
New insulins and newer insulin regimens:
a review of their role in improving glycaemic
control in patients with diabetes
S Gururaj Setty,1 W Crasto,2 J Jarvis,3 K Khunti,3 M J Davies1,3

1Department of Diabetes &
Endocrinology, University
Hospitals of Leicester NHS
Trust, Leicester, UK
2Department of Diabetes &
Endocrinology, George Eliot
NHS Trust, Nuneaton, UK
3Diabetes Research Centre,
University of Leicester,
Leicester, UK

Correspondence to Dr
Sowmya Gururaj Setty,
Consultant in Diabetes and
Endocrinology, Northampton
General Hospital NHS Trust,
Cliftonville, Northampton NN1
5BD, UK; sowmyagururaj@
doctors.org.uk

Received 15 September 2015
Revised 27 November 2015
Accepted 21 December 2015
Published Online First
3 February 2016

To cite: Gururaj Setty S,
Crasto W, Jarvis J, et al.
Postgrad Med J
2016;92:152–164.

ABSTRACT
The legacy effect of early good glycaemic control in
people with diabetes shows it is associated with
reduction of microvascular and macrovascular
complications. Insulin therapy is essential and lifesaving
in individuals with type 1 diabetes and beneficial for
those with type 2 diabetes who fail to achieve optimal
glycaemic targets with other classes of glucose-lowering
therapies. Since the introduction of insulin analogues,
insulin management has changed. This follow-up review
attempts to update our earlier publication from 2009
and discusses the role of new insulin analogues and
newer insulin regimens. Recognising the advent of new
quality and economic initiatives both in the UK and
worldwide, this paper reviews current insulin prescribing
and the pros and cons of prescribing analogues in
comparison to the human insulins that are now gaining
more acceptance in everyday clinical practice.

INTRODUCTION
Fuelled by the pandemic of obesity and an ageing
population, global estimates indicate a rising inci-
dence of diabetes of which nearly 90% of indivi-
duals are diagnosed with type 2 diabetes mellitus
(T2DM).1 Insulin is lifesaving in type 1 diabetes
(T1DM), a condition characterised by complete
lack of endogenous insulin. The disease trajectory
of T2DM is not well defined. Insulin resistance is
the hallmark of T2DM and over time results in
diminishing beta-cell function and beta-cell failure.
Although glycaemic control can often be achieved
with other classes of glucose-lowering therapies fol-
lowing diagnosis, a significant proportion of indivi-
duals will still need insulin therapy to achieve
optimal blood glucose targets.2 Despite evidence-
based consensus guidelines and documented bene-
fits of good glycaemic control in reducing vascular
complications, considerable clinical inertia exists
with insulin initiation particularly in individuals
with T2DM.3 Key factors impacting on insulin
therapy include fear and risk of hypoglycaemia,
weight gain, restricted lifestyle, reluctance to inject
and difficulties in self-managing insulin therapy.
Hence, there is a need for less restrictive insulin
regimens with lower risk of hypoglycaemia.4 5

Since our earlier publication in this journal on
this subject,6 a second generation of new insulins,
notably newer long-acting insulin analogues, have
been introduced. Newer insulin regimens resulting
from the addition of insulin analogues to a host of
glucose-lowering therapies including the incretin-
based therapies and sodium glucose co-transporter-2
(SGLT-2) inhibitors are now gaining acceptance.

However, the escalating cost of diabetes care and
the advent of new quality and economic initiatives
both in the UK and worldwide have favoured resur-
gence in the use of human insulins. Nonetheless,
newer insulin analogues as well as newer insulin
regimens may be appropriate in a defined group of
patients with diabetes.

HUMAN INSULIN
Human insulin is synthetic insulin manufactured
from recombinant DNA technology and is identical
to insulin produced by the human pancreas.
Animal insulins used since inception until the
advent of human insulin in the 1980s are now only
minimally used. Human insulin is available as
short-acting (regular) and intermediate-acting
(neutral protamine hagedorn ( NPH)) insulin. Both
regular (prandial) human insulin (onset of action
30 min; peak 2–4 h; duration 6–8 h) and ‘basal’
human insulin (variable onset of action; peak 4–
10 h; duration <24 h) have features that are less
physiological since they can promote weight gain as
a result of snacking and are undesirable for use
owing to increased risk of hypoglycaemia for some
individuals with diabetes.7

Human insulin at higher concentrations is avail-
able as human regular U-500 (U-500R) insulin and
is considered for individuals who often need insulin
in excess of 3 units/kg/day (∼200 units/day). In a
case series review by Crasto et al8, U-500R showed
substantial improvement in HbA1c (1.1–3.5%) with
modest weight gain and was noted to be cost effect-
ive. However, U-500R unlike other insulins is
expressed as ‘marks’ and delivered via a tuberculin
syringe, which may lead to errors in dispensing, pre-
scribing and administration. In recent years, the
newer higher concentration insulin analogues,
degludec U200, glargine U300 and humalog U200,
administered via an insulin pen device as units/mL
may provide an advantage over U-500R insulin.9

NEW INSULINS
New or analogue insulins are molecular-
engineered formulations designed to improve the
pharmacokinetics, absorption profile and duration
of action of human insulin (figure 1). The first-
generation analogues (‘rapid’ and ‘long’ acting
analogues), and the second-generation, newer
long-acting analogues have been summarised in
table 1. Insulin degludec (U100 and U200) is now
licensed for use in the EU. Glargine U300 has
now been approved by the US Food and Drug
Administration (US FDA) for use in adults with
T1DM and T2DM. The European Medicines
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Agency has so far expressed a positive opinion recommending
its approval. Degludec, glargine U300 and PEGylated insulin
lispro (under development) will form the new category of
second-generation long-acting insulin analogues with more
favourable profiles as basal insulins.10

Rapid-acting and long-acting analogues (glargine, detemir)
The pharmacokinetics and pharmacodynamics of the rapid and
long-acting analogues is depicted in table 1. Humalog U200 is
by far the only high-strength rapid-acting analogue approved by
the US FDA and EU. Pharmacokinetic and pharmacodynamic
studies comparing humalog U200 to humalog U100 have met
the criteria established for bioequivalence, providing support
for comparable efficacy and safety.11

Glycaemic efficacy, safety and patient-reported outcomes with
rapid-acting analogues in T1DM
Rapid-acting analogues compared with regular human insulin
In individuals with T1DM, minor improvements in HbA1c are
observed with rapid-acting analogues compared with regular
human insulin (weighted mean difference (WMD)=−0.12%;
95% CI −0.17% to −0.07%).12 Furthermore, improved post-
prandial glucose lowering was observed with significantly lower
analogue insulin doses and fewer nocturnal hypoglycaemic epi-
sodes.13–15 A recent meta-analysis showed that insulin aspart, a
rapid-acting analogue compared with regular human insulin,
was associated with minor improvements in HbA1c (WMD=
−0.11%; 95% CI −0.16 to −0.06) and postprandial glucose,
with no change in fasting glucose. However, there were

Figure 1 (A–D) Pharmacokinetic
profile of rapid-acting, premixed,
long-acting and newer long-acting
insulin analogues.

Table 1 Structural properties, pharmacodynamics and pharmacokinetics of insulin analogues

Insulin analogues Structural amino acid alterations on the insulin side chains
Onset of
action

Peak
action

Duration
of action

Rapid-acting analogues
Lispro (Humalog) Reversal of amino acid proline at position 28 and lysine at position 29 on the insulin B-chain 5–15 min 30–90 min 4–6 h
Aspart (NovoRapid) Replacing proline at position 28 on the B-chain of insulin with aspartic acid 5–15 min 30–90 min 4–6 h
Glulisine (Apidra) Replacing asparagine with lysine at position B3 and glutamic acid for lysine at position B29 5–15 min 30–90 min 4–6 h

Pre-mixed analogues
Humalog Mix 25 25% lispro and 75% neutral protamine lispro Varies according to preparation
Humalog Mix 50 50% lispro and 50% neutral protamine lispro
Novomix 30 30% aspart and 70% protamine-crystallised aspart

Long-acting analogues

Glargine (Lantus) Asparagine replaced with glycine at position A21 and two arginine amino acids added at position
B31 and B32

2–4 h None 20–24 h

Detemir (Levemir) Fatty acid acylation to the lysine residue on position B-29 1–4 h None 12–24 h
Newer long-acting analogues
Degludec Deletion of threonine at B30 and addition of 16-carbon fatty acid to lysine at B29 via a glutamic

acid spacer
30–90 min None >24 h

degludecPlus Degludec combined with insulin aspart suspension 5–15 min 30–60 min >24 h
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significant reductions in nocturnal hypoglycaemic episodes (risk
reduction=0.67; 95% CI 0.54 to 0.83) and individuals on
insulin aspart were more satisfied with treatment and with treat-
ment flexibility when evaluated using a diabetes treatment satis-
faction questionnaire compared with regular human insulin
(WMD=0.31; 95% CI 0.15 to 0.47).13

Comparative efficacy studies between rapid-acting analogues
A head-to-head trial of insulin aspart and lispro has shown
similar glycaemic efficacy.16 Although glycaemic efficacies in
continuous subcutaneous insulin infusion (CSII) are similar,
safety data show lower pump occlusion rates with insulin aspart
(9.2%) compared with lispro (15.7%) and glulisine (40.9%).17

Results of a randomised, crossover trial in 20 patients with
T1DM on CSII indicate improved patient satisfaction with
insulin aspart compared with insulin lispro.18

Glycaemic efficacy, safety and patient-reported outcomes with
rapid-acting analogues in T2DM
Rapid-acting analogues compared with regular human insulin
A meta-analysis of nine studies comparing treatment outcomes
with insulin aspart and regular human insulin showed no signifi-
cant differences in HbA1c, though postprandial glucose was sig-
nificantly lower with insulin aspart (WMD=−1.18 mmol/L;
95% CI −1.88 to −0.47). There were no significant differences
in rates of hypoglycaemic events; no studies of treatment satis-
faction or quality of life were identified in this systematic
review.13

Comparative efficacy studies between rapid-acting analogues
Direct comparisons of metabolic efficacy between insulin analo-
gues in T2DM are lacking. Two separate comparative studies of
insulin glulisine, aspart and humalog showed that glulisine,
which is a zinc-free formulation, was associated with statistically
significant blood glucose lowering in the immediate hour after a
meal, with no differences in rates of hypoglycaemia.19 20

Summary of rapid-acting analogues
The rapid-acting analogues (aspart, humalog and glulisine) have
similar kinetics and similar glycaemic efficacy. Compared with
regular human insulins, favourable attributes with rapid-acting
analogues in individuals with T1DM include flexibility of
administration, which is linked to adherence and improved
treatment satisfaction, more effective lowering of postprandial
glucose excursions and reduced risk of nocturnal hypogly-
caemia. In T2DM, superior postprandial glucose lowering with
similar HbA1c benefits and no differences in the rates of hypo-
glycaemia have been reported.

Glycaemic efficacy, safety and patient-reported outcomes with
long-acting analogues in T1DM
Long-acting analogues (glargine, detemir) compared with basal
human insulin in T1DM
Use of analogue basal insulins in a basal-bolus regimen in indivi-
duals with T1DM has demonstrated superior HbA1c-lowering
effect compared with similar regimens using basal human
insulin.21 Insulin detemir compared with NPH insulin in indivi-
duals with T1DM provides minor lowering of HbA1c (mean
difference=−0.073, 95% CI −0.135 to −0.011, p=0.021),
reduced risk of all-day, nocturnal and severe hypoglycaemia and
reduced weight gain.22 A recent meta-analysis comparing long-
acting analogues (glargine or detemir, used once daily) and
NPH insulin showed no significant differences in HbA1c out-
comes. However, twice-daily detemir showed a modest HbA1c

benefit to NPH insulin in comparative studies (mean differ-
ence=−0.14%; 95% CI −0.21 to −0.08).23 Direct comparisons
between basal analogues and NPH insulin on patient-reported
outcomes including quality of life and treatment satisfaction are
lacking.

Comparative efficacy studies between insulin glargine and detemir
Direct comparisons of glargine and detemir in randomised trials
have shown no differences in glycaemic efficacy or the risk of
overall and nocturnal hypoglycaemia.23

Glycaemic efficacy, safety and patient-reported outcomes with
long-acting analogues in T2DM
Long-acting analogues compared with basal human insulin
Two separate systematic reviews comparing long-acting insulin
analogues with NPH insulin have reported no significant gly-
caemic efficacy benefits, but indicate a reduced risk of nocturnal
and symptomatic hypoglycaemia with basal analogues.24 25

Compared with NPH insulin, detemir has a distinct weight-
sparing effect that may be due to a dual effect on (a) satiety
centres by inducing changes in satiety factors, leptin and ghrelin
and (b) its hepatoselective action.26 27 All types of nocturnal
hypoglycaemia are reduced by approximately 50% with insulin
glargine compared with NPH insulin when used as basal-only
therapy, although a statistical significant result was only observed
for symptomatic hypoglycaemia.28 29

Comparative efficacy studies between insulin glargine and detemir
A meta-analysis of four trials involving 2250 individuals with
T2DM, randomised to either insulin glargine or detemir,
showed no differences in glycaemic efficacy or hypoglycaemia.30

Similar glycaemic control was achieved with both once-daily
glargine and twice-daily detemir, with detemir injected at a
higher total dose. Other salient observations were the potential
for less weight gain with detemir and lower daily basal insulin
dose with glargine. There were no differences in outcomes such
as health-related quality of life, cost or mortality, though differ-
ences in insulin dose could translate in cost differential between
these two basal insulins.30

Summary of long-acting basal analogues
Both glargine and detemir have equal efficacy and have compar-
able glycaemic efficacy to NPH insulin. Beyond HbA1c compar-
isons, basal analogues are associated with a lower risk of
hypoglycaemia, although patient-reported outcomes on quality
of life and treatment have not been fully assessed. Insulin
detemir has the additional advantage of producing less weight
gain compared with glargine, but with higher average-unit dose
requirement as shown in comparative studies.

Newer long-acting analogue insulins
Chemistry, pharmacokinetics and pharmacodynamics of degludec
Degludec is a long-acting analogue with a molecular structure
similar to human insulin, with deletion of threonine at B30 and
addition of 16-carbon fatty acid to lysine at B29 via a glutamic
acid spacer (table 1).10 The modified insulin molecule with
phenol and zinc forms stable dihexamers in solution and reorga-
nises to multi-hexamers after subcutaneous injection. With the
gradual diffusion of zinc ions, degludec slowly dissociates to
release monomers in the systemic circulation.9 Degludec has a
plasma half-life of 25 h in in vivo studies with duration of
action beyond 42 h. It reaches a steady state with daily dosing to
produce a flat and stable profile (figure 2). Degludec is adminis-
tered once daily, preferably at the same time of day, although
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varying injection times do not compromise glycaemic control or
safety compared with ‘same-time’, once-daily administered
degludec or glargine. This may improve adherence by allowing
injection-time adjustment according to individual needs.31

Degludec is also available at higher concentrations in a prefilled
pen device as U200 (200 units/mL).

Glycaemic efficacy and safety of degludec
Degludec compared with glargine in T1DM
The BEGIN Basal-Bolus Type 1 study was a 52-week,
treat-to-target trial involving 629 individuals that showed that
insulin degludec was non-inferior to glargine (estimated

treatment difference in HbA1c between groups=−0.01%; 95%
CI −0.14 to 0.11) for glycaemic efficacy, with similar rates of
overall confirmed hypoglycaemia seen with both insulins (table
2). However, nocturnal confirmed hypoglycaemia was signifi-
cantly lowered by 25% with insulin degludec.32

Degludec compared with glargine in T2DM
The BEGIN Basal-Bolus Type 2 study was a 52-week,
treat-to-target randomised controlled trial involving 1006 indi-
viduals, which compared insulin degludec to glargine in com-
bination with prandial insulin, with or without oral
hypoglycaemic agents (OHAs). Degludec demonstrated non-

Figure 2 Analogue insulin formulations with duration of action. s/c, subcutaneous.

Table 2 Efficacy studies with insulin degludec

Degludec
studies

Study
participants

Study duration and
design

Treatment
arms

HbA1c reduction
with ETD Hypoglycaemia Comments

Heller
et al32

T1DM
individuals
(n=629)

52-week, open-label,
treat-to-target,
non-inferiority trial

IDeg+aspart vs
Gla+aspart

0.40% vs0.39% (ns)
ETD (IDeg—IGlar)=
−0.01% (95% CI
−0.14% to 0.11%),
p<0.0001

Nocturnal confirmed
hypoglycaemia: 4.41 vs
5.86†episodes per patient-year
of exposure

25% lower rates of nocturnal
confirmed hypoglycaemia
with IDeg compared to Gla

Zinman
et al33

T2DM
individuals
(n=1030)

52-week, open-label,
treat-to-target,
non-inferiority trial

IDeg+Met vs
Gla+Met

1.06% vs 1.19% (ns)
ETD (IDeg—IGlar)
=0.09% (95% CI
−0.04% to 0.22%)

Nocturnal confirmed
hypoglycaemia: 0.25 vs 0.39†
episodes/patient- year

Comparable glycaemia with
lower rates of nocturnal
hypoglycaemia with IDeg

Gough
et al34

T2DM
individuals
(n=457)

26-week open-label
treat-to-target

IDeg U200 vs
Gla

1.3±1.01%, for both
(ns)
ETD (IDeg—IGlar)
=0.04% (95% CI
−0.11% to 0.19%)

Nocturnal confirmed
hypoglycaemia: 0.18 vs 0.28ns

episodes/patient-year

Lower mean insulin dose
(↓11%) with IDeg U200
compared to Gla

Garber
et al35

T2DM
individuals
(n=1006)

52-week, open-label,
treat-to-target,
non-inferiority trial

IDeg+asp±OADs
vs Gla+asp±
OADs

1.1% vs 1.2% (ns)
ETD (IDeg—IGlar)
=0.08% (95% CI
−0.05% to 0.21%)

Overall hypoglycaemia risk 11.1
vs 13.6† episodes per
patient-year of exposure
Nocturnal confirmed
hypoglycaemic episodes: −1.4 vs
1.8† episodes per patient-year of
exposure

IDeg compared to Gla
demonstrates non-inferiority
with lower rates of
hypoglycaemia

†Signifies p<0.05 for between treatment differences.
ETD, estimated treatment difference; Gla, glargine; IDeg, insulin degludec; IGlar; insulin glargine; ns, non-significant; OADs, oral antidiabetes drugs; T1DM, type 1 diabetes; T2DM, type
2 diabetes.
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inferiority for glucose lowering, but rates of overall hypogly-
caemia (11.1 vs 13.6 episodes/patient-year exposure, estimated
rate ratio 0.82; 95% CI 0.69 to 0.99, p=0.0359) and nocturnal
hypoglycaemia (1.4 vs 1.8 episodes/patient-year exposure, 0.75;
95% CI 0.58 to 0.99, p=0.0399) were significantly lower with
degludec.35

Effect of degludec on HbA1c and hypoglycaemia in T1DM and
T2DM
Comparative trials have shown no differences in glycaemic effi-
cacy between insulin degludec and the first-generation basal ana-
logues (glargine or detemir).36 In a meta-analysis using pooled
patient-level data (n=4330) for self-reported hypoglycaemia,
degludec compared with glargine significantly lowered rates of
confirmed nocturnal hypoglycaemia (estimated rate ratio (RR)
0.75, 95% CI 0.60 to 0.94) in individuals with T1DM and
showed significantly lower rates of overall (RR 0.83, 95% CI
0.70 to 0.98) and severe hypoglycaemia (RR 0.14, 95% CI 0.03
to 0.70) in individuals with T2DM.37

degludecPlus compared with Biphasic Aspart 30
degludecPlus is a soluble co-formulation of insulin degludec
(70%) and insulin aspart (30%). A meta-analysis of two trials
comparing degludecPlus to Biphasic Aspart 30 (BIAsp 30)
among study participants who achieved an HbA1c target of
<7% showed lower rates of overall confirmed hypoglycaemia
(RR 0.70 (0.55 to 0.90), p=0.0047) and nocturnal hypogly-
caemia (RR 0.34 (0.22 to 0.51), p<0.0001) with no differences
in rates of severe hypoglycaemia between groups.38

Degludec U200 compared with glargine in T2DM
Degludec U200 formulation is a twice-concentrated formulation
with bioequivalence and similar pharmacodynamic profile to
100 units/mL degludec.39 Degludec U200 compared to insulin
glargine as a basal insulin in insulin-naive individuals with
T2DM has similar glycaemic efficacy, with a lower risk of
overall hypoglycaemia (1.22 and 1.42 episodes/patient-year,
respectively), nocturnal confirmed hypoglycaemia (0.18 and
0.28 episodes/patient-year, respectively) and an 11% lower
mean daily basal insulin dose requirement.34

Insulin glargine U300 (U300)
U300 is a new concentrated insulin glargine formulation that
requires a smaller injection volume and forms a smaller,
compact subcutaneous depot after injection; this results in a
gradual and prolonged release of insulin. It has a flatter profile
compared with insulin glargine and prolonged duration of
action beyond 24 h (figures 1C).40

Clinical efficacy studies with glargine U300 compared with
glargine in T2DM
The efficacy and safety of glargine U300 in T1DM and T2DM
has been compared with glargine U100 in the phase-3
EDITION trials. A patient-level meta-analysis of EDITION
studies has consistently demonstrated comparable glycaemic
control (mean (SE) change in HA1c of −1.02% (0.03)) with
both the basal insulins.41 A meta-analysis of 12 months data
showed sustained glycaemic control in both groups, with more
sustained HbA1c reduction for glargine U300 at 12 months
(mean difference between groups in HbA1c change from base-
line −0.10 (−0.18 to −0.02); p=0.0174).42 A meta-analysis of
these trials confirmed that risk of nocturnal hypoglycaemia with
glargine U300 was significantly reduced by 31%.43

Summary of insulin degludec and glargine U300
Degludec has a more physiological basal profile, a longer dur-
ation of action and provides greater flexibility with injection
timing without compromising glycaemic control, with lower
risk of hypoglycaemia compared with glargine. Degludec U200
and degludecPlus are non-inferior to glargine and BIAsp for gly-
caemic control, with lower rates of hypoglycaemia. Degludec is
approved by the European Medicines Agency, though the US
FDA has requested cardiovascular safety data prior to
approval.44 Glargine U300 has comparable glycaemic control as
insulin glargine and looks promising particularly in terms of
reduced rates of nocturnal hypoglycaemia.

PEGylated lispro or Basal Insulin pegLispro (under development)
Basal Insulin pegLispro (BIL) is a novel basal insulin analogue in
which insulin lispro (5.8 kDa) is attached to a polyethylene
glycol chain (∼20 kDa).45 The large molecular size alters the
absorption properties leading to slow insulin absorption and
may induce a preferential entry through hepatic sinusoids,
which in turn leads to higher insulin concentrations in the liver
with effective suppression of hepatic glycogenolysis. Lower
weight gain observed in clinical trials with BIL may be a result
of increased lipid oxidation, increased lipolysis and reduced
lipogenesis due to potentially reduced peripheral action result-
ing from its hepatoselective effect.46

Efficacy studies of BIL compared with glargine in T1DM and
T2DM
The core phase III clinical development programme of BIL, con-
sisting of seven IMAGINE trials in individuals with T1DM and
T2DM, is complete, and the results suggest consistent superior
improvements in HbA1c, lower rates of nocturnal hypogly-
caemia and significantly less weight gain with BIL.47–50 Hepatic
safety findings from integrated analyses of clinical trials show an
increase in the liver enzyme alanine aminotransferase (ALT) in
patients taking BIL compared with glargine. Mean ALT
increased from baseline and plateaued after 4 weeks in T1DM
(median increase up to 5 IU/L) and 26 weeks in T2DM (median
increase 3 IU/L). Aspartate aminotransferase results were similar.
More patients on BIL had ALT ≥3×upper limit of normal com-
pared to glargine but returned to or trended towards baseline
on continuing BIL. There was also an increase in liver fat in
patients treated with BIL compared with glargine. Nonetheless,
no severe, hepatocellular drug-induced liver injury was observed
with BIL treatment for up to 78 weeks.51 Non-hepatic safety
findings showed higher triglycerides and higher injection-site
reactions with BIL compared with insulin glargine.47

Summary of newer long-acting insulin analogues (PEGylated lispro
and glargine U300)
The initial results of BIL look promising, with reduced rates of
hypoglycaemia. Weight loss may be a particular advantage with
BIL, though comparative studies with insulin detemir have not
yet been evaluated. Its effects on liver function, liver fat and tri-
glyceride levels will need further evaluation.

HEALTH ECONOMICS OF ANALOGUE PRESCRIBING IN
INDIVIDUALS WITH T1DM AND T2DM
In individuals with T1DM, rapid-acting analogues are more
cost-effective compared with regular human insulin, whereas
treatment with basal analogues compared with NPH insulin is
associated with higher incremental costs. Routine use of insulin
analogues in T2DM has not been found to be cost-effective.52 53
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In this regard, a comprehensive review conducted by the
National Institute for Health and Care Excellence (NICE), UK,
concluded that glargine is cost-effective at current willingness to
pay thresholds in people with T1DM, but not cost-effective in
individuals with T2DM.54 Furthermore, NICE recommends
human insulin as first-line therapy in most individuals with
T2DM and suggests the use of long-acting analogues in special
circumstances, such as benefits accrued from reduced frequency
of insulin administration and recurrent symptomatic hypogly-
caemic episodes with human insulins.51

Analogue prescribing in individuals with diabetes has had a
significant global financial impact on healthcare resources,55

though a few studies indicate that the cost differential between
analogues and human insulins is not significantly different.56 57

Furthermore, a study that evaluated use of insulin and value for
money in T2DM in the UK concluded that, although there were
drug acquisition benefits when human insulin was substituted
for analogues, total expenditure costs increased fourfold with
increased use of human insulins.58 Importantly, models by
NICE in the UK assessing the cost-effective evaluation of insulin
analogues compared with human insulin therapy only included
costs for treating severe hypoglycaemia, and these may fail to
take into account the ‘true costs’ of hypoglycaemia. Total
expenditure costs incurred with the use of human insulins, such
as higher rates of monitoring due to mild and moderate hypo-
glycaemia episodes, possible hospitalisation and loss of work
hours, are not accounted for in most health economic models.59

NEWER INSULIN REGIMENS IN DIABETES
Insulin regimens differ in their complexity, glycaemic efficacy,
weight gain and risk of hypoglycaemia, and may require subse-
quent intensification (table 3). Furthermore, education and
empowerment of individuals to self-manage their own insulin
regimen is of vital importance.61

Types of insulin regimen in T2DM
Basal only regimens
A ‘basal-only regimen’ involves adding a long-acting or
intermediate-acting insulin to OHAs or non-insulin injectables,
that is, glucose-like peptide-1 receptor agonists (GLP-1 RA), and
is commonly recommended when glycaemic targets are difficult
to achieve despite intensification of oral therapy.62 63 A basal
regimen is straightforward, easy to initiate and associated with
fewer hypoglycaemic episodes and less weight gain compared
with more complex insulin regimens requiring two or more
insulin injections a day.63 Broad principles include a once-daily
or twice-daily injection regimen, starting at a relatively modest
dose with patient-directed insulin titration towards targeted
control of fasting blood glucose (table 3).64

Basal insulin combination therapy with newer classes of
glucose-lowering agents
Combining newer glucose-lowering agents such as GLP-1 RA
(incretin mimetics), dipeptidyl peptidase (DPP)-4 inhibitors (incre-
tin enhancers) and SGLT-2 inhibitors (agents that block reabsorp-
tion of filtered glucose in the kidney) with insulin therapy offer
novel and useful treatment options in T2DM (table 4).

Insulin and GLP-1 receptor agonist combination therapy
Intervention trials with GLP-1 RAs added to basal insulin have
shown improvements in HbA1c, postprandial glucose, beneficial
effects on weight and reduced basal insulin requirements
without increased risk of major hypoglycaemia (table 4).66 78 79

Furthermore, glycaemic benefits from structured titration of

insulin to glycaemic targets and weight reduction resulting from
a protocol-specified insulin-sparing regimen are important
considerations.79

Fixed ratio combinations of insulin with GLP-1 analogues
In phase III trials—DUAL-I and DUAL-II—the glycaemic effi-
cacy and safety of once-daily IDegLira (combination of Insulin
Degludec (IDeg)/Liraglutide (Lira)) were evaluated in individuals
with inadequately controlled T2DM. DUAL-I evaluated indivi-
duals who were insulin-naive on OHAs, whereas the DUAL-II
study evaluated individuals on basal insulin with OHAs.80 81 In
both trials, IDegLira was titrated in dose steps (IDeg 1 unit/Lira
0.0036 mg=1 dose step) with an initial 16-dose step (16 units
IDeg+0.6 mg Lira for IDegLira and 16 units for IDeg), which
was titrated upwards in both arms to a maximum of 50-dose
steps to achieve fasting plasma glucose levels of 4–5 mmol/L.
IDegLira demonstrated consistent and significant HbA1c reduc-
tions of 1.9% (estimated treatment difference=−1.05%, 95%
CI −1.25 to −0.84) with mean weight reduction of 2.7 kg and
lower rates of hypoglycaemia compared with insulin
degludec.73 80

LixiLan, a fixed-ratio premixed formulation of lixisenatide
1 mg/glargine 2 units, has also demonstrated glycaemic superior-
ity compared with glargine alone (estimated treatment differ-
ence=−0.17%; −0.312 to −0.037%, p=0.0130) with
significant weight loss and no increase in hypoglycaemic
events.82

Insulin and DDP-4 inhibitor combination therapy
Studies with DPP-4 inhibitors such as sitagliptin, saxagliptin, vil-
dagliptin and alogliptin in combination therapy with basal
insulin have demonstrated improved glycaemic efficacy, and a
weight-neutral effect with no increased rates of hypogly-
caemia.70 71 73 83 In contrast to the aforementioned drugs, lina-
gliptin is a DPP-4 inhibitor with a non-renal route of
elimination and hence does not need dose adjustment with
impaired renal function. The glycaemic efficacy and safety of
linagliptin added to basal insulin in people with T2DM with
poor glycaemic control on a basal insulin regimen (with or
without OHAs) showed a placebo-adjusted mean change in
HbA1c of −0.65% and −0.53% at 24 and 52 weeks respect-
ively, with no increase in hypoglycaemia or body weight.69

Insulin and SGLT-2 inhibitor combination therapy
The SGLT-2 inhibitor drugs, including dapagliflozin, canagliflo-
zin and empagliflozin, are a novel treatment approach in T2DM
(table 4). They reduce hyperglycaemia by preventing the
reabsorption of excess glucose, which is largely regulated by
SGLT-2 proteins in the proximal renal tubule. This results in
glycosuria and promotes weight loss without an increased risk
of hypoglycaemia. Dapagliflozin as add-on therapy to insulin
was evaluated in a 2-year follow-up study among individuals
with T2DM with inadequate glycaemic control despite high
doses of insulin, with or without OHAs. At 104 weeks, dapagli-
flozin (10 mg/day) added to insulin reduced HbA1c levels (treat-
ment difference=−0.35%, 95% CI −0.55 to −0.15) without
increasing overall insulin dose, no reported major hypogly-
caemia and weight reduction of ∼3 kg over 2 years.
Dapagliflozin was well tolerated, though genital infection and
urinary tract infection (UTI) were more common in women and
occurred as single events during the first 24 weeks of therapy.74

Canagliflozin at doses of 100 and 300 mg added to existing
stable insulin therapy, with or without OHAs, reduced HbA1c
by −0.65% to −0.73% and body weight by −1.9% and −2.4%,
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Table 3 Insulin regimen in type 2 diabetes

Duration of action

Insulin
regimen Choice of insulin Onset Peak Duration Initiation Titration Indication for change Other comments

Basal-only
insulin regimen

Basal or intermediate acting
human insulin, eg, Insulatard,
Insuman basal, Humulin I

2–4 h 4–8 h 14–16 h Usual start is 10 units or
0.1–0.2 units/kg

▸ Patient-led titration by 2 units
at approximately three day
intervals aiming for target FPG
of 5.5–6 mmol/L without
nocturnal hypoglycaemia

▸ Reduce the dose by at least 2–
4 units or 20%, whichever is
greater if FPG falls <4 or
unexplained hypoglycaemia

▸ Suboptimal HbA1c targets or
fasting blood glucose or
both

▸ Fasting glucose levels at
target but postprandial
glucose levels remain high
despite maximum tolerated
OHAs

▸ Recurrent and/or unresolving
hypoglycaemia and/or
nocturnal hypoglycaemia

▸ Simple and easy to initiate with a
lower risk of hypoglycaemia and
weight gain

▸ Compared to human basal
insulin, analogues offer
advantage of lower rates of
nocturnal hypoglycaemia

▸ Continue OHAs at current doses
unless contraindicated or not
tolerated

Long-acting analogues, eg,
glargine (Lantus), Levemir
(Detemir)

1–4 h None Up to 24 h

Newer long-acting analogues*,
eg, Tresiba (Degludec), glargine
U300† (Tougeo)

30–90 h None Up to 42 h

The three newer classes of glucose-lowering agents that is, DPP-4 inhibitors, GLP-1 agonists and sodium glucose co-transporter-2 inhibitors all have licence to use in combination with insulin and can be useful in select individuals if not
already considered in the treatment paradigm prior to intensification to basal-bolus regimen or pre-mix insulin regimen60

Premixed
twice-daily
insulin regimen

Pre-mixed or biphasic human
insulins, eg, Humulin M3 (30%
short-acting insulin with 70%
intermediate-acting insulin),
Insuman comb 15, 25 or 50

30 min 2–8 h Up to 24 h Usual start is 10 units twice
daily (consider lower dose in
frail, elderly or ‘slim’
individuals)

▸ Titrate morning dose by 2 units
or 10% increments against
target blood glucose of
<6 mmol/L before lunch and
before evening meal

▸ Titrate evening dose by 2 units
or 10% increments against
target blood glucose of 6–
8 mmol/L before bed and 5.5–
6 mmol/L before breakfast

▸ Suboptimal HbA1c targets or
FPG or both

▸ If pre-evening meal blood
glucose are high and further
increase in morning dose
results in mid-morning
hypoglycaemia

▸ Patient preference or lack of
flexibility with regimen

▸ Simple and easy to initiate
▸ Effective in addressing both

fasting and prandial glycaemia
▸ Preferred for initiation when

HbA1c >9.5%
▸ Higher risk of hypoglycaemia

(may preclude regular use in
certain groups, eg, elderly) and
weight gain

Pre-mixed or biphasic analogue
insulin, eg, Humalog Mix 25
(25% lispro and 75% neutral
protamine lispro), Novomix 30
(30% aspart and 70%
protamine-crystallised aspart)

5–15 min 1–4 h 24 h

Basal-bolus
regimen

Short-acting human insulin TDS
with basal/intermediate-acting
human insulin, eg, Humulin S
TDS with Insulatard BD

Short-acting human insulin ▸ Calculate total daily
insulin dose of 0.3–
0.5 units/kg body weight;
give 50% as basal and
50% as prandial insulin

▸ If already on basal insulin,
add 4–6 units prandial
insulin

▸ Adjust the basal insulin doses
by 2 unit increments to target
FPG of 5.5–6 mmol/L, waiting
3–4 days between adjustments

▸ Adjust the short/rapid-acting
insulin with dose titration by
10%

Difficulty in complying with
multiple injections a day

▸ Commonly involves multiple
injections (at least four to six
insulin injections a day)

▸ Useful regimen in individuals with
a flexible and/or erratic lifestyle,
irregular eating habits or shift
workers

▸ Improved glycaemic benefits are
best achieved in motivated
individuals with regular and
optimal insulin dose titration

30 min 2–4 h 6–8 h
Duration of basal/intermediate
acting human insulin: 12–16 h

Rapid acting analogue TDS, eg,
lispro (Humalog), aspart
(NovoRapid), glulisine (Apidra)
with long-acting analogue, eg,
glargine OD

Rapid-acting analogue insulin
5–15 min 30–

90 min
4–6 h

Duration of long-acting analogue
insulin: varies according to choice
of basal insulin (18–42 h)

*Individual patient factors, their experience with hypoglycaemia and higher costs incurred needs to be taken into account prior to the use of newer long-acting analogues.
†Need for diligence when prescribing higher strength insulins.
DPP, dipeptidyl peptidase; FPG, fasting plasma glucose; GLP, glucose-like peptide; OD, once daily; OHA, oral hypoglycaemic agent.
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Table 4 Efficacy studies of combination therapies with insulin and GLP-1 agonist, DPP-4 and sodium glucose co-transporter-2 (SGLT-2) inhibitors

HbA1c (%)
Body weight
(kg) Insulin (TDD)

Study
reference Study details Treatment groups BL Δ BL Δ BL Δ

Overall rates of
hypoglycaemia Other comments

(A) Insulin and GLP-1 agonist combination therapy
Buse et al65 Parallel group, 30-week RCT Exen+Gla±Met±Pio n=137) vs PBO+Gla±Met

±Pio (n=122)
8.35 ↓1.74† 95.4 ↓1.8† 49.5 u ↑13u† 1.4ns vs 1.2 (event/

patient-year)
Significant reductions in SBP/DBP (3 and 2 mm
Hg, respectively) with Exen. Discontinuation
due to nausea, vomiting and diarrhoea with
Exen vs PBO (9 vs 1%†)

8.53 ↓1.04 93.8 ↑1.0 47.4 u ↑20u

Riddle et al66 Double-blind, parallel group,
24-week RCT

Lixi+Basal ins±Met (n=327) vs PBO+Basal ins
±Met (n=166)

8.4 ↓0.7† 87 ↓1.8† 54 u ↓6u† 26%† vs 21% Basal insulin used were Gla (50%) and NPH
(40%)
Discontinuation due to nausea, vomiting and
diarrhoea with Lixi vs PBO (7.6% vs 4.8%)

8.4 ↓ 0.3 89 ↓0.5 58 u ↓2u

Seino et al67 Double-blind, parallel group,
24-week RCT

Lixi+Basal ins±SU (n=154) vs PBO+Basal ins
±SU (n=157)

8.5 ↓0.8† 66 ↓0.4ns 25 u ↓1.4u† 43%† vs 24% Basal insulin used were Gla (60%), Det (27%),
NPH (13%).
Discontinuation due GI side effects with Lixi vs
PBO (9.1% vs 3.2%)

8.5 ↑ 0.1 66 ↑0.1 24 u ↓0.1u

Rosenstock
et al68

Open-label, 52-week
extension phase RCT

Lira (1.8 mg)+Det+Met (n=162) vs Lira
(1.8 mg)+Met (n=161)

8.2 ↓0.5† 96 ↓3.7 10 u ↑32u 0.23ns vs 0.03
(event/patient-year)

Det as add-on therapy and intensified to
achieve A1c <7%8.3 ↑ 0.1 95.3 ↓4.6† NR

(B) Insulin and DDP-4 inhibitor combination therapy
YkiJarvinen
et al69

Double-blind, parallel group,
≥52 week RCT

Lina+Basal Ins±Met±Pio (n=631) vs PBO
+Basal Ins±Met±Pio (n=630)

8.3 ↓0.6† NR ↓0.3ns NR ↑3uns 31.4%ns vs 32.9% Dose adjustment not required in the elderly or
with impaired renal function8.3 ↑ 0.1 NR ↓0.04 NR ↑4u

Barnett
et al70

Double-blind, parallel group,
52-week RCT

Saxa+Basal Ins±Met(n=304) vs PBO+Basal Ins
±Met(n=151)

8.7 ↓0.8† 87.7 ↑0.8ns 54u ↑6uns 22.7%ns vs 26.5% Common AEs (≥5% with Saxa vs PBOns) were
UTI, respiratory infection and nasopharyngitis8.6 ↓ 0.4 86.2 ↑0.5 54u ↑7u

Vilsbøll
et al71

Double-blind, parallel group,
24-week RCT

Sita+Ins±Met (n=322) vs PBO+Ins±Met
(n=319)

8.7 ↓0.6† 86.5 ↑0.1ns 51u NR 16%ns vs 8% 74% subjects on long-acting or
intermediate-acting insulin, 26% on premixed
insulin. Common AEs (≥2% with Sita vs PBOns)
were UTI, respiratory infection and
nasopharyngitis

8.6 0.0 87.3 ↑0.1 52u NR

Rosenstock
et al72

Double-blind, parallel group,
26-week RCT

Alo (12.5 mg)+Ins±Met (n=131) and Alo
(25 mg)+Ins±Met (n=129) vs PBO+Ins±Met
(n=130)

9.3 ↓0.6† 91.0 ↑0.6ns 58u ↑0.4uns 26.7%ns Common AEs such as UTI, nasopharyngitis,
diarrhoea and skin/gastrointestinal/infection
related events were similar across groups

9.3 ↓0.7† 87.9 ↑0.7 55u ↑0.2uns 27.1%ns

9.3 ↓0.1 86.7 ↑0.6 57u ↑0.6u 24%
Fonseca
et al73

Double-blind, parallel group,
52-week extension phase RCT

Vilda (100 mg)+Ins (n=96) (core+extension) vs
PBO+Ins/Vilda (50 mg) +Ins (n=104) (subjects
on PBO at end of core phase (24 week) were
switched to Vilda (50 mg) for the 28 week
extension phase)

8.4 ↓0.5† 92.9 ↑1.8ns 76u ↑2uns 1.8ns Efficacy more pronounced in patients
≥65 years age, in whom Vilda 100 mg/day+Ins
regimen resulted in an HbA1c reduction of
0.94% after 52 weeks of treatment

8.4 ↓0.4* 95.1 ↑0.5 82u ↑2u 1.78 (event/
patient-year)

(C) Insulin and SGLT-2 inhibitor combination therapy
Wilding
et al74

Double-blind, multicentre,
56-week extension phase
RCT. (efficacy data at 2 years)

PBO+Ins (n=193) vs Dapa 2.5 mg+Ins (n=202)
and Dapa 5/10 mg+Ins (n=211) and Dapa
10 mg+Ins (n=194) (after 48 weeks, Dapa
5 mg switched to 10 mg for the remainder of
the study (referred to as 5/10 mg group))

8.5 ↓1.0 94.5 ↑1.83 74.0u ↑18.3u 61.9% Dapa well tolerated, but genital infection and
UTI more common in women compared to PBO8.5 ↓1.14 93.0 ↓0.99† 79.9u ↑4.1u 69.3%

8.6 ↓1.89†‡ 93.4 ↓1.03† 77.1u ↑1.6u 61.3%
8.6 ↓1.30 94.6 ↓1.50† 78.0u ↓0.8u 60.7%

Matthews
et al75

Double-blind,
placebo-controlled study

Cana 100 mg+Ins (n=565) vs Cana 300 mg
+Ins (n=566) vs PBO+Ins (n=587)

8.3 ↓0.65†‡ 97.0 ↓1.9%†‡ Mean TDD (83u) in all
groups was unchanged
throughout the study.

49% Cana was generally well tolerated; ↑frequency
of genital fungal infections and slightly ↑risk of
hypos

8.3 ↓0.73†‡ 97.0 ↓2.4%†‡ 48%
8.3 93.4 37%
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respectively, compared with placebo.75 The side-effect profile
was similar to dapagliflozin. Empagliflozin at 10 and 25 mg/day
showed reduced HbA1c levels when added to basal insulin
(treatment difference=−0.56%, 95% CI −0.75 to −0.36 and
−076%, CI −0.90 to −0.50, respectively) and to multiple daily
injections of insulin (treatment difference=−0.38%, 95% CI
−0.59 to −0.16 and −0.46%, CI −0.67 to −0.25, respectively)
without increasing the overall insulin dose. Empagliflozin was
well tolerated except for increased genitourinary infections.76 77

Twice-daily premixed insulin regimen
A premixed insulin regimen is commonly employed as a treat-
ment intensification measure in individuals with T2DM failing
to achieve HbA1c targets despite a ‘basal insulin add-on to oral
antidiabetes drugs (OADs)’ regimen.84 85 The rationale for
choosing a twice-daily premixed insulin over a basal insulin
regimen to intensify therapy in OAD failure may be influenced
by a higher baseline HbA1c (>9.5%) and/or the dominance of
postprandial hyperglycaemia with most fasting glucose readings
closer to target.86 A drawback with biphasic regimens is the lack
of flexibility in insulin dose titration between long-acting and
short-acting components, higher rates of hypoglycaemia and
weight gain, and increased rates of adverse events that may pre-
clude its regular use for elderly individuals.87–89 A premixed
insulin analogue regimen has a superior advantage over biphasic
human insulin in terms of improved glycaemic control, fewer
hypoglycaemic events, lower treatment discontinuation rates
and cost-effectiveness.90

Prandial-only insulin regimen
A review of studies comparing prandial-only insulin with OHA
to a basal insulin regimen with OHA regimens showed greater
improvements in HbA1c (mean reduction=−0.40; 95% CI
−0.29 to −0.51) with prandial insulin regimens, although most
studies used three prandial injections and provoked more hypo-
glycaemia and weight gain.87

Basal-bolus regimens
A basal-bolus intensive regimen is best suited for individuals
with an active lifestyle and variable eating habits, and requires
frequent blood glucose monitoring. The 4 T study was a 3-year
randomised trial conducted to estimate the optimal starting
insulin regimen in 708 individuals with poorly controlled
T2DM. Study subjects were randomised to biphasic insulin
aspart twice daily, prandial insulin aspart three times daily or
basal insulin detemir once daily (twice if required). A basal
insulin regimen was associated with fewer hypoglycaemic epi-
sodes and less weight gain compared to premix and prandial
insulin regimens.63 Importantly, two thirds of subjects in the
basal or prandial groups wherein treatment intensification led
to a basal–prandial regimen reached an HbA1c target of
<7.0%. A meta-analysis of 16 randomised trials involving
7759 individuals with T2DM, which compared glycaemic effi-
cacies of insulin regimens using analogue insulins, reported
that basal-bolus compared to biphasic insulin regimens pro-
vided a greater chance of reaching HbA1c targets of <7% (OR
1.75; 95% CI 1.11 to 2.77) without increased hypoglycaemia
or weight gain.91

Summary of insulin regimens in T2DM
Insulin initiation with a basal insulin and dose titration to maxi-
mise the possibility of achieving fasting blood glucose targets is
an optimal first-line option. Combination therapy of basal
insulin with an incretin-based therapy or SGLT-2 inhibitor
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therapy because of their complementary profiles are a potential
treatment option in obese individuals or in a select group of
individuals who, despite escalating doses of insulin, fail to
achieve glycaemic targets and may further offer weight reduc-
tion with an insulin-sparing effect. In the event of inadequate
control of postprandial hyperglycaemia, a deterrent to achieving
target HbA1c, the addition of prandial insulin, a short-acting
GLP-1 agonist or a twice-daily biphasic regimen are useful
strategies.

Types of insulin regimen in T1DM
▸ Multiple dose injection (MDI) or basal-bolus therapy
▸ CSII
▸ Twice-daily premixed insulin regimen

Since our earlier publication in this journal on insulin regi-
mens in T1DM,6 more studies have been published supporting
our earlier observations. The use of insulin analogues in basal-
bolus regimens remains an ideal option for many patients and
has shown improved patient treatment satisfaction.13 The results
of a recent systematic review suggest that CSII (insulin pump)
therapy has superior glycaemic efficacy compared with a basal-
bolus regimen, with significant reduction in severe hypogly-
caemia but it may not result in complete avoidance of
mild-to-moderate hypoglycaemic events.92 Studies estimating
the cost-effectiveness of CSII indicate that it represents good
value for money.93–95

A twice-daily premixed insulin regimen is a potential option in
individuals with T1DM since the regimen is simple, easy to
adopt by carers and may be a useful option in those individuals
who struggle to comply with MDI or CSII therapy, although
early intensification of insulin therapy should be encouraged.96

However, in a 10-year follow-up of insulin regimens among
7206 children and adolescents with T1DM who were attending
summer camps, premixed regimens were least favoured for use
and showed no glycaemic superiority over other intensive
insulin therapies.97

Summary of insulin regimens in T1DM
CSII is more effective at improving glycaemia compared with
multidose injections; nonetheless, it is not the panacea for
superior glycaemic efficacy in all individuals with T1DM.
Careful individual consideration, education and support are
vital ingredients for its effective use.98

CONCLUSION
In this review article, we provide a broad overview and
up-to-date evidence on new insulin analogues, including those
in clinical development and newer insulin regimens in indivi-
duals with T1DM and T2DM. There is some evidence that ana-
logue insulins positively affect quality of life and reduce rates of
hypoglycaemia; the advent of newer long-acting analogues with
more physiological basal profile and significantly lower risk of
nocturnal hypoglycaemia holds promise. However, given the
thrust of quality initiatives and health-economics assessments,
healthcare providers in recent times have been keen to
re-establish human insulin prescribing. Additionally, human
insulins may have a modestly higher projected cost than analo-
gues as the impact of hypoglycaemia is not accounted for in
many of the economic models. With the advent of newer regi-
mens combining incretin-based therapies and SGLT-2 inhibitors
with insulin, the management of select individuals with T2DM
failing to meet glycaemic targets on basal insulin regimen has
expanded. Although initial results of such combination therap-
ies are reassuring, trial data on their long-term safety and

economic impact are awaited. Finally, strategies such as patient-
centred collaborative care, education and training are vital and
recommended in the management of individuals with diabetes
alongside more efforts to demystify the inertia of insulin initi-
ation among healthcare teams caring for individuals with
T2DM.

Main messages

▸ New insulin analogues and new insulin regimens may be
appropriate in a defined group of patients with diabetes.

▸ Insulin degludec, alongside glargine U300 and PEGylated
insulin lispro (under development) form a new category of
long-acting insulin analogues with more physiological basal
profile and all demonstrate a lower risk of nocturnal
hypoglycaemia.

▸ Basal insulin combination therapy with newer classes of
glucose-lowering agents such as GLP-1 receptor agonists,
DPP-4 inhibitors and SGLT-2 inhibitors are novel and useful
treatment options in individuals with T2DM.

▸ Insulin regimens differ in complexity, glycaemic efficacy,
weight gain and risk of hypoglycaemia, and may require
subsequent intensification.

▸ Education and empowering individuals to self-manage their
own insulin regimen is of vital importance.

Current research questions

▸ What are the long-term glycaemic and safety effects of
synergistic treatment with insulin and incretin mimetics?

▸ What are the long-term glycaemic and safety effects of
synergistic treatment with insulin and newer class of
glucose-lowering agents, SGLT- 2 inhibitors?

▸ What are the effective strategies and system-level
interventions that can be applied in primary care to address
clinical inertia in the initiation and self-management of
insulin therapy?
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Self assessment questions

Please answer true (T) or false (F) to the below,

1. NICE guidelines in the UK recommend analogue insulins as
first-line therapy in all individuals with T2DM.

2. Insulin detemir is equivalent to glargine but with higher
average unit requirement as shown in comparative studies
and induces less weight gain.

3. Comparative trials with insulin degludec and glargine or
detemir have shown no differences in glycaemic efficacy.

4. PEGylated lispro insulin has shown superior improvements in
HbA1c compared with glargine.

5. Biphasic insulin regimens are most suited in elderly
individuals since they allow flexibility with insulin dose
titration and induce lower rates of hypoglycaemia and
weight gain.
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