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• 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%

• The age standardised mortality significantly decreased by 25%

• The age standardised DALYs decreased by 8.8%

• Mortality fell 13 times faster in countries with a high 
sociodemographic index versus countries with a low-middle 
sociodemographic index 
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Lancet 2013; 381: 752–62



Based on data from the Cardiovascular Health Study, 2001

FRIED Phenotype Model (Fried L et al, 2001)
Score 
0-1 = Not frail 
2 = Pre-frail 
3 = Frail 

Frailty: two models, one concept

“The more health deficits an individual has 
accumulated, the more likely they are to be frail and 
to experience adverse outcomes.” 



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 
(e.g. hypoglycaemia).

Lancet Healthy Longevity  2020; e106–16

Key Findings 

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

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

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

Ø 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.



Maltese G & Sinclair AJ. Nature Reviews Endocrinology 2025.  



International guidelines 
(year)

Good health/Non 
frail/Functionally independent 

Complex-intermediate 
health/Moderately 
frail/Functionally dependent

Poor Health/Severely 
frail/End of life

ADA (2025) <7.0-7.5%
(<53-58 mmol/mol)

<8%
(<64 mmol/mol)

Hypoglycaemia avoidance 

Endocrine Society (2019)
Hypo risk drugs?   NO

                                     YES

<7.5% (<53 mmol/mol)

≥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) 

Hypoglycaemia avoidance 

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



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 



Crude hospital admissions for hypoglycaemia, England, 2005-14

Lancet Diabetes Endocrinol 2016; 4: 677–85 



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



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

13.9 mmol/L





• Hybrid closed-loop (HCL) vs sensor-augmented pump (SAP) therapy in older adults with 
type 1 diabetes (T1D)

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

• Adults aged 60 years and older with T1D using insulin pump therapy underwent two 16-
week periods comparing HCL (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) 



• Open-label, randomized (1:1), crossover trial compared 4 
months of closed-loop versus sensor-augmented pump 
therapy among older adults with type 1 diabetes

• 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

20% of participants had mild cognitive impairment and one-
third had impaired awareness of hypoglycaemia; none was 
frail, although 20% were prefrail and 13% were at risk for 
malnutrition. 



Maltese et al. Diabetologia 2024



Maltese et al. Diabetologia 2024

Key barriers to the use of diabetes technology in older 
people



• .



Opportunities  





HCL with DN and carers 
Bill 
68 man  

T1dm for >50 years 

Brain injury in 1997  

Relies on DN team for insulin administration  

High Variability in glucose – HbA1c 99mmol/mol

Many insulin combinations  tried 

Dementia 

Lives independently with support and a package of care 

John 
39m young man

Brain injury at age 15, due to DKA  

T1dm since childhood 

Formally as assessed as having no capacity 

Full time funded care 

Time In Range at 30%   

HbA1c High @ 74mmol/mol  



Bills Change in TIR 
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In Time In Range  
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John’s Change in TIR 

HbA1c now 58mmol/mol  July 2025 



How 

Workforce – diversify 

Be aware of your 80/20 split 

Collaboration – DN /carers 

Tech learning – Glooko/Dexcom/DTN 

Ongoing review 

Data generation 

Becomes the new norm 

AP in HCL process which identifies people  who are vulnerable 



Feedback from John and his care team 
• A huge thank you to you, Katie and the team at OCDEM for your support with moving John onto a sensor and lately an insulin 

pump.
• John  said: “ I really appreciate the regular visits from Charlotte. She has really got to know me and all the advice she gives is 

brilliant. She gives my team all the help they need to support me. I feel happy because she is with me”
• John’s  team: “Charlotte is always very warm, welcoming, informative and open to discuss. She is always there to answer 

questions. She gives quick responses to email queries. She has been very good at co-working with the team and understanding the 
challenges John  can keep out of sight.”

•
• ‘“We appreciate having the clinical expertise from Katie and the whole team and helpline /registrar”.
• The introduction of a sensor, which took a good amount of time for John and his 24hr team to get used to and recently the insulin 

pump have had a life changing impact on John’s health. His cardiology and eye health. He now has good habits and his diabetic 
management is much more integrated. His behaviours (hiding sweet treats / secret eating) remain present but less impactful.

•
• The education for the team (training each person as if they have type one diabetes) has been transformative.
• The flexibility of approach has been so beneficial, with trying different sensors and also in working to a timeframe which John and 

the team could follow. Digesting new stages and information as it became available.



Feedback from Bills DN team 

I was very apprehensive about the changes to Bills  visits at the beginning and the 
two visits a day. It was a new idea. We have received great support from yourself 
and Meg and feel I feel reassured now when visiting that we can contact you for 
the support if needed. The changes to Bill have been positive & he is more stable 
than he was before we started. We have also managed to change his daily routine 
for the better because of this as he will stay up until we visit again in the afternoon 
(on most occasions he will!)
There was some anxiety at the beginning and before the system was implemented. 
Bills cbgs are now more stable and pt safety is much improved. 
 There are still some anxieties around the system still and we are still working on 
upskilling the team which is a work in progress. I think we have found safety work 
arounds doing changes on weekend days etc.
 



§ Improved life expectancy in people with type 1 diabetes comes with a greater 
burden of age-related comorbidities, which influence diabetes management and 
shape therapeutic goals

§ Frailty is associated with adverse outcomes, both generic and diabetes-specific, 
including hypoglycaemia, hospitalisation, and loss of independence

§ Hypoglycaemia remains a major threat in older adults with type 1 diabetes; 
liberalising HbA₁c targets alone does not eliminate the risk

§ Diabetes technology can significantly reduce time below range and improve time 
in range, enhancing safety and quality of life

§ However, barriers persist, including frailty itself, the need for support with device 
use, and limited evidence in the most vulnerable populations.

Take Home Messages 



Outline of this talk 
ØAge related conditions associated with T1D 

Ø Frailty in people with diabetes

ØHolistic approach to older people with T1D 

Ø Individualised HbA1c targets

ØHypoglycaemia risk in older adults

ØAvailable diabetes technologies and emerging evidence on their benefits 

in older people 

ØBarriers to adopting diabetes technology 

Ø It is possible to start HCL in older or young frail people with diabetes


