reports and reviews were checked for further
studies.
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Study Selection
The criteria for inclusion in this systematic review
and meta-analysis were: (1) randomized, controlled
trials; (2) patients diagnosed with T1D or T2D; and
(3) comparison of efficacy and tolerability of insulin
degludec with those of insulin glargine or insulin
detemir. The exclusion criteria were: (1) premixed
agents of insulin degludec; and (2) short reports, letters
to editors, and abstracts or minutes from scientific
meetings (see Supplemental Figure S1).
Two researchers (Z.-Y.D. and J.-H.F.) independently
assessed the eligibility of studies at the heading and
abstract levels; if a reference was determined to be
potentially relevant, the full article was obtained
for further review. Disagreements were resolved by
consensus.

End Point Measures
The efficacy end points were the changes from baseline in hemoglobin (Hb) A1c and FPG. The tolerability
end point was the prevalences of hypoglycemia (any
24-hour glucose level of ≤3.9 mmol/L), confirmed
throughout the treatment period, and of overall,
nocturnal (12 am to <6 am), and severe (glucose <2.9
mmol/L) hypoglycemic events, which were assessed
separately.

Data Extraction and Quality Assessment
Two researchers (Z.-Y.D. and J.-H.F.) independently
extracted the following items from each trial: number
of patients, duration of follow-up, baseline characteristics, and end points of interest. Similarly, two evaluators
also independently assessed the methodologic quality
of all included trials using the Cochrane qualityassessment tool10 (see Supplemental Figure S2).

Data Synthesis and Statistical Analysis
The mean (SD) values of HbA1c and FPG (efficacy
end points), and the estimated rate ratios (ERRs)
of hypoglycemic events throughout the treatment
period and the corresponding 95% CIs, were directly
extracted from each trial and regarded as summary
statistics. ERR was calculated, based on hypoglycemic
rate, as the number of hypoglycemic events exposed
per patient-year. The negative binomial regression
model was adjusted based on many baseline factors.
According to the degree of heterogeneity, the study
estimates were combined using the fixed-effects
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model (Mantel-Haenszel method) or the randomeffects model (DerSimonian-Laird method), and I2
statistics and Q test based on χ 2 were adopted.11
The sensitivity test and meta-regression were adopted
to determine the source of heterogeneity. The rate
of hypoglycemic episodes (throughout the treatment
period) was subjected to subgroup analysis. Funnel
plots and Egger test results were adopted to assess for
publication bias. P < 0.05 was considered statistically
significant. The analysis was performed using Stata
software versions 14.0 and 16.0 (Stata Corporation,
College Station, Texas).

RESULTS
Study Selection and Characteristics
A total of 1597 references were identified from
the retrieval, including 97 references to be subjected
to full-text review. A total of 20 studies12–31 (19,048
patients) met the inclusion criteria and were included
in the study, among which 8 included patients with
T1D12–14 ,17 ,19 ,20 ,24 ,29 and 12 included patients with
T2D.15 ,16 ,18 ,21–23 ,25–28 ,30 ,31 The control measures were
IGlar100,12 ,15–18 ,20–23 ,25 ,27 ,30 ,31 IGlar300,26 ,28 and insulin detemir.13 ,14 ,19 ,24 ,29 Patients who received insulin
detemir as a control were included in the T1D group,
and patients who received IGlar300 as a control were
included in the T2D group. The baseline characteristics
of the patients from all included trials are listed in
Table I, and the summary of the main results are listed
in Table II. According to the Cochrane Handbook,
when a single control group was used for multiple
treatment groups, this was adjusted for by dividing by
the number of groups treated. The control groups of
the study12 were equally divided into two groups for
efficacy analysis.

Efficacy End Points
Hba1c
For the analysis of change in HbA1c , there
was a pooled analysis of data from eight
studies12,13,22,24,25,27,28,30 . Prior to subsequent metaanalyses, it was necessary to ensure that the baseline
characteristics of the two groups were consistent (see
Supplemental Figure S3).
There was no heterogeneity in baseline HbA1c
between the two groups (I2 = 0; P = 0.448 [Cochran
Q test]). The fixed-effects model was combined with
baseline effects to obtain a combined effect size of –
0.04 (z = 1.64; P = 0.100). The baseline HbA1c values
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were not different between the two groups, and hence
the subsequent meta-analysis could be conducted.
As for the eight articles12,13,22,24,25,27,28,30 in this
subanalysis of HbA1c , on heterogeneity testing
(I2 = 42.0%; P = 0.078), there was no heterogeneity
among the selected articles in this study, and fixed
effects could be selected (Figure 1).
The combined effect size was –0.009 (–0.044 to
0.062), which was not significant (z = 0.33; P = 0.739).
The difference in HbA1c between the intervention
group and the control group after treatment was not
significant.

FPG
In the analysis of the change from baseline in
FPG, there was a pooled analysis of data from nine
studies12,13,21,22,24,25,27,28,30 . Prior to subsequent metaanalysis, it was necessary to ensure that the baseline
characteristics of the two groups were consistent (see
Supplemental Figure S4).
There was no heterogeneity in baseline FPG between
the two groups (I2 = 32.5%; P = 0.139). The fixedeffects model was combined with baseline effects to obtain a combined effect size of –0.081 mmol/L (z = 1.36;
P = 0.173), indicating that the difference in baseline
FPG between the two groups was not significant.
As for the nine articles12,13,21,22,24,25,27,28,30 in
this subanalysis of FPG, on heterogeneity testing
(I2 = 44.5%; P = 0.055), there was no heterogeneity
among the selected articles, and fixed effects could be
selected (Figure 2).
The combined effect size was –0.370 (–0.473 to
–0.267), which was significant (z = 7.05; P < 0.001).
Compared with that in the control group, the FPG in
the intervention group was significantly lower (by 0.37
mmol/L), indicating that the intervention effect was
significant.

Tolerability End Points
All Confirmed Hypoglycemia
As for the 19 articles12–20,22–31 in the subanalysis of
hypoglycemia, on heterogeneity testing (I2 = 52.2%;
P = 0.004), there was statistically significant heterogeneity among the selected articles in this study.
Furthermore, on the star plot, there was a strong
possibility of heterogeneity in some articles (see
Supplemental Figure S5).
There was low heterogeneity among these articles;
therefore, random effects could be used (Natural
logarithm ERR (LnERR) = –0.12; 95% CI, –0.18 to
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Table I. Baseline characteristics of included randomized trials.
Study

Year

No.of F/U,wk Study
Patients
Population

Intervention

Control

Age, mean Female, Duration of HbA1c , mean
(SD), y
%
Diabetes, mean (SD), %
(SD), y

Baseline FPG,
mean (SD),
mmol/L)

IDeg Control IDeg Control IDeg Control
Birkeland
et al12

2011

178

2014

2012

992

52

T2D

Gough
et al16
Heller
et al17
Hollander
et al18

2013

457

26

T2D

2012

629

52

T1D

2015

757

26

T2D

Iwamoto
2013
19
et al
Lane et al20 2017

65

6

T1D

501

32

T1D

7637

104

T2D

2016

T1D

IDeg 600
mmol/L
IDeg 900
mmol/L
IDeg100 +
IAsp

IGlar100 +
IAsp

IDet100 +
IAsp

41.3 (14.7)

48.1

IDeg100 +
IAsp
± Met ± Pio
IDeg200
+ OAD(s)
IDeg100 +
IAsp
IDeg100 +
IAsp TID ±
Met ± Pio
IDeg100 +
IAsp
IDeg100 +
IAsp
IDeg100 +
IAsp + OAD(s)

IGlar100 +
IAsp ±
Met ± Pio
IGlar100 +
OAD(s)
IGlar100 +
IAsp
IGlar100 +
IAsp TID ±
Met ± Pio
IDet100 +
IAsp
IGlar100 +
IAsp
IGlar100 +
IAsp
TID + OAD(s)

52.9 (9.1)

44.5 (12.7) 40.4

22.7
19.1
(14.6) (10.8)
20.8
(10.6)
13.7
14.4
(10.6) (9.7)

8.4
(0.9)
8.5
(1.0)
8.0
(1.0)

8.3
(0.8)

45.8

13.6
(7.4)

8.3
(0.8)

57.8 (9.0)

46.8

43.0 (13.6)

41.5

58.9 (8.6)

44.9

8.4
8.0
(6.7) (5.6)
19.1
18.2
(12.2) (11.4)
13.4
13.7
(7.2) (6.8)
13.2
11.8
(9.1) (9.0)
23.2
23.6
(13.5) (13.4)
16.6
16.2
(8.8) (8.9)

45.6 (12.5)

9.5
(3.8)

8.0
(0.9)

9.9
(3.3)
10.3
(4.8)
9.9
(4.0)

8.4
(0.9)

9.2
(3.0)

9.2
(3.2)

8.3
8.2
(1.0) (0.9)
7.7 7.7 (1.0)
(0.9)
8.2
8.3
(0.8) (0.9)

9.6
(2.9)
9.1
(4.0)
9.2
(3.0)

9.7
(2.6)
9.7
(4.4)
9.2
(3.2)

7.8
7.7
(0.9) (0.9)
7.7 7.5 (1.0)
(1.0)
8.4
8.4
(1.6) (1.7)

10.1
(3.7)
9.2
(4.3)
9.4
(3.9)

7.9
(3.0)
9.7
(4.5)
9.6
(3.9)

9.5
(4.0)

52

45.5 (15.0) 33.8
45.9 (14.2) 46.3
65.0 (7.4)

37.4

13.4
(6.9)

(continued on next page)
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2017

26

T1D

Davies
et al14
Davies
et al13
Garber
et al15

Marso
et al21

455

16

Study

Year

No.of F/U,wk Study
Patients
Population

Intervention

Control

Age, mean Female, Duration of HbA1c , mean
(SD), y
%
Diabetes, mean (SD), %
(SD), y

Baseline FPG,
mean (SD),
mmol/L)

IDeg Control IDeg Control IDeg Control
Mu et al22
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2017

560

26

T2D

Onishi
2013
et al23
Ono et al24 2016

435

26

T2D

186

26

T1D

Pan et al25

2016

833

26

T2D

PhilisTsimikas
et al26
Rodbard
et al27
Rosenstock
et al28
Thalange
et al29
Wysham
et al30
Zinman
et al31

2020

1609

88

T2D

2013

725

52

T2D

2018

929

24

T2D

2015

350

52

T1D

2017

720

32

T2D

2012

1030

52

T2D

IDeg100 +
Met
IDeg100 +
OAD(s)
IDeg100 +
IAsp
IDeg100 +
Met
IDeg200 +
OADs

IGlar100 +
Met
IGlar100 +
OAD(s)
IDet100 +
IAsp
IGlar100 +
Met
IGlar300 +
OADs

IDeg100 +
OAD(s)
IDeg100 +
OAD(s)
IDeg100 +
IAsp
IDeg100 +
OAD(s)
IDeg100 +
OAD(s)

IGlar100 +
OAD(s)
IGlar300 +
OAD(s)
IDet100 +
IAsp
IGlar100 +
OAD(s)
IGlar100 +
OAD(s)

55.2 (9.4)

47.3

58.6 (9.9)

46.4

48.6 (14.0)

57.5

55.9 (9.7)

49.5

62.9 (10.0) 43.6

59.7 (9.3)

36.6

60.5 (9.7)

46

10.0 (4.4)

44.5

61.4 (10.5)

46.9

59.3 (9.7)

38.1

6.7
(4.7)
11.8
(6.5)
12.5
(9.6)
7.6
(5.3)
15.1
(8.2)

7.9
(5.4)
11.1
(6.5)
12.9
(8.6)
8.3
(5.5)
15.0
(8.4)

8.2
(0.8)
8.4
(0.8)
7.9
(0.9)
8.3
(0.9)
7.6
(1.0)

8.2
(0.9)
8.5
(0.8)
8.2
(0.9)
8.3
(0.8)
7.6
(0.9)

9.2
(2.3)
8.4
(2.1)
9.7
(3.7)
9.4
(2.4)
7.9
(2.6)

9.3
(2.5)
8.6
(1.9)
9.5
(3.1)
9.4
(2.5)
8.0
(2.6)

9.7
(6.3)
10.5
(6.1)
3.9
(3.6)
14.2
(8.3)
9.4
(6.3)

9.0
(5.6)
10.7
(6.5)
4.0
(3.4)
13.9
(8.0)
8.6
(5.7)

8.1
8.2
9.7
(0.8) (0.8) (2.4)
8.6
8.7
10.1
(0.8) (0.8) (2.8)
8.2 8.0 (1.1) 9.0
(1.1)
(5.2)
7.6 7.6 (1.1) 7.7
(1.1)
(3.0)
8.2
8.2
9.6
(0.8) (0.8) (2.6)

9.5
(2.4)
10.6
(2.7)
8.4
(4.9)
7.5
(2.9)
9.7
(2.6)

FPG = fasting plasma glucose; F/U = follow-up; Hb = hemoglobin; IAsp = insulin aspart; IDeg = insulin degludec; IDet = insulin detemir; IGlar = insulin glargine;
Met = metformin; OAD = oral antidiabetic; Pio = pioglitazone; T1D = type 1 diabetes; T2D = type 2 diabetes.
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Table II. Summary of the main results. Data are given as pooled effect size (95% CI) for insulin degludec versus
control (insulin detemir or insulin glargine).
Parameter
Change in HbA1c
Change in FPG
Overall hypoglycemia
Nocturnal hypoglycemia
Severe hypoglycemia

T1D

T2D

Overall

MD = 0.040 (−0.237 to
0.318)
MD = −1.173 (−1.746 to
−0.600)
c
ERR† = 0.943 (0.911 to
0.975)
ERR = 0.647 (0.539 to
0.755)
ERR = 0.777 (0.642 to
0.912)

MD = –0.014 (–0.043 to
0.072)
MD = −0.343 (−0.448 to
−0.239)
ERR = 0.809 (0.762 to
0.857)
ERR = 0.664 (0.575 to
0.753)
ERR = 0.515 (0.306 to
0.724)

MD = –0.009 (–0.044 to
0.062)
MD = −0.370 (−0.473 to
−0.267)
ERR = 0.887 (0.835 to
0.942)
ERR = 0.691 (0.625 to
0.756)
ERR = 0.726 (0.449 to
1.185)

ERR = estimated rate ratios; FPG = fasting plasma glucose; Hb = hemoglobin; T1D = type 1 diabetes mellitus; T2D = type 2
diabetes mellitus.
c
MD = Mean Difference. †: A Poisson model with patients as a random effect; treatment, period, sequence, and dosing time
as fixed effects; and logarithm of the observation time (100years) as offset was prespecified as the primary analysis to estimate
the rate ratio of hypoglycemia. ∗ P < 0.05.

Figure 1. Forest plot of the effects on hemoglobulin A1c of treatment with insulin degludec versus control (insulin
detemir or insulin glargine) in patients with type 1 and type 2 diabetes mellitus. WMD = weighted mean
difference.
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Figure 2. Forest plot of the effects on fasting plasma glucose of treatment with insulin degludec versus
control (insulin detemir or insulin glargine) in patients with type 1 and type 2 diabetes mellitus.
WMD = weighted mean difference.

–0.06). The combined effect size was obtained after
conversion (ERR = 0.887; 95% CI, 0.835 to 0.942;
z = 3.7; P < 0.001). In the treatment of T1D and
T2D, the overall prevalence of hypoglycemia with
insulin degludec was 88.7% of that in the control
group, suggesting that the prevalence of all confirmed
hypoglycemia was lower with insulin degludec than
with other long-acting insulin analogues.

Nocturnal Hypoglycemia
As for the 20 articles in the subanalysis of
nocturnal hyperglycemia, the heterogeneity test result
was I2 = 48.7% and the Cochran Q test result was
P < 0.1. Furthermore, on the star plot, there was a
strong possibility of heterogeneity in some articles (see
Supplemental Figure S6). It can be concluded that there
was low heterogeneity among these articles in the study,
and random effects could be selected (Figure 3).
The effect size was combined with random effects
(LnERR = –0.37; 95% CI, –0.47 to –0.28); the
combined effect size was obtained after conversion
(ERR = 0.691; 95% CI, 0.625 to 0.756) was statistically significant (z = 7.54; P < 0.001), thus indicating
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that the prevalence of nocturnal hypoglycemia in the
insulin degludec treatment group was 69.1% of that
in the control group, meaning that the prevalence
of nocturnal hypoglycemia was lower with insulin
degludec than with other long-acting insulin analogues.

Severe Hypoglycemia
As for the 12 articles in the subanalysis of
severe hypoglycemia, the heterogeneity test result was
I2 = 63.2% and the Cochran Q test result was P <
0.1, which indicated moderate heterogeneity among
the selected articles. Furthermore, on the star plot,
there was a strong possibility of heterogeneity in some
articles (see Supplemental Figure S7). The randomeffects model could be selected to combine the effect
size (Figure 4).
The effect size was LnERR = –0.32 (95% CI, –0.80
to 0.17), while after conversion the ERR = 0.726 (95%
CI, 0.449 to 1.185), which did not reach statistical
significance (z = 1.28; P = 0.199), thus indicating
that the prevalence of severe hypoglycemia in the
insulin degludec treatment group was 72.6% of that
in the control group, with no statistical significance.
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Figure 3. Forest plot of the effects on nocturnal hypoglycemia of treatment with insulin degludec versus
control (insulin detemir or insulin glargine) in patients with type 1 and type 2 diabetes mellitus. ES
(LnERR) = Effect Size.

Therefore, the difference in the prevalences of severe
hypoglycemia between the insulin degludec treatment
group and the control group was not significant.

Analyses by Diabetes Subgroup
The patients in these studies were stratified by
diabetes type, namely the T1D group and the T2D
group.

T1D Group
Efficacy. HbA1c . There was moderate heterogeneity in
the T1D group (I2 = 71.5%; P = 0.015). The randomeffects model was selected to combine the effect size
to obtain a combined effect size of 0.040 (95% CI, –
0.237 to 0.318). In the treatment of patients with TD1,
the decrease in HbA1c with insulin degludec was not
statistically significant (z = 0.28; P = 0.776).

November 2022

On the Egger test (P = 0.288) and the Begg test
(P = 0.308), there was no publication bias in the T1D
group.
FPG. There was no heterogeneity in the T1D group
(I2 = 9.2%; P = 0.347). The fixed-effects model
was selected to obtain a combined effect size of –
1.173 (95% CI, –1.746 to –0.600). In the treatment of
patients with T1D, the decrease in FPG was statistically
significant (by 1.173 mmol/L) with insulin degludec
(z = 4.01; P < 0.001).
On the Egger test (P = 0.695) and the Begg test
(P = 0.734), there was no publication bias in the T1D
group.
Tolerability. All Confirmed Hypoglycemia. The heterogeneity in the T1D group was not statistically
significant (I2 = 0; P = 0.520). The fixed-effects model
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Figure 4. Forest plot of the effects on severe hypoglycemia of treatment with insulin degludec versus control
(insulin detemir or insulin glargine) in patients with type 1 and type 2 diabetes mellitus. ES (LnERR) =
Effect Size.

was selected to combine the effect size, obtaining
an ERR = 0.943 (95% CI, 0.911 to 0.975). In the
treatment of patients with T1D, the overall prevalence
of hypoglycemia with insulin degludec was 94.3%
of that in the control group, which was statistically
significant (z = 3.20; P < 0.001) (Figure 5).
The bias test was conducted based on subgroups,
and the funnel plot was plotted (see Supplemental
Figure S8). On the Egger test (P = 0.861) and the Begg
test (P = 0.208), there was no publication bias in the
T1D group.
Nocturnal Hypoglycemia. There was moderate
heterogeneity of T1D group (I2 = 61.7%; P = 0.007).
The random-effects model was selected (ERR = 0.647;
95% CI, 0.539 to 0.755). In the treatment of patients
with T1D, the prevalence of nocturnal hypoglycemia
with insulin degludec was 64.7% of that in the control
group, which was statistically significant (z = 5.16; P
< 0.001).
The bias test was conducted based on subgroups,
and the funnel plot was plotted (see Supplemental
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Figure S9). On the Egger test (P = 0.101) and the Begg
test (P = 0.076), there was no publication bias in the
T1D group.
Severe Hypoglycemia. There was no heterogeneity
of the T1D group (I2 = 0; P = 0.547). The fixedeffects model was selected (ERR = 0.777; 95% CI,
0.642 to 0.912). In the treatment of patients with T1D,
the prevalence of severe hypoglycemia with insulin
degludec was 77.7% of that in the control group, with
no statistical significance (z = 0.60; P = 0.552).
On the Egger test (P = 0.064) and the Begg test
(P = 0.221), there was no publication bias in the T1D
group.

T2D Group
Efficacy. HbA1c. There was no heterogeneity of the
T2D group (I2 = 0; P = 0.447). The fixed-effects model
was selected, obtaining a combined effect size of –0.014
(–0.043 to 0.072). In the treatment of patients with
T2D, the HbA1c with insulin degludec had no statistical
significance (z = 0.50; P = 0.621).
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Figure 5. Forest plot of the effects on all confirmed hypoglycemia of treatment with insulin degludec versus
control (insulin detemir) in patients with type 1 and type 2 diabetes mellitus. ES (LnERR) = Effect
Size.
On the Egger test (P = 0.850) and the Begg test
(P = 0.707), there was no publication bias in the T2D
group.
FPG. There was no heterogeneity of the T2D
group (I2 = 13.4%; P = 0.328). The fixed-effects
model was selected, obtaining a combined effect size
of –0.343 (–0.448 to –0.239). In the treatment of
patients with T2D, the FPG with insulin degludec
was significantly lower, by 0.343 mmol/L, which was
statistically significant (z = 6.43; P < 0.001).
On the Egger test (P = 0.259) and the Begg test
(P = 0.133), there was no publication bias in the T2D
group.
Tolerability. All Confirmed Hypoglycemia. The heterogeneity of the T2D group (I2 = 15.7%; P = 0.294)
was not statistically significant. The fixed-effects model
was selected to combine the effect size, obtaining
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an ERR = 0.809 (95% CI, 0.762 to 0.857). In the
treatment of patients with T2D, the overall prevalence
of hypoglycemia with insulin degludec was 80.9%
of that in the control group, which was statistically
significant (z = 6.58; P < 0.001) (Figure 5).
The bias test was conducted based on subgroups,
and the funnel plot was plotted (see Supplemental
Figure S8). On the Egger test (P = 0.578) and the Begg
test (P = 0.755), there was no publication bias in the
T2D group.
Nocturnal Hypoglycemia. There was mild heterogeneity of the T2D group (I2 = 37.9%; P = 0.088).
The random-effects model was selected (ERR = 0.664;
95% CI, 0.575 to 0.753). In the treatment of patients
with T2D, the prevalence of nocturnal hypoglycemia
with insulin degludec was 66.4% of that in the control
group, which was statistically significant (z = 5.05; P
< 0.001).
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The bias test was conducted based on subgroups,
and the funnel plot was plotted (see Supplemental
Figure S9). On the Egger test (P = 0.348) and the Begg
test (P = 0.373), there was no publication bias in the
T2D group.
Severe Hypoglycemia. There was moderate heterogeneity of the T2D group (I2 = 66.2%; P = 0.007).
The random-effects model was selected to combine
the effect size, obtaining an ERR = 0.515 (95% CI,
0.306 to 0.724). In the treatment of patients with T2D,
the prevalence of severe hypoglycemia with insulin
degludec was 51.5% of that in the control group, with
no statistical significance (z = 1.23; P = 0.218).
On the Egger test (P = 0.487) and the Begg test
(P = 0.368), there was no publication bias in the T2D
group.

Sensitivity Analysis
Sensitivity analysis performed for both the efficacy
and tolerability analyses indicated no study significantly influencing the heterogeneity.

DISCUSSION
The following conclusions can be drawn from this
meta-analysis. First, insulin degludec was associated
with effective reductions in the overall and nocturnal
prevalences of hypoglycemia in the T1D and T2D
groups throughout the treatment period. Second, the
differences in the prevalences of severe hypoglycemia
were not significant between the group treated with insulin degludec and those treated with other long-acting
basal insulin analogues throughout the treatment
period. Third, insulin degludec was associated with
greater reductions in FPG after treatment. Fourth, the
difference in the control of HbA1c between treatment
with insulin degludec and that with other long-acting
basal insulin analogues was not significant.
The T1D group included all patients from all
studies of insulin detemir as a control measure, and
the T2D group included all patients from all studies
of IGlar300 as a control measure. The following
conclusions can be drawn from the analysis of the T1D
and T2D subgroups. In the treatment of T1D, insulin
degludec was associated with a significantly lower
FPG, and lower prevalences of overall and nocturnal
hypoglycemia, compared with the first generation of
long-acting basal insulin analogues (insulin detemir
and IGlar100). In the treatment of T2D, insulin
degludec was associated with significantly lower FPG
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and prevalences of overall and nocturnal hypoglycemia
compared with first- and second-generation insulin
glargine (IGlar100 and IGlar300).
Compared with other meta-analyses,8 ,32 the present
study had some advantages. First, more participants
and trials were included in this meta-analysis, (20
studies, 19,048 patients). Second, patients with T1D
and T2D were included, which covers >95% of
diabetic patients,33 thus providing an extensive basis
for the efficacy and tolerability assessments of insulin
degludec in the treatment of diabetes mellitus. Third,
the first- and second-generation long-acting basal
insulin analogues were included as control measures,
providing a comprehensive basis for the comparison of
efficacy and tolerability between insulin degludec and
other long-acting basal insulin analogues. Fourth, pure
insulin degludec agents were selected as intervention
measures in all included studies, free from the influence
of premixed agents as intervention measures on efficacy
and tolerability.
It was found that, throughout the treatment period,
the overall and nocturnal prevalences of hypoglycemia
in the insulin degludec treatment group were relatively
low, and that the prevalence of severe hypoglycemia in
the test group was similar to that in the control group.
These findings indicate that severe hypoglycemia may
occur in the daytime during treatment and that the
occurrence of severe hypoglycemia can be caused
by other hypoglycemic measures during treatment.
For example, combined treatment with a long-acting
basal insulin analogue plus mealtime insulin aspart
may induce postprandial hypoglycemia or even severe
hypoglycemia. There was a similar situation in the
efficacy assessment. After treatment with insulin
degludec, FPG was reduced more effectively, but
efficacy with regard to HbA1c control was similar to
that in the control group. HbA1c reflects the overall
control of blood glucose over a certain period of
time, including the control of basal blood glucose,
postprandial blood glucose, and hypoglycemia. It was
demonstrated that other hypoglycemic measures and
long-acting basal insulin analogues in the included
studies were also involved in the effective control of
HbA1c , and may even exert a stronger impact on this
control, while other hypoglycemic measures are less
involved in the control of FPG, which can better reflect
the efficacy of long-acting basal insulin analogues.
There were some limitations in this study. First, there
were many control measures included. For example,
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various oral hypoglycemic drugs and short-acting
insulin were used in combination during treatment,
which inevitably caused some clinical heterogeneity.
Second, there was a lack of exploration on IGlar300
among the control measures in the included studies,
and in particular there was none in the T1D trials. It has
been reported in some controlled trials that IGlar300
was associated with better tolerability,28 and more
studies are required to further verify the pros and cons
of the second-generation long-acting insulin analogues.
Third, in most cases, heterogeneity could not be explained by subgroup analysis or results analysis. Insulin
detemir, insulin glargine, and insulin aspart in the
control groups were selected successively for subgroup
regression analysis, but no source of heterogeneity
was found; the source of heterogeneity was found
only in the analysis of overall hypoglycemia by type
of diabetes, and hence the random-effects model was
adopted. Fourth, weight gain as part of the evaluation
of insulin tolerability was not included in this analysis
because most of the articles lacked raw data.

CONCLUSIONS
Compared with other long-acting insulin analogues
(insulin glargine and insulin detemir), insulin degludec
was associated with significantly decreased FPG,
with lower prevalences of overall and nocturnal
hypoglycemia. In the treatment of T1D, FPG and the
prevalences of overall and nocturnal hypoglycemia
were significantly lower with insulin degludec compared with the first generation of long-acting basal
insulin analogues (insulin detemir and IGlar100). In the
treatment of T2D, FPG and the prevalences of overall
and nocturnal hypoglycemia were significantly lower
with insulin degludec compared with first- and secondgeneration insulin glargine (IGlar100 and IGlar300).
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