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Abstract 
 
Frailty is common in stroke and has important disease- and treatment-modifying effects. The 
need to develop clinical prac�ce and research for the impact of frailty on stroke is likely to 
increase in the coming decades as the global popula�on ages, resul�ng in a higher burden of 
frailty that is likely to be borne dispropor�onately by lower- and middle-income countries.    
 
The global nature of frailty in stroke necessitates global ac�on. This World Stroke 
Organisa�on Scien�fic Statement synthesises the current evidence rela�ng to the prevalence 
and effects of frailty across the stroke pathway. Furthermore, it includes expert consensus 
on priority areas from a global panel: standardisa�on of frailty assessments for research, 
explicit measurements of frailty (in addi�on to disability) in large clinical trials, dedicated 
studies inves�ga�ng the treatment-modifying effects of frailty in acute stroke and secondary 
preven�on, research inves�ga�ng the impact of frailty on the different aspects of recovery 
and rehabilita�on a�er stroke, and understanding the mechanisms underpinning the 
rela�onship between frailty and stroke for poten�al therapeu�c exploita�on.  
 
This scien�fic statement has been reviewed and approved by the World Stroke Organisa�on 
Execu�ve. 
 
  



Introduc�on 
 
Between 2020 and 2050, the global trend in the ageing popula�on will see a doubling of 
those aged over 60 years (reaching 2.1 billion) and a three-fold increase in those aged over 
80 years (reaching 426 million). Although ini�ally driven by increases in high-income 
countries, by 2050 it is predicted that two-thirds of the global popula�on aged over 60 years 
will be found in low- and middle-income countries.(1)  
 
The ageing popula�on will see a rise in the prevalence of frailty. Frailty is characterised by 
the loss of physiological reserve to withstand a stressor event, resul�ng in increased 
suscep�bility to illness. Furthermore, across most acute medical presenta�ons, the illness 
that the individual with frailty experiences is typically more severe, longer, and with less 
complete recovery than in more robust individuals.(2) Stroke is no excep�on, with frailty 
found to have both disease- and treatment-modifying effects.   
 
Frailty is a clinical syndrome that, although closely related to the ageing process, is dis�nct 
from chronological age. Importantly, frailty is also dis�nct from disability and mul�morbidity, 
though considerable overlap exists between the three. Despite previous op�mism that we 
would see “compression of morbidity” with improving healthcare, recent evidence indicates 
that this is not occurring in many countries, sugges�ng that mul�-morbidity is here to 
stay.(3) Whether a similar “compression of frailty” exists for the �me lived with frailty, and 
whether this may provide a more effec�ve target for promo�ng healthy ageing, has 
important implica�ons for global health. 
 
The global prevalence of frailty is 12-24% amongst those aged over 50 years of age, whilst 
the prevalence of pre-frailty (a prodromal intermediate state before frailty becomes 
established, and which is poten�ally reversible) is higher at 46-49%.(4) In the same meta-
analysis, the prevalence of both pre-frailty and frailty rose with age: frailty rose from 11% for 
individuals 50-59 to 51% for those aged 90+ years of age.(4) Furthermore, frailty is more 
prevalent in lower- and middle-income countries versus high-income countries amongst 
those aged over 50 years of age (Figure 1).(4) However, accurate comparisons are 
challenging given most frailty research occurs in high-income countries (36.2% of datasets 
come from Europe, compared to 2.6% from Africa), with the paucity of research in lower-
/middle-income countries only recently star�ng to be addressed.(5)  
 
A recent meta-analysis demonstrated a pooled prevalence of frailty of 24.6% amongst 
individuals presen�ng with stroke, with broadly comparable prevalence across the United 
Kingdom, Europe, North America, and Australasia.(6) The pooled prevalence of frailty in 
stroke is 15% in Asia,(7) with no data available from Africa. The prevalence of frailty has also 
risen amongst stroke survivors: in the USA, England, and Europe, the prevalence of frailty in 
those with a previous stroke was 23.8-54.6% depending on the assessment method.(8)  
 
The ageing popula�on and predicted increase in stroke incidence represents a significant 
global public health challenge. This World Stroke Organisa�on Scien�fic Statement on Frailty 
in Stroke sought expert consensus on the current state of the field, including key areas of 
uncertainty for future research and clinical priori�es in acute, rehabilita�on, and secondary 
preven�on se�ngs (Figure 2). 



 
Assessment of frailty in stroke 
 
There are two broad approaches to measuring frailty: a phenotype-based approach or the 
cumula�ve deficit model. The former – comprising weight-loss, self-reported exhaus�on, 
low levels of physical ac�vity, slow gait speed, and weak grip strength – has demonstrated a 
modifying effect on disease trajectories across a range of medical condi�ons.(9) However, 
these features can be challenging to assess in the acute stroke se�ng, and also do not 
consider cogni�on and psychosocial aspects explicitly. 
 
In contrast, the cumula�ve deficit model reflects the approach that the accumula�on of 
pathology over the life-course results in mul�system physiological impairment and frailty. 
This may be measured using a frailty index (FI); a list of possible salient deficits 
encompassing physiological and func�onal parameters, as well as comorbidi�es.(10) An 
electronic frailty index (eFI) has also been developed for use in electronic health record data. 
The methodology to derive a FI has been well-described.(11,12) A FI rela�ng to stroke has 
been formulated, validated, and used in a number of stroke studies to date.(6,13,14) 
 
The principle of cumula�ve deficit is also reflected in the Hospital Frailty Risk Score (HFRS). 
This method for assessing frailty in an unselected cohort uses 109 diagnos�c codes from the 
Interna�onal Classifica�on of Disease rela�ng to frailty. Higher scores are associated with an 
increased risk of stroke,(15) as well as poorer outcomes.(16-18) However, the HFRS has only 
been validated using Hospital Episode Sta�s�cs data, and its applicability in other healthcare 
datasets/systems requires further inves�ga�on.  
 
Another commonly used assessment tool in clinical prac�ce is the Clinical Frailty Scale (CFS). 
This ordinal scale is validated for use in individuals aged over 65 years of age, and involves an 
in-person clinical assessment of an individual’s func�on, physical ac�vity, energy, and 
mobility in the two weeks prior to an acute illness.(19)  
 
Relationship to modified Rankin scale: 
 
Par�cular men�on should be made of a common misconcep�on rela�ng to the use of the 
modified Rankin scale (mRS) to measure frailty. mRS is a disability scale and has only a 
moderate correla�on with FI, indica�ng disability and frailty are dis�nct.(14,20,21) This is 
further exemplified by studies repor�ng frailty measures were superior predictors of 
outcomes than mRS.(14,22,23)  
 
Radiological assessment of frailty 
 
There is also growing interest in neuroimaging markers of frailty (termed “brain frailty”), 
consis�ng of the chronic burden of vascular and neurodegenera�ve changes present in the 
brain.(24,25) Many brain frailty markers can be iden�fied on rou�nely-acquired 
neuroimaging: cor�cal or subcor�cal atrophy, white mater hyperintensi�es or leukoaraiosis, 
lacunes, prior infarcts, microbleeds, cor�cal superficial siderosis, and enlarged perivascular 
spaces.(24,25) These markers may affect the ability of the brain to compensate for acute 



vascular injuries, conferring addi�onal vulnerability to func�onal and cogni�ve decline, 
analogous to the cumula�ve deficit model of clinical frailty.(10)  
 
Brain frailty in individuals with stroke is very high, with one meta-analysis repor�ng the 
prevalence as high as 73.8%.(26) However, correla�ons between brain frailty and either CFS 
or frailty phenotype for individuals with TIA and ischaemic stroke were weak (0.336 and 0.23 
respec�vely), indica�ng that brain frailty and physical frailty are dis�nct en��es, albeit ones 
that frequently co-exist.(27) 
 
Future directions 
 
The most appropriate measure of frailty is likely to vary according to the se�ng.(28) For a 
frailty assessment tool to be effec�ve in the �me-pressured clinical se�ng, it will need to be 
�me-efficient and possible to use with the amount of informa�on typically available in acute 
presenta�ons. The CFS is likely to provide the most suitable means for this, as it may be 
scored quickly using rou�nely collected clinical informa�on. It may also be more feasible in 
se�ngs with lower healthcare resources, par�cularly those lacking electronic record 
systems. Training is available, and the CFS is available in a number of languages and pictorial 
forms.  
 
In less �me-pressured se�ngs and research studies, an index-based approach may provide a 
greater spread of values allowing greater sensi�vity in sta�s�cal analysis. The use of 
diagnos�c codes in the HFRS may also be more conducive to retrospec�ve frailty scoring, 
and indeed the nature of the FI and HFRS makes it more likely that these will be calculated 
retrospec�vely rather than informing care in real �me. However, currently funded research 
is likely to lead to automated frailty scales, using data from government, healthcare 
organisa�ons, and electronic medical records, with the vision of a pop-up summary of frailty 
when opening a pa�ent’s medical record.  
 
Radiological assessment of brain frailty holds promise for automa�on and integra�on into 
clinical workflow, as well as the poten�al to be combined with clinical assessments of frailty 
as part of an enhanced radiomics approach for clinical applica�on. 
 
With this in mind, we suggest the use of the following assessment tools in the following 
contexts: 
 

Research use  FI/eFI/HFRS for establishing rela�onships. 
CFS for transla�onal research. 

Clinical use CFS in most se�ngs. 
FI and HFRS may be feasible when electronic records are available. 

For use with 
popula�on records 

eFI, HFRS. 

Radiological 
assessment 

Radiological markers of ‘brain frailty.’ 

Table 1: Frailty assessment tools according to context. 
 



As will be seen in subsequent sec�ons, the wide variety of assessment scales used to 
measure frailty – as well as varia�on in their opera�onalisa�on in prac�ce (including 
considera�ons such as variability in hospital administra�ve coding underpinning the HFRS 
and errors in the �ming of assessment rela�ng to baseline frailty – poses a challenge for 
comparing studies and genera�ng meta-analyses. This is further compounded by the 
inclusion of different deficits in the FIs used in different studies. Standardisa�on of 
approaches and components of FIs would be highly beneficial. In this regard, the FI proposed 
by Taylor-Rowan et al. has been validated in a stroke popula�on and used in subsequent 
studies, and considers the range of domains required for a robust frailty index (Figure 3).(21)  
 
Pre-stroke frailty and acute stroke 
 
Frailty and risk of stroke 
 
According to a large meta-analysis, the pooled rela�ve risk of stroke for individuals with 
frailty compared to those without frailty is 1.72.(29) Mendelian randomisa�on studies found 
that gene�cally predicted frailty was associated with ischaemic stroke, in par�cular large 
artery atherosclerosis ae�ology.(30) This may reflect the rise in the prevalence of 
cardiovascular risk factors with frailty.(17) In individuals with atrial fibrilla�on (AF), 
concurrent frailty – but not pre-frailty – approximately tripled the risk of stroke.(31) 
 
Frailty and stroke severity 
 
The associa�on between pre-stroke frailty and ini�al stroke severity remains unclear. Some 
studies have reported a non-significant rela�onship with stroke severity (Na�onal Ins�tutes 
of Health Stroke Scale, NIHSS) on mul�variable analysis, though there was a trend towards 
significance.(21,32) In contrast, other studies report an associa�on that remained significant 
on mul�variable analysis.(33) In a cohort of lacunar strokes, those with severe frailty were 
approximately 2.5-�mes more likely to have a severe stroke than individuals with non-severe 
frailty.(34) Other studies in ischaemic strokes of embolic ae�ology have also reported a 
significant but weak associa�on between FI and NIHSS.(14) 
 
These disparate findings may reflect the different methods of assessing frailty, limited 
sample size, and heterogeneous controlling for bias. Furthermore, the effects of cogni�ve 
impairment and/or radiological assessments of the aforemen�oned ‘frail brain’ in media�ng 
the rela�onship between frailty and stroke severity have typically not been considered. 
Further work in a larger cohort would be advantageous for establishing the rela�onship, the 
mechanis�c underpinnings of which may represent therapeu�c targets in either the pre-
stroke or acute se�ngs. 
 
Early mortality after ischaemic stroke 
 
A number of studies have shown that pre-stroke frailty is associated with mortality at 1-3 
months following ischaemic stroke.(18,32,35) Across approximately two million stroke 
admissions (both ischaemic and haemorrhagic strokes), increasing frailty was independently 
associated with a higher likelihood of in-hospital mortality (adjusted odds ra�os of 1.62 for 
pre-frail and 2.82 for frail).(17) A similar result was seen in a cohort of lacunar strokes.(34)  



 
Complications after stroke 
 
Pre-stroke frailty is associated with acute kidney injury,(17) urinary tract infec�on,(34) post-
stroke pneumonia,(34) and delirium.(21) The odds of recurrent stroke within two years was 
increased by 50-70% for individuals with concurrent stroke and frailty, but not for those with 
pre-frailty.(8) The length of hospital admission a�er stroke is also longer in individuals with 
pre-morbid frailty.(34)  
 
Frailty and reperfusion therapies 
 
Individuals with frailty are less likely to receive thrombolysis.(34) In a proof-of-principle 
study, individuals with frailty had a reduced response to thrombolysis, with each addi�onal 
point on the CFS atenua�ng the benefit from thrombolysis by one NIHSS point.(32) 
 
Similar atenuated responses for individuals with frailty have been described in mechanical 
thrombectomy, though most data come from single-centre observa�onal studies using 
dichotomised measures of frailty. In a UK study, those with pre-stroke frailty were three-
�mes more likely to die or be le� dependent a�er thrombectomy than those without pre-
stroke frailty.(36) In a Finnish study, frail individuals aged over 80 years had similar rates of 
recanalisa�on and bleeding complica�ons to those without frailty, but had higher rates of 
mRS 4-6.(37) Similar trends of poorer 24-hour NIHSS, increased in-hospital mortality, and 
one-year mortality according to pre-stroke frailty were seen in studies from Germany.(38,39) 
 
In a single-centre German study, individuals with a mRS 0-2 three months a�er 
thrombectomy had lower levels of HFRS at hospital discharge, and a high frailty risk was 
independently associated with a halving in the odds of a favourable func�onal outcome.(16) 
 
In a media�on analysis, frailty was es�mated to account for 28% of the total effect of age on 
poor func�onal outcomes (mRS 3-6) and death following reperfusion therapies for acute 
ischaemic stroke.(40) In another media�on analysis of the ESCAPE-NA1 clinical trial, 
neuroimaging markers of frailty were es�mated to account for 85.1% for the total effect of 
age on func�onal outcomes a�er thrombectomy.(41) Poten�al mechanisms are discussed in 
later sec�ons. 
 
Although individuals with frailty are less likely to receive reperfusion therapies, the 
fundamental ques�on remains of what we should be doing for such individuals. An 
atenuated response may not mean that there is no clinically significant benefit for the 
individual (for example, allowing an individual to return home). Rather than assume 
treatment nihilism, we need higher-quality data to guide the appropriate use of reperfusion 
therapies in this popula�on. 
 
Haemorrhagic stroke 
 
In contrast to ischaemic stroke, there is a paucity of data on the rela�onship between pre-
stroke frailty and outcomes a�er intracerebral haemorrhage (ICH), and data has produced 
conflic�ng results. 



 
A single-centre study in the USA found no difference in in-hospital mortality a�er ICH 
between those with and without pre-stroke frailty (though the results approached sta�s�cal 
significance and may reflect the sample size and assessment method used).(42) In contrast, 
data from a UK centre found an incremental increase in the FI of 0.1 was independently 
associated with an adjusted odds ra�o of 1.09 for 28-day mortality.(13) In a larger 
Singaporean study, the frailty-associated impact on 30-day mortality was present for men 
but not women.(43) Pre-morbid frailty is also associated with a poorer recovery (mRS 3-6) 
a�er ICH, with a stronger associa�on for women than men (odds ra�os of 2.19 and 
1.81).(43)  
 
The small number of studies means that a large observa�onal study would be advantageous 
in establishing the defini�ve rela�onship between pre-stroke frailty and outcomes a�er ICH, 
and whether this is affected by ICH loca�on/ae�ology. Given the dispropor�onately high 
burden of disability from ICH and the predicted rise in its incidence with an ageing 
popula�on, understanding the effects of frailty on ICH outcomes warrants urgent aten�on. 
 
Frailty in transient ischaemic attack 
 
Frailty is common amongst a cohort atending a single UK centre for assessment for a 
transient ischaemic atack (TIA), with the finding that 53.5% of individuals were frail at 
baseline, and that this prevalence rises a�er TIA.(44) However, despite the prevalence of 
frailty amongst individuals with TIA, there has been litle research done on its rela�onship to 
date. The impact of systemic frailty and/or the ‘frail brain’ on TIA severity and longterm 
sequelae is an important area for future research. 
 
Future directions 
 
Mul�ple studies have reported the associa�on between frailty and poorer outcomes across 
stroke subtypes and treatments. However, many are rela�vely small single-centre studies 
that consider dichotomised/ter�led frailty and dichotomised outcomes. Frailty is a 
spectrum, and it is arguably reduc�onist to consider it as a binary condi�on, poten�ally 
losing the informa�on rela�ng to the most challenging cases of intermediate frailty. Future 
work would benefit from larger mul�centre prospec�ve studies using a con�nuous scale 
(see above). 
 
Frailty in stroke rehabilita�on and recovery 
 
Disease- and treatment-modifying effects of frailty in rehabilita�on may reflect the 
atenuated neurological recovery in the acute se�ng, but may also reflect the mul�system 
effects of frailty affec�ng rehabilita�on directly, as well the majority of frail stroke survivors 
not being priori�sed for rehabilita�on.(17)  
 
Functional recovery 
 
A recent meta-analysis inves�ga�ng frailty and func�onal outcomes highlighted the global 
interest in this topic, with studies from Europe (12 studies), Asia (8 studies), North America 



(3 studies), and Australia (2 studies).(7) This revealed that frailty was associated with a 1.21-
higher odds of ending up with a poor func�onal outcome.(7) This effect was consistent 
across geographic regions, highligh�ng the global impact of frailty on stroke recovery. 
 
In the mul�-centre Nor-COAST study, both the pre-stroke FI and mRS were associated with 
unfavourable mRS 3-6 at three years, with the pre-stroke FI being a stronger predictor (odds 
ra�os 4.1 and 2.7 respec�vely).(23) Similar results for pre-frailty and frailty have been 
reported in Chinese and Japanese popula�ons.(45-47)  
 
Radiological measures of brain frailty have been independently associated with unfavourable 
shi�s in mRS at 90 days for all strokes.(48) The IST-3 Group have also looked at the effect of 
brain frailty, finding that features of brain frailty had important predic�ve value.(49) These 
results were confirmed in the ENCHANTED dataset, despite being a younger ischaemic 
stroke cohort.(50) 
 
Cognition after stroke 
 
Pre-stroke frailty was independently associated with post-stroke cogni�ve impairment in one 
UK study, and was further exacerbated by age, delirium, pre-stroke cogni�ve impairment, 
and stroke severity.(51) Similar findings were reported by Munthe-Kaas et al., with frailty 
proving a stronger predictor than pre-stroke mRS for post-stroke neurocogni�ve disorder at 
three months a�er stroke (OR 3.09 and 2.21 respec�vely).(22) However, in a study from 
China, although the rela�onship between physical frailty and poorer post-stroke cogni�on 
remained significant a�er adjustment for cardiovascular risk factors, the rela�onship 
became non-significant when baseline cogni�ve scores were included, indica�ng the 
importance of considering this pre-stroke baseline.(52)  
 
The presence of radiologically-assessed brain frailty was associated with worse cogni�ve 
scores at 90 days for all strokes and for those with lacunar strokes, with the rela�onship 
being stronger for those with lacunar strokes.(48) Brain frailty on baseline imaging, CFS, and 
Fried frailty phenotype were each independently associated with cogni�ve impairment at 18 
months following the stroke event.(27) 
 
In a sample of individuals with asymptoma�c chronic small vessel disease, those 
subsequently developing demen�a were more likely to be pre-frail/frail, but exclusively for a 
mobility frailty phenotype.(53) This may represent the vicious cycle between small vessel 
disease, gait impairment, frailty, and cogni�on. Others have found an important interac�on 
of frailty with other forms of neurological damage sugges�ng that frailty might contribute to 
cogni�ve impairment in other more fundamental ways.(54) 
 
Psychological outcomes 
 
There has been rela�vely litle research into the impact of frailty on psychological outcomes 
in the post-stroke se�ng. One study found Hospital Anxiety and Depression Scale scores 
were significantly higher at six months a�er stroke for individuals with pre-stroke frailty 
compared to non-frail individuals.(55) This is compounded by a reduced response to 
psychosocial treatment.(56) 



 
Reflec�ng this, frailty appears associated with worse health-related quality of life a�er 
stroke,(55,57) which is associated with pronounced decline with direct effects on 
rehabilita�on outcomes. 
 
Feeding after stroke 
 
Similarly, there has been litle research on the impact of frailty on long-term feeding a�er 
stroke. A small pilot study showed an increased one-year mortality a�er percutaneous 
endoscopic gastrostomy tube inser�on for those with pre-stroke frailty.(58) 
 
Discharge destination 
 
Studies from the Netherlands and China report no difference in post-stroke discharge 
des�na�on between pre-stroke frail and non-frail cohorts.(55,59) In contrast, a study of 
stroke survivors from a centre in Tokyo found a significantly higher propor�on returning 
home a�er stroke amongst non-frail versus frail individuals (81% versus 12%).(47) In a study 
from the USA, this propor�on was lower in both non-severely frail (43.5%) and severely frail 
cohorts (35.5%).(34)  
 
Compared to stroke survivors with frailty, individuals with pre-frailty and no frailty were 52% 
and 72% more likely to be discharged to an in-pa�ent rehabilita�on facility in a study of 
Medicare recipients in the USA.(60) 
 
Long-term mortality 
 
Increasing frailty a�er stroke is associated with an increased risk of mortality at one-
year.(61,62) Furthermore, pre-stroke frailty remains associated with mortality at two and 
three years post-stroke.(8,23)  
 
Future directions 
 
Although there has been a marked increase in interest around the role of frailty in stroke 
rehabilita�on and recovery, the complex nature of rehabilita�on means that there remain 
many unknowns. To date, there have been no studies considering a disease-modifying effect 
of frailty rela�ng to polypharmacy (typically defined as the use of five or more media�ons 
concurrently), aphasia recovery, apathy, and fa�gue. The final two considera�ons may be 
par�cularly per�nent, given exhaus�on and low physical ac�vity are defining frailty 
phenotypes.  
 
Further avenues for inves�ga�on include the opera�onalisa�on of frailty status for 
improving rehabilita�on prognos�ca�on and goal-se�ng, and the development of frailty-
specific rehabilita�on programmes. Ul�mately, beter prognos�ca�on for stroke survivors 
with frailty may help inform their preferences and enhance shared decision-making rela�ng 
to rehabilita�on goals, and is explored further below. 
 
Frailty and secondary preven�on 



 
Despite its importance, there has been rela�vely litle research into whether frailty exerts a 
treatment-modifying effect on secondary preven�on strategies a�er stroke. Recent work has 
demonstrated that it has been possible to es�mate frailty retrospec�vely in some previous 
trials, and post-hoc analyses have shown variable treatment-modifying effects from 
frailty.(63) This varia�on in post-hoc analyses highlights the importance of prospec�vely 
measuring frailty to confirm or refute such interac�ons. In order to highlight current areas of 
uncertainty, this Scien�fic Statement considered relevant outcomes from primary preven�on 
studies, as well as studies considering secondary preven�on in older age. 
 
Antiplatelet therapy 
 
No studies have evaluated an�platelet therapy a�er stroke according to frailty status (only 
by age). As risk-benefit ra�os may alter in frailty, studies considering ini�a�on and dura�on 
of an�platelet therapy for secondary preven�on in individuals with frailty should be a focus 
of future research. 
 
Statins 
 
In the primary care se�ng, sta�n use in individuals aged over 75 living with frailty was not 
associated with a significant reduc�on in all-cause mortality.(64) No study has evaluated the 
impact of frailty on the efficacy of sta�ns for reducing the risk of recurrent stroke. 
 
Hypertension 
 
For individuals aged 75-84 years in primary care, systolic blood pressure readings above 
140mmHg are associated with an increase in the risk of stroke for non-frail and mildly frail 
individuals, but not for those with moderate/severe frailty.(65) In a meta-analysis of 
secondary preven�on, intensive blood pressure control was associated with a reduced risk 
of recurrent stroke for those younger than 80 years of age, but not for older individuals.(66) 
However, to date the effect of frailty in a cohort of stroke survivors has not been considered. 
 
Diabetes 
 
Metabolic syndrome itself has been found not to relate to frailty, though the inflammatory 
component of metabolic syndrome was.(67) To date, there has been no work considering 
the rela�onships between frailty, metabolic syndrome, and inflamma�on in rela�on to the 
impact on stroke recurrence and secondary preven�on.    
 
Revascularisation surgery 
 
In a large registry of individuals undergoing caro�d endarterectomy or sten�ng, 4.2% were 
frail. Frailty was independently associated with an increased risk of periprocedural stroke 
(aOR 1.66) and death (aOR 1.59).(68) 
 
Anticoagulation 
 



In a large primary care dataset, the rate of composite death/stroke/systemic 
embolism/major bleeding rose with increasing frailty in those not receiving an�coagula�on, 
and an�coagula�on was associated with a reduc�on in the composite outcomes for each 
frailty category compared to those not on an�coagula�on.(69) Other studies have reported 
similar reduc�ons in ischaemic stroke without a significant increase in major bleeding 
complica�ons in frail individuals, though the reduc�on in vascular events was no longer 
significant in the most severely frail individuals.(70,71) 
 
Overall, the finding in a primary preven�on se�ng that an�coagula�on is associated with a 
reduc�on in vascular events without a significant increase in bleeding complica�ons 
amongst frailer individuals would suggest that an�coagula�on should not be withheld in 
individuals on the basis of frailty alone. However, valida�on in a cohort of stroke survivors 
with explicit considera�on of frailty would be advantageous for confirming this. 
 
Future directions 
 
Robust studies inves�ga�ng any modula�on from frailty on the efficacy of secondary 
preven�on studies are urgently needed.(72) Furthermore, many studies have considered 
stroke as a homogeneous en�ty, and considera�on of the stroke ae�ology may reveal 
whether it modulates the impact of frailty on the efficacy of secondary preven�on 
strategies. Finally, most of the aforemen�oned studies are observa�onal in nature, and 
defini�ve randomised clinical trials in frail cohorts would be advantageous. These studies are 
crucial for ensuring that secondary preven�on is targeted appropriately for stroke survivors 
with frailty; either by reducing polypharmacy where individuals are unlikely to benefit, or 
comba�ng treatment nihilism by ensuring that individuals with frailty s�ll receive medica�on 
from which they are likely to benefit. 
 
Future research  
 
The importance of frailty has been recognised as a research priority by funders, na�onal 
governments, and interna�onal organisa�ons. In the UK, the Stroke Associa�on-James Lind 
Alliance Priority Se�ng Partnership iden�fied frailty as an area of unmet research need.(73) 
As the global popula�on ages, the need for such research is likely to increase. 
 
A significant challenge for developing clinical care for individuals with stroke and concurrent 
frailty is the absence of robust evidence to shape treatments. Historically, large mul�centre 
clinical trials have rarely measured frailty explicitly. Furthermore, many acute stroke studies 
excluded those with frailty by proxy, excluding such individuals on the basis of age or 
premorbid mRS. Consequently, there is a risk that the evidence being produced may not 
apply to a considerable propor�on of those seen in clinical prac�ce.  
 
Given the increased recogni�on of the importance of frailty, frailty should be measured 
rou�nely in research prac�ce (par�cularly in large pragma�c clinical trials). However, it is 
likely that evalua�ng the effects of frailty may be more complex than simply collec�ng frailty 
status as an addi�onal variable for mul�variable analysis, and that randomised clinical trials 
dedicated specifically to individuals affected by both frailty and stroke may be required, 
covering treatments across the whole stroke pathway.  



 
In addi�on to the need for studies inves�ga�ng associa�ons between frailty and aspects of 
stroke treatment and rehabilita�on, there are two further broad areas of study needing 
aten�on: research into the mechanisms by which frailty may influence stroke outcomes, 
and trials into innova�ve rehabilita�on strategies to treat both stroke and frailty. 
 
Potential mechanisms for the effect of frailty on stroke 
 
Relevant to the hyperacute se�ng, frailty is independently associated with reduced 
penumbral volumes, with a sugges�on that this is driven by frailty-associated 
inflamma�on.(14) Inflamma�on, par�cularly in rela�on to vascular disease and risk factors, 
may also ‘prime’ the brain for injury.(74,75) The hypothesised inflammatory basis to both 
vascular disease and frailty offers the possibility of targe�ng both using an�-inflammatory 
strategies.  
 
Other mechanisms seen in frailty may also play a role in affec�ng stroke outcomes, including 
impaired cerebral haemodynamics and poorer leptomeningeal collateral flow.(76) Further 
work in stroke popula�ons would help elicit the relevance in symptoma�c cerebrovascular 
disease, as well as whether it may represent a therapeu�c target. 
 
Adapting stroke rehabilitation for individuals with frailty 
 
The finding that some rehabilita�on strategies benefit non-frail individuals, but not those 
with frailty, should not necessarily lead to the conclusion that rehabilita�on is fu�le for 
stroke survivors with frailty, but rather rehabilita�on programmes may require adapta�on to 
target frailty alongside the neurological deficit. Such approaches have been used in other 
condi�ons,(77) and offer proof-of-principle for similar strategies in cerebrovascular disease. 
Interven�ons have included not only physical rehabilita�on, incorpora�ng targeted 
approaches to sarcopenia, but also nutri�onal and psychological interven�ons relevant to 
frailty. Future research must consider the feasibility and acceptability of such mul�-
disciplinary interven�ons for stroke survivors with frailty prior to evalua�on of their efficacy. 
 
Policy and prac�ce implica�ons of frailty in stroke care 
 
The global nature of frailty necessitates global ac�on. The heterogeneous character of frailty, 
incorpora�ng not only physiological considera�ons but also psychosocial considera�ons, 
means that research and clinical prac�ce must be representa�ve of all se�ngs in which 
stroke and frailty is found. The predominance of frailty research conducted in more 
economically developed countries, despite the predicted trend that most individuals with 
frailty will live in middle/low economically developed countries, means that the research 
may not be applicable to the majority of those who need it.(1,5) We feel that this issue now 
requires interna�onal collabora�on, dedicated studies with standardised assessments, with 
targeted representa�on and promo�on of research and clinical prac�ce in all se�ngs where 
frailty and stroke occur. Ul�mately, the over-riding challenge will be in implemen�ng these 
findings at individual and popula�on levels. 
 



The an�cipated rise in frailty – resul�ng in more strokes, of higher severity, with atenuated 
responses to current treatments – will require changes to current prac�ce. Rather than 
considering the stroke in isola�on, a holis�c approach is required that includes bundles of 
care to manage frailty alongside rehabilita�on of the stroke itself. Some of us work in clinical 
prac�ce where neurologists and geriatricians jointly run stroke services, reflec�ng the need 
to have “frailty-centred” care from the outset.  
 
Consistent with the dose-dependent effect of frailty on poor outcomes seen across acute 
medical presenta�ons, increasing severity of frailty is frequently associated with 
deteriora�ng health trajectory and increasing probability of hospital admission prior to 
stroke.(2,78) Explicit recogni�on of the overall health trajectory for individuals living with 
frailty may provide an opportunity to improve the personalised care of individuals 
approaching the end of their life. For example, a single centre study found that using frailty 
status in stroke survivors to trigger Pallia�ve Care input resulted in more individuals being 
seen and an increase in reported competency in symptom management amongst healthcare 
staff.(79) However, this benefit is likely to be limited by the global availability of Pallia�ve 
Care prac��oners, par�cularly outside of Europe. Given the an�cipated increased burden of 
both frailty and stroke, increasing global access to Pallia�ve Care services is cri�cal.      
 
At a global level, the World Health Organisa�on guidance to achieve Integrated Care for 
Older People (ICOPE) involves a person-centred assessment and pathways in primary care, 
that may include mul�ple interven�ons to manage declines in intrinsic capacity, provide 
social care and support, support self-management, train healthcare staff, and support 
caregivers.(80) This approach emphasises �mely recogni�on and addressing of emerging 
frailty in an effort to slow or arrest its development. 
 
Conclusions 
 
The predicted rise in both stroke and frailty with the global ageing popula�on means that a 
beter understanding of the impact of frailty on all stages of the stroke pathway is essen�al 
(Figure 4). The increasing incorpora�on of the measurement of frailty in rou�ne and 
research prac�ce will be an essen�al start in closing the current evidence-prac�ce gap. With 
an increased recogni�on, measurement and focused interven�ons in future research and 
clinical prac�ce, we will generate the necessary evidence on how best to manage, and 
indeed treat, concurrent frailty in order to mi�gate its effects and promote healthy ageing 
within stroke care. 
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Figure legends: 
 
Figure 1: Global prevalence of pre-frailty (le�) and frailty (right), and mean age of included 
study mean ages. Data from O’Caoimh et al.(4) 
 
 
Figure 2: Key research and clinical priori�es. 
 
 
Figure 3: FI proposed by Taylor-Rowan et al.(21) Reproduced with permission from Evans et 
al.(81) 
 
 
Figure 4: The impact of frailty at different stages of the stroke pathway. 


