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generalised loss of skeletal muscle mass
and strength that leads to low physical
performance, see box 2, left.6

PATHOGENESIS
The phenotype of frailty is thought to
develop as a result of abnormalities at
molecular, cellular and physiological
levels. Accumulation of deficits across
multiple physiological systems, such as
cardiovascular, metabolic, inflammatory
and neuroendocrine systems, increases
the risk of frailty.7

With increasing age, body composition
changes such that there is increased
body fat and a reduction in muscle mass
leading to increased insulin resistance
which in turn leads to reduced protein
synthesis and sarcopenia, see box 3,
below left.8

Persistent hyperglycaemia associated
with diabetes increases the production
of advanced glycation end products
that accumulate in muscle and cartilage
causing muscular stiffness and reduced
muscle function.9,10

Peripheral neuropathy and reduction
in motor neurons is another cause of
sarcopenia in diabetes. Patients with
peripheral neuropathy have a greater
calf intermuscular adipose tissue volume
which has been shown to be associated
with poor muscle strength and
function.11 Increased inflammatory
cytokines associated with diabetes 
such as tumour necrosis factor and
interleukin 6 also have negative effects
on muscle mass, strength and physical
performance.12

FRAILTY AND DIABETES
Ageing-related muscle loss, and the
consequent development of sarcopenia
and frailty, is accelerated when diabetes
is present. Diabetes is associated with
frailty and the risk increases further with
co-existing hypertension, diabetes
complications or renal disease.13,14 

Diabetes is associated with a two-
to four-fold higher risk of low muscle
mass compared with control subjects
which increases the risk of sarcopenia.15
Persistent hyperglycaemia has been
shown to be associated with poor
muscle quality, performance and
strength independent of age, race, sex,
weight, height and physical activity.16,17

The coexistence of dementia and
diabetes also increases the risk of frailty.18

IMPACT OF FRAILTY ON
OUTCOMES
Diabetes in older people is associated
with an increased risk of adverse
outcomes such as physical decline,
cognitive dysfunction and mortality.

Diabetes-related complications,
associated comorbidities and treatment
burden do not fully explain the risk of
adverse outcomes.19 Studies exploring
the pathway from diabetes to adverse
outcomes did not adjust for frailty.20 This
may suggest that another unmeasured
factor such as frailty may be implicated
in these adverse outcomes. 

In one study, the presence of frailty 
or sarcopenia increased the risk of
hospitalisation and activities of daily
living (ADL) disability in older people
with diabetes.21 In another study, frailty
indices, rather than the associated
comorbidities, predicted the increased
risk of incident disability.22

Frailty is also associated with an
increased risk of cognitive decline,
thereby increasing the risk of disability
when it comes to instrumental ADL (e.g.
shopping, driving or managing personal
finances). In a recent meta-analysis,
frailty was a significant predictor of
incident Alzheimer’s disease, vascular
dementia and all dementia.23

In a systematic review, there was
evidence that midlife behaviours such as
smoking, alcohol consumption, poor
diet and low levels of physical activity
are associated with frailty and dementia
in later life. This may suggest that frailty
and dementia share common risk factors
and that the promotion of physical
activity, healthy diet and smoking
cessation in all mid-life populations may
have a positive impact in promoting
successful ageing and in reducing the
incidence of frailty and dementia.24

In an Italian study a one point increase
in the frailty index was associated with 
a 36% increase in long-term mortality in
individuals without diabetes and a 93%
increase in those with diabetes after 
12 years of follow-up.  Furthermore,
increasing severity of frailty was
predictive of mortality independent of
diabetes-related complications, 
see figure 1, p17.25 Frailty may therefore

‘Maintenance of
adequate nutrition,
physical exercise,
and glycaemic
control may help 
to delay or prevent
the development 
of frailty and to
improve outcomes’

Box 2 

Sarcopenia phenotype and
assessment scale6,37

Sarcopenia
1 Low muscle mass
2 Low muscle strength
3 Low performance

•Pre-sarcopenia: Low muscle mass,
normal strength and performance
•Sarcopenia: Low muscle mass, low
strength or low performance
•Severe sarcopenia: Low muscle mass,
strength and performance

SARC-F*
Strength (difficulty lifting 10 lb weight) 
Assistance in walking (difficulty walking
across a room) 
Rise from a chair (difficulty transferring
from chair to bed)
Climb stairs (difficulty climbing flight of
stairs) 
0 = No difficulty
1 = Some difficulty
2 = A lot of difficulty or unable to carry
out the task

Falls (number of falls in previous year)
No falls = 0, 1-3 falls = 1, ≥ 4 falls = 2

*SARC‐F score  ≥4 indicates those at risk
for adverse outcomes from sarcopenia  

Box 3 

Factors that reduce muscle function
in older people with diabetes

•Malnutrition
•Anabolic resistance
•Decreased muscle protein synthesis
• Increased muscle protein breakdown
• Increased intramuscular lipid
accumulation
•Decreased muscle mass
•Decreased muscle strength
•Decreased muscle quality (muscle
strength per muscle area)

Box 4 

Interventions to reduce frailty

•Regular screening
•Adequate protein intake
•Correction of vitamin D deficiency
•Resistance exercise training
•Glycaemic control
•Review of hypoglycaemic drugs 


