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ABSTRACT
Type 2 diabetes (T2D) is a progressive disease,
with many individuals eventually requiring
basal insulin therapy to maintain glycaemic
control. However, there exists considerable
therapeutic inertia to the prompt initiation and
optimal titration of basal insulin therapy due to
barriers that include fear of injections, hypoglycaemia, weight gain, and burdensome regimens. Hypoglycaemia is thought to be a major
barrier to optimal glycaemic control and is
Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s13300-022-01247-7.
S. B. Harris (&)
Schulich School of Medicine & Dentistry at The
University of Western Ontario, in London, 1151
Richmond St, London, ON N6A 5C1, Canada
e-mail: Stewart.Harris@schulich.uwo.ca
E. B. Parente
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associated with significant morbidity and mortality. Newer second-generation basal insulin
analogues provide comparable glycaemic control with lower risk of hypoglycaemia compared
with first-generation basal insulin analogues.
The present review article discusses clinical
evidence for one such second-generation basal
insulin analogue, insulin glargine 300 U/mL
(Gla-300), in the context of hypothetical case
studies that are representative of individuals
who may attend routine clinical practice. These
case studies discuss individualised treatment
needs for people with T2D who are insulinnaı̈ve or pre-treated. Clinical characteristics
such as older age, frequent nocturnal hypoglycaemia, and renal impairment, which are
known risk factors for hypoglycaemia, are also
considered.

Keywords: Basal insulin analogues; Glycaemic
control; Hypoglycaemia; Insulin glargine
300 U/mL; Type 2 diabetes
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Key Summary Points
Many people with type 2 diabetes (T2D)
will eventually require a basal insulin (BI)
to achieve or maintain glycaemic control.
Second-generation BI analogues, such as
insulin glargine 300 U/mL (Gla-300) and
insulin degludec (IDeg), represent a
suitable option for people needing
intensification of their
antihyperglycaemic regimens to meet
individualised glycaemic targets,
including high-risk groups such as those
with renal impairment and older people.
Improved communication between
healthcare professionals and patients,
along with appropriate educational tools
and support, may increase patient
confidence in the administration and
titration of BI dose, ultimately improving
glycaemic management.

DIGITAL FEATURES
This article is published with digital features,
including a webinar and infographic, to facilitate understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.17318996.

INTRODUCTION
Type 2 diabetes (T2D) is a progressive disease
and people with T2D often require exogenous
insulin to maintain optimal glycaemia [1–3].
Prompt and persistent treatment intensification
is recommended to prevent the complications
of diabetes [1, 3, 4]. However, clinical/therapeutic inertia (i.e. delays in treatment intensification or titration) is common, especially
when intensifying therapy with insulin [3, 5]. In
a retrospective cohort study, the median time to
insulin intensification was at least 6 years even
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when the person’s HbA1c was 8% or higher,
regardless of whether they were taking one, two,
or three oral antihyperglycaemic drugs (OADs)
[6]. In the USA, between 2005 and 2012,
approximately 40% of people using insulin to
control diabetes had an HbA1c greater than 8%,
suggesting a lack of appropriate treatment
intensification or improper titration [7]. In the
International Diabetes Management and Practices
Study (IDMPS), a cross-sectional real-world
study involving more than 66,000 individuals
with T2D living in developing countries, less
than 50% of people with T2D taking any
antihyperglycaemic medication and less than
30% of those taking insulin with or without
OADs had an HbA1c below 7% over the entire
study period (2005–2017), while the mean time
to insulin initiation was greater than 8 years [8].
Various barriers contribute to delays in initiation, intensification, and optimal titration of
insulin therapy, such as fear of injections, burdensome regimens, fear of hypoglycaemia,
weight gain, and the perception that the need
for insulin signals a failure of diabetes
self-management (Fig. 1) [3, 5, 9]. Of these,
hypoglycaemia is often thought to be the main
barrier to glycaemic control.
The aim of this review is to summarise how
hypoglycaemia can impact optimal glycaemic
management in T2D, and to use hypothetical
clinical cases to examine how insulin glargine
300 U/mL (Gla-300), which has been shown to
provide the same glucose-lowering potential
but
lower
hypoglycaemia
risk
versus
first-generation basal insulin (BI) analogue,
insulin glargine 100 U/mL (Gla-100) [10], may
be beneficial in various clinical situations. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

HYPOGLYCAEMIA AS A BARRIER
TO OPTIMAL MANAGEMENT
OF T2D
Hypoglycaemia is common in people with
T2D, and is often thought to be the main
barrier to glycaemic control. In the global
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Fig. 1 Barriers to insulin initiation, optimal titration, and intensiﬁcation [3, 5, 9]

hypoglycaemia assessment tool (HAT) study,
the estimated annual rate of any hypoglycaemia
in T2D was 19.2 episodes per patient-year, and
the rate of severe hypoglycaemia was 2.5 events
per patient-year [11]. In another international
survey, 28% of people with T2D reported
experiencing non-severe hypoglycaemic events
at least once per week [12]. In the Canadian
InHypo-DM study, 54% of people with T2D
experienced moderate hypoglycaemia with an
average incidence of 28 events per-patient year
[13]. Severe hypoglycaemia was experienced by
38% of people with T2D, with an average incidence of 2.5 events per-patient year [13]. These
results were higher than other real-world studies
capturing severe hypoglycaemia, which may be
attributable to a large number of these studies
relying on clinical documentation from medical
records or patient registries, which may underestimate actual events.
High rates of hypoglycaemia are particularly
concerning given that it is associated with high
morbidity and mortality [14]. Mild to moderate
hypoglycaemia can increase the risk of injury
from falls or accidents [15]. Frequent hypoglycaemia can lead to hypoglycaemia unawareness
and increased potential for recurrent hypoglycaemia
[15–17].
In
turn,
recurrent

hypoglycaemia, especially recurrent severe
hypoglycaemia, is strongly associated with cardiovascular events, including sudden death,
autonomic neuropathy, silent myocardial
ischemia, and other adverse cardiovascular
outcomes [17–19]. The risk of hypoglycaemia is
increased in people who are elderly or frail, have
renal impairment, or who have multiple
comorbidities [20, 21]. For example, the risk of
hypoglycaemia can be approximately twofold
higher in those with chronic kidney disease [20]
and 1.5-fold higher in individuals 75 years of
age or older [21], while the risk of hypoglycaemia increases with increasing comorbidities
[21]. However, data are more limited in such
groups as they are often excluded from typical
randomized controlled trials. Therefore, realworld studies that have minimal exclusion criteria and are more representative of everyday
clinical practice can provide valuable information about hypoglycaemia.
Hypoglycaemia places a high economic burden on people with diabetes as well as society in
terms of direct (self-management, increased
healthcare resource utilisation, including hospital admissions) and indirect costs (absenteeism, reduced productivity) [11, 12]. There is
also an adverse impact of hypoglycaemia on
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daily quality of life in terms of reduced feelings
of psychological wellbeing and fear of experiencing further events [22]. Hypoglycaemia has
an adverse impact on family members who care
for people with diabetes, with 64% reporting
that it caused them anxiety or worry [23].
Concerns about hypoglycaemia pose barriers to
timely insulin initiation and optimal uptitration
for both clinicians and people with diabetes
[5, 9, 24]. People with diabetes have been shown
to alter self-management behaviours, including
refusing to start insulin or undertitrating or
omitting insulin doses, to avoid hypoglycaemia
[5, 12]. The adverse impact of hypoglycaemia on
optimising insulin treatment is highlighted by
the finding that 72–79% of physicians in the
multinational Global Attitudes of Patients and
Physicians in Insulin Therapy study reported they
would treat diabetes more aggressively if they
were not worried about hypoglycaemia [25].

SECOND-GENERATION BASAL
INSULINS: WHY PHARMACOKINETIC/PHARMACODYNAMIC
PROFILES MATTER
Guideline recommendations call for use of BI
analogues, which carry a lower risk of
hypoglycaemia compared with neutral protamine Hagedorn insulin (NPH) [1, 2, 26]. The
ideal BI has a pharmacokinetic (PK) and
pharmacodynamic (PD) profile that has little to
no within-day variability and a long duration of
action, resulting in better glycaemic control
before and between meals with less potential for
hypoglycaemia [27]. Of the BI analogues,
Gla-300 and insulin degludec (IDeg)—both
second-generation BI analogues—have more
stable and prolonged PK/PD profiles than Gla100, which are associated with a lower risk of
hypoglycaemia [28, 29]. In the next section,
evidence for the efficacy and safety of Gla-300
from randomized controlled trials and realworld studies will be reviewed in the context of
hypothetical clinical case studies.

GLA-300 USE IN PEOPLE WITH T2D:
HYPOTHETICAL CASE STUDIES
The following hypothetical case studies were
developed to illustrate key concepts in initiating BI therapy with a second-generation
insulin analogue or switching BI therapy to a
second-generation insulin analogue in people
with T2D.
Case 1: Insulin Initiation—Uncontrolled
on Multiple Oral Agents

Patient proﬁle
Name

Joseph

Age

52 years

Occupation

Delivery driver

Lifestyle/
activity

Plays tennis three times a week, nonsmoker

Diabetes
duration

6 years

BMI

32 kg/m2

Laboratory
results

Current HbA1c 8.2% (66 mmol/mol)
with an HbA1c [ 8%
([ 64 mmol/mol) for the previous
year, blood pressure 126/80 mmHg,
estimated glomerular ﬁltration rate
(eGFR) 90 ml/min/1.73 m2, urine
albumin to creatinine ratio (ACR)
normal

Medical history

Tried a glucagon-like peptide 1 receptor
agonist (GLP-1 RA) but stopped
treatment as he was unable to tolerate
the gastrointestinal side effects. No
established cardiovascular disease.
Hypercholesterolaemia
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Table a continued
Patient proﬁle
Current
medication

Metformin (extended release 1000 mg
twice daily), a sodium-glucose cotransporter 2 (SGLT2) inhibitor
(canagliﬂozin 300 mg/day),
sulfonylurea (glimepiride 4 mg/day),
dipeptidyl peptidase 4 (DPP4)
inhibitor (sitagliptin 100 mg once
daily), two anti-hypertension
medications (ramipril 10 mg once
daily and amlodipine 10 mg once
daily) and atorvastatin 40 mg once
daily

Relevant family
history

Father had type 2 diabetes and died of
myocardial infarction

Joseph’s Concerns
Joseph is reluctant to start insulin because he
believes insulin injections will be inconvenient
and difficult, particularly because he does not
keep a regular schedule because of long hours at
his work. Hypoglycaemia is a concern as he has
already experienced an event after initiating
therapy with sulfonylurea. Many countries have
requirements regarding driving licence eligibility for people with diabetes, particularly those
with insulin-treated diabetes, including the
need for self-measured plasma glucose (SMPG)
measurements prior to driving and requiring
individuals not drive if their blood glucose is
below certain thresholds [30–32]. Furthermore,
many regulations stipulate that those experiencing hypoglycaemia while driving, or who
experience a severe hypoglycaemia event at any
time, could have their driving privileges
revoked for a period of time [30]. Joseph is
concerned about potential additional self-care
requirements and monitoring needed to ensure
he meets driving regulations should he start
insulin therapy and about the potential impact
on his job. Given his familial history of
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cardiovascular disease, he is also worried about
the potential for weight gain.
Research Evidence
It is a common perception that insulin
therapy is difficult and inconvenient, but a
second-generation BI analogue like Gla-300 can
provide flexibility to match people’s daily
activities. The efficacy and safety of Gla-300 is
maintained when it is injected up to 3 h before
or after the usual time of once-daily administration [33], which may allow people with T2D
more freedom in timing their BI injections to
deal with the situational irregularities of daily
life [33].
Key to a flexible insulin therapy regimen is
an individual’s ability to self-manage their
diabetes. Guidelines highlight the importance
of instruction and involving individuals in
insulin management and highlight that self-titration of BI can be beneficial [26]. In the TAKE
CONTROL study, self-titration of Gla-300
resulted in superior HbA1c reduction compared
with physician-led titration (p = 0.0247), without an increased risk of hypoglycaemia [34].
Furthermore, significantly more participants
reached fasting SMPG targets without hypoglycaemia with self- versus physician-led titration
(p = 0.0187) [34]. The TITRATION study compared self-titration of Gla-300 using a simple
titration algorithm of 1 unit/day used in the
INSIGHT study [35] with that of the more
complex physician-led EDITION algorithm
[36–38] and showed that both algorithms
resulted in comparable glycaemic control and
rates of hypoglycaemia [39]. Furthermore, the
AUTOMATIX study showed that device-supported titration with Gla-300 demonstrated a
good safety profile and was non-inferior to
diabetes specialist-led titration, with a trend
towards shorter times to reach glycaemic target
[40].
Glycaemic outcomes during the first few
months following initiation of BI therapy are
important for longer-term clinical outcomes
[41]. Given the likely fear of hypoglycaemia
following the initiation of BI therapy, to optimise glycaemic control in the early stages it is
important to closely follow up the patient post-BI
initiation and to choose a BI with a lower risk of
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hypoglycaemia. Failure to achieve glycaemic
control within the first 3 months following
initiating a BI has been shown to increase the
risk of not achieving glycaemic targets after
2 years
[41].
Furthermore,
experiencing
hypoglycaemia during this initial 3 months also
increased the risk of long-term hypoglycaemia
[41]. In a retrospective study of over 55,000
insulin-naı̈ve individuals with T2D initiating BI
therapy, those who experienced hypoglycaemia
within the first 6 months after starting BI were
more likely to discontinue their therapy after
12 months compared with those who did not
[42]; these individuals, in turn, had greater
healthcare resource utilisation and associated
costs [42].
The EDITION 3 study demonstrated that, in
people with T2D newly initiating BI therapy,
Gla-300 provides comparable glycaemic control
with a lower risk of hypoglycaemia compared
with first-generation BI, particularly during the
initial 8 weeks of therapy [38]. The BRIGHT
study compared the efficacy and safety of
Gla-300 with IDeg in insulin-naı̈ve participants
with T2D [43]. Gla-300 and IDeg 100 U/mL
(IDeg-100) yielded similar HbA1c reductions of
1.6%, as well as similar variability in 24-h SMPG
[43]. Hypoglycaemia was comparable between
Gla-300 and IDeg-100 during the full study and
maintenance periods [43]. During the titration
period, however, the incidence and rates of
confirmed hypoglycaemia (B 3.9 mmol/L
[70 mg/dL]) were lower with Gla-300 versus
IDeg (by 26% [p = 0.03] and 23% [p = 0.02],
respectively), as were incidence and rates of
confirmed hypoglycaemia at the less than 3.0
mmol/L (54 mg/dL) threshold (by 37%
[p = 0.04] and 43% [p = 0.04], respectively).
During the same period, the rate of nocturnal
(00:00–06:00 h)
confirmed
hypoglycaemia
(B 3.9 mmol/L [70 mg/dL]) was 35% lower with
Gla-300 versus IDeg (p = 0.04) [43]. Given that
fear of hypoglycaemia is a major barrier to
optimal dose titration of insulin [9], the finding
of less hypoglycaemia with Gla-300 versus
first-generation BI analogues and versus IDeg100 during the time of more intensive insulin
titration could help to increase people’s confidence to initiate and properly self-titrate their
BI to reach their glucose target. This is
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particularly important as early glycaemic control has been shown to provide improved longterm glycaemic outcomes [41].
The LIGHTNING real-world evidence study
showed that Gla-300 provided 50% lower rates
of severe hypoglycaemia (defined on the basis of
electronic medical records, and including events
defined as plasma glucose below 54 mg/dL
[3.0 mmol/L]) compared with first-generation BI
analogues, Gla-100 and IDet, in insulin-naı̈ve
individuals with T2D initiating BI therapy [44].
In the DELIVER naı̈ve real-world evidence
study, initiation of Gla-300 versus Gla-100 was
associated with significantly improved glycaemic
control, numerically fewer hypoglycaemia events
and significantly more individuals reaching
HbA1c target of below 7.0% without experiencing hypoglycaemia [45]. In another real-world
study (DELIVER Naı̈ve D), initiation of Gla-300
or IDeg resulted in similar improvements in
glycaemic control and a similar effect on
hypoglycaemia during the 6-month follow-up
[46]. The real-world CONFIRM study, using the
same database as the DELIVER Naı̈ve D study,
reported greater HbA1c reductions with IDeg
versus Gla-300, although only 35% of the matched patients had follow-up HbA1c available.
Furthermore, on-treatment incidence and rates
of hypoglycaemia were comparable with IDeg
and Gla-300 after 6 months as in DELIVER
Naı̈ve D [47]. It has previously been discussed
that the treatment groups in CONFIRM were
not completely matched at baseline for hypoglycaemia and HbA1c and that these results
should be interpreted with caution [48].
Weight gain is a common concern of people
starting insulin therapy, but research suggests
that any such gains are a lower clinical priority
than the glycaemic control insulin therapy can
allow [49]. In the EDITION 3 and BRIGHT trials
of people with T2D initiating BI, over 6 months
of Gla-300 use weight only increased by 0.5 kg
and 2.0 kg respectively, while HbA1c decreases
were 1.4% and 1.6% [38, 43].
People with T2D are at an increased risk of
cardiovascular disease, but the ORIGIN study
showed that BI therapy with Gla-100 did not
increase the risk of major adverse cardiovascular
events, such as myocardial infarctions, versus
standard care [50]. Furthermore, the DEVOTE
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study demonstrated that IDeg was noninferior
to Gla-100 in terms of the proportion who
experienced an adjudicated major cardiovascular
event (death from cardiovascular causes, nonfatal
myocardial infarction, or nonfatal stroke) in a
population with T2D [51].
Possible Clinical Considerations for Joseph
Given that adequate glycaemic control was not
achieved with a combination of three OADs,
one treatment pathway to consider is the addition of a BI alongside a reduction of sulfonylurea dose, with the intent to eventually
discontinue sulfonylurea treatment as the BI
dose is optimised. Second-generation BIs, such
as Gla-300 or IDeg, may be relevant because of
their hypoglycaemia benefits compared with
other BIs. The BRIGHT study, which included
people with T2D initiating BI, indicated that
Gla-300 and IDeg were similar in terms of glycaemic control and overall hypoglycaemia.
However, Gla-300 was associated with lower
rates of hypoglycaemia in the first 8 weeks of
treatment versus IDeg, which may be important
in this case considering Joseph’s profession as a
driver [43]. In addition to intensifying treatment with insulin, Joseph may benefit from
reiteration of advice on lifestyle and diet modification and introduction to technology that
can help him manage his diet and busy lifestyle.
Guidance, and training, on performing blood
glucose measurements one or two times daily
may be of benefit to Joseph so that he is comfortable managing this at home. Flash glucose
monitoring (FGM) may assist Joseph with selfmanaging his glucose measurements. If Gla-300
were to be selected for treatment, an initial dose
of 0.2 units/kg once daily, as per the label
[52, 53], can be considered, and titration performed according to an evidence-based titration
algorithm [26]. The EDITION studies employed
weekly adjustment of insulin doses (no more
frequently than every 3 days) by the physician
until fasting SMPG targets were reached without
hypoglycaemia [36–38]; however, it should be
noted that patient-driven titration using daily
dose adjustments of 1 U/day until fasting glucose targets are reached has been shown to
provide comparable efficacy and safety to the
EDITION algorithm [39]. It is important to note
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that different patients require individualized
glucose targets based on their comorbidities and
life expectancy. In the case of Joseph, he is
young and has no established macrovascular
disease; therefore, his target of fasting selfmonitored
plasma
glucose
could
be
4.4–7.2 mmol/L (80–130 mg/dL), with an HbA1c
target below 7% without hypoglycaemia to
ensure tight glycaemic control given Joseph’s
relatively young age and high cardiovascular
risk [54]. As Joseph is a delivery driver, he will
need advice on the local driving regulations for
people with insulin-treated diabetes, including
further education to improve self-management
behaviours and guidance on hypoglycaemia
avoidance and management, including the
need for SMBG measurements prior to driving
[30–32].
Case 2: Hypoglycaemia Concerns
with First-Generation BI

Patient
proﬁle
Name

Anna

Age

61 years

Occupation

Ofﬁce administrator

Lifestyle/
activity

Lives alone, regularly walks 3 km every
other day

Diabetes
duration

10 years

BMI

31 kg/m2

Laboratory
results

HbA1c 7.5% (58 mmol/mol), blood
pressure 120/85 mmHg, eGFR 92 ml/
min/1.73 m2, urine ACR normal
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Table b continued
Patient
proﬁle
Medical
history

Suspected nocturnal hypoglycaemia was
recently conﬁrmed by FGM, which
Anna had been using to monitor her
24-h glucose proﬁle in response to her
concerns about hypoglycaemia. On the
basis of the FGM data she is
experiencing 1–2 nocturnal episodes
every 2 or 3 weeks. She had previously
tried a ﬁxed-ratio combination of a
GLP-1 RA and a BI; however, she had
returned to using BI only as a result of
gastrointestinal side effects. Anna has
no established cardiovascular disease

Current
medication

Gla-100 (28 U) at bedtime, metformin
(1000 mg twice daily), an SGLT2
inhibitor (empagliﬂozin 10 mg once
daily), and a DPP4 inhibitor
(linagliptin 5 mg once daily)

Anna’s Concerns
Anna is fatigued during the day as a result of her
frequent nocturnal hypoglycaemia, which is
interfering with her job and daytime activities,
but she is also concerned that she is unaware of
the nocturnal hypoglycaemic events. While she
has not required third-party help with any of
her hypoglycaemic events so far, she is worried
about experiencing a severe event, particularly
given that she lives alone and needs to drive for
her work and social life. Anna is at her individualised temporary target of HbA1c 7.5%,
which was chosen following discussions with
her physician because of her frequent nocturnal
hypoglycaemia. She believes that because her
HbA1c levels are under control she does not
need to take insulin anymore.

Research Evidence
Hypoglycaemia, and particularly distressing
events of nocturnal hypoglycaemia, are a concern for many people with T2D. Switching to
Gla-300, or another second-generation BI analogue, may reduce the frequency of hypoglycaemia
throughout the day. In EDITION 2, which
included people with T2D uncontrolled on BI
plus OADs, Gla-300 provided similar glycaemic
control to Gla-100 with lower incidence and rates
of nocturnal (00:00–05:59 h) and anytime (24 h)
confirmed (B 3.9 mmol/L [70 mg/dL]) or severe
hypoglycaemia over the full 26-week study period and across both the initial 8-week (titration)
and 9–16-week (maintenance) periods [37]. The
CONCLUDE study examined switching of BI to
IDeg (200 U/mL) or Gla-300, with both insulins
demonstrating similar hypoglycaemia risk on
the primary outcome [55], thereby affirming the
overall results of the BRIGHT study of the superior safety benefits for second-generation BIs.
In the real-world study DELIVER 2, individuals with T2D switching BI therapy to Gla-300
experienced lower hypoglycaemia incidence
and adjusted event rates compared with those
switching to another BI (IDeg, IDet, or Gla-100).
This translated to reduced healthcare utilization
[56]. In DELIVER D?, switching from a
first-generation (Gla-100 or IDet) to a secondgeneration (Gla-300 or IDeg) BI analogue provided similar improvements in glycaemic control with similar incidence and event rates of
hypoglycaemia observed for Gla-300 versus
IDeg [46]. Analysis of the LIGHTNING study
indicates that treatment with Gla-300 in a
real-life setting is associated with lower rates of
severe hypoglycaemia compared with Gla-100
or IDet in those switching from another BI [44].
Modelling analysis from the LIGHTNING study
also predicted no significant difference in the
rate of severe hypoglycaemia between Gla-300
and IDeg in BI switchers [44].
When switching from Gla-100 to Gla-300, or
other second-generation BI, it should be
remembered that the insulins may not be
bioequivalent and therefore may not be directly
interchangeable, so some dose adjustment may
be necessary [52]. For Gla-100 and Gla-300, the
cause of the difference in insulin dosage is not
known, but may be related to a potentially
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longer residence time of Gla-300 in subcutaneous tissues, which is consistent with the more
stable and prolonged PK and PD profiles. The
longer residence time might lead to an
increased amount of non-specific degradation
of the SC depot at that injection site [57]. In
support of this theory, the dose differences
between Gla-300 and Gla-100 do not have any
adverse clinical consequences, as weight gain
and hypoglycaemia risk were lower with
Gla-300 versus Gla-100 in a pooled meta-analysis
of the EDITION studies [10].
Possible Clinical Considerations for Anna
To address Anna’s concerns about the suitability
of BI treatment and her perception that her BI
therapy is no longer needed, she may benefit
from education on the nature of T2D, being
reminded that diabetes is a progressive disease
and that most individuals with T2D eventually
require a BI for optimal glycaemic control [3].
Contrary to what Anna might currently believe,
good glycaemic control does not mean the
remission of diabetes. The fact that her glycaemic control is good reflects the fact that her
current BI therapy has been effective in controlling her blood glucose, whereas a different
class of antihyperglycaemic drug may not have
been as effective.
Given Anna’s issues with hypoglycaemia, education around hypoglycaemia self-management
and recognising and preventing situations in
which hypoglycaemia occurs are important so
that she can manage her diabetes more closely.
Switching to a second-generation BI, such as
Gla-300, may help reduce the risk of hypoglycaemia, particularly overnight. As hypoglycaemia is the major reason for Anna’s physician
to consider a switch from Gla-100 to a secondgeneration BI analogue, a reduction in the daily
dose of insulin could also be an option, as could
a change in administration time from evening
to morning. Moreover, further adjustments of
the insulin dose might be most effective when
done at least once weekly until the achievement
of the target of fasting glycaemia without
hypoglycaemia. Given the lower risk of
hypoglycaemia versus first-generation BI analogues, switching Anna’s treatment to a secondgeneration BI analogue such as Gla-300 may
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help her to maintain her HbA1c at her individualized target while reducing her fear of nocturnal hypoglycaemia. Once she gains
confidence in the safety of her BI therapy, her
dose could be further uptitrated to reach the
general guideline recommended target of below
7%.
Case 3: Basal Insulin Treatment in Older
People with T2D

Patient
proﬁle
Name

Lorenzo

Age

80 years

Occupation

Retired

Lifestyle/
activity

Lives with son and daughter-in-law, swims
twice a week

Diabetes
duration

16 years

BMI

27 kg/m2

Laboratory
results

HbA1c 8.9% (74 mmol/mol), blood
pressure 130/85 mmHg, eGFR 64 mL/
min/1.73 m2, urine ACR normal

Medical
history

Pre-proliferative retinopathy and
peripheral neuropathy. Hypertension
and lipids are well managed on
appropriate treatments. Dementia

Current
medication

A ﬁxed-dose combination of a DPP4
inhibitor and metformin (linagliptin
2.5 mg/metformin 500 mg, twice daily),
an SGLT2 inhibitor (dapagliﬂozin
10 mg once daily)

Lorenzo’s Concerns
Lorenzo’s caregivers, his son and daughter-in-law,
are unsure whether Lorenzo’s glycaemic
control is adequate, but are also aware that
there
may
be
risks
associated
with
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hypoglycaemia considering his age, including
worsening dementia symptoms. They are concerned for his safety. Both caregivers have
demanding jobs and they and Lorenzo are
worried about the complexity of BI therapy, and
Lorenzo in particular is reluctant to start an
injectable therapy.

Research Evidence
Older people with diabetes are particularly at
risk of hypoglycaemia, are more likely to have
hypoglycaemia unawareness, are more vulnerable to falls, and also generally have more
comorbidities and polypharmacy [58–62].
Consequently, guidelines recommend that

Fig. 2 ADA recommendations for glycaemic targets and
basal insulin regimen simpliﬁcation in older people aged
over 65 years [63]. *The titration approach shown assumes
a person with ‘complex/intermediate’ health status and

associated fasting SMPG target. ADL activities of daily
living, BI basal insulin, SMPG self-monitored plasma
glucose

Diabetes Ther (2022) 13:913–930

glycaemic targets in older individuals may be
adjusted to minimise the risk of hypoglycaemia
[63]. An HbA1c target of below 8.0% may be
most appropriate for older people with mild to
moderate cognitive impairment and multiple
existing comorbidities [63], and avoiding
hypoglycaemia may be important to prevent
worsening cognitive decline as severe hypoglycaemia has been linked to increased risk of
dementia [64]. However, chronic hyperglycaemia should also be avoided to prevent
worsening of complications such as retinopathy
and peripheral neuropathy [1, 63, 65]. BI therapy is recommended for older people who need
additional glycaemic control; simplified titration algorithms for older individuals are recommended (Fig. 2) [63].
Second-generation BIs may be particularly
relevant in potentially more vulnerable older
adults because of lower levels of hypoglycaemia
and more flexibility in dosing versus first-generation BIs. In the SENIOR study, Gla-300
demonstrated good efficacy and safety in older
people with T2D, particularly in those of
advanced age (75 years of age and older). In this
older age group, rates of documented symptomatic hypoglycaemia and severe hypoglycaemia were significantly lower with Gla-300
versus Gla-100 [66]. A post hoc analysis of the
EDITION 1–3 studies showed that Gla-300 provided similar glycaemic control to Gla-100, with
a lower incidence of nocturnal confirmed
(B 3.9 mmol/L [70 mg/dL]) or severe hypoglycaemia irrespective of age (less than 65 years or
at least 65 years) [67]. In a post hoc analysis of
the BRIGHT study, Gla-300 was associated with
greater reductions in HbA1c versus IDeg-100,
without increased incidence or rates of
hypoglycaemia in people with T2D who were
70 years of age or older [68].
Real-world evidence from the DELIVER 3
study showed that in older adults (at least
65 years of age) with T2D, switching BI therapy
from the first-generation BIs (Gla-100 or IDet)
to Gla-300 resulted in similar HbA1c reductions
with lower incidence and rates of any hypoglycaemia at 3–6 months fixed follow-up. When
assessed by the variable follow-up (i.e. up until
discontinuation of therapy or 6 months followup, whichever occurred earlier), HbA1c

923

reductions were significantly greater with Gla300 versus other BIs [69]. The DELIVER HIGH
RISK study showed similar HbA1c reductions
alongside lower incidence and rates of any
hypoglycaemia and lower rates of hypoglycaemia associated with inpatient/emergency
department (ED) visits in people who switched
BI to Gla-300 versus those who switched to
other first-generation BI analogues [70]. Subgroup analyses in high-risk individuals from the
DELIVER D? showed that older people (at least
65 years of age) switching from first-generation
BIs to either Gla-300 or IDeg had comparable
levels of HbA1c reduction of approximately
0.5% (5.5 mmol/mol) and similar incidence of
hypoglycaemia between the second-generation
BIs [71]. Modelling subanalyses of another
real-world study, the LIGHTNING study, predicted significantly lower rates of severe
hypoglycaemia with Gla-300 versus first-generation BIs, Gla-100, and IDet, and similar rates
versus IDeg in insulin-naı̈ve older individuals
(at least 65 years of age) [44].
Gla-300 is delivered using a pre-filled SoloStarÒ
injection pen to facilitate correct dosing [52],
which has been shown to be easy to use [72, 73]. A
post hoc analysis of the TAKE CONTROL study
including older individuals (at least 65 years of age)
demonstrated that
self-titration of Gla-300 resulted in similar glycaemic target achievement to physician-led titration, without an increased risk of hypoglycaemia,
irrespective of age [74]. There was a trend for more
people to reach fasting SMPG targets without
hypoglycaemia with self- versus physician-led
titration, including those 65 years of age and older
[74].
Possible Clinical Considerations for Lorenzo
Although Lorenzo is 80 years of age and has
cognitive impairment, he needs better
glycaemic control as he still does activities by
himself and because raised blood glucose levels
will be detrimental for his neuropathy and
retinopathy. The symptoms associated with
hyperglycaemia may also negatively impact his
quality of life [75]. One way to help him
improve his glycaemic control is the addition of
a second-generation BI analogue, such as
Gla-300, as it would provide a relatively simple
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treatment regimen with a lower risk of
hypoglycaemia compared with the first-generation BI, Gla-100. Additionally, Lorenzo and his
family/caregivers may benefit from appropriate
education to enable them to manage his
diabetes. In this case, a starting dose for BI of
0.2 units/kg could be considered [43]. Lorenzo
may also benefit from pragmatic HbA1c (i.e. less
than 8% [64 mmol/mol]) and home glucose
monitoring (i.e. 5.0–8.3 mmol/L [90–150 mg/
dL]) targets [63], to ensure a slow and steady
drop in glucose and to minimize hypoglycaemia. The ease of insulin administration
using a pen device and a clear, simple titration
algorithm as reported in TAKE CONTROL (implemented either by a physician or Lorenzo’s
caregivers) [34], or as recommended for older
people in ADA guidelines [63], should give
Lorenzo and his family the confidence to manage his diabetes.
Case 4: Insulin Treatment in People
with Morbidities and Increased Risk
of Hypoglycaemia

Patient
proﬁle
Name

Christina

Age

68 years

Occupation

Retired

Lifestyle/
activity

Practises yoga twice a week

Diabetes
duration

20 years

BMI

30 kg/m2

Laboratory
results

HbA1c 8.8% (73 mmol/mol), blood
pressure 125/85 mmHg, eGFR 40 mL/
min/1.73 m2, urine ACR 10 mg/mmol

Table d continued
Patient
proﬁle
Medical
history

Previously tried a GLP-1 RA and could
not tolerate the gastrointestinal side
effects. Hypertension is well managed
on the appropriate treatment.
Stable stage 3A chronic kidney disease
(CKD), background diabetic
retinopathy

Current
medication

A ﬁxed combination of DPP4 inhibitor
combined with metformin (linagliptin
2.5 mg/metformin 500 mg, twice daily),
an SGLT2 inhibitor (empagliﬂozin
10 mg once daily), an ARB (irbesartan
300 mg once daily), a calcium channel
blocker (amlodipine 10 mg once daily)
and atorvastatin 20 mg once daily

Christina’s Concerns
Christina is worried about her glycaemic control, as she has never been able to get to HbA1c
target since she was diagnosed with T2D
20 years ago. In particular, Christina is concerned about the effect that poor glycaemic
control may have on the eye disease and CKD.
Research Evidence
Optimising glycaemic control is essential to
prevent the onset of CKD and to reducing the
risk of progression [65]. Improving glycaemic
control reduces microalbuminuria [76], a strong
predictor of renal and cardiovascular disease in
people with diabetes [77]. However, optimising
glycaemia can be challenging for people with
CKD as these individuals have reduced renal
gluconeogenesis and renal impairment is associated with altered drug metabolism and clearance, in addition to other factors that contribute
to an increased risk of hypoglycaemia [78]. For
these reasons, some treatment options such as
sulfonylureas are not recommended in individuals with impaired renal function [26].
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American Diabetes Association (ADA)/European
Association for the Study of Diabetes (EASD)
guidelines recommend GLP-1 RA therapy as first
injectable treatment, with the caveat that tolerability is an important limitation of this
approach [1, 26]. BI is recommended as a suitable therapy option in people with T2D and
CKD treated with an SGLT2 inhibitor who need
additional glycaemic control [1, 26], although it
should be noted that indications for SGLT2
inhibitors in individuals with renal impairment
differ between regulatory agencies [79].
Numerous studies support the efficacy and
safety of Gla-300 in people with renal impairment. In a post hoc analysis of the EDITION 1–3
studies, glycaemic control with Gla-300 was
comparable to that with Gla-100, while rates of
hypoglycaemia were lower with Gla-300, in
people with T2D and mild-to-moderate renal
impairment (estimated glomerular filtration
rate below 60 mL/min/1.73 m2) [80]. In a post
hoc analysis of the BRIGHT study, Gla-300 was
associated with greater reductions in HbA1c
versus IDeg, without increased incidence or
rates of hypoglycaemia, in people with T2D and
impaired renal function (estimated glomerular
filtration rate below 60 mL/min/1.73 m2) [81].
Participants using Gla-300 more often tended to
change dose frequently than those using
IDeg-100, a pattern particularly apparent in the
subgroup of people with renal impairment (below 60 mg/min/1.73 m2) [81].
In a real-world setting, the DELIVER HIGH
RISK study showed that switching from another
BI to Gla-300 provided similar HbA1c reductions
with lower incidence and rates of any
hypoglycaemia and lower rates of inpatient/ED
visit hypoglycaemia compared with switching
to a first-generation BI in people with T2D with
mild-to-moderate renal impairment [70].
DELIVER D? showed that switching from
first-generation BIs to Gla-300 or IDeg was
associated with similar improvements in HbA1c
and
hypoglycaemia
risk
between
the
second-generation BI in adults with T2D and
renal impairment [71].
Possible Clinical Considerations for Christina
Since glycaemic control is essential to avoid the
progression of kidney disease and Christina is
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already using metformin, a DPP4 inhibitor, and
an SGLT2 inhibitor, a next step to intensify
treatment could be a BI. Additionally, she may
benefit from education on self-management of
her diabetes, managing hypoglycaemia risk and
dealing with hypoglycaemic events. Christina
should be given clear ‘sick day rules’ regarding
the use of metformin, SGLT2, and hypertension
medication on days she feels unwell. This is
particularly important as an increased risk of
diabetic ketoacidosis (DKA) has been reported
in people prescribed both SGLT2 and insulin,
with potential triggering factors including illness, reduced food or liquid intake, and a
reduction in insulin doses [82]. On such days,
she might benefit from continued insulin
treatment but increasing the frequency of blood
glucose monitoring. If required, Christina’s
insulin dose could be adjusted. Because Gla-300
has been shown to provide similar glycaemic
control and a lower risk of hypoglycaemia
compared with the first-generation BI Gla-100,
and potentially greater HbA1c reductions without an increase in hypoglycaemia compared
with IDeg-100, in individuals with renal
impairment, initiating Gla-300 (at a dose of
0.2 unit/kg and titrated once weekly up to the
target of fasting glycaemia) may be considered
[43]. Pragmatic fasting glucose (6–8 mmol/L
[106–145 mg/dL])
and
HbA1c
(7–7.5%
[53–58 mmol/mol]) targets may be most
appropriate, with an appropriate follow-up
schedule.

CONCLUSIONS
Many people with T2D will eventually require a
BI to achieve or maintain glycaemic control.
The second-generation BI analogues, Gla-300
and IDeg, represent suitable BI options for
people needing intensification of their
antihyperglycaemic regimens to meet individualised glycaemic targets. In randomised controlled trials of people with T2D, both Gla-300
and IDeg have been shown to provide similar
glycaemic control to the first-generation BI
analogue, Gla-100, with a lower risk of hypoglycaemia [83]. Furthermore, both randomized
controlled trials and real-world evidence studies
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comparing the two second-generation BI analogues show largely similar glycaemic control
and comparable risk of hypoglycaemia for both
insulins [43, 46, 56, 71]; however, a lower risk of
anytime (24 h) hypoglycaemia was observed
with Gla-300 versus IDeg during the titration
period in the BRIGHT study [43]. In this article
we have focussed on Gla-300, highlighting that
its well-established efficacy/effectiveness and
safety profiles have also been demonstrated in
high-risk groups, including those with impaired
renal function and older people, which suggests
that Gla-300 is one of the suitable therapy
options in these populations [67, 68, 70, 81].
Glycaemic management with Gla-300 may be
aided by evidence to show that self-titration is
as effective and safe as physician-led titration,
which should allow individuals to become more
involved with managing their own diabetes.
There are many barriers to glycaemic control
in people with T2D. In addition to effective
therapy choices, improved communication
between healthcare professionals and patients,
along with appropriate educational tools and
support, may increase patient confidence in the
administration and titration of BI dose, ultimately improving glycaemic management and
improving treatment adherence, as well as
reducing healthcare costs [9].
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