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Abstract

Over the past two decades there has been a substantial rise in the adoption of diabetes therapeutic technology among children,
adolescents and younger adults with type 1 diabetes, and its use is now also advocated for older individuals. Older people
with diabetes are more prone to experience hypoglycaemia because of numerous predisposing factors and are at higher risk
of hypoglycaemic events requiring third-party assistance as well as other adverse sequelae. Hypoglycaemia may also have
long-term consequences, including cognitive impairment, frailty and disability. Diabetes in older people is often character-
ised by marked glucose variability related to age-associated changes such as variable appetite and levels of physical activity,
comorbidities and polypharmacotherapy. Preventing hypoglycaemia and mitigating glucose excursions may have considerable
positive impacts on physical and cognitive function and general well-being and may even prevent or improve frailty. Technol-
ogy for older people includes continuous glucose monitoring systems, insulin pumps, automated insulin delivery systems and
smart insulin pens. Clinical trials and real-world studies have shown that older people with diabetes benefit from technology
in terms of glucose management, reductions in hypoglycaemic events, emergency department attendance and hospital admis-
sions, and improvement in quality of life. However, ageing may bring physical impairments and other challenges that hinder
the use of technology. Healthcare professionals should identify older adults with diabetes who may benefit from therapeutic
technology and then adopt an individualised approach to education and follow-up for individuals and their caregivers. Future
research should explore the impact of diabetes technology on outcomes relevant to older people with diabetes.
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Abbreviations

AID  Automated insulin delivery
CGM Continuous glucose monitoring
SAP  Sensor-augmented pump

TBR  Time below range

TIR  Time in range
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Older adults with diabetes are more susceptible than
younger people to recurrent hypoglycaemia and glucose
excursions, which can accelerate physical and cognitive
decline and increase the risk of adverse events [6]. Tech-
nology plays an important role in glucose management and
avoidance of hypoglycaemia among older people with dia-
betes and also appears to improve quality of life and other
health-related outcomes [7].

In this article, we review recent evidence on the benefits
of available diabetes technology among older people, identify
challenges related to its use, describe the assessment process
for older people being considered for use of technology and,
finally, highlight areas for future research in this field.

Hypoglycaemia in older people

Diabetes in older people is characterised by marked hetero-
geneity reflecting factors such as functional status, cognitive
status, comorbidities, frailty, duration of diabetes, capacity for
self-care, level of family/caregiver support and life expectancy
[8]. Given these medical complexities, guidelines for diabetes
in older people emphasise that treatment strategies and goals
should be individualised following consideration of clinical,
psychological, functional and social factors [9].

The ADA recommends glycaemic targets according to an
individual’s health status, which can range from ‘healthy’
to ‘complex’ and ‘very complex’ [9]. The ADA also rec-
ommends ‘relaxed” HbA . targets for older people with a
complex or very complex health status, in order to prevent
hypoglycaemia [9]. However, HbA . levels are not associ-
ated with hypoglycaemia risk in the older population with
diabetes on insulin therapy, and less stringent HbA | goals
do not preclude the risk of hypoglycaemia [10].

As people with diabetes age, they become more prone to
hypoglycaemia and their hypoglycaemia awareness may decline,
putting them at risk of events requiring third-party assistance.
Age per se, through impaired counter-regulatory responses and
changes in pharmacokinetics and pharmacodynamics, contrib-
utes to the decline in hypoglycaemia awareness [11].

In older people, hypoglycaemia often presents with atypi-
cal symptoms, mimicking neurological conditions, or with
disorientation or sudden behavioural changes [6] and is
one of the most common causes of falls, fractures, cardiac
arrythmias and emergency department and hospital attend-
ances [11-13]. Unsurprisingly, the rate of annual hospitali-
sations due to hypoglycaemia in older people is estimated
to be double that for younger individuals and this implies an
economic burden for healthcare systems [6].

Recurrent hypoglycaemia is also emerging as a risk factor
for geriatric syndromes (particularly cognitive impairment
and depression) and appears to be associated with signifi-
cant morbidity, frailty and disability [6]. The relationship
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between hypoglycaemia and cognitive impairment is well
established and bidirectional. In turn, cognitive impairment
in older people with diabetes is commonly associated with
impaired awareness of hypoglycaemia and glucose vari-
ability. In a population-based prospective cohort study of
783 older people with diabetes, over the 12 year follow-up
period, individuals who experienced a severe hypoglycae-
mia event were twice as likely to develop dementia, and
individuals who developed dementia were three times more
likely to have a subsequent severe hypoglycaemia event [12].

Hypoglycaemia also affects the quality of life of older
people. Individuals who experience frequent hypoglycaemia
or hypoglycaemia fear tend to avoid activities such as physi-
cal exercise and this worsens the feeling of anxiety and leads
to social isolation [13]. Minimising the risk of and fear of
hypoglycaemia is therefore a key aim in the management of
diabetes in older people, in order to improve health-related
outcomes and quality of life. However, relaxing HbA,; goals
does not preclude the risk of hypoglycaemia and may worsen
outcomes for older people with diabetes.

Glucose variability and risk of adverse
clinical events

For decades, HbA | has been the gold standard parameter for
assessing glycaemic management in people with diabetes;
however, it does not take into consideration excursions in
blood glucose levels known as glucose variability, and in
the older population may not reflect mean glucose levels
equivalent to those for younger adults because of comorbidi-
ties that affect the lifespan of red blood cells [14, 15]. Thus,
there are major shortcomings with using HbA  as the sole
parameter for measuring glycaemic goals in older people.
Glucose variability is receiving particular attention as
a parameter for assessing glycaemic management as it can
increase both the risk of hypoglycaemia and fluctuations in the
hyperglycaemia range [16]. Several studies have shown that
glucose variability has more deleterious effects than sustained
hyperglycaemia in the development of diabetes-related compli-
cations and is associated with an increased risk of mortality [17,
18]. It is thought that glucose variability accelerates the ageing
process and the progression of CVD through enhanced oxida-
tive stress, low-grade inflammation and endothelial dysfunc-
tion [19, 20]. Attenuated glucose variability in the absence of
diabetes has been linked to healthy ageing and longevity [21].
Compared with young adults with diabetes, older people with
diabetes appear to have a higher degree of glucose variability,
which predicts severe and nocturnal hypoglycaemia [22].
There are two types of glucose variability: (1) long-term
glucose variability, based on serial measurements over
a long period of time and involving HbA,, serial fasting
plasma and postprandial glucose measurements; and (2)
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short-term glucose variability, represented by within-day
and between-day glucose variability [23]. The most popular
metrics for glucose variability are the % CV, which is cor-
related with risk of hypoglycaemia, and the SD, which is
highly correlated with most measures of glucose variabil-
ity, including mean amplitude of glycaemic excursion, IQR,
mean of daily differences and average daily risk range [23].

Table 1 describes the main studies that have examined the
relationship between glucose variability and adverse events
in older people with diabetes. In a study including 130 adults
with type 1 diabetes aged >65 years, those with high glucose
variability (>36% CV) spent more time in hypoglycaemia
(both <3.9 and <3.0 mmol/l) than those with low glucose
variability (£36% CV; 84 vs 31 min/day, p<0.0001, and
46 vs 8 min/day, p<0.001, respectively). Importantly, when
HbA . was higher than the glucose management indicator,
hypoglycaemia of longer duration was observed. % CV and
the glucose management indicator are therefore better indi-
cators for risk of hypoglycaemia than HbA . [24].

There is a paucity of data on the effect of glucose variability
on physical and cognitive function and frailty. Among people
with type 2 diabetes, high glucose variability has been associ-
ated with cognitive impairment [25]. In the Taiwan diabetes
study, visit-to-visit variations in fasting plasma glucose levels
and HbA,_ have been associated with Alzheimer’s disease [26].
Several studies have investigated the relationship between glu-
cose variability and frailty. Chung et al divided 48 individuals
with type 2 diabetes aged >65 years and using continuous glu-
cose monitoring (CGM) into two groups: ‘healthy and pre-frail’
(n=24) and ‘frail’ (n=24). CGM was used for 6.9 days and
the authors found higher CGM metrics (particularly post-lunch
time above range) in the frail group (p<0.05) [27]. These find-
ings may not reflect glucose variability per se as there were
no differences between groups in % CV/mean amplitude of
glycaemic excursion measurements. A study by Fung et al [28]
showed a relationship between incremental frailty and increased
dysglycaemia in older adults with type 2 diabetes on insulin,
whereas Idrees et al demonstrated an association between frailty
and hypoglycaemia in non-acute settings [29].

In older people, glucose variability can influence mortal-
ity risk. In a 5 year retrospective cohort study including data
from 54,803 individuals aged >70 years with type 1 or type 2
diabetes, Forbes et al evaluated the effect of glucose variabil-
ity on mortality risk by using a new metric for glucose vari-
ability and found that mortality risk increased with increasing
glycaemic variability [30]. Ma et al explored the relationship
between sarcopenia and glucose variability in a study includ-
ing 280 individuals with type 2 diabetes aged >60 years who
were divided into a sarcopenic group and a non-sarcopenic
group and wore a continuous glucose monitor for 3 days [31].
The authors found lower prevalence of sarcopenia with higher
time in range (TIR) values (40.48% for TIR<50%, 20.41% for
50%<TIR<70%, 8.47% for TIR>70%). However, parameters

of glucose variability (CV, mean amplitude of glycaemic excur-
sions) were not different between the two groups (CV p=0.872,
mean amplitude of glycaemic excursions p=0.366) [31].

In another study, Zhang et al demonstrated that older
people, when compared with middle-aged individuals, have
a greater glucose variability which is associated with an
increased risk of supraventricular and ventricular arrythmias
[32]; these studies are described in Table 1.

Glucose variability can also impact individuals’ psy-
chological well-being, whereas its attenuation can lead to
improvements in quality of life [33].

In conclusion, the literature indicates that wide glucose var-
iability is associated with negative health-related outcomes in
older people with diabetes and its attenuation might positively
impact quality of life and increase life expectancy.

Diabetes technology in older people

A key aim of current management approaches to diabetes in
older people is to support them to achieve healthy glucose
levels and minimise the risk of hypoglycaemia.

The use of technology by older people with diabetes is
growing and has been shown to have a remarkable impact on
their diabetes-related outcomes and quality of life. However,
technology use comes with associated challenges that need
to be addressed.

The use of diabetes technology in older adults is discussed
in the following sections; under the umbrella term ‘diabetes
technology’ we have included connected insulin pens, CGM,
insulin pumps and automated insulin delivery (AID) systems.

Continuous glucose monitoring Finger-prick blood glucose
monitoring has long been a key component of the self-manage-
ment of people living with diabetes. However, blood glucose
monitoring provides a static view of the glucose profile and
does not measure glucose excursions or undetected hypoglycae-
mia. Attenuating glucose variability and the risk of hypoglycae-
mia are major goals of diabetes management in older people.
CGM, both real-time and ‘flash’ (the latter requiring manual
swiping and now relatively obsolete), provides a dynamic view
of glucose patterns, which is an advantage in older people at
increased risk of hypoglycaemia. Many devices can also predict
low and high glucose levels and give predictive warning alerts.

Most CGM devices have a ‘share’ feature that allows
healthcare professionals, relatives and caregivers to review
data remotely. Remote monitoring by healthcare and/or fam-
ily members is a unique advantage of CGM in older peo-
ple with diabetes and may be of particular value for those
individuals living alone and for whom extra assistance is
required. Diabetes technology also has the potential for
seamless integration with other wearable devices aimed at
tracking vital parameters. For example, the Dexcom and
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Diabetes technology options

Insulin pumps

Automated insulin
delivery systems

Smart pens

Domains to be assessed in older people with diabetes
before using and regularly while using technology:

« E-literacy
+ Cognition
* Mood

* Dexterity

« Visual acuity

;

» Hearing

* Physical function
and frailty

« Living setting

« Social context

ﬂ

Promoting reduction in glucose variability
and minimising risk of hypoglycaemia

20
16

12

mmol/l

8
a
o

Breakfast Lunch

Dinner Overnight

Potential positive outcomes (benefits)

Reduced risk
of hospitalisation

Regression or reduced
progression of frailty

Reduced risk of cognitive
impairment and its progression

! <k

Reduced rate of call-outs

for hyper- or hypoglycaemia Improved quality of life

Fig. 1 Benefits of technology in older people with diabetes. This figure is available as part of a downloadable slideset

Freestyle Libre CGM systems allow users to share their glu-
cose readings and alarms with up to 10 or 20 people, respec-
tively. However, it is important to highlight that, although
this feature can be valuable, some older adults may prefer
not to share detailed insights, even with close family mem-
bers such as spouses; this preference may vary depending
on their level of comfort and degree of disability. Therefore,
the decision to use the ‘share’ feature should be personal-
ised according to the specific needs and preferences of each
individual. However, there is evidence to suggest that older

adults do not mind using the share feature with their caregiv-
ers [34].

Figure 1 illustrates some of the potential key benefits of
CGM in older people with diabetes, and the text box ‘Case
vignette: improved glucose levels and quality of life after
escalation of diabetes technology’ provides an example of
an individual who showed a profound improvement in qual-
ity of life with hypoglycaemia reduction after commence-
ment of CGM as part of a clinical trial [35]. CGM has
been shown to improve TIR and reduce time below range
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Lack of support from
a caregiver

Living in a care home

Inadequate training of community
specialist teams on diabetes technology

Time constraints within health organisations
and lengthy consultations for older
people with diabetes

Lack of guidelines on the use of
diabetes technology in older people

Healthcare system

and support
constraints

Cognitive
and problem-
solving
limitations

Cognitive decline

Deteriorating problem-solving
skills

Inability to interpret a large amount
of data from CGM or pump

systems and take action

accordingly

Barriers to the
use of
technology in
older people

Difficulties with procedures involved

in the use of CGM, smart pens and pumps,
such as replacing the smart pen cartridge,
the pump infusion set or the CGM sensor

Difficulties in obtaining CGM and pump supplies

Operational
difficulties
with diabetes
management
tools

Lack of access to devices and
instruments necessary to optimise
the use of diabetes technology

(e.g. wifi or mobile)

Access to
and literacy
in diabetes
technology

Low level of technology, digital
and e-health literacy

Physical and
sensory challenges

Lack of access to services
specialising in diabetes technology

Impaired dexterity

Reduced visual acuity

Frailty and disability interfering
with diabetes self-care

Fig.2 Key barriers to the use of technology in older people. This figure is available as part of a downloadable slideset

(TBR), and the risk of hypoglycaemia and hospitalisations
[36]. CGM also has a positive impact on psychological
outcomes, patient satisfaction and quality of life [36]. The
Endocrine Society and the American Association of Clini-
cal Endocrinology (AACE) recommend the use of CGM
for people aged >65 years on insulin, even if they have
physical and cognitive limitations [37, 38]. Consistent with
these recommendations, the use of CGM in older people
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with type 1 and type 2 diabetes is gradually growing, as
reported in a recent study from Germany using data from
the Diabetes Prospective Follow-up Registry [39]. The
benefits of technology shown in Fig. 1 also apply to pump
therapy and include mitigation of glucose variability and
reduction in hypoglycaemia risk. Clearly, there are many
overlapping benefits between CGM and pump therapy in
individuals with diabetes.
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Case vignette: improved glucose levels and quality of life after
escalation of diabetes technology

A 75-year-old man with type 1 diabetes for 44 years enrolled in a clinical trial. He is a retired system audit manager, living at home
with his 73-year-old wife, who has been his primary carer for 21 years. She assists with personal activities of daily living, such as
dressing and transfers from bed to chair. Medical comorbidities include diabetic retinopathy, peripheral neuropathy, autonomic
neuropathy, ischaemic heart disease, hypertension, dyslipidaemia and epilepsy. In the preceding 12 months, he reported 150
severe hypoglycaemic events (requiring third-party assistance to resolve). Prior to the trial, he was using a MiniMed 640G insulin
pump with finger-prick blood glucose monitoring only. He was not eligible for government-subsidised CGM at the time.

At baseline assessment, his Gold score was 7 and Clarke score was 5, consistent with impaired awareness of hypoglycaemia.
His Problem Areas in Diabetes (PAID-5) score was 11 out of a maximum of 20, indicating possible diabetes-related emotional
distress, and his Hypoglycaemia Fear Survey (HFS-Il) score was 28 out of a maximum of 44, representing a high level of hypo-
glycaemia fear. HbA;c was 48 mmol/mol (6.5%) in the setting of recurrent hypoglycaemia. In the trial, the participants were started
on CGM and provided with diabetes education, including hypoglycaemic episode management, ketone testing and insulin pump
troubleshooting. Strategies for managing insulin pump- and CGM-related issues were provided. Trial participants were provided
with a MiniMed 670G system to be used in its ‘manual mode’ during the run-in period and comparator stage and in its ‘auto mode’
during the closed-loop intervention stage. This participant was randomised to undertake the comparator stage first, followed by
the intervention.

During the 8 month trial period, this participant experienced no severe hypoglycaemic events while using CGM with manual or
automated insulin pump delivery. This was a striking improvement compared with pre-trial when he was experiencing three severe
hypoglycaemic events each week when not using CGM. Moreover, his glucose metrics all improved from the comparator stage
to the intervention closed-loop stage: CGM time in range (3.9—10 mmol/l glucose) increased from 63% to 70%; CGM time
<3.9 mmol/l glucose reduced from 2.1% to 1.7%; and HbA: level at stage completion decreased from 63 mmol/mol (7.9%) to
60 mmol/mol (7.6%) (see part a of figure below). His Gold and Clarke scores remained unchanged from baseline, consistent with
ongoing impaired awareness of hypoglycaemia (part b of figure). With regard to quality of life at the completion of the sensor-
augmented pump and closed-loop stages, PAID-5 scores were 2 and 1, respectively (part ¢ of figure); HFS-Il scores were 14 and
9, respectively (part d of figure). Therefore, the elimination of severe hypoglycaemia after starting CGM was associated with a
marked improvement in quality of life from baseline, although with no impact on hypoglycaemia awareness. This case vignette is
an illustrative example of what can be achieved with escalation of diabetes therapeutic technology, in this case during a clinical
trial (modified from Grills and McAuley [35] with permission from the publisher).

Given the elimination of severe hypoglycaemia and improvements in quality of life, together with subsequent changes in Australian
government subsidies that enabled this individual to access CGM with no out-of-pocket costs, he elected to use the MiniMed
670G system with real-time CGM after completion of the trial.
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Glucose and quality of life measures from the individual trial participant, measured at baseline (first visit) and at the
completion of each 4 month trial stage. This participant was randomised to undertake sensor-augmented pump therapy
first, followed by closed-loop therapy. (a) Glucose outcomes (HbA1c, time in range 3.9—10.0 mmol/I [TIR], and time
below <3.9 mmol/l [TBR]). (b) Awareness of hypoglycaemia scores; the horizontal line indicates a score of 4, with
scores 24 indicating impaired awareness of hypoglycaemia. (¢) PAID-5 scores; the horizontal line indicates a score of
8, with scores 28 indicating possible diabetes-related emotional distress. (d) HFS-II scores

@ Springer



2094

Diabetologia (2024) 67:2085-2102

To date, the most robust evidence on the benefits of CGM
for older adults derives from a few retrospective, qualitative
and survey studies and RCTs, including a subanalysis of the
DIAMOND study (Table 2). The DIAMOND study was a large
RCT involving people with type 1 diabetes (aged 26—79 years)
treated with insulin multiple daily injections that compared
CGM with blood glucose monitoring [40]. This trial found
that CGM was associated with greater reduction in HbA than
blood glucose monitoring [40]. The seven studies included in
Table 2 [41-47] found benefits of CGM in older people with
diabetes, including reductions in HbA,, less time above range,
fewer episodes of hypoglycaemia or diabetic ketoacidosis, high
levels of satisfaction, less TBR and more TIR.

CGM therefore has demonstrated benefits in terms of gly-
caemic outcomes, but there is still concern about its feasibil-
ity of use, as some technical aspects of CGM devices may
impact older people’s confidence in their ability to manage
them. Only one small study has demonstrated that the use
of CGM is associated with high participant satisfaction and
device acceptability and no additional distress [48].

CGM metric targets In a consensus published in 2019, Bat-
telino et al provide CGM targets for all older adults as well
as people at high risk of severe hypoglycaemia due to dura-
tion of diabetes, duration of insulin treatment and impaired
awareness of hypoglycaemia [49]. For this ‘high-risk’ group,
the authors recommend a less stringent TIR (3.9-10.0
mmol/l glucose) target of >50% (vs >70% in general rec-
ommendations) and a TBR (<3.9 mmol/l glucose) target of
<1% (vs <4% in general recommendations) [49], irrespec-
tive of frailty and functional status. Consensus CGM metric
targets for older people with diabetes that take into consid-
eration important factors such as comorbidities, health status
and presence and severity of frailty are also needed. Trawley
et al compared CGM data from older adults with type 1
diabetes collected during the run-in phase of the ORACL
trial with the consensus-recommended CGM targets for all
older adults with diabetes [50]. The authors highlighted that
the recommended uniform TIR of >50% for all older adults
(equating to an HbA . of 67 mmol/mol [8.3%]) is inappro-
priately low for non-frail older adults using real-time CGM
technology [50]. CGM targets should be revisited and per-
sonalised based on clinical aspects such as frailty, functional
status and comorbidities, as well as the use or non-use of
CGM or AID systems [50].

Bluetooth-enabled pens In older people with diabetes, insu-
lin dose errors, including missed insulin or double doses, are
common and may account for suboptimal glycaemic man-
agement or unexplained glucose variability [51]. Advising
insulin dose changes based on an incorrect assumption that
an individual is following the prescribed insulin treatment
can potentially lead to overtreatment and hypoglycaemia.
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Bluetooth-enabled insulin pens, also known as smart
pens, have been introduced to record insulin doses and time
of administration. These pens can be extremely useful for
older people who have mild memory impairment but who
are otherwise capable of self-managing their diabetes (e.g.
for reducing risk of hypoglycaemia and improving insulin
treatment adherence). The concomitant use of smart pens
and CGM has the potential to improve adherence to intended
insulin dosing, detect accidental incorrect dosing and reduce
the risk of problematic hypoglycaemia [52]. A downside of
these pens is the need to replace the insulin cartridge, which
may be a complex task for individuals with impaired dexter-
ity without caregiver assistance.

Available smart pens can record and store data about
insulin doses and injection timing and produce download-
able reports [53]. Through a ‘share’ function, caregivers and
relatives can monitor treatment adherence. Smart pens also
represent an excellent option for care home residents who
are able to self-manage their diabetes under supervision.
However, despite the proven benefits of smart pens in terms
of TIR improvement and reduction in hypoglycaemia fre-
quency, they have not yet been fully implemented in clinical
practice [52].

Insulin pumps and AID systems Insulin pump therapy can be
a viable option for selected older adults who meet the clini-
cal criteria. Indications for insulin pump therapy for older
adults are the same as those for younger adults [54]. Although
there is a large body of evidence demonstrating the efficacy
of insulin pump therapy among younger adults with type 1
diabetes [54], evidence among older people is limited [55,
56]. A small number of studies and retrospective analyses
have shown that insulin pump therapy is safe and effective in
improving glycaemic management and reducing the risk of
hypoglycaemia among adults with type 1 diabetes aged >60
years, but there are very minimal data from older groups and
from individuals with medical complexity and physical and
cognitive impairments. Clinicians must be mindful of comor-
bidities, and their treatments, which can contribute to type 1
diabetes management complexity, such as emergency man-
agement when insulin pump delivery interruption occurs [57].

Insulin pump therapy for older people is associated with
benefits beyond glycaemic management and hypoglycaemia
and has a positive impact on daily life (Table 3) [58-63].
Insulin pump therapy can also reduce the risk of hypogly-
caemia and hospitalisation in both younger and older people,
as demonstrated by a retrospective study in a Polish popula-
tion [64].

The body of evidence on the use and benefits of diabetes
technology is even more limited for AID systems (Table 3).
Currently available AID systems, also referred to as hybrid
closed-loop therapy, include an insulin pump and linked CGM
device. The CGM measures interstitial glucose levels and an
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algorithm housed in the pump or in a mobile app adjusts the
amount of insulin delivered according to the glucose levels.
These current AID systems are considered to be ‘hybrid’ sys-
tems, as some information from the user (e.g. meal carbohy-
drate content) is still required to be entered manually.

The limited literature on the advantages of AID in older
people suggests the need for further work. In a small study
including 18 older adults with type 1 diabetes (mean + SD
age 74.1 = 7.1 years) conducted by Pintaudi et al [58], the
use of AID resulted in improvements in HbA,_ at 1 year
(mean + SD 60 + 11 mmol/mol [7.6% =+ 3.1%] at baseline
vs 53.2 + 6.0 mmol/mol [7.0% + 2.7%] at 1 year, p=0.01,
mean difference 7 + 10 mmol/mol [2.8% + 3.1%]) and TIR
at 48 weeks (p<0.0001) compared with baseline.

Two key randomised AID trials including individuals with
type 1 diabetes aged >60 years have been recently published.
The ORACL trial, a two-centre Australian study including 30
individuals with type 1 diabetes aged >60 years, compared a
first-generation AID system (MiniMed 670G) with SAP ther-
apy [59]. Compared with SAP therapy, using an AID system
resulted in reduction in time spent in hypoglycaemia (<3.9
mmol/l) by a median of 0.5 percentage points (95% CI1 0.3, 1.1;
p=0.0005) [59]. There was a threefold reduction in nocturnal
hypoglycaemia with AID and this effect was still detectable
during actigraphy-measured sleep periods [65]. It is worth
highlighting that in the trial only 20% of participants had mild
cognitive impairment (none had moderate or severe cognitive
impairment) and one-third had impaired awareness of hypo-
glycaemia. Only 20% were pre-frail and none was frail [59].

In a similar multinational, randomised, open-label crosso-
ver study conducted by Boughton et al [62], 37 people with
type 1 diabetes aged >60 years (median [IQR] age 68 [63-70]
years) were randomised to either an AID device (CamAPS
FX) or SAP therapy for a period of 16 weeks. AID improved
TIR by 8.6% through a reduction in time spent with glucose
levels >16.7 mmol/l. There were no differences in time spent
in hypoglycaemia (<3.9 mmol/l) between the two treatments
[62]. Possible limitations of this trial were enrolling partici-
pants who were not necessarily representative of the hetero-
geneity of older people with type 1 diabetes and not screening
for impairments in dexterity, vision, hearing or cognition. A
trial subanalysis explored patient-reported outcomes [66].
Findings included significant improvements in diabetes dis-
tress overall (and with improvements in the powerlessness and
physician distress subscales), in addition to improvement in
trust in glucose monitoring [66].

A few additional small studies and RCTs have also shown
benefits of insulin pump therapy in older people with type
2 diabetes [67, 68].

In young adults with type 1 diabetes the use of AID is asso-
ciated with quality of life benefits, including a reduction in
diabetes-related psychological burden and an improvement
in sleep [69]. This would be an important advantage in older

people as they tend to have disrupted sleep because of hyper-
or hypoglycaemia and fear of hypoglycaemia. However, to
date, the findings on the effects of AID on sleep quality have
been disappointing. In the ORACL trial, sleep quality recorded
daily was worse in those participants using the first-generation
AID system (p=0.006) [65]. Similarly, in a post hoc analysis
of the RCT conducted by Boughton et al [62], the use of the
CamAPS FX device did not produce any improvement in sleep
traits [63]. Lack of effect of an AID (vs SAP) on sleep param-
eters was also reported by Bisio et al in a small pilot trial [70].

Current-generation AID systems, with CGM no longer
requiring calibration and algorithms with greater automa-
tion than in earlier systems, can now be used effectively
in clinical care, even for older individuals with extensive
comorbidities and suboptimal system interactions, such as
missing meal announcements. However, to date, AID clini-
cal trials have largely excluded such individuals.

Challenges related to the use of technology
in older people

The use of technology holds promise to improve multiple
outcomes in older people with diabetes, but its implemen-
tation is accompanied by many barriers that need to be
overcome [71]. Figure 2 lists the key barriers to the use of
technology in older people with diabetes.

Ageing is commonly associated with cognitive and physi-
cal decline and dexterity and visual impairments that interfere
with diabetes self-care and do not allow the effective and safe
use of technology devices unless the person with diabetes is
supported by a relative or caregiver [71]. In a retrospective
analysis by Toschi et al demonstrating the benefits of AID in
older adults in terms of TIR and TBR, physical issues (dex-
terity and visual problems) and cognitive challenges were
barriers to use for a few participants [60].

The text box ‘Case vignette: comorbidities and cog-
nitive decline limiting the use of diabetes therapeutic
technology’ provides an example where an individual’s
comorbidities, cognitive decline and social situation were
no longer conducive to the safe use of diabetes technology.

Personal preference and living circumstances are also
important considerations. Some older individuals with dia-
betes are more inclined than others to use technology, and the
level of available support, such as from a carer or family mem-
ber, and/or proximity to specialised/tertiary centres where
medical staff have expertise in the field of technology are rel-
evant factors. Frail, non-independent individuals may need to
live in care homes, where staff are less likely to possess the
necessary skills to manage CGM devices and pumps. All of
these factors can potentially result in age-related inequities.
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Case vignette: comorbidities and cognitive decline limiting the
use of diabetes therapeutic technology

A 74-year-old woman with type 1 diabetes since her mid-30s was admitted to hospital in January 2021 with back pain
and hypoglycaemia, in the setting of worsening cognition. She was living at home with her supportive female partner.
She mobilised with a four-wheeled frame, with exercise tolerance of ~400 m (limited by back pain).

Her insulin therapy involved multiple daily injections, with once-daily long-acting basal insulin and rapid-acting insulin
pre meals. Glucose monitoring was performed intermittently using a Dexcom G5 system, and finger-prick blood glucose
testing was used on other occasions. Her HbA1c was 75 mmol/mol (9.0%). She had micro- and macrovascular diabetes-
related complications, including ischaemic heart disease, peripheral vascular disease, history of transient ischaemic
attack, microalbuminuria, neuropathy, retinopathy with visual impairment, heel ulcer and gastroparesis. Other
comorbidities included schizophrenia, lumbar spinal canal stenosis, hypertension and inflammatory arthritis.

On admission, CGM data were not accessible as she was using a phone-based CGM application and could not recall
her iPhone password. Her glucose levels were labile in hospital, and insulin dose adjustments were made after review
of her glucose pattern and dietary intake. Diabetes education was provided, including around insulin dose self-
adjustment, and this contributed to worsening anxiety symptoms. Once medically stabilised, she was discharged home
with the maximal available community support and district nursing visits to assist with glucose monitoring and insulin
administration.

Over the next 8 months, she had a further ten presentations to the hospital emergency department, with seven hospital
admissions. These presentations were either with severe hypoglycaemic episodes, hyperglycaemia with and without
ketosis, or functional decline, with coexistent confusion on some occasions. She was assessed as being unable to
safely manage with an insulin pump or to understand CGM information, and her partner was not able to be present with
her all the time for diabetes management and troubleshooting. During the final admission, arrangements were made to
transfer her to a residential aged care facility where full-time diabetes care could be provided. The staff in the facility
were unfamiliar with CGM and did not have capacity to upskill in this area. Glucose monitoring was undertaken by
capillary blood testing and insulin doses for injections were overseen by the treating doctor at the residential facility.
There were no further hospital presentations during the following year.

This case highlights the limitations of using diabetes technology in the setting of extensive comorbidities, including
visual impairment, and when an individual's capability for diabetes self-management deteriorates. The currently
available technology still requires the person with diabetes, or their caregivers, to have sufficient understanding and
capability to interpret the information collected and to act on this for diabetes management.

Structural discrimination may also have a negative impact
on access to technology [71]. Some groups of older people
from ethnic minorities or with low incomes, limited educa-
tion and low levels of health literacy may be socially mar-
ginalised and face barriers to internet and broadband access.
Tackling these structural inequities necessitates reforms in
both physical and social environments to promote equality
across populations [71].

Among older adults, there can also be substantial vari-
ation in technology and digital literacy [7]. Technology
literacy is defined as the ability to use technology devices
safely and can be potentially enhanced by targeted education
[7]. Digital literacy is defined as the ability to locate and
consume, create and communicate digital content [7]. Older
individuals may also have variable e-health literacy, a char-
acteristic bridging health and technology [7]. As explained
by Norman and Skinner, e-health literacy is the ‘ability
to seek, find, understand, and appraise health information
from electronic sources and apply the knowledge gained to
addressing and solving a health problem’ [72].
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CGM devices provide a large amount of data requiring
interpretation and numeracy skills. Regardless of the level of
literacy, data can be overwhelming for an older person with
cognitive impairment and can trigger anxiety leading to rushed
actions, insulin dosing errors and consequent hypoglycaemia.

Some procedures involved in the use of technology may
represent complex tasks for older people. As a result of these
difficulties, for instance, the infusion set may be left in place
for longer than recommended, or the infusion set items may be
reused or the pump discontinued. In addition, there is concern
that older people may not be able to deal with issues related to
pump function or, in the worst-case scenario, with pump failure,
as problem-solving skills are known to decline with ageing.

There also challenges related to time constraints within
health organisations. Because of cognitive impairment and
medical complexity, the review of an older person and train-
ing of a family member or caregiver on the use of technol-
ogy may require lengthy consultations and frequent follow-
up. Another aspect to consider is the training of healthcare
professionals on the use of technology. Older people with
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Research questions

What is the impact of CGM, insulin
pumps and AID systems on geriatric
syndromes, life expectancy and risk
of hospitalisation in older people?

Which CGM metrics
should we aim for, based
on level of frailty?

Should older individuals with diabetes
being considered for technology be
managed collaboratively with other
teams such as geriatric or frailty teams?

How can we implement
diabetes technology with
other technologies?

Is diabetes technology
cost-effective and safe
for use in care homes?

Can pumps and AID

systems be safely used
in frail older people and
in those with dementia?

Would the use of geriatric tools (e.g.
Comprehensive Geriatric Assessment
[CGA]) help to overcome barriers to
use of diabetes technology?

Cost-
effectiveness
studies

Data creation

Observational
studies and
real-world
evidence

Qualitative
studies

Potential effects on clinical care

Improvement in quality of

i Emellid & Pee department attendances

Reduction in rates of hospital
admissions and emergency

Increase in cost-
effectiveness of care

Improvement in physical
function and cognition

Fig. 3 Research questions related to diabetes technology in older people. This figure is available as part of a downloadable slideset

diabetes, particularly those who are frail, are often under
the care of community diabetes specialist services. In this
setting, clinicians are not always proficient in using CGM
and other technology devices. Furthermore, diabetes special-
ists may not be familiar with tools for assessing cognition,
mood, physical function and frailty and this raises the ques-
tion whether older people with diabetes should be managed
within dedicated multidisciplinary clinics.

Because of these barriers to the use of technology by
older people, despite the advantages of CGM devices and
pumps, most healthcare professionals prefer to continue with

@ Springer

multiple daily injections. The lack of guidance on how to
support older people with declining self-care skills in the use
of technology may further amplify this attitude.

Assessment of older people for use
of diabetes technology

Diabetes self-management requires lifelong commit-
ment to numerous highly complex tasks including glucose
monitoring, insulin dose adjustments and administration,
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hypoglycaemia management, self-coordination and plan-
ning. All of these tasks, requiring problem-solving and
cognitive skills, are essential to achieve successful health-
related outcomes.

Ageing and diabetes both increase the risk of comorbidi-
ties, including cognitive impairment, depression, visual acu-
ity reduction and impaired dexterity, which can potentially
cause physical and mental decline and frailty and interfere
with individuals’ self-care abilities [73]. A list of domains to
be assessed in older people before and while using technol-
ogy is provided in Fig. 1, and some key assessments [74-76]
are described in Table 4, which also includes key outcome
measures relating to the potential positive impact of technol-
ogy in older people with diabetes.

Areas for future research and improvement

The emerging body of evidence regarding the efficacy and
safety of diabetes technology use among the older popula-
tion is largely limited to individuals without comorbidities
who are cognitively intact and living in their own homes. We
have identified the following areas for future research and
further development (Fig. 3):

e real-world observational studies and RCTs exploring the
impact of CGM, pumps and AID on outcomes of interest
to the ageing population (geriatric syndromes and life
expectancy) and including individuals with a broad spec-
trum of frailty

e identification of strategies for implementing diabetes
technology alongside other technology (blood pressure
monitoring, cardiac monitoring, oxygen monitoring)
to support frail older people at home and in long-term
facilities, to avoid hospitalisations and readmissions

e research aimed at adapting diabetes technology to older
people with diabetes, frailty and disability, for both peo-
ple who manage independently and those needing assis-
tance

e research on the efficacy, safety and cost-effectiveness
of the use of diabetes technology in all living settings
including care homes

e guidelines on the use of diabetes technology in older peo-
ple with diabetes and cognitive and physical impairments

e recommendations on CGM-based metrics for older peo-
ple, stratified by health status, comorbidities, frailty and
life expectancy

e training on the use of technology for care homes staff
looking after residents with diabetes

e interventions to improve e-literacy among older people
with diabetes

e development of pumps and AID systems that can be
operated remotely either by a caregiver or a relative.

We must also remain cognisant that most glucose sen-
sors, and all current pumps, are worn externally; therefore,
the available skin ‘real estate’ is a major factor in decisions
around the use of technology. Ageing skin has high rates of
dermatological conditions and may have less resilience to
the adhesives/piercing required, which may limit its usage
for many individuals. If people are on anti-platelet agents
or anti-coagulants, bruising can be a major issue at inser-
tion sites [77, 78]. Future research could focus on develop-
ing alternative adhesive materials or insertion techniques to
address these challenges and improve the acceptance and
usability of technology.

Conclusions

Given the improvement in life expectancy of adults with
diabetes, clinicians will soon face the challenge of providing
care to more older people with long-duration type 1 diabetes
or type 2 diabetes treated with insulin and co-existing long-
term conditions. The heterogeneity characterising this group
of individuals is a key factor in the pronounced glucose vari-
ability observed, as well as the increased risk of hypogly-
caemia, effects of medical comorbidities and their ability to
use diabetes technology. Individually tailored adoption of
CGM devices, pumps and AID systems appears to be the
most sensible strategy to improve TIR and reduce the risk
of hypoglycaemia and hyperglycaemia in this group, which,
in turn, could improve physical and cognitive function and
quality of life; however, further well-designed research is
needed to confirm these benefits.

While technology holds promise for enhancing the
lives of older adults, it is important to be mindful of its
limitations and potential pitfalls. Certain characteristics,
such as advanced age, limited digital literacy, cognitive
decline and physical impairments, should be considered
when implementing technology solutions for older indi-
viduals. Additionally, factors such as privacy concerns,
reluctance to adopt new technologies and the need for per-
sonalised support and training should also be considered
when designing technology interventions for this popula-
tion. By acknowledging these challenges and incorporat-
ing appropriate caveats, technology developers and health-
care professionals can ensure that technology is effectively
used to support older adults while minimising potential
risks and drawbacks.

Implementation of technology should be considered after
a careful and comprehensive assessment of each individual,
looking at multiple domains including social context and
living setting. Training and education should be provided
to family members and caregivers of frail older people with
disability to support their use of diabetes technology.

@ Springer
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Supplementary Information The online version contains a slide-
set of the figures for download available at https://doi.org/10.1007/
s00125-024-06240-2.
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