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Abbreviations: FPG, fasting glucose glucose; HbA1C, 
glycated haemoglobin; IAsp, insulin Aspart; IDeg, insulin degludec; 
IDet, insulin detemir; IGla, insulin glargine; Gla-300, 300 units/ml; 
Cmax, maximum plasmatic concentration; PK, Pharmacokinetic; 
PEG, polyethylene glycol; SMPG, self-measured plasma glucose; 
T1DM, type 1 diabetes; T2DM, type 2 diabetes

Introduction
Basal insulin analogues have been developed to mimic the action 

of endogenous insulin secretion in fasting and post-absorptive states. 
It is an important treatment component for both type 1 (TIDM) 
and type 2 diabetes (T2DM). However, currently available basal 
insulins, including Glargine (IGla) and detemir (IDet) have a number 
of limitations that distance them from the ideal pharmacokinetic 
(PK) and pharmacodynamic properties of an ideal basal insulin. 
These limitations include a relatively short half-life that does not 
consistently allow adequate glycaemic control over a full 24-h period 
with once-daily dosing.1–3 Furthermore, the lack of a flat and stable 
glucose lowering effect can make titration difficult in an individual 
subject and increase the hypoglycaemia risk.4,5 Ideally, basal insulins 
should have a duration of action of over 24h, a flat and peakless PK 
profile, a stable and reliable rate of absorption and absent inter and 
intra patient variability. Additionally, the drug must present a low 
risk of hypoglycaemia, especially for nocturnal and severe episodes. 
New basal insulins, with an improved phamarcodymanic profile, 
including prolonged and consistent biological action, lower risk of 
hypoglycaemia and more flexible dosing schedule, were developed 
to address these issues with the primary objective of improving long-
term glycaemic control and the patient’s management with basal 
evaluated at this time include insulin Degludec (IDeg) and a new 
formulation of glargine known as Glargin 300 (Gla-300). 

The need for better basal insulins 

Despite the development of where 75,5% of physicians insulin 
therapy has seen in the last decades and the improved education of 
patients and their health care providers, the likelihood of achieving 

good glycaemic control remains discouragingly low.6,7 Poor 
glycaemic control is highly prevalent with 44-63% of patients not 
achieving glycaemic targets.8–11 Additionally, hypoglycaemia (or fear 
of it) is widely perceived as a major limiting aspect in the success of 
insulin therapy.12 In one study, 25% of patients reduced their insulin 
dose in response to a non-severe hypoglycaemia event.12,13 Aside from 
the impact in regimen adherence, the fear of hypoglycemia can also 
delay practitioners from initiating insulin or intensifying therapy, as 
illustrated in the Global Attitudes of Patients and Physicians in Insulin 
Therapy (GAPP) study that 75,5% of physicians admitted they would 
treat their patients more aggressively if there was no increased risk 
of hypoglycaemia.14 If one considers the results of epidemiological 
studies and clinical trials, which suggest that hypoglycaemia has a 
negative impact on cardiovascular morbidity and mortality, this 
delay could be even longer.15–19 Another important factor, which 
might be under-appreciated, is variable glucose readings causing 
difficulties in dose adjustment. Not only is glucose variability a 
major confounding factor in disease management but it also has 
direct prognostic consequences and is increasingly recognized as an 
informative parameter in diabetes management. The role of insulin-
induced glucose variability is particularly important for basal insulins 
because of their prolonged absorption from high-dose depots.20 In 
clinical trials, the currently available basal insulin analogues have 
often shown excellent overall glycaemic control with low incidence of 
hypoglycaemia, especially nocturnal.21–25 In routine clinical practice, 
however, insulin analogue-treated patients often do not achieve 
good glycaemic control. This might reflect a suboptimal use and 
pharmacokinetic profile of these products. Therefore, there is room 
for improvement and it is absolutely welcome. 

Insulin degludec

Insulin Degludec (IDeg) is based on human insulin, modified 
by removal of the B30 threonine amino acid residue, and acylating 
the now DesB30 human insulin at the e-amino group of LysB29 
with hexadecandioic acid via a g-Lglutamic acid spacer.26,27 IDeg is 
formulated in the presence of phenol and zinc to create a solution of di-
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Abstract

The aim of insulin therapy in patients with diabetes is to match the endogenous 
pattern of insulin secretion as closely as possible without causing hypoglycemia. 
In the last decade, the introduction of insulin analogues has allowed significantly 
improvement in glycemic control and has facilitated the use of basal/bolus regimens, 
the most physiological ones until now. There still is room for improvement in the 
pharmacokinetic/pharmacodynamic profile of basal insulins, and three new products 
offer this prospect. This article pinpoints the main difficulties regarding insulin therapy 
in diabetes, the problems with currently available basal insulin analogs followed by a 
review of the available data on efficacy, safety and clinical use of the new basal insulin 
analogues degludec, glargine U300 and pegylated lispro. While further study will be 
required, advances in basal insulin replacement may offer advantages over existing 
options for starting and progressing insulin strategies in patients with both type 1 and 
type 2 diabetes.
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hexamers. Following subcutaneous (SC) injection and the dispersion 
of phenol, the di-hexamers self-associate to form a stable depot of 
multi-hexamer chains at the injection site. The subsequent diffusion 
of zinc from the multi-hexamers results in gradual dissociation of 
these chains into readily-absorbed IDeg monomers, providing a slow 
and continuous delivery of IDeg into the circulation.26 In addition, 
IDeg can bind strongly but reversibly to albumin via its fatty di-
acid side chain, resulting in plasma protein binding of more than 
99%.28 These mechanisms allow a very slow and flat absorption. 
Upon IDeg injection, insulin concentrations rise immediately but 
slightly, achieving maximum plasmatic concentration (Cmax) in 
10-12h, with the mean terminal half-life longer than 25h.29–32 The 
duration of action at steady state exceeds 42h.29 Data show that in 
individuals with T1DM, IDeg concentrations increased over the 
first few days of treatment before reaching a plateau. Thereafter, 
IDeg concentration was unchanged from day to day.33 Due to the 
prolonged pharmacodynamics of IDeg, under steady-state conditions 
the overlapping of daily injections results in less variability in the 
glucose lowering effect.34,35 In patients with T1DM, it has been 
shown that the day-to-day, within-subject variability in glucose 
lowering effect is four times less with IDeg compared with IGlar, 
theoretically translating into more predictable glycaemic behavior.33 

The clinical benefits arising from these properties have been verified 
in a large clinical trial (BEGIN 1) comprising over 11.000 patients 
with T1DM and T2DM in more than 40 countries (Table 1). Nine 
phase 3a randomized, controlled, and open label trial with IDeg were 
designed as treat-to-target trials looking for a fasting blood glucose 
level target of 70-90 mg/dl (4-5mmol/L). As a result of this method, 
a comparison can be made in terms of differences in end points such 
as hypoglycaemia, but not glycated hemoglobin (HbA1C).37–43 Indeed, 
there is another study to evaluate the cardiovascular safety of IDeg in 
T2DM individuals at high risk of events (DegludEc cardioVascular 
OuTcomEs trial–DEVOTE trial).44,45 This study demonstrated 
that IDeg was noninferior to glargine in terms of the incidence of 
cardiovascular events and superior with regard to hypoglycemia risk.

IDeg is available in two formulations: 100U/mL (U100) and 200 
U/mL (U200), with the later designed to allow the administration of 
up 160 units of IDeg in a single injection.46 Another pharmacological 
property of IDeg is that it can be combined with the rapid-acting 
insulin analogue Aspart (IAsp) without altering the properties of either 
components. Insulin degludec/insulin aspart (IDegAsp), comprised 
of 70% IDeg and 30% IAsp.47 IDegAsp can be administered once or 
twice daily with the main meal(s).48,49 IDeg can also be combined with 
liraglutide in IDegLira, a novel, once–daily, fixed ratio combination 
therapy (one step of IDegLira comprises 1U of IDeg and 0.036 mg of 
liraglutide).50 IDegLira combines and preserves two complementary 
modes of action addressing the multiple underlying pathophysiological 
defects in T2DM.51 Phase 3 trials (Dual I–V) show that IDegLira 
leads to effective glycaemic control via reductions in HbA1c, fasting 
glucose (FPG) and postprandial glucose throughout the day. It is also 
associated with a significant reduction in body weight vs glargine and 
IDeg alone; lower risk of confirmed hypoglycaemia and improved 
glycemic control.52–55 The pharmacokinetic characteristics of IDeg are 
preserved in adult subjects with different degrees of renal impairment. 
Haemodialysis did not affect the pharmacokinetic profile of IDeg in 
patients with end-stage renal disease.56 In addition, the PK properties 
of IDeg are preserved in subjects with impaired hepatic function.57 
The safety and efficacy of IDeg in children and adolescents under the 
age of 18 has been established.58,59

Efficacy of insulin degludec in subjects with type 1 
diabetes

Studies in subjects with T1DM have shown that IDeg is non-
inferior to IGlar in terms of mean reduction in HbA1c concentrations 
and FPG levels.36–38 In one basal-bolus trial (IDeg vs IGlar), mean daily 
basal, daily bolus and total daily doses of insulin were significantly 
reduced by 14% (p< 0.0001), 10% (p= 0,016) and 11% (p< 0.0001), 
respectively, in IDeg group compared with IGlar in the end of trial.37

A pre-planned meta-analysis examining hypoglycaemia rates 
compared IGlar across the phase IIIa program and showed no 
statistically significant differences in rates of overall confirmed 
hypoglycaemia (estimated rate ratio (ERR) 1.10, 95% CI 0.96-1.26). 
The reduction in nocturnal confirmed hypoglycaemia (ERR 0.83, 
95% CI 0.69-1.00) nearly reached statistical significance.60 The ERR 
in nocturnal hypoglycemic episodes reached statistical significance in 
the maintenance period (ERR 0.75; 95% IC 0.60-0.94).60

Efficacy of insulin degludec in subjects with type 2 
diabetes

Studies in subjects with T2DM confirmed that IDeg is non-inferior 
to IGlar in terms of reducing HbA1c levels in both insulin-naïve38–61 

and insulin-treated patients.41 There was a trend towards lower FPG 
concentrations with IDeg compared to IGlar in five trials involving 
patients with T2DM,38–41,60 among which three reached statistical 
significance.39–41 The same pre-planned meta-analysis examining 
hypoglycaemia rates comparing IDeg with IGlar across the phase 
IIIa programme demonstrated a 17% reduction in episodes of overall 
confirmed hypoglycaemia (ERR 0.83, 95% 0.74-0.94) and a 32% 
reduction in nocturnal confirmed hypoglycemia (ERR 0.68, 95% 
CI 0.57-0.82) during the entire treatment period in subjects with 
T2DM.60 A separate meta-analysis of phase III trial data, focusing on 
hypoglycaemia rates in elderly patients with T1DM and T2DM, also 
reported significant reductions in overall and nocturnal hypoglycaemia 
with IDeg compared with IGlar.63

Clinical use of insulin degludec 

When switching patients from other insulins to IDeg, healthcare 
professionals will need to manage the brief period between the loss of 
the previous basal insulin’s action and attainment of a steady state of 
IDeg. During this period, patients may observe higher blood glucose 
levels for 3-5 days and this possibility should be discussed with the 
patient prior to the switch. In addition, adjustments in other glucose-
lowering treatments may be required.29 Similar to IGlar, IDeg should 
be administered once daily, preferably at the same time every day. 
However, due to the ultra-long duration of action (42h) and reduced 
within-subject variability, IDeg offers the potential for a more flexible 
dose time window. On occasions, when administration at the same 
time of the day is not possible, IDeg allows flexibility in the timing 
of dose administration provided a minimum of 8h between injections 
is ensured.29,32 This is supported by two treat-to-target, randomized 
studies where extreme dosing intervals of 8-40h were used in subjects 
with T1DM and T2DM over treatment duration of 26-52 weeks.38,42 
The large variation in the injection time of IDeg did not compromise 
its efficacy or safety compared to IGlar taken at the same time every 
day.38,42 Treatment satisfaction with IDeg in patients with T1DM and 
T2DM and recurrent hypoglycaemia has been addressed in early, 
real-world observational studies. Switching patients with frequent 
hypoglycaemia to IDeg has been associated with a reduction in the 
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frequency of hypoglycaemia events, lower hbA1c and improved 
treatment satisfaction.29,64 A meta-analysis has demonstrated a 
significantly higher score on overall physical component with IDeg 
compared to IGlar.65 Several studies have demonstrated the cost-
effectiveness of IDeg compared to IGlar. This is a result of the 
lower rates of hypoglycaemia and its costs, reduced insulin dose 
requirement, improved patient adherence to the treatment regimen 
and greater quality of life observed with IDeg.63,66–69 The benefit of 
the lower risk of hypoglycemia can be expressed in terms of numbers 
needed to treat. In T2DM insulin-naıve, for every 100 people treated 
with IDeg instead of IGla for 1 year, 50 confirmed hypoglycemic 
episodes (of which 20 are nocturnal) and two severe episodes will be 
avoided. In basal-bolus-treated T2DM, for every 100 people treated 
with IDeg instead of IGla for 1 year, 326 confirmed hypoglycemic 
episodes (of which 71 are nocturnal) will be avoided. In T1DM, for 
every 100 subjects treated with IDeg instead of IGla for 1 year, 130 
nocturnal confirmed episodes will be avoided once the initial titration 
phase has been completed.59,70

Insulin glargine 300units/ml

Insulin glargine 100 units/ml (Gla-100) has become a standard 
of care in diabetes treatment over the last decade, providing up to 
24-h basal insulin coverage after once-daily subcutaneous injection 
for many people with diabetes, with a well-established efficacy and 
safety profile.71 New insulin glargine 300 units/ml (Gla-300) is a 
basal insulin that provides the same number of units as Gla-100 in a 
third of the volume. It is hypothesized that this modifies the surface 
area of the subcutaneous depot influencing the re-dissolution rate.72 
One consequence of this is that Gla-300 appears to have better 
pharmacokinetic and pharmacodynamic profiles.72,73 The prolonged 
duration of action of Gla-300 compared with Gla-100 may also be 
particularly beneficial to people who currently require twice-daily 
injections of basal insulin. Clamp studies have demonstrated stable, 
constant activity over 24h after dosing, with a slow decline thereafter, 
and with measurable activity until the end of the clamp.72 An additional 
study of Gla-300 at steady state found that it provided an evenly 
distributed coverage for 24 h, with low within-day variability.74 The 
clinical efficacy of U300 was evaluated in six Phase III, multicentre, 
randomized, open-label, parallel-group, 6-month clinical trials 
known as the EDITION series. The EDITION series evaluated the 
efficacy and safety of Gla-300 in diverse populations of people with 
diabetes (Table 2). The primary endpoint in each of these studies was 
the change in HbA1c from baseline to month 6.75–80 The first main 
secondary endpoint in EDITION 1, 2, and 3 was the percentage of 
participants experiencing ≥1 confirmed [blood glucose ≤ 3.9mmol/l 
(≤ 70mg/dl)] or severe nocturnal (00:00–05:59 hours) hypoglycemic 
event from week 9 to month 6.75–77

Efficacy of Glargine 300U in subjects with type 1 
diabetes

The study EDITION 4 compared the efficacy, tolerability, and 
safety of Gla-300 compared to Gla-100 in a population of people 
with T1DM and investigated whether these outcomes differed when 
injections were given in the morning or evening. Gla-300 was shown 
to be non-inferior to Gla-100 for HbA1c reduction from baseline.78 
Similar results were found for morning and evening injection times 
and for pre-breakfast self-measured plasma glucose (SMPG) overall. 
Results were also similar for Gla-300 when morning and evening 
injection time was compared, including overlapping 8-point SMPG 

profiles. Hypoglycemia did not differ, except for the first 8 weeks of 
the study, when nocturnal confirmed or severe hypoglycemia was 
lower with Gla-300 (risk ratio 0.69 [95% CI 0.53–0.91]).80 There 
was a greater increase in total insulin dose with Gla-300 compared 
with Gla-100 (change from baseline: 0.19 units/kg vs 0.10 units/kg); 
weight gain with Gla-300 was significantly less compared with Gla-
100 [difference:−0.56 kg (95% [CI−1.09 to−0.03]; p=0.037).80 These 
findings differ from the type 1 diabetes study in Japan, where Gla-300 
did show an advantage for nocturnal hypoglycemia.74 In EDITION 
JP 1 the annualized rate of confirmed (≤3.9 mmol/l) or severe 
hypoglycemic events was 34 % lower with Gla-300 than with Gla-
100 at night [rate ratio 0.66 (95%CI 0.48–0.92)] and 20% lower at any 
time of day (24 h; rate ratio 0.80 [95%CI 0.65–0.98]).78

Efficacy of Glargin 300U in subjects with type 2 
diabetes

The EDITION 1, 2 and 3 studies showed that Gla-300 and Gla-
100 provided comparable glycaemic control, alongside a lower risk of 
hypoglycaemia with Gla-300, over 6 months. This is attributed to the 
more constant and prolonged pharmacokinetic and pharmacodynamic 
profile of Gla-300 compared with Gla-100.74–77 The EDITION 1 clinical 
trial enrolled patients with T2DM who had inadequate glycaemic 
control on basal and mealtime insulin.74 Patients were randomized 1:1 
to receive treatment in the evening with either Gla-300 or Gla-100. 
All patients continued to receive mealtime insulin, and basal insulin 
was titrated to achieve a FPG level of 80–100mg/dl; no significant 
differences were observed for HbA1c, FPG, eight-point self-monitored 
glucose profiles and pre-injection blood glucose levels. With regard to 
the occurrence of confirmed or severe hypoglycaemia at any time, 
Gla-300 was similar to Gla-100 (81.9% vs. 87.8%; RR 0.93 [0.88-
0.98]), but for nocturnal events, U300 was superior to U100 (44.6% 
vs. 57.5%; RR 0.78 [0.68-0.89]).74 Following the blinded 6-month 
treatment period, all patients continued to receive U300 or U100 in a 
6-month open-label extension.81 Over the 12-month treatment period, 
the mean basal insulin dose was higher in the Gla-300 group (1.03 
vs 0.90 U/kg). Improvements in hyperglycemic control relative to 
baseline were maintained at 12 months in both treatment groups, but 
Gla-300 produced numerically greater reductions in HbA1c (+0.17%) 
and FPG (+0.34 mmol/l). The proportion of patients who experienced 
at least one confirmed or severe hypoglycemic episode at any time of 
day was 85.9% for Gla-300 and 91.5% for Gla-100 (RR 0.94 [0.89-
0.99]), with a greater difference between the two groups for nocturnal 
hypoglycemic episodes (54.5% vs 64.7%; RR 0.84 [0.75-0.94]; p = 
0.007).81

In the EDITION 2 clinical trial, Gla-300 was compared with Gla-
100 in patients with T2DM inadequately controlled by basal insulin 
and oral agents.76 The initial 6-month treatment period was followed 
by a 6-month open-label extension and the entire 12-month treatment 
period was completed by 315 (78%) and 314 (77%) of patients in 
the Gla-300 and the Gla-100 groups, respectively.82 Improvements 
in glycaemic control at 6 months were maintained at 12 months 
in both groups. Of note, mean weight gain was significantly lower 
with Gla-300 than Gla-100 (0.42 vs 1.14 kg; p<0.0091). At 12 
months, the proportion of patients with at least one confirmed or 
severe hypoglycemic event, at any time and during the night, was 
78.4 and 37.5%, respectively, in the Gla-300group, and 82.0 and 
44.6%, respectively, in the Gla-100 group. These data were used 
to calculate the 12-month per-patient rate of confirmed or severe 
nocturnal hypoglycemic events, demonstrating a 37% reduction in 
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risk with Gla-300 versus Gla-100 (RR 0.63 [0.42-0.96]).82 The safety 
and efficacy of Gla-300 versus Gla-100 were further investigated 
in the EDITION 3 trial in insulin-naive patients with inadequately 
controlled T2DM.77 Mean changes in HbA1c were similar for the 
two insulin formulations, with a decrease of 1.42% for Gla-300 and 
1.46% for Gla-100. The frequency of patients who reported at least 
one confirmed or severe hypoglycemic event at any time was 46.2 and 
52.5% for Gla-300 and Gla-100 (RR 0.88 [0.77-1.61]), respectively, 
while at least one nocturnal event occurred in 17.9 and 23.5% for Gla-
300 and Gla-100 (RR 0.78 [0.59-0.99]), respectively.77 A patient-level 
meta-analysis of the data from the EDITION studies with individuals 
with type 2 diabetes (EDITION 1, 2, and 3) was conducted to assess 
glycaemic control and hypoglycaemia over 6 months in a large 
heterogeneous population (Gla-300: n=1247; Gla-100: n=1249).81 
Overall, mean (SEM) change in HbA1c was similar in the Gla-300 
and Gla-100 groups [−1.02 (0.03)% vs−1.02 (0.03)%, respectively]. 
The proportion of individuals experiencing ≥1 confirmed or severe 
nocturnal hypoglycemic event was significantly lower for Gla-300 
than Gla-100 over the entire 6-month period (RR 0.75 [0.68–0.83]).81 
The percentage of individuals who experienced ≥1 confirmed or 
severe hypoglycemic event at any time of day was also significantly 
lower for Gla-300 than Gla-100 over the entire 6-month period (RR 
0.91 [0.87–0.9]).83 In this pooled analysis of EDITION 1, 2 and 3, over 
the 6-month treatment period, the number of participants who would 
need to be treated with Gla-300 in order to prevent one confirmed [≤ 
3.9mmol/l (≤ 70mg/dl)] or severe hypoglycemic event compared with 
treatment with Gla-100 was 16.83

Clinical use of insulin Glargine 300 UI/ml 

Gla-300 offers a potential advantage for those patients requiring 
large doses of insulin, in which absorption can be an issue. Gla-300 
is three times as concentrated as other basal insulins and this may 
allow patients to administer a great number of units per injection.84 
For those with type 1 diabetes, the recommended starting dose of Gla-
300 is calculated by taking the total daily insulin dose, estimated by 
0.2–0.4units/kg of body weight, and giving one third to one half of 
the total daily dose calculated. For those T2DM insulin-naive patients, 
it is reasonable to initiate Gla-300 at 0.2 units/kg of body weight 
once daily.85 When converting a patient who is already receiving 
intermediate or long-acting insulin once daily, the dose of Gla-300 
would be a one-to-one conversion and given once daily.85 Assessing 
steady-state conditions based on a terminal half-life of ∼19 h, insulin 
glargine blood concentrations are estimated to achieve steady state 
after 3 to 4 days with Gla-300. So, it is recommended that the dose of 
Gla-300 should not be titrated more frequently than every 3–4 days.86 
The results from the EDITION trials showed that by the end of the 
studies a higher daily insulin dose of Gla-300 was needed compared 
with Gla-100.The reason for the larger doses with Gla-300 is still 
unclear and has been postulated to be attributable to longer residence 
time in the subcutaneous tissue leading to an increase in enzymatic 
inactivation by tissue peptidases.83 This increase in daily dose with 
Gla-300 would need to be considered if switching from Gla-300 to 
another long-acting insulin.73

Conclusion
It is remarkable that after almost one century, the hormone insulin 

continues to inspire molecular innovation and development. Basal 
insulins form the cornerstone of therapy for type 1 diabetes and many 
treatment regimens for patients with type 2 diabetes. Comparing with 

the first-generation insulin analogs, the new basal insulins offer the 
possibility for a simpler titration algorithm, the potential for a more 
flexible interval to accommodate different lifestyles and a reduced 
incidence of hypoglycaemia, especially at night. Nevertheless, 
for the majority of insulin-requiring patients, whether the need for 
modern insulins is greater than that to improve behavioral tactics 
and education in the use of them remains unanswered. On the one 
hand, well-designed phase 3 studies are essential for regulatory 
review, but they are not usually sufficient to guide clinicians in the 
use of new therapies. More effort to identify subgroups with the most 
favorable benefit-to-risk profiles, both before and after approval for 
clinical use, would greatly assist clinical providers. On the other 
hand, new technologies per se are certainly insufficient to ensure 
the goals related to control of diabetes are achieved. Support from 
healthcare professionals is all-important, highlighting the importance 
of discussion with the patient and individualization of treatment. A 
wise mixture between development in medicine and patient education 
would bring better long-term outcomes.
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