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1 | INTRODUCTION

Francesco Giorgino MD? |
Stewart B. Harris MD®

Lori Berard® |

Abstract

Achieving target glycaemic control is essential in people with diabetes to minimize
the risk of long-term complications, and many people with type 2 diabetes will ulti-
mately require basal insulin (Bl) therapy to achieve their individualized glycaemic tar-
gets. Usually, the first 12 weeks following initiation of Bl therapy represents the
period when the greatest dose increases and glycaemic reductions occur. Effective
glycaemic control combined with minimizing the risk of hypoglycaemia is important
to enable the achievement of glycaemic control in the longer term. However, sub-
stantial therapeutic inertia exists in clinical practice, both in initiation and up-titration
of BIl, owing to patient-, physician- and healthcare system-related barriers, including
fear of hypoglycaemia and the perception of a burdensome regimen. The more pro-
longed duration of action, reduced glycaemic variability and lower risk of
hypoglycaemia seen with second-generation versus first-generation Bl analogues
may help alleviate patients’ and physicians’ concerns and facilitate titration. In turn,
optimal BI titration and subsequent metabolic benefits may help improve therapy
adherence and self-management. This review details the clinical implications of
prompt titration of Bl to achieve early glycaemic control, and the importance of mini-
mizing hypoglycaemia risk within the initial titration period. Facilitation of patients’

self-management of Bl is also addressed.
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10-year post-trial follow-up of the UK Prospective Diabetes Study

showed that early intensive glycaemic treatment (and initial greater

Tight glycaemic control is essential in people with diabetes to pro-
mote better clinical outcomes, particularly to reduce the incidence
and progression of microvascular complications such as retinopathy
and nephropathy.® The benefits of tight glycaemic control are par-
ticularly pronounced if control is achieved soon after the initiation
of antihyperglycaemic therapy, especially during the first year. A

reductions in HbA1c) during the first year resulted in significant
improvements in long-term clinical outcomes, including microvascular
disease, myocardial infarction and mortality.> Additionally, a retrospec-
tive analysis on data from the UK Clinical Practice Research Datalink on
patient records from people with type 2 diabetes (T2D) showed that a

1-year delay in antihyperglycaemic therapy intensification (either
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adding further oral antihyperglycaemic drugs [OADs] or insulin) was
associated with significantly increased risk of adverse cardiovascular
outcomes (eg, myocardial infarction, heart failure and stroke).”

Despite this, real-world evidence has consistently shown that many
people with T2D still have poor glycaemic control for prolonged periods
of time. Clinical practice guidelines recommend therapy intensification
by the addition of basal insulin (BI) therapy in people with T2D inade-
quately controlled with OADs and glucagon-like peptide-1 receptor ago-
nists.”° Despite these recommendations, therapeutic inertia with insulin
therapy is widespread. The Study of Once Daily Levemir (SOLVE) trial
showed that the majority of patients with T2D are poorly controlled at
the time of Bl therapy initiation; regional differences were observed, but
the proportion of patients with HbA1c >9.0% when insulin therapy was
initiated ranged from 23% to 64%.1* Even after Bl initiation, attainment
of the general HbA1c target is often inadequate in clinical practice, with
one large observational study of European and US people with T2D
showing that 79.1% and 72.2% of people initiating insulin failed to
achieve an HbA1c of <7.0% after 3 and 24 months, respectively.? This
agrees with another European study in both insulin-naive people initiat-
ing BI, or those previously treated who switched to a new BI, which
showed poor achievement of HbAlc <7.0% (53.6%) after 12 months.*®
Data from developing countries also show poor achievement of
glycaemic targets, with 85.8% of people using insulin in combination with
OADs showing inadequate glycaemic control.**

Therapeutic inertia of Bl therapy includes initiation inertia (delayed ini-
tiation of Bl), titration inertia (lack of Bl dose adjustment) and intensification
inertia (delayed intensification of Bl with additional antihyperglycaemic

drugs).*® Inertia in initiating and titrating Bl probably reflects a number of

HCP-related

HCP reluctance to
titrate aggressively's

FIGURE 1 Factors contributing to
therapeutic inertia of insulin. HCP, healthcare
professional

Unaware of need
to titrate insulin'

patient-, physician- and healthcare system-related barriers. These barriers
include fear of hypoglycaemia (highlighted by the fact that 75.5% of physi-
cians would treat more aggressively were it not for the risk of

hypoglycaemia with insulin'?)

, weight gain, lack of healthcare provider
time or resources, lack of perceived therapy efficacy, limited patient moti-
vation, lack of experience in diabetes self-management, and the perception
of burdensome or complex treatment regimens (Figure 1)2°% The
healthcare system-related issue of lack of resources and time for individual
physicians may also make it difficult to determine optimal dose adjust-
ments.'> Other system-level barriers, particularly in developing countries,
may include lack of access to appropriate therapies or reimbursement poli-
cies.r? Many of the barriers to optimal insulin titration also contribute to an
increased probability of overall poor glycaemic control.

Historically, clinical practice guidelines have emphasized a step-
wise approach to antihyperglycaemic therapy. Recently, to reduce
therapeutic inertia, the American Diabetes Association (ADA) and
joint ADA/European Association for the Study of Diabetes (EASD)
consensus recommendations have suggested regular (every
3-6 months) re-evaluation of antihyperglycaemic regimens, to ensure
that intensification of antihyperglycaemic regimens is considered in
patients who are not achieving glycaemic targets.”'° Other recom-
mendations to help alleviate therapeutic inertia and avoid suboptimal
therapy include ongoing monitoring of metabolic variables and cardio-
vascular risk factors (eg, HbAlc, self-monitoring of blood glucose,
weight, blood pressure and lipids), self-management education
programmes, support for emotional well-being, and the use of regular
self-titration of Bl with an evidence-based titration algorithm to

achieve a fasting plasma glucose (FPG) target.”° Insulin titration can
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Fear of Limited
weight gain'® motivation'®

Severe psychological Lack of
insulin resistance'

perceived efficacy®

Concerns about
impact on daily life®
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be facilitated using simplified and, ideally, patient-directed titration
algorithms. The optimal titration algorithm should be simple to follow,
effective, and should minimize the risk of hypoglycaemia, particularly
during the initial titration stage.

This review details the clinical evidence for the benefits of titrating
Bl to achieve early glycaemic control and minimizing hypoglycaemia
risk, with examples from both randomized controlled trials (RCTs) and
real-world evidence studies of Bl therapy. The importance of facilitating
patients’ self-management of Bl therapy to further improve adherence

and early glycaemic control attainment is also explored.

2 | HOWISTHE TITRATION PERIOD
DEFINED?

RCTs of Bl treatment are typically separated into two phases: (i) the
initiation and titration phase, defined in many clinical trials as the first
8-12 weeks of treatment; and (ii) the maintenance phase, where insu-
lin dose is more stable, with fewer adjustments required.?° Recent
guidelines recommend that once BI therapy is initiated (at 10 units
[U]/day or 0.1 to 0.2 U/kg/day), titration is performed every 3 days to
reach a suitable FPG target.'®

In a pooled analysis of 15 treat-to-target studies of insulin
glargine 100 U/mL (Gla-100) initiation in insulin-naive people with
diabetes, 89% of the overall increase in Bl dose occurred in the first
12 weeks (Bl doses: at baseline, 0.16; at 12 weeks, 0.40; at
24 weeks, 0.45 U/kg; Figure 2).2! In addition, most of the overall

improvements in HbA1lc and FPG were achieved by week 12.2! Data

from the SOLVE study are also in agreement with these results,
showing that the greatest changes in insulin dose and the greatest
HbA1c reductions occurred during the initial 12 weeks of Bl therapy
with insulin detemir (IDet).?2

Although less frequent, insulin dose adjustments are still impor-
tant after the titration period. During the maintenance period, which
may resemble day-to-day reality for most patients using Bl therapy,
patients usually need to make slight adjustments to their insulin
dose to maintain glycaemic targets while continuing to avoid

hypoglycaemia.

3 | THE CLINICAL IMPORTANCE OF THE
TITRATION PERIOD

As described previously, there is evidence suggesting that early
glycaemic control promotes improved glycaemic outcomes in the lon-
ger term, and fewer vascular complications in people with diabetes,'™
suggesting that prompt titration is important for people with T2D ini-
tiating Bl therapy.

One real-world study in insulin-naive people with T2D newly ini-
tiating Bl therapy showed that failure to achieve HbA1c <7% during
the initial 3 months was associated with increased risk of failure to
achieve glycaemic targets at 2 years (odds ratio, 3.70 [95% CI:
3.41-4.00]).*2 In addition, an observational study of electronic health
record data showed that many previously insulin-naive people with
diabetes discontinue insulin shortly after initiation: 41% in the first
month, 62% in the first 3 months and 82% in the first year.23 Similarly,
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Insulin dose titration with insulin glargine. Figure reproduced from Owens DR, et al. Diab Res Clin Pract 2014;106:264-274
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another real-world study looking at data from the UK Clinical Practice
Research Datalink database showed that, in people with T2D with
inadequate HbA1c control (27.5%) while receiving Bl treatment, dis-
continuation of Bl therapy was 32.1%.2* Only 30.9% of those individ-
uals had their treatment intensified, and the median time to
intensification was 3.7 years.?* Bl discontinuation is associated with
increased acute care costs (hospitalization and emergency room visits)
and may be associated with poorer long-term outcomes.?®

While pursuing glycaemic targets in the early stages of treatment is
important, it is also key to minimize the risk of hypoglycaemia to
encourage treatment adherence, reduce hypoglycaemia in the long
term, and reduce the risks of hypoglycaemia-associated morbidity and
mortality.?>1425 In a retrospective study of over 55 000 insulin-naive
individuals with T2D, ~ 5% experienced hypoglycaemia that required
medical assistance during the first 6 months after starting Bl therapy,
and over 33% experienced a hypoglycaemic event in the first month
after initiation.!® Those who experienced hypoglycaemia within
6 months of initiating Bl were more probable to discontinue therapy
within the first 12 months of treatment compared with those who did
not (hazard ratio 1.16 [95% Cl: 1.03-1.32]; P = 0.016).*¢ Although there
were several limitations to the study, being a retrospective analysis of
US claims data, the authors highlighted that the presence of comparable
results across several databases emphasized the trend for discontinua-
tion being more probable among those who experienced
hypoglycaemia within 6 months of initiating Bl therapy.!® Another
observational real-world study in insulin-naive people with T2D in
Europe and the USA showed that hypoglycaemia during the initial
3-month period after starting Bl therapy was strongly associated with
longer-term risk of these events between 3 months and 2 years (odds
ratio: 5.71 [95% Cl: 4.67-6.99]).12 Similar findings have also been
reported in a post hoc analysis of the BRIGHT RCT, a 24-week, treat-
to-target study, which compared the two second-generation Bl ana-
logues insulin glargine 300 U/mL (Gla-300) and insulin degludec (IDeg;
100 U/mL) in insulin-naive people with T2D.2% Results showed that the
incidence of anytime (24 hours) hypoglycaemic events within the main-
tenance period (weeks 13-24) was lower for individuals who did not
experience hypoglycaemia within the initial 12-week titration period
compared with those who did (38.2% vs. 75.4%).2¢ Additionally, an
analysis of 16 RCTs of Gla-100 initiation showed that a higher risk of
hypoglycaemia during titration was associated with a continued higher

risk of non-severe and severe hypoglycaemia for up to 6 months.?”

4 | CANNEWER BI ANALOGUES ASSIST
WITH INSULIN TITRATION AND TREATMENT
ADHERENCE?

First-generation Bl analogues, such as Gla-100 and IDet, have a pro-
longed and more stable duration of action compared with previous
intermediate-acting insulins, such as twice-daily neutral protamine
Hagedorn (NPH) insulin, with Gla-100 (0.3 U/kg) showing glucose-
lowering activity of up to 22 + 4 hours and IDet (0.4 U/kg) possessing
a slightly shorter duration of 21.5 + 3.3 hours under single-dose

conditions.?83% As such, first-generation Bl analogues helped to sim-
plify treatment regimens, with once-daily dosing becoming possible
for a large proportion of patients.?® Additional benefits of first-
generation Bl analogues include lower glycaemic variability and lower
risk of hypoglycaemia compared with NPH insulin.%®
Second-generation Bl analogues, such as Gla-300 and IDeg, have
a more prolonged duration of action, flatter pharmacokinetic and
pharmacodynamic profiles, and a lower risk of hypoglycaemia com-
pared with first-generation Bls.2%3! The prolonged duration of action

results in only once-daily dosing,3°3!

which can help to alleviate the
treatment burdens in people otherwise requiring more frequent dos-
ing with older intermediate-acting insulins, such as NPH insulin, or
first-generation Bls, Gla-100 or IDet.

Fear of hypoglycaemia is also a key factor in titration inertia; the
lower risk of hypoglycaemia observed in clinical trials with second-
generation Bl analogues compared with first-generation Bl analogues
may help to alleviate such concerns during insulin initiation or titra-
tion. Given that burden of treatment is a factor influencing
adherence,®? these second-generation Bl analogues could help further
improve patient adherence, although there are no studies that have

directly examined this relationship.

4.1 | Evidence from randomized controlled trials

The EDITION clinical trial programme compared Gla-300 with Gla-
100 in people with T2D using the same titration algorithm
(Figure 3).3%3> While EDITION 1 (prior Bl and mealtime insulin) and
EDITION 2 (prior BI) included people with T2D who were already
receiving Bl therapy and provided insights into the efficacy and safety
of up-titration of Bl in Bl-switcher populations, 3% EDITION 3
included previously insulin-naive individuals with T2D, and was repre-
sentative of Bl initiation and titration.®> In EDITION 3, the mean
change in HbA1c from baseline to month 6 and proportion of partici-
pants reaching their target HbAlc or FPG at month 6 was similar
between the two treatment groups. Additionally, the percentage of
participants experiencing =1 nocturnal (00:00-05:59 hours) confirmed
(3.9 mmol/L [<70 mg/dL]) or severe hypoglycaemic event during the
maintenance period (week 9 to month 6; main secondary efficacy
endpoint) was similar in both groups (relative risk [RR] 0.89 [95% ClI:
0.66-1.20]). However, over the full 6-month treatment period, the
incidence of nocturnal confirmed (<3.9 mmol/L [<70 mg/dL])
hypoglycaemia was significantly lower with Gla-300 versus Gla-100
(RR: 0.76 [95% CI: 0.59-0.99]). Furthermore, rates of anytime
(24 hours) hypoglycaemia were significantly lower with Gla-300 ver-
sus Gla-100 over the full 6-month treatment period, particularly dur-
ing the initial 8-week titration period.3> However, it should be noted
that FPG at month 6 was higher and prebreakfast self-measured
plasma glucose (SMPG) decreased more gradually with Gla-300 versus
Gla-100, which may indicate that while the insulin dose increase was
greater with Gla-300 versus Gla-100 throughout the study, the
increase in circulating Gla-300 may still have been more gradual as

Gla-300 and Gla-100 are not bioequivalent.>¢ It may be relevant to
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FIGURE 3 Titration algorithms in randomized controlled trials of basal insulins. For the EDITION 1-3 studies, if a blood glucose (BG) of

<3.3 mmol/L (<60 mg/dL) was recorded, the dose could be reduced by 3 units (U) or at the investigator's discretion. In BRIGHT, if a BG of

<4.4 mmol/L (<80 mg/dL) was recorded, the dose could be reduced by either 2 U or at the investigator's discretion. In ATLAS, if a BG of

<3.1 mmol/L (<56 mg/dL) was recorded, the dose was reduced at the physician's discretion. In TAKE CONTROL, the dose was reduced by 3 U in
both the physician-managed or self-managed titration groups if either a BG of <4.4 mmol/L (<80 mg/dL) or 22 symptomatic or 1 severe
hypoglycaemic event(s) in the preceding week were recorded. In SENIOR, the dose was reduced by 3 U if either a BG of <5.0 mmol/L (<90 mg/
dL) or 22 symptomatic or 1 severe hypoglycaemic event(s) in the preceding week were recorded. Phys, physician-managed titration group;

pt, patient-managed titration group; S vs. S, simple versus stepwise titration; SMPG, self-measured plasma glucose.

*Doses were adjusted weekly; Tdoses were adjusted at every visit (AT.LANTUS: weekly during clinic visits or telephone contact visits; ATLAS:
clinic visits at baseline, weeks 2, 6, 12, 16 and 24; telephone contact visits were made at weeks 1, 3, 4, 5, 8, 10 and 20; TAKE CONTROL: weekly
for the first 8 weeks, biweekly until week 12, monthly until week 24); *doses were adjusted every 3 days; doses were adjusted twice a week;

Idoses were adjusted daily

consider these results when interpreting the hypoglycaemia risk pro-
files of Gla-300 and Gla-100. Similar results to those described for
EDITION 3 were observed in the EDITION 1 and 2 trials.3®3*

A pooled meta-analysis that compared the efficacy and safety of
IDeg versus Gla-100 across BEGIN RCTs, which included both insulin-
pretreated and insulin-naive people with T2D, showed similar
glycaemic control with IDeg and Gla-100 and a lower risk of
hypoglycaemia with IDeg versus Gla-100 during the overall study
period (rate ratio: 0.83 [95% Cl: 0.74-0.94]), particularly during the
maintenance period (0.75 [0.66-0.871).3” However, the lower risk of

hypoglycaemia observed with IDeg versus Gla-100 was not observed
during the titration period.®” It should be noted that the BEGIN RCTs
adopted a very stringent FPG target of >4.0 to <5.0 mmol/L (>70 to
<90 mg/dL),®” which is seldom used in adults with T2D in routine clin-
ical practice, and this may have increased the risk of hypoglycaemia
observed in these trials.

Results of the previously mentioned BRIGHT study showed simi-
lar HbA1c reductions between Gla-300 and IDeg over 24 weeks and
comparable incidence and rates of hypoglycaemia during the overall

d.38

24-week study perio There were, however, statistically
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significantly lower incidences and rates of anytime confirmed
(<3.9 mmol/L [s70 mg/dL] and <3.0 mmol/L [<54 mg/dL])
hypoglycaemia and significantly lower rates of nocturnal confirmed
(<3.9 mmol/L [<70 mg/dL]) hypoglycaemia during the titration period
(0-12 weeks) with Gla-300 versus IDeg.>® The lower hypoglycaemia
risk appears not to reflect differences in glycaemic control, as HbAlc
reductions and target achievement (<7.0%) were similar between
treatment groups at week 12.37%° However, as seen with EDITION
3, mean change in FPG appeared to decrease more gradually with
Gla-300 than IDeg, and the impact this may have on hypoglycaemia
risk is unknown.

As previously mentioned, a post hoc analysis of BRIGHT showed
that the incidence of participants who experienced hypoglycaemic
events within the maintenance phase (weeks 13-24) was lower for
individuals who did not experience hypoglycaemia within the initial
12-week titration period compared with those who did (38.2%
vs. 75.4%, respectively).?® However, HbAlc reductions during the
titration period (baseline to week 12) were greater in the subgroup
that experienced early hypoglycaemia (—1.46%) compared with those
who did not (—1.28%). A second trial comparing Gla-300 and IDeg has
been completed (NCT03078478) and full results are expected to be
published soon. However, this study required an important protocol
amendment to change the glucose meter used for titration; as such,
comparisons of the two second-generation Bl analogues within the

titration period are not possible.*4?

4.2 | Real-world evidence

Real-world evidence (RWE) is an important source of information on
how people titrate Bl in everyday clinical practice. Despite the clinical
benefits favouring second-generation versus first-generation Bls,
including lower rates of hypoglycaemia, RWE suggests that patients
are still not achieving glycaemic targets during the initial 12 weeks of
treatment. For example, the DUNE study, a prospective, 12-week
real-world observational study in insulin-naive and pretreated (within
the preceding 12 months) individuals with T2D who initiated or
switched Bl therapy, showed that only 28% and 27% of these
patients, respectively, achieved their individualized HbA1lc targets.*®
Failure to achieve these targets could have been because of insuffi-
cient dose titration, as only modest increases in dose were observed
(mean 0.10 U/kg in insulin-naive patients and 0.06 U/kg in pretreated
patients). By comparison, a pooled analysis of 15 RCTs examining the
initiation of Gla-100 in insulin-naive individuals showed mean
increases of >0.24 U/kg.?

A recent retrospective observational study of 25 489 people with
T2D in the USA assessed hypoglycaemia-related emergency depart-
ment (ED) visits or hospital admissions after initiation of long-acting
insulin analogues (1928; 8%) compared with NPH insulin (n = 23 561;
92%).%* Results indicated no significant differences in rates of
hypoglycaemia-related ED visits between individuals using NPH insulin
(8.8 events per 1000 person-years) or long-acting insulin analogues

(11.9 events per 1000 person-years; P = 0.07).** However, this study

was limited in that it compared first-generation Bl analogues, insulin
detemir or Gla-100, and utilized data from a time period preceding clini-
cal use of Gla-300 (January 2006-December 2014)** As such, the
impact of second-generation Bls Gla-300 and IDeg cannot be deter-
mined from these data. The study also did not assess the proportion of
people in each treatment group who achieved their glycaemic target.

A second recent study assessed the clinical and economic impact
of switching from insulin analogue treatment (unspecified basal or
prandial insulin analogues and secretagogues) to human insulin (pre-
mixed human 70/30 or NPH) in 14 635 older individuals (mean age:
72.2 years) with diabetes, filling in a total of 221 866 prescriptions.*®
Results showed that the change in insulin use did not affect the rate
of serious hypo- or hyperglycaemic events (defined by hospitalization
or ED admissions) and was associated with a decrease in total cost of
~ $2 million per month at the end of the second year following imple-
mentation of the intervention. Furthermore, while there was a small
but significant increase in HbAlc of 0.14% (95% Cl: 0.05-0.23;
P =0.003) within the first year of the intervention, mean HbAlc
remained stable in the following year.

Results of these two studies suggest that while RCTs might show
lower hypoglycaemia risk and improved pharmacokinetic/pharmacody-
namic profiles of long-acting insulins compared with intermediate-
acting insulins, such as NPH,° these benefits may not translate to real-
life clinical practice. Furthermore, the higher cost of long-acting Bl ana-
logues compared with human insulins may be an important factor to
consider when selecting insulin therapies; for instance, one USA-based
survey conducted in an urban diabetes centre indicated that 25% of
individuals with diabetes reported cost-related underuse of insulin, and
this was associated with significantly poorer glycaemic control.*¢

Real-world studies comparing first- and second-generation Bls
using electronic health record data have also been conducted. The
CONFIRM and DELIVER-D+ studies compared HbA1c reduction and
hypoglycaemia risk in US patient records for individuals using either
Gla-300 or IDeg, with both studies using propensity score matching
(PSM) to account for potential confounders; however, these studies
showed conflicting results.*”*® DELIVER-D+ showed similar HbAlc
reductions (Gla-300: 0.63 [SD 1.7]%, IDeg-100: 0.58 [1.6]%;
P =0.488) and HbA1c <7% target achievement (Gla-300: 15.1%,
IDeg: 16.1%; P = 0.628) from baseline to 3-6 months’ foIIow—up.48 No
significant between-treatment differences in hypoglycaemia incidence
or rates (hospitalizations or ED visits) were observed between
Gla-300 or IDeg following adjustment for baseline hypoglycaemia.*®
By contrast, CONFIRM showed significantly greater HbAlc reduc-
tions with IDeg than Gla-300 (~1.48% vs. —1.22%; P = 0.03).*’ Simi-
larly, over the initial 180 days, the proportion of patients experiencing
21 hypoglycaemic event was significantly lower with IDeg than
Gla-300 (P <0.01) and fewer patients discontinued treatment with
IDeg than Gla-300 (13% vs. 21%; P <0.001).*”

The LIGHTNING study also compared the safety and effective-
ness of first-generation (Gla-100 and IDet) and second-generation
(Gla-300 and IDeg) Bl analogues using data from US electronic health
records.*’ Potential confounders were controlled using either PSM or

predictive modelling with machine learning techniques. Results of
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predictive modelling indicated that rates of severe hypoglycaemia
with Gla-300 (0.07 events per patient-year) were significantly lower
than with Gla-100 (0.14 events per patient-year; P <0.05) or IDet
(0.15 events per patient-year; P <0.05) in insulin-naive individuals, but
were not significantly lower versus IDeg (0.10 events per patient-year,
P >0.05).*° Similar results were observed in the PSM analysis.*’ It
should be noted that CONFIRM, DELIVER-D+ and LIGHTNING did
not specifically compare the safety and efficacy of different Bl formu-
lations within the initial period of insulin titration, probably because of
the limitations of the electronic healthcare records datasets. Never-
theless, data from these RWE studies add to the results observed
in RCTs.

There are limitations to consider when interpreting results from
RWE studies. The lack of randomization and unselected patient
populations may lead to potential biases and confounders.>® Fur-
thermore, the data used are not collected or organized with the pur-
pose of supporting research, and as such, data may be inaccurate or
incomplete®®; this could lead to underreporting of events (eg,
hypoglycaemia episodes). Furthermore, the studies detailed above
did not capture data on how titration was performed, or the insulin
doses used, and did not present results by separate titration and
maintenance periods. Therefore, comparisons of clinical outcomes
specifically within the titration period are not possible. Additionally,
many RWE studies assessing hypoglycaemia utilize ED visits and
hospitalizations to define hypoglycaemic events. However, this
approach would not capture non-severe hypoglycaemia events,
which also have a large impact on people with diabetes,> or severe
episodes where the individual was not hospitalized or did not require
an ED visit.

4.3 | Self-titration and patient empowerment

Patient empowerment can also be achieved with titration tools
that enable people to self-titrate their Bl, with guidelines rec-
ommending the use of evidence-based titration algorithms to
facilitate self-titration.””1° There have been several trials in which
self- and physician-managed titration utilizing simple paper-based titra-
tion algorithms have been compared (Table 1). Three such trials are
ATLAS, AT.LANTUS and TAKE CONTROL, which compared self- versus
physician-managed titration with either Gla-100 or Gla-300. All three tri-
als showed significantly greater reductions in HbAlc with self- versus
physician-led insulin titration (Table 1).>2>* While the incidence of
hypoglycaemia was slightly higher with the self- versus physician-
managed groups in the two trials that investigated Gla-100 titration
(ATLAS and AT.LANTUS), both titration arms showed a similar incidence
of hypoglycaemia in TAKE CONTROL, where participants received
Gla-300.>2 However, it should be noted that the definitions of
hypoglycaemia varied between these studies. Results from TAKE
CONTROL also showed that a greater proportion of participants in the
self- versus physician-managed group achieved SMPG targets without
hypoglycaemia and had slightly greater improvements in emotional

burden.>?

Providing enhanced digital educational tools or titration-support
devices can further empower patients to self-titrate their B, as shown
with the INNOVATE and AUTOMATIX trials (Table 1). INNOVATE
compared the efficacy and safety of Gla-100 administered with
physician-led titration versus self-titrated insulin titration facilitated
with a home-based web tool (LTHome).>> While the primary endpoint
in INNOVATE was not met (non-inferiority was not shown for
LTHome self-titration vs. physician-managed titration for the compos-
ite endpoint: four out of seven FPG readings within 5.0-7.2 mmol/L,
mean of three consecutive FPG measurements within 5.0-7.2 mmol/L,
and no severe hypoglycaemia), HbA1lc reductions and incidence of
hypoglycaemia were similar between groups. Additionally, LTHome
self-titration was associated with greater reductions in hypoglycaemia
fear scores and diabetes distress scores versus physician-managed titra-
tion.>> The AUTOMATIX trial compared physician-led titration with a
device-supported titration system to facilitate self-titration for Gla-300.
The device-supported titration system provided automated titration
suggestions based on device-measured fasting SMPG readings from a
minimum of 3 consecutive days.>® Results showed that the device-
supported titration was non-inferior to physician-led titration for the
primary endpoint (fasting SMPG target achievement of 5.0-7.2 mmol/L
[90-130 mg/dL] after 16 weeks without severe hypoglycaemia). Addi-
tionally, a greater proportion of patients achieved target fasting SMPG
without confirmed (<3.9 mmol/L [<70 mg/dL]) hypoglycaemia in
the device-supported versus physician-led titration arm. Impor-
tantly, patient-reported outcome scores were similar between
groups, and the device-supported titration was rated as easy to
use.>® A similar trial comparing device-supported versus physician-
managed titration is currently ongoing in people with T2D receiving
IDeg Bl therapy.®”

Providing simpler titration algorithms can also facilitate patients in
self-titrating their Bl. For example, the TITRATION study, which compared
self-titration of Gla-300 using either a simple insulin titration algorithm of
1 U/day dose increases (the INSIGHT study BI titration algorithm,
Figure 3)°® or physician-titration with the EDITION algorithm®3° in both
insulin-pretreated or insulin-naive people with T2D (Figure 3), showed that
both titration groups achieved similar glycaemic outcomes without differ-
ences in hypoglycaemia or insulin dose increases.”® Additionally, the
BEGIN: ONCE Simple Use trial compared simple versus stepwise titration
algorithms using IDeg in insulin-naive people with T2D (Figure 3).2° Both
titration algorithms provided similar reductions in HbAlc (—1.09% and
—0.93% with simple and stepwise titration, respectively) with comparable
confirmed (<3.1 mmol/L [<56 mg/dL]) hypoglycaemia rates (1.60 and 1.17
events/patient-year of exposure, P = 0.43), comparable confirmed noctur-
nal hypoglycaemia rates (0.21 and 0.10 events/patient-year of exposure,
P = 0.20), similar insulin doses, and similar weight changes observed over
the 26-week study.®°

The results of these studies show that self-titration did not
increase the risk of hypoglycaemia and was still effective in achieving
glycaemic control, while providing similar or better patient satisfaction
compared with physician-managed titration. Use of digital education
tools, titration-support devices or providing simpler titration algo-

rithms could further facilitate patients to self-titrate their BI.
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44 | Insulin titration in special populations
Hypoglycaemia risk is increased in certain populations, such as those
with renal impairment, established cardiovascular disease, long dura-
tion of diabetes, impaired awareness of hypoglycaemia, and those
with cognitive impairment.2>%! Additionally, certain populations (such
as older individuals) may be at increased risk from the consequences
of hypoglycaemia, such as falls/fractures and hospitalizations.®> While
insulin therapy must always be carefully balanced between optimizing
glycaemic control and minimizing the risk of hypoglycaemia, it is an
especially sensitive issue in these high-risk populations.

Studies comparing Bl therapy use in high-risk populations have
showed that simple titration algorithms can be effective in these patients.

The SWITCH 2 RCT investigated the use of IDeg versus Gla-100
in people with poorly controlled T2D despite prior treatment with Bl
with or without OADs and at least one hypoglycaemia risk factor: 21
severe hypoglycaemic episode within the last year (ADA definition);
moderate chronic renal failure (estimated glomerular filtration rate of
30-59 mL/min/1.73 m?); hypoglycaemic symptom unawareness;
exposure to insulin for >5 years; episode of hypoglycaemia (symptoms
and/or blood glucose level <3.9 mmol/L [<70 mg/dL]) within the last
12 weeks.®® Insulin was adjusted weekly based on the mean of 3 days
prebreakfast blood glucose with a target of 4.0-5.0 mmol/L
(71-90 mg/dL) (Figure 3). In this population with a high risk of
hypoglycaemia, IDeg was associated with a significant absolute
9% reduction in overall symptomatic (<3.1 mmol/L [<56 mg/dL])
hypoglycaemia (P < 0.001) and a 5.1% reduction in nocturnal symp-
tomatic (<3.1 mmol/L [<56 mg/dL]) hypoglycaemia (P = 0.001) com-
pared with Gla-100.%% However, it should be noted that
SWITCH 2 included patients who were previously treated with insu-
lin; as such, extrapolation of the results to an insulin-naive population
may not be possible. Additionally, the SWITCH 2 trials employed a
stringent fasting SMPG titration target that is often not used in rou-
tine clinical practice, particularly in patients with an increased risk of
hypoglycaemia.

The SENIOR study compared Gla-300 versus Gla-100 in both
insulin-pretreated and insulin-naive older individuals with T2D aged
265 years (and also in a subgroup aged 275 years).** A more relaxed
fasting SMPG target of 5.0-7.2 mmol/L (90-130 mg/dL) was used in
SENIOR, in line with ADA guidelines for recommended targets in
older individuals (Figure 3).° Glycaemic control was comparable
between treatment groups, and incidence of anytime (24 hours) and
nocturnal (00:00-05:59 hours) hypoglycaemia, and annualized event
rates of confirmed (<3.9 mmol/L [s70mg/dL]) or severe
hypoglycaemia at any time or at night, were low and similar between
treatment groups. Overall, a trend towards lower annualized
event rates of hypoglycaemia with Gla-300 was observed; this
between-treatment difference was more pronounced in the 275 years
subgroup.®*

A post hoc analysis of TAKE CONTROL compared the efficacy
and safety of self- versus physician-managed titration of Gla-300 in
older (265 years of age) versus younger (<65 years of age) people with

T2D receiving treatment with 21 non-insulin antihyperglycaemic

therapy with or without concomitant BI.>2%> HbAlc and SMPG
reductions were similar between age groups and the proportions
achieving the SMPG target (4.4-7.2 mmol/L [80-130 mg/dL]) without
confirmed (<3.0 mmol/L [<54 mg/dL]) or severe hypoglycaemia were
higher in the older age group. The incidence and rate of
hypoglycaemia was also similar between groups, showing that self-
titration with Gla-300 was effective in this older population without
increasing the risk of hypoglycaemia.®® Similar results were observed
in a post hoc analysis of the BRIGHT study, where Gla-300 provided
similar HbA1c reduction versus IDeg-100 in insulin-naive older people
with T2D, and greater reductions versus IDeg-100 in those aged
>70 years with no increased hypoglycaemia risk.® These results sug-
gest that the simple titration algorithm used in BRIGHT, along with
the more stringent fasting SMPG titration target (4.4-5.6 mmol/L
[80-100 mg/dL]), was effective in this older population, without
increasing their risk of hypoglycaemia.®®

While these studies provide reassurance that simple titration
algorithms can be used to titrate second-generation Bl analogues in
populations at high risk of hypoglycaemia, it should be noted that min-
imizing hypoglycaemia requires a multifaceted approach that reaches
beyond Bl dose adjustments. Indeed, the consensus report of the
ADA and EASD proposed that the appropriate use of insulin (dose,
timing, targets) impacts the effectiveness and adverse effects of insu-
lin therapy more than the differences between formulations.'® Factors
that should be considered include treatment choices, patient educa-
tion, and individualized glucose targets that account for
hypoglycaemia risk, lifestyle, activity levels and concomitant medica-
tions.2%%7 Patient education should include awareness of the times
(eg, during the overnight fast and prebreakfast), daily situations (eg,
missed meals, exercise, alcohol intake) and other factors (eg, vulnera-
ble/special populations, co-morbidities) that raise hypoglycaemia risk,
so that glucose monitoring can be increased and countermeasures
taken, which in a busy practice may be best achieved by dedicated

diabetes nurses and educators.?®

5 | CONCLUSIONS

The initial period during insulin initiation and titration is a critical time
for successful glycaemic target achievement. Despite the well-
evidenced benefit of early tight glycaemic control, there are still a
number of barriers at the patient, physician and healthcare system
levels to initiating, intensifying and up-titrating Bl therapy. There are
also different approaches to optimizing Bl titration in people with
T2D. It should be noted that this article was not a systematic review
and, as such, may have omitted some trials showing use of novel
titration algorithms or methods to improve self-management.
Additionally, for the purposes of brevity, this review focuses on the
recent ADA and EASD guidelines; however, there are other global
guidelines which provide similar recommendations.

Helping patients to effectively self-manage their own diabetes
can provide similar or greater reductions in HbAlc with comparable

safety profiles to physician-managed care, often accompanied by
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improvements in treatment satisfaction, perceived self-management
efficacy, and reduced diabetes-related distress. Consequently,
empowering patients to self-manage their diabetes may help alleviate
many of the patient-related barriers to insulin therapy inertia and thus
may improve therapy adherence. Self-management can also be
improved through the implementation of simple and easy titration
algorithms (daily or weekly), which have been proven to result in
glycaemic efficacy while helping to minimize hypoglycaemia risk.
There is currently no evidence for second-generation Bl analogues
improving treatment adherence compared with first-generation Bl ana-
logues. Further research is required to directly assess this relationship
and to assess the cost-effectiveness of second-generation versus first-
generation Bls. However, given that fear of hypoglycaemia is a major
barrier that leads to insulin therapy inertia in patients and their
healthcare providers, by reducing the risk of hypoglycaemia overall—
particularly during the titration period when most insulin dose change
occurs—second-generation Bl analogues may potentially help to
improve treatment adherence and long-term glycaemic outcomes com-

pared with first-generation Bl analogues.
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