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Outline of this talk 

➢Increasing life expectancy of people with type 1 
diabetes

➢Hypoglycaemia and glucose variability in older people 
➢Available diabetes technologies and emerging evidence 

on their benefits for older people 
➢Assessing older people for diabetes technology 
➢Barriers to adopting diabetes technology 
➢Future research directions  
➢Conclusions 



• Objectives - To estimate the burden, trends, and inequalities of type 1 diabetes
mellitus (T1DM) among older adults at global, regional, and national level from
1990 to 2019.

• Design - Population based study

• Population- adults aged ≥65 years from 21 regions and 204 countries and
territories (Global Burden of Disease and Risk Factors Study 2019) from 1990 to
2019.

• Primary outcomes were T1DM related age standardised prevalence, mortality,
disability adjusted life years (DALYs), and average annual percentage change.

Key findings

• Globally, between 1990 and 2019, the number of people with
T1D aged ≥65 years increased from 1.3 million to 3.7 million

• The age standardised prevalence rate of T1D among this age
group increased by 28%, with an average annual trend of 0.86%

• The age standardised mortality from T1D among this age group
significantly decreased by 25% with an average annual trend of
−1.00%

• The age standardised DALYs decreased by 8.8%, with an average
annual trend of −0.33%

• Mortality fell 13 times faster in countries with a high
sociodemographic index versus countries with a low-middle
sociodemographic index



International guidelines 
(year)

Good health/Non 
frail/Functionally independent 

Complex-intermediate 
health/Moderately 
frail/Functionally dependent

Poor Health/Severely 
frail/End of life

ADA (2024) <7.0-7.5%
(<53-58 mmol/mol)

<8%
(<64 mmol/mol)

Avoid hypoglycaemia

Endocrine Society (2019) <7.5%

≥7.0% and <7.5% 

<8%

≥7.5% and <8.0% 

<8.5%

≥8.0% and <8.5%

IDF (2013) 7.0-7.5% 
(53-58 mmol/mol)

7.0-8.0%
(53-64 mmol/mol) 

Frail Up to 8.5% (69 mmol/mol)

Dementia Up to 8.5% (69 
mmol/mol) 

Avoid hypoglycaemia

Healthy (few coexisting chronic illnesses, intact cognitive and functional status)

Complex/intermediate (multiple coexisting chronic illnesses or two or more instrumental ADL impairments or mild to moderate cognitive 
impairment) 

Very complex/poor health (LTC or end-stage chronic illnesses‡ or moderate to severe cognitive impairment or two or more ADL impairments) 

HbA1c targets in older adults according to current international 
guidelines



▪ Forty adults aged ≥69 years with HbA1c>64 (8%) mmol/mol were evaluated with blinded CGM. Sixty-five
percent (26/40 patients) had at least one episode of hypoglycaemia over the 3-day period.

▪ Among the 26 patients with hypoglycemia, 12 (46%) had an episode with glucose levels <2.8 mmol/L, and 19
(73%) had an episode with levels <3.3 mmol/L.

▪ The authors evaluated CGM results by levels of glycemic control (by A1C) and type of diabetes in 26 patients
with hypoglycemia. Fourteen patients had HbA1c levels between 64-76 mmol/mol (8–9%) and 12 had
HbA1c>75 mmol/mol (9%)



Tight 
glycaemic
control 

Age Malnutrition Treatment Polypharmacy Cognitive impairment,
CKD, HF, liver disease

Hypoglycaemia

• Hyperglycaemia
• Fear of hypoglycaemia
• Falls and fractures
• Cardiac arrythmias 
• ED attendance and hospital admission

• Social marginalisation
• Functional decline
• Cognitive decline
• Frailty
• Disability
• Institutionalisation

Long-term consequencesShort-term consequences

Hypoglycaemia in older people with diabetes

Age-related changes in 
pharmacokinetics and 
pharmacodynamics 



What’s the glucose variability and how is it measured?

“Glucose variability, referring to oscillations in blood glucose levels, is usually defined by the measurement of fluctuations of
glucose or other related parameters of glucose homoeostasis over a given interval of time”

a Long-term GV based on visit-to-visit changes of HbA1c, FPG or PPG. b, c Short-term GV represented by 
within-day and between-day GV 

HbA1c, FPG or PPG

SD, CV

Blood glucose 

SD, CV



Glucose variability: why is it important?

The effects of glycaemic variability on the adverse clinical outcomes

• Fasting plasma glucose variability independently associated 
with all-cause mortality in older patients with type 2 diabetes 
(Xu et al. Sci Rep 2016)

• Visit-to-visit glucose variability in HbA1c and fasting glucose 
levels associated with an increased risk of CV events and 
mortality in type 2 diabetes (ADVANCE trial) (Hirakawa et al. 
Diabetes Care 2014)

• Glucose variability has been reported to be associated with 
poor functional outcome in patients with diabetes who have 
had an intracerebral haemorrhage (Wu et al. J Neurosurg 2017)

• Visit-to-visit variations in fasting plasma glucose concentration 
and HbA1c are associated with Alzheimer’s disease (Taiwan 
Diabetes Study) (Li et al. Diabetes Care 2017)

• Older people, when compared to middle aged subjects, have a 
greater glucose variability which is associated with an increased 
risk of supraventricular and ventricular arrythmias (Zhang et al. 
BMC Endocr Disord 2021).

Cardiovascular Diabetology volume 19, Article number: 102 (2020)

https://cardiab.biomedcentral.com/


Hypoglycaemia - Recommendations

13.5 Recommend continuous glucose monitoring (CGM) for older adults with type 1 diabetes to
improve glycemic outcomes, reduce hypoglycemia, and reduce treatment burden.

13.6 Offer CGM for older adults with type 2 diabetes on insulin therapy to improve glycemic outcomes
and reduce hypoglycemia.

13.7 Consider the use of automated insulin delivery systems, mechanical insulin delivery systems, and
other advanced insulin delivery devices such as connected pens to reduce risk of hypoglycemia for
older adults, based on individual ability and support system.

Hypoglycaemia

Diabetes Care 2025;48(Suppl. 1):S266–S282 



Bluetooth Connected Pens (Smart Pens) CGM devices Insulin pumps and automated insulin delivers systems (AID)



Bluetooth-enabled insulin pens





Adapted from Battelino et al. Diabetes Care 2019;42(8):1593–1603

CGM-based targets for different diabetes populations 



CGM Target Current Healthy Intermediate Poor Health

Time-Below-Range
TBR%/min

<3.9 mmol/L
<1% (60 min/day)

<3.9 mmol/L
0 min/day

<3.9 mmol/L
0 min/day

<3.9 mmol/L
0 min/day

Hypoglycaemia Buffer 
Zone %/min

N/A 3.9-5.0 mmol/L <4% 3.9-5.6 mmol/L <4% 3.9-5.6 mmol/L <4%

Time-in-Range
TIR%/min

3.9-10.0 mmol/L >70% 5.0-11.0 mmol/L >70% 5.6-11.1 mmol/L >70% 5.6-13.9 mmol/L >70% 

Time-above-Range
TAR%/min

>10.0 mmol/L <50% 
>13.9 <10%

>10.0 mmol/L <25% 
>13.9 <10%

>11.1 mmol/L <25% 
TAR>13.9 <10%

>13.9 mmol/L <25%

10 mmol/L

3.9 mmol/L

3.0 mmol/L

10 mmol/L

5.0 mmol/L

3.9 mmol/L

11.1 mmol/L

5.6 mmol/L
3.9 mmol/L

13.9 mmol/L

5.6 mmol/L

3.9 mmol/L

Current Healthy Intermediate Poor Health





• Closed-loop insulin delivery vs with sensor-augmented
pump therapy among older adults with type 1 diabetes

• Open-label, randomized (1:1), crossover trial compared 4
months of closed-loop versus sensor-augmented pump
therapy

• Adults were aged ≥60 years, diabetes duration ≥10 years,
using an insulin pump

• 30 participants (mean age 67 [SD 5] years), median type 1
diabetes duration of 38 years



• Hybrid closed-loop vs sensor-augmented pump (SAP) therapy in older adults with type 1 
diabetes

• Open-label, multicentre, multinational, randomised, crossover study

• Adults aged 60 years and older with type 1 diabetes using insulin pump therapy 
underwent two 16-week periods comparing hybrid closed-loop (CamAPS FX, CamDiab, 
Cambridge, UK) and SAP therapy in random order 

• 37 participants (median [IQR] age 68 [63–70] years, mean [SD] baseline glycated 
haemoglobin [HbA1c]; 7·4% [0·9%]; 57 [10] mmol/mol) 





• What’s frailty?

• How do measure frailty in clinical practice?

• What do we know about the relationship between frailty and
diabetes?

• Why should we consider and estimate frailty in our patients?

• Can target frailty and intervene to prevent progression and
change the outcome?

Frailty 



Lancet 2013; 381: 752–62



Commonly used measures of frailty 

• Fried phenotype 
• Frailty Index (FI)
• Electronic FI (eFI)
• Clinical Frailty Scale (CFS)
• FRAIL scale (5 item-scale)
• Gait speed
• Timed up and go test
• Grip strength 



Early concepts of Frailty – A multisystem impairment associated with 
increased vulnerability to stressors 

Based on data from the Cardiovascular Health Study, 2001



“…a method for appraising health status in elderly people. 
A frailty index was defined as the proportion of accumulated deficits 
(symptoms, signs, functional impairments, and laboratory abnormalities). 
It serves as an individual state variable, reflecting severity of illness and 
proximity to death…” 



Rockwood K et al. CMAJ 2005;173:489-95



Rockwood K et al. CMAJ 2005;173:489-95

NUMBER OF DEFICITS PRESENT

NUMBER OF DEFICITS CONSIDERED



eFI tool

• The eFI consists of 36 deficits which have been constructed using
around 2,000 primary care Read codes

Requires a software system in place, e.g. EMIS Web

• The eFI calculates a frailty score by dividing the number of deficits
present by the total possible: uses 36 validated deficits

• Scores
Robust - 0-0.12; Mild - 0.13-0.24; Moderate – 0.25-0.36; Severe =>0.36

• The score is a robust predictor of those who are at greater risk of
adverse outcomes

An eFI > 0.36 have a six-fold increased risk of admission to a care home in the next 12 months
and a five-fold increased mortality risk compared to fit older people

Clegg A et al, 2016

Measuring frailty – Clinical Frailty Scale (CFS) and Electronic 
Frailty Index (eFI)



FRAIL TEST – non – invasive frailty screening tool – a 
preferred frailty measure, Morley JE at al 2012



Aims: to quantify the prevalence of frailty in people with diabetes, and to summarise the
association between frailty and generic outcomes (e.g. mortality) and diabetes-specific outcomes
(eg. hypoglycaemia).
.

Lancet Healthy Longevity  2020; e106–16

Key Findings

➢ Of 3,038 studies, 118 studies using 20 different frailty measures were
eligible for inclusion

➢ Studies were heterogenous in setting (88 studies were community-
based, 18 were outpatient-based, 10 inpatient-based, and 2 were based
in LCT facilities)

➢ Mean age ranged from 50.4 years to 88.0 years (median 72.8 [IQR 69·6–
74·4])

➢ Median community frailty prevalence using frailty phenotype was 13%
(IQR 9–21)



Frailty was consistently associated with:
1. Mortality in 13 (93%) of 14 studies assessing this outcome 

(pooled hazard ratio 1·51 [95% CI 1·30–1·76])
2. Hospital admission in seven (100%) of seven
3. Disability in five (100%) of five studies. 

Frailty was  also associated with 
1. Hypoglycaemia events in one study (<1%)
2. Microvascular and macrovascular complications in 

nine (82%) of 11 studies 
3. Lower quality of life in three (100%) of three studies 

assessing quality of life
4. Cognitive impairment in three (100%) of three studies 

assessing cognitive impairment.



83-year-old gentleman type 1 diabetes since 1962 

Referred to 
Epsom and St 
Helier in 2010

He was on 
basal-bolus 
regimen with 
Glargine and 
NovoRapid

Alan 
Nebarro
Medal

In March 2012 he 
attended the ALFFI 
(Advanced 
Learning for Food 
and Insulin)

He started insulin pump therapy 
in November 2013 at the age of 
72 due to impaired hypo-
awareness and one episode of 
hypoglycaemia requiring third-
party assistance

In 2017 he upgraded 
Medtronic VEO pump

In 2022 he 
upgraded 
Medtronic 
640G

Diagnosed 
with 
dementia

Admitted to hospital with DKA

61

80
71

49

66

87

71

A Mini-Cog 
was 
administered

63



Tool/Test Advantage Disadvantage Time 
Mini-Cog Brief, minimal 

language, educational 
and racial bias 

Use of different word 
lists may affect 
scoring 

2-4 min 

Montreal cognitive 
assessment (MoCA)

Can identify mild 
cognitive impairment, 
available in multiple 
languages 

Educational and 
cultural bias, limited 
published data

10-15 min

Mini Mental State 
Examination (MMSE)

Widely used and 
studied

Subject to age and 
cultural bias, ceiling 
effects 

7-10 min

Examples of cognition assessment tools 



• In a GP study of older people with type 2 diabetes,
Mini-Cog had sensitivity of 86%, specificity of 91%,
positive predictive value of 54% and negative
predictive value of 98% for dementia.

• Not influenced by education, culture or language;
performance comparable to MMSE.



Maltese et al. Diabetologia 2024

Key barriers to the use of diabetes technology in older 
people



Maltese et al. Diabetologia 2024



• The heterogeneity characterising the group of older people with diabetes is a key factor contributing to
pronounced glucose variability, and an increased risk of hypoglycaemia

• 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 hypo- and hyperglycaemia in this group. This, in turn, may
enhance physical and cognitive function as well as overall quality of life

• Key characteristics, such as advanced age, limited digital literacy, cognitive decline and physical
impairments, should be carefully considered when implementing technology solutions for older
individuals

• Implementation of technology should be considered after a holistic assessment of each individual, looking
at multiple domains including social context and living setting

• Future research should explore the impact of diabetes technology on outcomes relevant to older people
with diabetes.

Conclusions


