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Abstract: Estimates suggest that there are cur-
rently 122.8 million adults 65–99 years of age
living with diabetes, of whom 90–95% are
diagnosed with type 2 diabetes (T2D). Over the
past two decades, a greater understanding of the
complex and multifactorial pathogenesis of
T2D has resulted in the development and
introduction of new-generation classes of glu-
cose-lowering therapies, which are now exten-
sively endorsed by prevailing guidelines and are
increasingly being used worldwide. These newer
agents may further assist in the effective phar-
macological management of T2D through the

provision of patient-centered care that
acknowledges multimorbidity and is respectful
of and responsive to individual patient prefer-
ences and barriers. Given these considerations,
the therapeutic approach in older patients with
T2D is complex, particularly in those who have
functional dependence, frailty, dementia, or
who are at end-of-life. It is currently too early to
draw conclusions on the long-term use of newer
glucose-lowering agents in this population, as
their efficacy and safety in older adults remains
largely unknown. In this review, we will discuss
considerations for the use of glucose-lowering
treatments in older adults, with particular focus
on the use of basal insulin and glucagon-like
peptide-1 receptor agonists, and the rationale
for the use of combination therapy comprising
these agents. Finally, we will review clinical data
from studies of the fixed-ratio combination of
insulin glargine and lixisenatide in older
patients with T2D.
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Key Summary Points

Greater understanding of the complex
pathogenesis of type 2 diabetes (T2D),
which comprises eight core defects (the
ominous octet), has resulted in the
development and introduction of new
classes of glucose-lowering therapies, the
use of which should be tailored according
to individual glycemic defects.

Timely escalation of therapy is required for
optimal glycemic control, but is often
hampered by the traditional ‘sequential’
approach to treatment that does not
address the multiple pathophysiologic
defects of T2D.

The therapeutic approach in older
(C 65 years of age) patients with T2D is
complicated by their clinical, cognitive,
and functional heterogeneity,
polypharmacy and risk of hypoglycemia,
with guidelines recommending
individualized, less stringent glycemic
targets balanced against the risk of
hypoglycemia.

Here, we review different treatment
options for older patients with T2D, with
a focus on the pros and cons associated
with the use of glucose-lowering therapies
in older patients, with emphasis on
insulin therapy and glucagon-like
peptide-1 receptor agonists.

In particular, this manuscript reviews data
supporting the rationale for the safe and
effective use of a fixed-ratio combination
comprising insulin glargine 100 units/mL
and the glucagon-like peptide-1 receptor
agonist, lixisenatide, in older patients
with T2D.

INTRODUCTION

The International Diabetes Federation esti-
mated that, in 2017, 451 million people 18–-
99 years of age worldwide were living with
diabetes [1]. If trends continue, by 2045, 693
million people will have diabetes, with the lar-
gest increases taking place in regions where
economies are moving from low- to middle-in-
come levels. Estimates suggest that over one-
third of diabetes cases result from population
growth and aging, with 28% attributed to an
increase in age-specific prevalence. It is esti-
mated that, globally, there are currently 122.8
million people 65–99 years of age with diabetes,
a figure that is expected to increase to 253.4
million in 2045 [1]. Each year, 727 billion USD
is spent by people with diabetes on health care
alone, which equates to 1 of every 8 dollars
spent on health care. The economic burden of
diabetes will further increase in parallel with
increasing prevalence, particularly among older
adults [1].

As highly specialized laboratory testing is
required to distinguish between type 1 and type
2 diabetes (T2D), separate global estimates do
not exist [2]. Consequently, estimates from
high-income countries suggest that T2D
accounts for about 90–95% of all cases of dia-
betes [3]. Improvements in the understanding
of the complex pathogenesis of T2D has resul-
ted in the development of several new-genera-
tion glucose-lowering agents with
complementary mechanisms of action, which
have expanded treatment options and man-
agement strategies for patients with T2D. Fur-
thermore, following the 2008 US Food and Drug
Administration (FDA) guidance for industry
that requires proof of cardiovascular safety as a
prerequisite for approval of diabetes treatments,
there has been a substantial increase in the
understanding of the risks of these treatments,
in addition to their benefits, on clinically
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relevant outcomes. With the introduction of an
individualized approach to the management of
patients with T2D, the potential ‘‘value’’ of
glucose-lowering therapy involves more than a
cost–benefit analysis, and is based on a ‘‘pack-
age’’ of attributes that take into account long-
term safety, tolerability, risk of hypoglycemia
and weight gain, and suitability in the presence
of comorbidities and other medications. This
concept of tailoring therapy to patients’ needs
and preferences plays an important role in
treatment choices, particularly for older adults
with T2D who, in general, have higher rates of
premature death, functional disability, and
coexisting illnesses, and are at greater risk for
several common geriatric syndromes, such as
polypharmacy, cognitive impairment, urinary
incontinence, and injurious falls. In this review,
we will discuss currently available glucose-low-
ering treatments, and patient- and drug-specific
factors to consider when selecting glucose-low-
ering therapy for the treatment of older adults
(C 65 years of age) with T2D. Particular focus is
given to the fixed-ratio combination of basal
insulin glargine and the glucagon-like peptide-1
receptor agonist (GLP-1 RA), lixisenatide
(iGlarLixi). This article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

THE PATHOGENESIS OF T2D
AND POTENTIAL CLINICAL
IMPLICATIONS

The core pathophysiologic defects that underlie
the development of T2D are pancreatic b-cell
failure and insulin resistance (mostly in skeletal
muscle, liver, and adipose tissue). However, it is
now recognized that additional defects in mul-
tiple organs contribute to the development of
T2D. Collectively, these comprise the ominous
octet, as postulated by DeFronzo in 2009 (Fig. 1)
[4, 5], and include dysfunction of adipocytes
(accelerated lipolysis), the gastrointestinal tract
and entero-endocrine system (incretin defi-
ciency/resistance), a-cells (hyperglucagonemia),
kidneys (increased glucose reabsorption), and
brain (neurotransmitter dysfunction). In

addition to the ominous octet, further pathways
contributing to hyperglycemia have been
delineated, which include systemic low-grade
inflammation [6, 7], changes in gut microbiota
[8, 9], and reductions in amylin production
[10].

It is now universally recommended that an
individualized approach for the treatment for
T2D, which includes assessment according to
the patient’s age, cognitive ability, diabetes
complications, duration of disease, comorbidi-
ties, and life expectancy, is key for the successful
treatment of T2D, as advocated by all prevailing
guidelines [11–13].

The traditional approach of ‘‘sequential’’ use
of therapy does not adequately address the
multiple pathophysiologic processes that con-
tribute to T2D and can often cause a significant
delay in controlling the disease [14]. Thus, the
use of treatments with complementary mecha-
nisms of action should be considered to address
the multiple and specific pathophysiologic dis-
turbances present in T2D. The failure to inten-
sify therapy when treatment targets are not met
is termed ‘‘therapeutic inertia’’, which is a
widely reported phenomenon that is known to
negatively affect clinical outcomes, often
through contributing to complications ema-
nating from lack of glycemic control [15–18].
The results from a large retrospective cohort
study of 81,573 patients with T2D in the United
Kingdom between 2004 and 2006, with follow-
up until 2011, showed that the median time to
intensification with insulin was 7.1, 6.1, and
6.0 years for those taking 1, 2, or 3 oral glucose-
lowering agents, and mean glycated hemoglo-
bin (HbA1c) was 8.7, 9.1, and 9.7%, respectively
[19]. Furthermore, Fu and colleagues analyzed a
large US electronic medical records database of
records collected between the years 1997 and
2008, and noted a median time to treatment
intensification of 14 months in patients with
persistent HbA1c C 7% on metformin for
6 months [20]. Timely escalation of therapy is
needed for disease control, as shown by the rise
of HbA1c levels resulting from delaying treat-
ment intensification [14]. The early introduc-
tion of combination therapy is an alternative
approach [21]. In the EDICT trial, 221 drug-
naive patients with recently diagnosed T2D
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were randomized to initial simultaneous ther-
apy comprising a combination of agents known
to improve insulin secretion and sensitivity
(metformin, pioglitazone, and exenatide) or
treatment with sequential therapy (i.e., an
escalating dose of metformin followed by
sequential addition of a sulfonylurea and insu-
lin glargine). Compared with the conventional,
stepwise treatment, use of the triple-drug regi-
men decreased 2-year treatment failure rates by
84% [22]. Follow-up at 6 years revealed that
patients who received combination versus
sequential therapy had a significantly greater
reduction in HbA1c (5.8% vs. 6.7%, p\ 0.001)
[23].

MANAGEMENT OF OLDER ADULTS
WITH T2D

The care of older adults with T2D is complicated
by their clinical, cognitive, and functional
heterogeneity. Whereas some older adults may
have longstanding T2D (either diagnosed or

undiagnosed) and significant complications,
others may have recent-onset disease with few
or no complications [24]. Furthermore, older
adults with T2D have a higher incidence of
comorbidities compared with their younger
counterparts. For example, renal complications
affect 41.3% of patients with T2D
aged[65 years, and[60% of those
aged[75 years [25], and the risk of all-cause,
cardiovascular, and cancer mortality is
increased in older adults with uncontrolled
T2D, with further risk in individuals with
HbA1c[ 8% [26]. Older individuals are also at
increased risk of developing hypoglycemia,
which can be associated with injurious falls,
cognitive impairment, and hospitalization.
Some glucose-lowering agents, in particular,
insulin and sulfonylureas, can increase the risk
of hypoglycemia, particularly in patients with
progressive renal insufficiency [27]. Impaired
cognitive status can negatively impact patients’
ability to self-manage diabetes [27, 28], which
can further exacerbate complications. Addi-
tionally, polypharmacy, defined as the

Fig. 1 Physiologic abnormalities contributing to type 2
diabetes. Reproduced with permission from Ref. [5].
American Diabetes Association, Diabetes 2009, Copyright

and all rights reserved. Material from this publication has
been used with the permission of American Diabetes
Association
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concurrent use of five or more medication
classes [28], is more likely to occur in older
adults and is associated with severe hypo-
glycemia. For example, certain antimicrobial
agents (i.e., clarithromycin, levofloxacin, sul-
famethoxazole-trimethoprim, metronidazole,
and ciprofloxacin) can interact with sulfony-
lureas to increase the risk of hypoglycemia
[29, 30]. Severe hypoglycemia has been linked
to an increased risk of dementia [31]. The
American Diabetes Association (ADA) Standards
of Care 2019 recommend diligent monitoring
and avoidance of hypoglycemic events in older
adults with T2D, stating that ‘‘hypoglycemia
should be assessed and managed by adjusting
glycemic targets and pharmacologic interven-
tions,’’ adding that ‘‘in older adults at increased
risk of hypoglycemia, medication classes with
low risk of hypoglycemia are preferred’’ [27].

GUIDELINES FOR INDIVIDUALIZED
GLYCEMIC TARGETS IN OLDER
ADULTS WITH T2D

As the treatment of older adults with T2D can
be complex, in addition to comprehensive
assessment and control of all cardiovascular risk
factors, the provision of appropriate treatment
to prevent the occurrence of hypoglycemia is of
particular importance. Although prevailing
international guidelines differ, there is a general
agreement that glycemic targets should be
individualized with the potential vascular ben-
efit of tight glycemic control being balanced
against the risk of hypoglycemia. As such, tar-
gets are generally less stringent for older adults,
as summarized in Table 1. The American Asso-
ciation of Clinical Endocrinologists/American
College of Endocrinology guidelines recom-
mend an HbA1c goal of B 6.5% for most
patients, or[ 6.5% if the lower target cannot be
achieved without adverse outcomes [13]. This
position is supported by the results of a recent
study that suggest that achieving a HbA1c target
of\ 6.5% within the first year of diagnosis
reduces cardiovascular morbidity and mortality
over 10 years [32]. Similarly, the ADA Standards
of Care state that, whereas a reasonable HbA1c
goal for many nonpregnant adults is\7%,

adults who are older but otherwise healthy with
few coexisting chronic illnesses and intact cog-
nitive function and functional status should
target a less stringent glycemic goal, such as
HbA1c\ 7.5% [11]. The guidelines also state
that patients with multiple coexisting chronic
illnesses, cognitive impairment, or functional
dependence should have a HbA1c target
of\ 8.0–8.5% [27]. The International Diabetes
Federation guidelines classify patients accord-
ing to functional dependency, and similarly
recommend an HbA1c target of 7.0–7.5% in
those who are functionally independent, and a
target of 7.0–8.0% in those who are functionally
dependent, with a further relaxation for indi-
viduals who are frail or have dementia [28].
Guidelines from the Department of Veterans
Affairs and the Department of Defense recom-
mend HbA1c target ranges (if they can be safely
achieved) according to life expectancy and the
presence of comorbid conditions [33]. Recently
published guidance from the Endocrine Society
suggests that reasonable HbA1c targets in older
adults who are not receiving treatment that
may cause hypoglycemia are\ 7.5% in those
who have good health,\ 8% in those who have
intermediate health, and\8.5% in those with
poor health [34].

CONSIDERATIONS FOR CHOICE
OF GLUCOSE-LOWERING THERAPY
IN OLDER ADULTS WITH T2D

In addition to lifestyle management, recom-
mending regular exercise that includes aerobic
and resistance training and optimal nutrition
with adequate protein intake to reduce the risk
of frailty, special care is required in prescribing
and monitoring pharmacologic therapies in
older adults with T2D. Key considerations are
highlighted in the ADA standards of medical
care for older adults [27]. Briefly, metformin is
considered safe for use in patients with esti-
mated glomerular filtration rate C 30 mL/min/
1.73 m2, but due to the potential to cause lactic
acidosis, use is contraindicated in patients with
impaired hepatic function or congestive heart
failure. Long-term use of metformin is also
associated with vitamin B12 deficiency.
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Thiazolidinediones should be used with caution
in patients at risk for congestive heart failure or
at risk from falls and/or fractures. Sulfonylureas
and other insulin secretagogues may cause
hypoglycemia, and long-term experience of use
of sodium-glucose cotransporter-2 (SGLT2)
inhibitors in older adults is limited.

In older adults with T2D, increases in post-
prandial plasma glucose (PPG) are particularly
prevalent [35], and, as such, treatments that
target PPG may be effective in achieving

glycemic goals in this population. It is esti-
mated that up to 70% of the postprandial
insulin response to glucose is mediated by
incretin hormones [36]. Incretin-based thera-
pies [GLP-1 RAs and dipeptidyl peptidase 4
(DPP-4) inhibitors] lower glucose levels by
increasing endogenous insulin secretion and
suppressing glucagon release in response to
nutrient intake, among other effects [37, 38].
Furthermore, the associated risk for hypo-
glycemia is low because these agents increase

Table 1 HbA1c targets as specified by standards of care/guidelines

Stringency 
of HbA1c
target

AACE/ACE 
[13]

ADA [27, 113] VA [33] IDF [28] The
Endocrine 
Society (for 
older 
patients) [34]

≤ 6.5% for 
most
patients

< 7% for many 
nonpregnant 
adults

6.0–7.0% for 
patients with a life 
expectancy >10–15
years and absent or 
mild microvascular 
complications, if it 
can be safely 
achieved

7.0–7.5% in 
functionally 
independent 
patients

< 7.5% in older 
adults with 
good health 
who are not
taking agents 
that may 
cause 
hypoglycemia

> 6.5% if 
the lower 
target
cannot be 
achieved 
without 
adverse 
outcomes

< 7.5%in older 
adults who are 
otherwise 
healthy with few 
coexisting 
chronic 
illnesses and 
intact cognitive 
function and 
functional status

7.0–8.5% for most 
individuals with 
established 
microvascular or 
macrovascular 
disease, comorbid 
conditions, or 
5–10 years life 
expectancy, if it can 
be safely achieved

7.0–8.0%in
those who 
are 
functionally 
dependent

< 8% in older 
adults with 
intermediate 
health who are 
not taking 
agents that 
may cause 
hypoglycemia

< 8.0–8.5% in 
patients with 
multiple 
coexisting 
chronic 
illnesses, 
cognitive 
impairment, or 
functional 
dependence

8.0–9.0% for 
patients with life 
expectancy < 5 
years, significant 
comorbid conditions, 
advanced 
complications of 
diabetes, or 
difficulties in self-
management 
attributable to 
mental status, 
disability, or other 
factors such as food 
insecurity and 
insufficient social 
support

Further
relaxation 
for
individuals 
who are frail 
or have 
dementia

< 8.5% in older 
adults with 
poor health 
who are not 
taking agents 
that may 
cause 
hypoglycemia

AACE American Association of Clinical Endocrinologists, ACE American College of Endocrinology, ADA American
Diabetes Association, HbA1c glycated hemoglobin, IDF International Diabetes Federation, VA veterans affairs
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insulin secretion and inhibit glucagon release
only when glucose levels are elevated [39]. As
skeletal muscle is the largest insulin-sensitive
tissue in the body, sarcopenia may have a sig-
nificant contribution to T2D through reduced
capacity for glucose metabolism. A number of
studies suggest that incretin-based therapies
may have a beneficial effect on sarcopenia
[40–42]. Patients with T2D also have an
increased fracture risk [43, 44] and reports sug-
gest that incretin-based therapy may have a
beneficial effect on bone mineral density
[45–48], but further data are required to confirm
this.

DPP-4 inhibitors have few side effects and
minimal hypoglycemia risk, which make these
agents of particular use for the treatment of
older adults with T2D, yet their cost and lower
efficacy may be a barrier to some [49]. Two large
clinical trials have shown that the DPP-4 inhi-
bitors, saxagliptin and alogliptin, are associated
with increased worsening of heart failure in
high-risk individuals [50], which prompted the
FDA to issue a warning [51].

GLP-1 RAs are effective and generally safe
glucose-lowering agents, and some compounds
within this class have shown cardiovascular
benefits [27]. As they are injectable agents,
visual, motor, and cognitive skills are required
for appropriate administration. GLP-1 RA may
be associated with nausea, vomiting, and diar-
rhea, and the weight loss that is associated with
these drugs may not be desirable in some older
adults, particularly those with cachexia [27].
Experience of GLP-1 RA in patients with esti-
mated glomerular filtration rate\ 30 mL/min/
1.73 m2 is limited, and the use of exenatide is
not recommended in this patient population
[52]. Although not a concern specific to the
treatment of older patients, as GLP-1 RA are
therapeutic peptides, the development of anti-
drug antibodies and hypersensitivity is a possi-
bility when using agents in this class. Varying
rates of antibody positivity have been reported
in clinical trials of GLP-1 RA [53–57]. In these
trials, efficacy and rates of other adverse events
were similar in antibody-positive and antibody-
negative patients. However, reduced efficacy
and increased incidence of allergic and injec-
tion-site reactions has been reported in the

small percentage of patients with very high
antibody titers [54, 58, 59].

Concerns have also been expressed regarding
a possible link between incretin-based therapies
and pancreatitis. An assessment of the FDA
Adverse Event Reporting System (FAERS) sug-
gested that there is an increased risk of pancre-
atic cancer associated with DPP-4 inhibitors
[60], and results from another FAERS analysis
suggested that exenatide and sitagliptin use was
associated with an increased risk for pancreatitis
[61]. However, several meta-analyses failed to
confirm a cause–effect relationship [62–65], and
the FDA and European Medicines Agency have
jointly agreed that concerns regarding a causal
association between incretin-mimetic drugs and
pancreatitis or pancreatic cancer are not con-
sistent with the available data [66]. Considera-
tions for the use of lixisenatide in older adults
are further discussed below.

USE OF LIXISENATIDE IN OLDER
ADULTS WITH T2D

The GLP-1 RA, lixisenatide, has been studied in
over 40 clinical trials and has shown significant
beneficial effects on HbA1c reduction and 2-h
PPG in numerous settings, including when used
as monotherapy (GetGoal-Mono) [56], add-on
to oral therapy (GetGoal-S [67], GetGoalF-1
[68], GetGoal-X (vs. exenatide) [69], GetGoal-M
[70], GetGoal-P [71]), and add-on to basal
insulin (GetGoal-L [72], GetGoal Duo-1 [73],
and GetGoal Duo-2 [74]). The use of lixisenatide
in older adults was assessed in a meta-analysis of
data from 501 patients C 65 years of age who
were enrolled in five of the GetGoal trials in
patients on oral glucose-lowering agents. The
results confirmed the efficacy of lixisenatide
versus placebo in older adults, with no reports
of serious hypoglycemic episodes [75]. The
efficacy and safety of lixisenatide in non-frail
patients C 70 years of age was confirmed in the
randomized, placebo-controlled GetGoal-O
study [76]. Patients received once-daily lixisen-
atide 20 mcg or placebo before breakfast con-
comitantly with their existing antidiabetic
therapy (including insulin and sulfonylureas)
for 24 weeks. Compared with those who
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received placebo, patients receiving lixisenatide
had least squares mean reductions of - 0.64%
in HbA1c, - 1.32 kg in body weight, and
- 90.9 mg/dL in 2-h PPG [with a minimal
change in fasting plasma glucose (FPG); 5.6 mg/
dL difference]. Adverse events were as expected
for a GLP-1 RA; nausea (25.0% vs. 7.5%) and
vomiting (5.7% vs. 0.6%) were reported more
frequently in the lixisenatide versus placebo
group. Hypoglycemia rates were 17.6% for
lixisenatide and 10.3% for placebo.

LIXISENATIDE AND THE KIDNEY:
USE IN PATIENTS WITH RENAL
IMPAIRMENT AND POTENTIAL
NATRIURETIC EFFECT

A post hoc analysis of data from the GetGoal
clinical trial program (lixisenatide, n = 2869;
placebo, n = 1639), showed that the glucose-
lowering efficacy and safety outcomes with
lixisenatide are not altered in patients with mild
or moderate renal impairment [77]. Based on
current data, no dose adjustment of lixisenatide
is required for patients with mild or moderate
renal impairment [59]. There is no therapeutic
experience of the use of lixisenatide in patients
with severe renal impairment (estimated
glomerular filtration rate\30 mL/min) or end-
stage renal disease, and, therefore, it is not rec-
ommended to use lixisenatide in these popula-
tions [59]. As GLP-1 receptor expression has
been reported in various locations in the kid-
ney, direct actions of lixisenatide on renal
physiology are expected [78]. Indeed, GLP-1 RA
agents have been associated with acute natri-
uresis in overweight, otherwise healthy, adults
[79] and in patients with T2D [80]. Interest-
ingly, results from a randomized, open-label
trial suggest that, in contrast to long-acting
GLP-1 RAs, prolonged treatment with lixisen-
atide may have a natriuretic effect that is dis-
tinct from its glucose-lowering effect [81]. In
addition, collective direct and indirect effects of
GLP-1 RAs on the renal system have been sug-
gested to improve renal outcomes in patients
with T2D, independently of their glucose-low-
ering action [78]. The ELIXA study assessed the

cardiovascular safety of lixisenatide versus pla-
cebo in 6068 patients with T2D who had expe-
rienced an acute coronary event in the previous
180 days [82]. In a post hoc analysis of the
study, renal outcomes were assessed by baseline
urine albumin-to-creatinine ratio (UACR) status
[83]. After 108 weeks, in patients with baseline
macroalbuminuria (UACR[300 mg/g), lixise-
natide reduced the placebo-adjusted mean per-
centage change in UACR by 39.2% (95%
confidence interval 9.8 to - 68.5%; p = 0.007).
The 21.1% change in patients with microalbu-
minuria did not reach statistical significance.
Furthermore, lixisenatide was associated with a
reduced risk of new-onset macroalbuminuria
when adjusted for baseline HbA1c [hazard ratio,
0.81 (95% confidence interval 0.66–0.99;
p = 0.040)] and for baseline and on-trial HbA1c
[hazard ratio, 0.82 (0.67–1.00; p = 0.049)]. For
the purpose of this manuscript, this post hoc
analysis was repeated in patients C 65 years of
age. The results remained consistent, with a
significant reduction in UACR progression in
patients with macroalbuminuria (C 300 mg/g)
who received lixisenatide versus placebo (per-
centage change from baseline to week 108 in
UACR - 45.3% vs. - 4.4%; p = 0.042), although
only a numerical trend for patients with
microalbuminuria (C 30 to\300 mg/g) in
favor of lixisenatide was observed (- 16.2 vs.
- 4.7; p = 0.563; data on file).

INSULIN THERAPY IN OLDER
ADULTS WITH T2D

Many patients with T2D will eventually require
insulin as the disease progresses and pancreatic
b-cell function declines [84]. Numerous formu-
lations of insulin are available, which have dif-
fering durations of action. The effectiveness of
treatment with insulin is highly dependent on
appropriate use, patient selection, and patient
training to achieve appropriate adjustment of
dose for changes in diet, activity, or weight, and
titration to acceptable and safe glucose targets.
The main advantage of insulin over other glu-
cose-lowering medications is that insulin lowers
glucose over a wide range, to almost any gly-
cemic target as limited by hypoglycemia.
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Beyond hypoglycemia, the disadvantages of
insulin include weight gain and the need for
injection, frequent titration for optimal effi-
cacy, and glucose monitoring. Pre-mixed insu-
lin preparations containing rapid-acting and
intermediate-acting insulin analogs to allow
coverage of both basal and prandial needs with
a single injection can be used in older adults
[85, 86], but are not without risk in patients
with intercurrent disease or in those in whom
caloric intake is inadequate or unstable. Com-
plex basal-bolus insulin regimens comprising
multiple injections to address basal and pran-
dial requirements may not be appropriate for
use in older adults with cognitive, visual, or
dexterous impairment [27], and have been

associated with an increased risk of hypo-
glycemia. Simplification of insulin regimens for
older adults with T2D can be a complex and
protracted process (Fig. 2).

Fear of hypoglycemia can be a barrier to
initiating insulin therapy, both by the patient
and the physician [87]. The improved clinical
profiles of long-acting basal insulin analogs
along with increased convenience and a
reduced risk of hypoglycemia, make basal
insulin more accessible as a treatment for older
adults with T2D. Results from the APOLLO
study revealed that a single dose of basal insulin
glargine when used in combination with oral
glucose-lowering agents was as effective in
patients with T2D as three times-daily prandial

Fig. 2 Simplification of complex insulin therapy. eGFR
estimated glomerular filtration rate. a Basal insulins:
glargine U-100 and U-300, detemir, degludec, and human
neutral protamine Hagedorn (NPH). b Mealtime insulins:
short-acting (regular human insulin) or rapid-acting

(lispro, aspart, and glulisine). c Premixed insulins: 70/30,
75/25, and 50/50 products. American Diabetes Associa-
tion, Diabetes 2019, Copyright and all rights reserved.
Material from this publication has been used with the
permission of American Diabetes Association
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insulin lispro in reducing HbA1c, and was
associated with a significantly lower risk of
hypoglycemia, less weight gain, and a greater
improvement in treatment satisfaction [88].

To summarize, the current typical clinical
course of T2D treatment involves the initiation
of basal insulin treatment before the addition of
prandial or bolus insulin. Basal-bolus regimens,
in which patients take basal insulin once or
twice a day and a bolus insulin before each
meal, is now regarded as the last line in this
therapeutic progression. Yet, even with the use
of intensive basal-bolus insulin treatments, the
achievement of glycemic targets is often limited
by inadequate insulin dose titration because of
concerns about the risks of hypoglycemia and
weight gain. In this setting, an ideal glucose-
lowering treatment regimen would be one that
couples achievement of glycemic control with a
low propensity for hypoglycemia and weight
gain.

RATIONALE FOR COMBINATION
THERAPY COMPRISING GLP-1 RAs
AND BASAL INSULIN

One of the mechanisms through which GLP-1
RAs achieve glycemic control is stimulation of
b-cell insulin secretion [89]; as such, it follows
that GLP-1 RA treatment in patients with
marked b-cell failure will not achieve sufficient
insulin secretion, thereby reducing the efficacy
of this approach in patients with more
advanced disease. Indeed, studies have shown
that longer duration of diabetes and severe
insulin deficiency is associated with reduced
efficacy of longer-acting GLP-1 RAs [90–92],
which is especially important in older adults
who may have longstanding disease. With this
in mind, the combination of a GLP-1 RA with
basal insulin remains a logical approach to T2D
treatment, based on the complementary effects
of these two agents. Insulin acts primarily on
FPG through increasing peripheral glucose
uptake and inhibition of hepatic glucose pro-
duction [93].

GLP-1 RAs can either provide short-lived
(short-acting compounds) or continuous (long-
acting compounds) activation of the GLP-1

receptor, often leading to tachyphylaxis [94].
Short-acting GLP-1 RAs, such as lixisenatide,
reduce PPG levels principally through a delay in
gastric emptying [38, 95]. Conversely, longer-
acting GLP-1 RAs such as liraglutide continu-
ously activate GLP-1 receptors and primarily
reduce FPG levels through glucose-dependent
stimulation of insulin secretion and glucagon
inhibition; however, the benefit of long-term
treatment with long-acting GLP-1 RAs remains
under debate [96]. The approach of combining a
GLP-1 RA with basal insulin overcomes barriers
to achieving glycemic control that can be asso-
ciated with their individual use, in addition to
addressing a number of the multiple patho-
physiologic processes that contribute to the
development of T2D. When combined with
basal insulin, which improves FPG and is
effective in patients with longer duration dis-
ease, GLP-1 RAs provide improved glycemic
control without increased hypoglycemia risk.
Furthermore, the combination therapy can off-
set the weight gain observed with insulin ther-
apy. This was demonstrated in the GetGoal
Duo-2 study, which compared the efficacy and
safety of lixisenatide with prandial insulin
(glulisine, once or three times daily) as add-on
therapy to insulin glargine with or without
metformin in patients with uncontrolled T2D
(HbA1c between C 7% and B 9% and mean
FPG B 140 mg/dL) [74]. HbA1c decreased from
8.5 to 7.9% during the run-in period and further
at week 26, to 7.2% with lixisenatide, 7.2% with
glulisine once daily, and 7.0% with glulisine
three times daily. Symptomatic hypoglycemia
(35.9%, 46.5%, and 52.4%, respectively) and
body weight (- 0.6 ± 0.3 kg, ? 1.0 ± 0.3 kg,
and ? 1.4 ± 0.3 kg, respectively) were lower in
patients who received lixisenatide versus insu-
lin glulisine. As expected, more gastrointestinal
events occurred with lixisenatide (35.2%, 8.6%,
and 7.5%, respectively). Patients receiving
lixisenatide were twice as likely to achieve the
composite outcome of HbA1c\ 7% without
weight gain or documented symptomatic
hypoglycemia.

In 2016, two different once-daily fixed-ratio
combination products containing basal insulin
plus a GLP-1 RA gained approval for use in
patients with T2D: insulin glargine plus
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lixisenatide (iGlarLixi; SOLIQUA� [97] /SULI-
QUA [98]) and insulin degludec plus liraglutide
(IDegLira; XULTOPHY� [99] /LYXUMIA [100]).
The FDA has recently extended the use of
SOLIQUA 100/33 and XULTOPHY as an adjunct
to diet and exercise.

FIXED-RATIO COMBINATION
OF INSULIN GLARGINE 100 UNITS/
ML AND LIXISENATIDE 33 MCG/ML

SOLIQUA� 100/33 (iGlarLixi) is a titratable,
fixed-ratio combination of insulin glargine 100
Units/mL (iGlar) and lixisenatide 33 mcg/mL,
which can deliver iGlar over a range of 15–60
Units/day in steps of one unit in a once-daily
injection. The product is available as 3:1 ratio of
iGlar:lixisenatide, in which lixisenatide is
available in a range of 5 to a maximum of 20
mcg/day, allowing gradual up-titration of
lixisenatide, which follows that of insulin glar-
gine (to a maximum daily dose of 60 Units),
thereby mitigating the gastrointestinal effects of
lixisenatide. The efficacy and safety of iGlarLixi
has been demonstrated in patients with T2D
inadequately controlled on oral glucose-lower-
ing agents (LixiLan-O study [101]), in those
with T2D inadequately controlled on insulin
(LixiLan-L study [102]), and in those in whom
T2D is inadequately controlled on a combina-
tion of GLP-1 RA and metformin (LixiLan-G
study [103]). In the LixiLan-O study, iGlarLixi
improved 2-h postprandial glycemic control
versus iGlar or lixisenatide alone, and a higher
proportion of patients who received iGlarLixi
achieved HbA1c\7.0% or B 6.5% compared
with iGlar and/or lixisenatide. iGlarLixi was
associated with considerably fewer nausea and
vomiting events than lixisenatide alone [101].
In both the LixiLan-O and LixiLan-L studies,
patients who received iGlarLixi had signifi-
cantly greater reductions in HbA1c with no
increase in documented symptomatic hypo-
glycemia (blood glucose\ 70 mg/dL) or weight
gain as compared with iGlar or lixisenatide
[101, 102]. LixiLan-G was a randomized, open-
label, 26-week trial that compared switching to
iGlarLixi (n = 257) versus continued daily or
weekly GLP-1 RA therapy in patients with

uncontrolled T2D (HbA1c 7–9%) despite ther-
apy with a maximum tolerated dose of a once-
or twice-daily or once-weekly GLP-1 RA and
metformin (± pioglitazone ± SGLT2 inhibitor).
Reductions from baseline (7.8%) in HbA1c were
significantly (p\ 0.0001) greater for iGlarLixi
(6.7%) versus GLP-1 RA (7.4%), irrespective of
daily or weekly GLP-1 RA administration.
Additionally, more patients who received
iGlarLixi achieved HbA1c targets and the com-
posite endpoint of HbA1c\ 7% without docu-
mented symptomatic hypoglycemia (\ 54 mg/
dL). Documented symptomatic hypoglycemia,
nausea, and vomiting rates were low, but
greater with iGlarLixi than those continuing on
GLP-1 RA [103]. Measurement of anti-drug
antibodies (ADAs) in the LixiLan-O and Lix-
iLan-L trials revealed that, after 30 weeks of
treatment with iGlarLixi, formation of anti-in-
sulin glargine antibodies occurred in 21.0% and
26.2% of patients, respectively. Approximately
93% of patients with anti-insulin glargine anti-
bodies showed cross-reactivity to human insu-
lin. The formation of anti-lixisenatide
antibodies developed in approximately 43% of
patients [97]. In the LixiLan-O study, the pro-
portions of patients with any adverse events
adjudicated as allergic reaction was 1.3%, 0.6%,
and 0.9% in the iGlarLixi, iGlar, and lixisen-
atide groups [101]. In the LixiLan-L study, no
allergic reactions were reported in the iGlarLixi
group [102]. There was no meaningful differ-
ence in the efficacy or safety profiles of anti-
body-positive or -negative populations for
either anti-insulin glargine or anti-lixisenatide
antibody patients in either of the iGlarLixi
phase 3 trials.

Similar efficacy and safety results have been
reported for iDegLira in the DUAL program in
patients receiving sulfonylurea treatment with
or without metformin [104], in patients receiv-
ing basal insulin and metformin with or with-
out sulfonylurea/glinides [105], and in patients
receiving a GLP-1 RA and oral therapy [106].
Data from clinical trials that measured antibody
formation revealed that, at end of treatment,
11.1% of patients had insulin degludec-specific
antibodies, with 30.8% of patients having anti-
bodies that cross-reacted with human insulin,
and 2.1% of patients had anti-liraglutide
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antibodies. Similar to iGlarLixi, antibody for-
mation was not correlated with reduced efficacy
of IDegLira [99]. While the measurement of
ADAs is routine in T2D clinical trials of thera-
peutic proteins, incidence rates vary widely due
to different methodologies, timing of sample
collection, sample handling, concomitant
medications, underlying disease, and interpre-
tation of data. For these reasons, comparisons of
immunogenicity data across therapies can be
misleading.

The results of an exploratory analysis of the
LixiLan-L study showed that iGlarLixi provided
consistent improvements in glycemic control,
and mitigated (up to - 0.9 kg) the gain in body
weight observed with iGlar (up to ? 1.1 kg),
regardless of HbA1c subgroup (\ 8%, C 8%),
duration of T2D (\10, C 10 years), or body
mass index (\30, C 30 kg/m2) [95]. Similar
results have been reported from a post hoc
analysis of the LixiLan-O study [107], which are
further supported by a recently published anal-
ysis demonstrating superior glycemic control
with iGlarLixi compared with iGlar or lixisen-
atide in patients with a baseline HbA1c C 9%,
with reductions in HbA1c of - 2.9%, - 2.5%,
and - 1.7% for iGlarLixi, iGlar, and lixisen-
atide, respectively [108]. The results of another
post hoc analysis of the LixiLan-L study showed
that reductions in HbA1c to week 30 were
greater for iGlarLixi than iGlar, irrespective of
screening HbA1c subgroup (B 8%: - 1.1 vs.
- 0.5;\8% to B 9%: - 1.4 vs. - 1.0;[9%:
- 2.4 vs. - 1.8; all p\0.0001). Also, more
patients who received iGlarLixi versus iGlar
achieved HbA1c\ 7%, irrespective of screening
HbA1c subgroup (B 8%: 74.2% vs.
37.2%;\ 8% to B 9%: 54.7% vs. 31.6%;[9%:
52.2% vs. 23.5%) [109].

USE OF IGLARLIXI IN OLDER
ADULTS WITH T2D

Simplification of therapy is likely to reduce
nonadherence, resulting in the ability to main-
tain treatment for a longer duration [110]. Fur-
thermore, the adoption of individualized
treatment goals, as recommended by diabetes
treatment guidelines, means that older adults

with T2D could benefit from improved treat-
ment regimens.

The efficacy and safety of iGlarLixi was
assessed in patients C 65 versus\ 65 years of
age in an analysis using patient-level data from
the LixiLan-O and LixiLan-L studies [111]. In
both studies, more patients who received
iGlarLixi versus iGlar or lixisenatide reached the
HbA1c target of\ 7%, and the results were
similar for older (C 65 years) and younger
(\65 years) patients, although the absolute
percentages were lower in the LixiLan-L study
compared with the LixiLan-O study. Reductions
in HbA1c at week 30 were greater for iGlarLixi
(LixiLan-O, - 1.45%; LixiLan-L, - 1.11%) ver-
sus iGlar (LixiLan-O, - 1.15%; LixiLan-L,
- 0.48%) in both studies, as was the proportion
of patients achieving the composite endpoint of
HbA1c\ 7% with no weight gain and no doc-
umented symptomatic hypoglycemia (iGlar-
Lixi: LixiLan-O, 30.1%; LixiLan-L, 26.4%; iGlar:
LixiLan-O, 14.0%; LixiLan-L, 8.4%). In both
studies, there was a small difference in weight
loss versus gain for patients who received
iGlarLixi versus iGlar. Mean event rates per
patient-year of symptomatic hypoglycemia
were similar for iGlarLixi and iGlar (1.42 vs.
1.89) in the LixiLan-O study, but were lower for
iGlarLixi than iGlar in the LixiLan-L study (2.84
vs. 4.91). Rates of nausea for iGlarLixi (12–14%)
were meaningfully lower than for lixisenatide
(21%), as were rates of vomiting (3.6–4.5% vs.
6.9%). Rates of diarrhea were similar between
iGlarLixi and iGlar.

An analysis of data from LixiLan-O and Lix-
iLan-L trials was undertaken to determine if
outcomes (weight loss, documented symp-
tomatic hypoglycemia, serious adverse events,
or gastrointestinal adverse events) in older
patients ([ 65 years of age) differed according to
the absence or presence of comorbidities.
Comorbidities were classified based upon The
Healthcare Effectiveness Data and Information
Set 2016 measures, which define glycemic goals
in patients with T2D by age (\or[65 years)
and health status (comorbidities). Analysis of
covariance was used to compare HbA1c con-
centrations at week 30 by comorbidity group,
adjusted by the baseline HbA1c value. There
were no differences in older patients with or
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without comorbidities in either the LixiLan-O
or LixiLan-L trials, except for slightly greater
weight loss in patients with versus without
comorbidities in the LixiLan-O trial (data on
file).

A similar post hoc analysis using data from
patients C 65 versus\ 65 years of age who were
enrolled in the DUAL II, III, and V studies
showed that decreases in HbA1c were greater
with IDegLira than with basal insulin or
unchanged GLP-1 RA, and hypoglycemia rates
were lower with IDegLira versus basal insulin
and higher versus unchanged GLP-1 RA [112].

CONCLUSIONS

The prevalence of T2D in older adults will
continue to increase in line with the rise in age-
related factors, such as insulin resistance, defi-
cient insulin secretion, and changes in body
composition and loss of muscle mass. Manage-
ment of T2D in older adults is complex due to
the clinical, cognitive, and functional hetero-
geneity of this population, and, although some
older adults with T2D may achieve disease
control with oral glucose-lowering agents,
many will require insulin as the disease pro-
gresses. Avoidance of hypoglycemia is particu-
larly important in this patient population,
which becomes more achievable given the
recent advances in pharmacologic treatment
and recommendations for the adoption of
individualized treatment goals.

Combining basal insulin therapy with a GLP-
1 RA in a fixed-ratio preparation may be an
effective and simplified treatment option for
older adults with T2D that combines high glu-
cose-lowering efficacy with no increase in the
risk of hypoglycemia and no weight gain. The
efficacy of iGlarLixi in patients C 65 years of age
has been shown to be comparable with that of
younger counterparts, and it can be used as an
adjunct to diet and exercise in adults for the
treatment of T2D that is inadequately con-
trolled on oral glucose-lowering agents, GLP-1
RA, or basal insulin. iGlarLixi does not require
dose adjustment in patients with mild or mod-
erate renal impairment, and post hoc data sug-
gest that lixisenatide may reduce progression of

renal complications, which may prove to be
beneficial for the large proportion of older
adults with T2D who have renal dysfunction
and/or albuminuria. iGlarLixi offers a simplified
treatment approach that targets the majority of
pathophysiologic defects of T2D without
increased risk of hypoglycemia and with weight
neutrality and an incidence of nausea/vomiting
that due to the gradual titration of lixisenatide,
is markedly reduced compared with values
observed with lixisenatide alone.
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