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Background: Frailty can change the prognosis and treatment approach of chronic
diseases. Among others, frailty has been associated with cerebrovascular diseases such
as stroke. However, the extent to which the two conditions are related is unclear, and no
systematic review of the literature has been conducted.

Objectives: To conduct a systematic review and meta-analysis assessing the
association of cerebrovascular diseases and frailty, as well as prefrailty, in observational
studies. The project was carried out on behalf of the Joint Action ADVANTAGE
WP4 group.

Methods: The review was performed according to PRISMA guidelines. We searched
PubMed, Web of Science, and Embase from 01/01/2002-26/05/2019. Pooled
estimates were obtained through random effect models and Mantel-Haenszel weighting.
Homogeneity was assessed with the 2 statistic. Publication bias was assessed with
Egger’s and Begg’s tests.

Results: Of 1027 studies searched, 18 studies were included (n = 48,009 participants).
Stroke was the only cerebrovascular disease studied in relation to frailty syndromes.
All studies except one reported an association between stroke and prefrailty or frailty.
However, most studies were not of high quality and there was heterogeneity between
results. The pooled prevalence of prefrailty and frailty in stroke patients was 49% (95% Cl
=42-57)and 22% (95% Cl = 16-27), respectively. The prevalence of frailty was 2-fold in
persons with stroke compared to those without stroke (pooled odds ratio=2.32, 95% Cl
= 2.11-2.55). Only two studies longitudinally examined the association between stroke
and frailty, producing conflicting results.
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Conclusions: Frailty and prefrailty are common in persons with stroke. These results
may have clinical implications, as they identify the need to assess frailty in post-stroke
survivors and assess how it may affect prognosis. Better quality, longitudinal research
that examines the temporal relationship between stroke and frailty are needed, as well
as studies on other types of cerebrovascular disease.

Keywords: frail, cerebrovascular disease, stroke, vulnerable, aging, prefrail, geriatric, chronic disease

INTRODUCTION

Frailty is a clinical syndrome that is highly prevalent in
community-dwelling older adults (1, 2). It is characterized
by decreased reserve and function across multiple physiologic
systems, leading to a compromised ability to respond to common
or acute stressors (3). There is a wide variation of definitions
and diagnostic criteria for frailty (4), including those focusing
on specific physical factors such as weight loss or slow walking
speed (5), as well as more complex definitions that include
multidimensional aspects from physical to social, cognitive, and
even psychological features (6). In the community, frailty has
a prevalence of between 8 and 16% in older adults (1, 2) and
is associated with higher risks of adverse outcomes, including
death, hospitalization, and disability (3, 5, 7).

A syndrome of prefrailty has also been proposed (sometimes
referred to as “intermediate frailty”), which lies on the pathway
between being robust and the full frailty syndrome. For example,
Fried et al.’s criteria for frailty (5), which are commonly used (4),
define frailty according to five criteria: (i) unintentional weight
loss; (ii) exhaustion; (iii) low physical activity; (iv) weakness or
poor grip strength; and (v) slow walking speed. Frailty is defined
as the presence of three or more of these symptoms, prefrailty
is defined as fulfilling one or two of the criteria, and robust or
non-frail is defined as having none of the five symptoms.

It is becoming increasingly evident that frailty may predispose
persons to the development of certain non-communicable
diseases, and conversely that chronic disorders may increase
the risk of frailty in older individuals (8-14). Such associations
have been reported for frailty and chronic kidney disease (14),
atrial fibrillation (8), chronic obstructive pulmonary disease (13),
anemia (12), and hypertension (9). Further, frailty is associated
multimorbidity (10) (the co-occurrence of multiple diseases in
a single individual) as well as polypharmacy (11). Both cardio-
and cerebrovascular disorders may be associated with frailty.
Cardiovascular disease risk scores have been found to predict
the incidence of frailty over 10 years in the Whitehall cohort
study (15); in particular the Framingham Stroke risk score
was associated with a 35% increase in frailty per standard
deviation increment. Emerging evidence suggests a link between
cerebrovascular disease and frailty; studies report an increased
odds of frailty in persons with a history of stroke (16-19), and
frailty has been suggested to predict shorter post-stroke survival
(20). However, until now no systematic review of the evidence is
available to establish what role cerebrovascular disease plays in
the development of frailty, and vice versa. The overall objective
of the current systematic review and meta-analysis is to examine

the relationship between cerebrovascular disease and frailty in
adults. The specific aims are: first, to identify the prevalence of
frailty in persons with cerebrovascular disease; second, to assess
whether frailty is more common in persons with a history of
cerebrovascular disease compared to persons without; and third,
to examine whether persons with cerebrovascular disease a have
a higher risk of developing incident frailty than those without
cerebrovascular disease, and vice versa.

MATERIALS AND METHODS
Systematic Review Protocol

The protocol was registered in the international prospective
register of systematic reviews PROSPERO (registration number
58303). The review was carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) recommendations (21). PICOS was used
to define the research question: (i) Population: community-
dwelling adults and hospitalized or institutionalized persons
aged over 18; (ii) Comparitors: persons with a history of
cerebrovascular disease were compared to persons without a
history cerebrovascular disease; (iii) Outcomes: frailty defined
with an explicit definition/criteria; (iv) Study designs: case-
control and cross-sectional and longitudinal cohort studies.

Search Terms

We searched three databases for relevant articles published from
Ist January 2002 to 26th May 2019: (1) Pubmed electronic
database of the National Library of Medicine, (2) Web of Science,
and (3) Embase. The search was restricted to this time scale in
order to focus on studies where a diagnosis of frailty according
to standardized criteria were used. Mesh terms and free words
referring to frailty and cerebrovascular disease were used as
keywords, which were chosen by two physicians. The search
terms used in Pubmed was:

(“cerebrovascular disorders”’[MeSH Terms] OR
“cerebrovascular”’[Title/Abstract] OR “stroke”[Title/Abstract]
OR “transient ischemic attack”[Title/Abstract] OR “cerebral
ischemia”’[Title/Abstract] OR  “TIA”[Title/Abstract]) AND
(“frail elderly”[MeSH Terms] OR “frail*”[Title/Abstract] OR
“frailty”[Title/ Abstract]).

We also screened the reference lists from the selected
papers and other relevant articles to identify further relevant
studies. The inclusion criteria were: (1) Articles in English or
another European language; (2) Study design: cross-sectional,
case-control, or cohort studies; (3) Adults only. We excluded
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FIGURE 1 | PRISMA flow chart.
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Study Selection and Data Extraction

The titles and abstracts of the selected studies were independently
screened by two assessors. Cross-sectional and longitudinal
measures of association between frailty and cerebrovascular
disease were selected, as well as case-control studies. Articles
were excluded if they (1) did not investigate the aims of
the review; (2) included persons younger than 18 years;
(3) were not an original article (e.g., editorial, review, or
congress abstract); (4) did not provide an explicit definition
of frailty; and (5) if frailty was assessed only with a single
symptom/measure (e.g., only gait speed or grip strength): (6)
was a duplicate; (7) was not in English or another European

language; (8) evaluated a composite outcome rather than stroke
alone (i.e., included stroke with other neurological diseases or
cardiovascular disease). Two assessors read the selected full
texts and independently extracted the information from the
studies. A third assessor reviewed the data extraction, and
any disagreement was resolved through consensus. Articles
that were written in another European language than English
were sent for translation by a native speaker who conducted
the data extraction. The numbers of abstracts screened, and
studies assessed for eligibility and included in the review,
with reasons for exclusions at each stage, are presented in
Figure 1.

Some articles used data from a longitudinal study but the data
relevant to our aims were only cross-sectional; in such cases the
studies are reported and evaluated as cross-sectional.

Frontiers in Neurology | www.frontiersin.org

November 2019 | Volume 10 | Article 1255


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

510 UISIoNUOI MMM | ABOJOINBN Ul SJIUOI

GGZ L 8o | O} BWNIOA | 6102 JequianoN

TABLE 1 | Characteristics of the selected studies on cerebrovascular disease and frailty: study methods and main results.

Country, study name, N

Mean age =+ Women %

Cerebrovascular disease

Frailty criteria

Prevalence % of Odds ratios, risks and other results NOS

population type SD diagnosis/definition % and overall cerebrovascular
prevalence prevalence** disease in each
frailty group
Avila-Funes et al.  France, AMimage 176  75+£5.2 40 Self-reported history of physician Fried criteria. Robust = 4.0 White matter hyperintensities (mL) higher in frail 6
(23) study, Community diagnosed stroke. 4.4% Overall frail = Frail = 6.3 (mean = 12.1, SD = 17.3) than in robust (mean =
(rural farmers) 18.8% p = 0.630 4.8, SD = 9.6), p = 0.23 ADJ: age, sex, education,
cardiovascular risk factors. Frail persons had lower
Fractional Anisotropy and higher diffusity values in
several white matter areas (corpus callosum,
anterior limb of internal capsule, external capsule
and posterior thalamic radiations).
Chen et al. (24) Japan, Sasaguri 1,665 Range 65-93 60 Self-reported history of having Fried criteria. Robust = 2.6 6
Genkimon Study ever been diagnosed with stroke. Overall frail = 9.5, Prefrail = 4.2
(SGS), Community 3.6% prefrail = 43.9%  Frail = 6.0
p=0.02
Calado et al. (25)  Brazil, FIBRA study 385 739+65 64.7 “Stroke.” Self-report Fried criteria. Robust = 0 6
(Study of Frailty in (questionnaire) on any chronic Overall frail = 9.1, Prefrail = 2.6
Elderly Brazilian diseases that had been prefrail = 49.6%  Frail = 8.6
Individuals), recognized by a doctor during p =0.02
Community the past year. 2.1%
de Albuquerque Brazil, REDE FIBRA 391 741+ 6.6 61.4 Self-reported presence of stroke Fried criteria. Robust = 1.1 5
Sousa et al. (26)  (Network of Studies on Range 65-96 diagnosed in the last year. 1.8% Overall frail = Prefrail = 0.04
the Frailty of Elderly 17.1%, prefrail = Frail = 7.5
Brazilians), Community 60.1% p = 0.001
Espinoza et al. (27) USA, San Antonio 394 Range 65-80 57.6 Stroke was assessed according  Fried criteria. Odds of frailty not significant in multi-adjusted 7
Longitudinal Study of to self-report of Overall frail = models (data not shown)
Aging (SALSA), physician-diagnosed disease. 10.7%
Community 10.7%
Lahousse et al. The Netherlands, 2,833 Median=74 55.9 Stroke was “clinically validated.”  Fried criteria. Robust = 0.8 5
(28) Rotterdam studly, Range > 55 Prevalence not reported. Overall frail = 6%, Prefrail = 0.9
Community prefrail = 51% Frail = 2.5
p = 0.001
Lee et al. (29) Hong Kong, 3,018 49.7 Participants were asked whether Fried frailty criteria. At 2 year follow-up, about half of prefrail persons 7
Community they had ever been told by a 2 year change in remained prefrail, but 11.1% of men and 6.6% of
physician that they had a stroke. frailty status was women worsened into frailty, and a quarter
Medical diagnoses were assessed (e.g., recovered into the robust state. Among the frail at
cross-checked in the robust worsening baseline, one-quarter remained frail.
computerized medical system (from robust to Change from prefrail to frail in men OR = 1.8
database of the Hong Kong prefrail or frail), (0.8-3.8), women OR = 2.8 (1.01-7.8). Change
Hospital Authority. Diagnoses prefrail worsening from robust to prefrail/frail in men OR = 1.5
were counted as present if (from prefrail to (0.7-38.2), women OR = 3.96 (1.4-10.5). In
reported by the participant or frail). Overall multivariate models stroke was associated with an
recorded in the medical baseline frail = improvement in men with baseline prefrailty OR =
database. 5.2% in men, 3.5% in  7.9%, prefrail = 0.4 (0.2-0.9) or frailty OR = 0.2 (0.1-0.9), and a
women 50.6% worsening in prefrail status in women OR = 3.11
(1.05-9.18) and a change from robust to frail/prefrail
in women OR = 3.5 (1.2-10.1).
(Continued)
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TABLE 1 | Continued

Country, study name, N Mean age =+ Women % Cerebrovascular disease Frailty criteria Prevalence % of Odds ratios, risks and other results NOS
population type SD diagnosis/definition % and overall cerebrovascular
prevalence prevalence disease in each
frailty group
Li et al. (30) China, RUlAS 1,767 75.3 (3.9) 53.3 Past medical history taken by Fried criteria, frailty Fried Robust = 7
population-based physicians using a standard =10.1% 6.2%
survey questionnaire. 7.3% Plus a Frail = 17.8%
physical-cognitive p = 0.001
frailty scale, frail Physical-cognitive
=19.4% frailty
Robust = 5.9%
Frail = 13.6%
p =0.001
Llibre Rodriguez 8 countries, 10/66 1,6886 >65 62.4% Stroke was self-reported, but Modified Fried Pooled estimates (10 sites in 8 countries) 7
etal. (16) Study, Community confirmed by the interviewer as  criteria (only four Stroke and frailty OR = 2.3 (2.1-2.6)
having characteristic symptoms  indicators Adj: age, sex, education
lasting for more than 24 h. 6.7% measured)
Merchant et al. Singapore, HOPE 1,051 71.2 57.2 Patients screened for chronic 5-Item frailty scale Robust = 1.7 5
(31) (Healthy Older People diseases, including stroke (fatigue, Prefrail = 6.4
Everyday), Community resistance, Frail = 16.9
ambulation, p < 0.001
illness, loss of
weight) (32) Overall
frail = 6.2%,
prefrail = 37%
Nadruz et al. (33) USA, Atherosclerosis 3,991 75.6 £ 5.0 59 Previous Stroke. 2.7% Fried criteria. Robust = 2 6
Risk in Communities Overall frail = Frail =7
Study, Community 5.3% p < 0.001
Ng et al. (18) Singapore, 1,685 66.7+7.76 64 The self-report of a medical Fried criteria. Robust = 1.6 Significant correlates of prefrailty-frailty from binary 5
SLAS—Singapore disorder diagnosed and treated ~ Overall frail = 5%, Prefrail = 4.1 logistic regression via backward stepwise variable
Longitudinal Aging by a physician(s) was recorded  prefrail = 42% Frail = 12.1 selection: Stroke B=0.76 OR=2.1 (1.1-4.1),p =
Studies | and II, for 22 named diagnoses, p < 0.001 0.23
Community including stroke. 32%
Seamon et al. (34) USA, Medicare sample 7,258 79.4 (8.4) 56.7 All patients hospitalized with a Faurot Frailty Index 39.1% of stroke patients were robust, 36.0% were 4
first-time acute ischemic stroke. prefrail, and 24.9% were frail.
100%
Serra-Prat et al. Spain, Community 154  80.1(3.5) 47.5 Information on comorbidities and Fried criteria. Robust = 8.7 Crude OR for frailty in stroke patients = 3.82 6
(17) medications was obtained from  Overall frail = Prefrail = 7 (1.7-8.58). Adjusted OR = 4.5 (1.35-14.97), p =
the electronic medical records 53.7%, prefrail = Frail = 23.9 0.014.Adj: age, sex, education, anorexia,
held by the corresponding 14.2% p = 0.003 osteoarthritis, dyspepsia, number of medications,
centers. All other information anemia, CRP, muscle mass, and creatinine.
was obtained directly from the
patient by trained healthcare
professionals. Prevalence not
reported.
(Continued)
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TABLE 1 | Continued

Country, study name, N Mean age =+ Women % Cerebrovascular disease Frailty criteria Prevalence % of Odds ratios, risks and other results NOS
population type SD diagnosis/definition % and overall cerebrovascular
prevalence prevalence disease in each
frailty group
Taylor-Rowan UK, Patients 545 69 (14) 46 Physician diagnosed. 100% 33 item frailty 28% of stroke patients were frail and 51% were 4
et al. (35) consecutively admitted index. prefrail.
to acute stroke unit
Trevisan et al. (36) ltaly, Progetto Veneto 2,925 74.4+7.3 59.7 Personal interview, medical Fried criteria. Of the persons who were nonfrail at baseline 26.7% 8
Anziani, Community Range > 56 interview and clinical examination Overall frail = became prefrail at follow-up and 6.3% became frail.
including blood tests. 6.6%, prefrail = Progressing from prefrail to frail stroke OR = 1.96
Cardiovascular disease (CVD) 49.3% (1.72-2.24), p < 0.001
was defined as atrial fibrillation;
congestive heart failure; angina
pectoris requiring a stent,
angioplasty, or hospitalization;
myocardial infarction; or stroke.
Prevalence not reported.
Vaingankar et al. ~ Singapore, Well-being 2,102 69 Range Not specified. Field interviewers ~ Fried criteria. Robust = 2.2 Prefrailty OR = 2.6 (1.2-5.8), p = 0.018; Frailty OR 6
(19) of the Singapore Elderly >60 collected data on medical Overall frail = Prefrail = 7.4 not significant (data not shown)
study, Community conditions. “Stroke” 40.1%, prefrail =  Frail = 13.4
5.7% p < 0.001
Winovich et al. (20) USA, Cardiovascular 893 82 + 6.4 61 Incident stroke events identified  Fried criteria. In patients with incident stroke, 27.8% were robust, 5

Health Studly,
subsample of persons
with incident ischemic
stroke

through semi-annual phone calls,
hospital discharge report review,
and health insurance registries.

54.9% prefrail and 17.3% frail. No comparison
between no stroke controls.

ADJ, adjustment variables; ADL, activities of daily living; CMB, Cerebral Microbleeds; CRF, C-reactive protein; CT, Computed tomography; CVD, cardiovascular disease; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders,
4th Edition; HR, hazard ratio; MRI, magnetic resonance imaging; NOS, Newcastle Ottawa Scale risk of bias score; OR, odds ratio; \iaD, vascular dementia. "All numbers are rounded to one decimal point. "In all studiies using Fried
criteria, the cutoff for frailty was 3 out of 5 symptoms, and prefrailty was 1-2 symptoms.
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Assessment of Risk of Bias

We evaluated the quality of the studies with the Newcastle Ottawa
Scale (NOS) (22). Two assessors independently rated each study,
and consensus discussion was used to resolve any disagreement.

Score >7 was considered a low risk, 5-7 a moderate risk, and <5 a
high risk of bias.

Statistical Analysis

We performed a meta-analysis on studies that used the same
definition of frailty and including only stroke as the measure
of cerebrovascular disease. Due to the observational design
of the studies, and the methodological differences that may
have contributed to a significant share of the variance within
the measures of interest, the pooled estimates were obtained
through random effect models and Mantel-Haenszel weighting.
Homogeneity within the pooled studies was assessed through the
2 statistics (significant if > 50%). Publication bias was assessed
with the Egger’s and the Begg’s tests. All statistical analyses were
performed with STATA version 14 (statacorp, TX, USA), with
P-value <0.05 considered statistically significant.

RESULTS

General Description of Studies

Of 1,027 papers screened, 116 were selected for full text reading
(Figure 1). We included 18 papers for the qualitative and
quantitative analysis of the association between cerebrovascular
disease and frailty (Table 1), of which one (20) included data only
on incident stroke patients with no control population. It should
be noted that almost all the studies were designed to examine
the association between frailty and a range of chronic diseases,
not specifically cerebrovascular alone. Although we included
different cerebrovascular diseases in our search criteria, we found
no studies on diseases other than stroke. The definition of stroke
was very general in all studies, usually self-reported, and only
one cross-checked the reports with medical records. None of the
studies distinguished between ischemic and hemorrhagic stroke.
Studies were mostly from population-based cohorts (15 out of
18), and came from Asia (n = 6), Europe (n = 5), North America
(n =4), and South America (n = 2) as well as one that included 8
countries from the 10/66 study. Two studies were conducted only
on stroke patients with no control group (16, 26). All studies used
Fried et al.’s Cardiovascular Health Study criteria (5) whereas one

%
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FIGURE 2 | Proportion of stroke participants who were robust/without frailty [according to Fried et al. (5) criteria].
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FIGURE 3 | Proportion of stroke participants with prefrailty [according to Fried et al. (5) criteria].

(31) used a similar five-item frailty scale and one used the Faurot
Frailty Index (34). There was a total of 48,009 participants in the
18 studies, and the meta-analysis was based on study populations
that used Fried et al.’s Cardiovascular Health Study criteria (5)
(n = 40,206 participants). All papers that were included in the
meta-analysis were from community-based studies.

Prevalence of Prefrailty and Frailty in
Persons With Stroke

In the 18 studies selected, the percentage of frail persons with
stroke ranged between 2.5 and 24.0%. Studies were included
in the meta-analysis if they defined frailty according to Fried
et al.’s Cardiovascular Health Study criteria (5) and had stroke
as independent variable. The pooled prevalence figures showed
that 42% of stroke patients were not frail or prefrail, classified as
robust (95% CI = 22-62; I> = 96.8%), see Figure 2. The pooled
prevalence of prefrailty in stroke patients was 49% (95% CI =
42-57; I* = 47.1%), see Figure 3, and the pooled prevalence of
frailty in stroke patients was 22% (95% CI = 16-27; I* = 50.8%)
as shown in Figure 4.

Few robust individuals had a diagnosis of stroke, see Figure 5,
with a pooled prevalence of 3% (95% CI = 2-6; I> = 89.1%).
The pooled prevalence of stroke in prefrail individuals was 4%
(95% CI = 2-5; I> = 92.5%) as shown in Figure 6. The pooled

prevalence of stroke in frail individuals was 10% (95% CI = 6-13;
I? = 77.9%), see Figure 7.

Association Between Prefrailty, Frailty, and
Stroke

Of the nine studies that measured bivariate associations, all
reported a significant association between frailty and stroke
except one (23). Figure 8 shows the pooled odds ratio of stroke
and frailty. The study by Llibre Rodriguez et al. (16) includes
a pooled OR using data from 10 sites in the 10/66 study
(from Cuba, Dominican Republic, Puerto Rico, Peru, Venezuela,
Mexico, and India). When pooling this OR with those from the
other 4 studies identified in our review, we found that persons
with stroke were more than twice as likely to be frail than
persons without stroke (pooled OR=2.32, 95% CI = 2.11-2.55;
I* = 0.0%).

Longitudinal Associations Between Stroke
and Frailty

Only two studies longitudinally analyzed the change in frailty
status in individuals over time. Trevisan et al. (36) found that
stroke was only associated with a transition from prefrail to
frail. Lee et al. (29), however, found that the associations differed
according to sex; in multivariate models stroke was associated
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with an improvement in men with baseline prefrailty or frailty,
but in women it was associated with a worsening of frailty status,
both in terms of transitioning from robust to prefrail/frail, and
from prefrail to frail.

Assessment of Bias

The quality of studies differed, with only some conducting
extensive multivariate analyses to account for potential
confounders. In the tables, we report these study results in
detail to highlight how any associations between frailty and
cerebrovascular disease changed in significance between crude
and adjusted analyses. The NOS scores are show in Table 1. The
majority of studies (n = 15) had a moderate risk, one had a low
risk, and two had a high risk of bias. The main reasons for bias
were samples only on one sex, and selection bias or missing
data. Many of the studies only used self-report as a measure of
cerebrovascular disease. The two studies without stroke-free
control groups were scored as having a high risk of bias. There
was evidence of publication bias in our meta-analyses according
to the Egger’s test (p = 0.022) although the Begg’s test was not
significant (p = 0.602).

DISCUSSION

Summary of Main Findings

This systematic review highlighted that, although almost all
studies on the topic demonstrate an association between stroke
and frailty, there is high heterogeneity and the quality of studies
is generally only moderate. The results of the meta-analysis
should be taken with caution, but they suggest that a substantial
proportion of stroke patients have either frailty or prefrailty, with
a pooled prevalence of 21 and 48%, respectively. Due to the
current low prevalence of stroke survivors in community studies,
the prevalence of stroke in persons with frailty was quite low;
10%. Persons with a history of stroke were more than twice as
likely to be classified as frail than those without stroke. Finally,
this review identified a lack of longitudinal studies examining the
temporal relationship between frailty and stroke, as there were
only two such papers.

Interpretation
There are several explanations for the association between
cerebrovascular disease and frailty.
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Certain specific symptoms of frailty such as reduced walking
speed are likely to be directly related to the physical disability
that patients experience after a cerebrovascular event. From this
perspective it may be relevant to discuss whether the criteria
for frailty changes across disease states. It is worth noting,
however, that although some of the symptoms may be directly
related to cerebrovascular disease itself, the two conditions
are not synonymous; indeed our meta-analyses showed that
a substantial proportion of people with a history of a stroke
were robust [i.e., did not exhibit any of the five criteria
for frailty proposed by Fried et al. (5)]. In addition, frailty
diagnosis in persons with illness can provide important clinical
prognostic information; regardless of which frailty scale is used
to diagnose frailty within older patients admitted to hospital,
severity of frailty is predictive of poor discharge outcomes such
as death, poor quality of life, need for community, and hospital
readmittance (37). Further, several studies that have identified
vascular alterations in persons with frailty. In a community-
based study in Taiwan (38), only 11.1% of robust persons had a
cerebral microbleed compared to 17.9% of prefrail and 34.4% of
frail persons. Cerebral microbleeds specifically in the brainstem

were associated with a 13-fold increased odds of frailty. The
study by Avila-Funes et al. (23) that was included in the current
review also provided imaging data, showing that white matter
hyperintensities were higher in frail than in robust persons,
similar to an Australian study (39). Further, frail persons had
lower Fractional Anisotropy and higher diffusity values in several
white matter areas (corpus callosum, anterior limb of internal
capsule, external capsule and posterior thalamic radiations). A
Korean study also demonstrated the association between retinal
microvascular changes and/or white matter hyperintensities and
frailty in older persons (40). Therefore, it may be that frailty and
vascular changes are already associated before the onset of an
overt cerebrovascular event.

Interestingly, a French longitudinal study (41) reported
that both frailty and prefrailty increased the risk of incident
vascular dementia over 7 years. Frailty may also be related to
cerebrovascular disease via related factors, such as hypertension.

It is important to consider the effect of post-stroke survival
when interpreting the results of this review. Estimates concerning
frailty in persons with a history of cerebrovascular disease will
change depending on the survival rates following cerebrovascular
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incidents in different study locations. As survival rates increase,
it is likely that frailty incidence subsequently increases in person
who have had a non-fatal stroke. Frailty also poses challenges
in the treatment of acute illness. For example, a recent study
(42) examined the way that concurrent frailty affects persons
presenting for hospital care with acute illnesses. They found
that the severity of the acute illness was directly associated
with mortality risk in persons with severe frailty. Indeed, it is
worth noting that 42% of persons with a history of stroke were
classified as robust. This suggests that frailty is not an inevitable
outcome of cerebrovascular disease, although with the current
data we cannot determine how long since stroke onset frailty
was measured. Moreover, this may demonstrate a selection bias,
where persons included in studies represented those with milder
cases of stroke that did not result in mortality. Nevertheless,
the figures also provide a positive outlook that stroke may not
necessarily be associated with frailty or prefrailty in the long-
term. More research into the temporal relationship and changes
over time in frailty status in stroke patients are needed.

During the abstract screening we also identified two studies
that did not look specifically at cerebrovascular disease but
cardiovascular diseases as a whole (43, 44). The first Italian study
provided important results concerning the association between

prefrailty and a composite of cardiovascular disease (including
coronary disease, heart failure, and cerebrovascular disease). This
community study followed persons free from baseline frailty over
4.4 years. The age-adjusted incidence of cardiovascular disease
was 75 events per 1,000 person-years, but only 8 of the 84 events
were stroke. The risk of incident cardiovascular disease was 30%
higher in persons fulfilling one frailty criterion at baseline, and
80% higher for those with two criteria. In the second study,
also from Italy (44), frailty increased the risk of cardiovascular
disease (revascularization, myocardial infarction, stroke, or heart
failure) by 35% over 8.7 years, with a stronger association seen
in women. These studies provide important information relating
to cerebrovascular disease but unfortunately no separate results
for the specific diseases were presented. We acknowledge that
there may be other studies that include stroke within a composite
measure of cardiovascular disease and highlight that out review
was not aimed to identify or include such studies.

According to our meta-analysis, one in five participants with
stroke were also frail but it is noteworthy that the remaining
persons were not all robust; half of them were classified
as prefrail. Prefrailty (sometimes referred to as “intermediate
frailty”) is also a relevant clinical condition associated with
an increased risk of adverse outcomes. Frailty is a dynamic
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and progressive condition, and prefrailty may represent the
intermediate stage between healthy aging and the predisposition
to catastrophic events (5), where physiologic systems have
already started to decline but individuals still preserve a certain
level of resilience to stressors or adverse outcomes. It is important
to highlight that prefrail individuals may have the possibility to
improve, whereas <1% of frail persons return to a robust status
over time (45). Preventative strategies at this stage of prefrailty
may, therefore, be appropriate in terms of disease management
(for example post-stroke care and treatment) and prevention
of negative outcomes. Indeed a physical training intervention
was shown to be beneficial for preventing functional decline
in prefrail older persons but not those with severe frailty (46).
Thus, as discussed in more detail below, care systems that
examine the occurrence of prefrailty or frailty in chronic diseases
such as stroke may help identify groups that may need specific
intervention strategies or tailored care needs (47, 48).

Limitations and Strengths

There were several limitations that should be considered when
interpreting the results of this systematic review. First, the
primary aim of many of the studies was not to specifically

investigate cerebrovascular disease; they were mostly studies
examining multiple chronic diseases in relation to frailty. Second,
the majority of studies measured history of stroke by self-report
only, which may lead to measurement bias. None of them
distinguished between ischemic and hemorrhagic stroke, and
no studies reported any other forms of cerebrovascular disease.
Our search criteria did not specify less common cerebrovascular
diseases such as leukoaraiosis or chronic subcortical vascular
encephalopathy, but the key word “cerebrovascular disease”
did not identify any papers on these diseases. Most studies
measured only history of stroke, though it would be interesting to
differentiate between recent cerebrovascular disease with events
occurring many years before. In addition, despite considerable
overlap between cerebrovascular and cardiovascular disorders,
few studies in the literature are available that examine these
conditions together, or account for the presence of the other
and its effect on frailty. Therefore, our review focused only on
cerebrovascular disease. An important limitation is that there
was great heterogeneity in the meta-analysis, possibly due to the
lack of high-quality studies. Therefore, the results of the meta-
analyses should be taken with caution. However, it is worth
noting that all studies expect one reported the same direction
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of results, i.e., an association between frailty and stroke. Further,
there were only two studies investigating the longitudinal
association between frailty and stroke. Causal associations were,
therefore, impossible to assess. Although many studies adjusted
for confounders there is potential for residual confounding
that may affect the relationship between frailty and stroke. For
example, a recent systematic review reported that both prefrailty
and frailty are associated with polypharmacy (11) and some
stroke patients may be at risk of having multiple medications,
especially older individuals. Yet few studies controlled for this.
Likewise, the issue of anticoagulants treatments or similar agents
has not been explored - possibly because most of the studies were
not designed with the primary aim to investigate the association
between stroke and frailty but looked at a variety of diseases.
Another important issue is that it is difficult to compare study
results due to the wide variation of frailty indices. Dent et al.
(4) discuss the wide range of tools used to measure frailty and
the differences between them. However, it is worth noting that
for the majority of studies Fried et al.’s criteria were applied (5).
Unfortunately, most of the studies did not provide sex-stratified
figures for the association between frailty and stroke, and
therefore, we were unable to investigate this issue. Indeed, results
from Lee et al. (29) suggest that there may be sex-differences
in the association between stroke and frailty; they reported that
stroke was associated with worsening frailty status in women
whereas the opposite pattern was seen for men. Several strengths
of the review should also be noted. First, we included an extensive

literature search with three medical databases, and all abstract
screening and data extraction was conducted independently by
two researchers. Further, the inclusion of articles in any European
language is a major strength.

Relevance

Currently the evidence is not clear enough to make any clinical
or health policy recommendations concerning frailty and stroke
based on the results of this systematic review as there was
heterogeneity between studies and few were high quality with low
risk of bias. Additional studies, particularly longitudinal ones, are
needed before any information should be used in clinical settings.
Clinically it may be important for clinicians to communicate the
potential risk of frailty in relevant patients, to possibly include
frailty assessment in follow-up visits, and to consider frailty in
any care planning. Increasing opinion is highlighting the need
for integrated and multidisciplinary care models that take into
account comorbid conditions, geriatric syndromes such as frailty,
and clinical as well as non-clinical needs (47, 48). It is also
becoming evident that frailty needs to be taken into account when
treating chronic diseases (49), particularly hypertension, which
has important clinical implications for cerebrovascular disease.
Blood pressure control is an essential aspect of post-stroke
treatment and prevention of additional cerebrovascular events,
but at the same time one report suggested that antihypertensive
treatment might increase the risk of frailty by 77% (15). It is
a priority to untangle such a relationship and investigate the
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proper blood pressure threshold that guarantees an adequate
care of post-stroke patients but that at the same time prevents
frailty. We also need future research to ascertain whether
frailty assessment affects response to rehabilitation or whether
the outcomes of post-stroke rehabilitation differs according to
whether the patient is also frail (50, 51). Studies have also
suggested that pre-stroke frailty is associated with lower post-
stroke cognition (52), independently from factors that have been
previously associated with post-stroke cognitive impairment.
Therefore, frailty may play an important role not just in physical
but also cognitive recovery.

Future Research

Several avenues for future research have been identified after
conducting this review. The most crucial is the need for
longitudinal studies that look clearly at how changes over
time before, during, and after the onset of a stroke, in order
to determine whether frailty affects the onset of stroke, or
whether stroke causes frailty. Of particular interest are the
specific transitions from robust to prefrail and frail, progression
from prefrailty to frailty, and how a person can decline or
improve in status over time. It is noteworthy that the majority
of studies applied Fried et al’s criteria (5) and few used
more complex definitions such as those by Rockwood et al.
(6) that are gaining increasing interest in both clinical and
research settings. Future studies comparing different frailty
indices may produce more informative results concerning how
stroke relates to different frailty types and symptoms. Further,
the need for more large studies, specifically aimed at assessing
cerebrovascular disease, are needed, with clinically validated
measures (not just self-report), which look at any variations
according to the different types of cerebrovascular disease,
and that take into account clinical factors such as time since
disease onset, response to therapy, and other aspects that
may affect frailty status. In addition, there is a need for
studies that examine both cardio- and cerebrovascular conditions
together, which carefully examine the combined and individual
effect of the two disorders in relation to frailty. Some studies
also noted differences between men and women, suggesting
a possible stronger association between stroke and frailty in

REFERENCES

1. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty
in community-dwelling older persons: a systematic review. ] Am Geriatr Soc.
(2012) 60:1487-92. doi: 10.1111/j.1532-5415.2012.04054.x

2. Santos-Eggimann B, Cuenoud P, Spagnoli J, Junod J. Prevalence of frailty in
middle-aged and older community-dwelling Europeans living in 10 countries.
] Gerontol A Biol Sci Med Sci. (2009) 64:675-81. doi: 10.1093/gerona/glp012

3. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people.
Lancet. (2013) 381:752-62. doi: 10.1016/S0140-6736(12)62167-9

4. Dent E, Kowal P, Hoogendijk EO. Frailty measurement in research
and clinical practice: a review. Eur ] Intern Med. (2016) 31:3-10.
doi: 10.1016/j.€jim.2016.03.007

5. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al.
Frailty in older adults: evidence for a phenotype. ] Gerontol A Biol Sci Med Sci.
(2001) 56:M146-56. doi: 10.1093/gerona/56.3.M146

women than men (29). Therefore, more research stratifying
for sex and adjusting for multiple potential confounders is
needed. Age might also affect the association between stroke
and frailty and although most of the studies in the current
review adjusted their odds ratios for age, the pooled prevalence
analyses were unadjusted and some studies included much
older patients than others. Finally, an interesting avenue for
future research is what affect frailty has on the treatment of
cerebrovascular disease.

CONCLUSIONS

In conclusion, the current review indicates that there may be an
association between stroke and frailty or prefrailty, but no causal
association between the two conditions can be established with
the current evidence. As stroke survival rates increase, it may be
likely that frailty incidence subsequently increases in person who
have had a non-fatal stroke.

AUTHOR CONTRIBUTIONS

KP and DV contributed equally to the study and were responsible
for the study design, abstract screening, data extraction,
performed the meta-analysis, interpretation of results, and
writing of the manuscript. GO and RB were responsible for the
study design, interpretation of results, and critical revision of
the manuscript. LP, VR, CR, BS, and AM conducted the abstract
screening, data extraction, and critically revised the manuscript.

ACKNOWLEDGMENTS

The work reported in this publication was co-funded by the
European Commission through the 3rd Health Programme,
under the grant agreement n° 724099. The European
Commission support for the production of this publication
does not constitute endorsements of the contents which reflects
the views only of the authors, and the Commission cannot
be held responsible for any use which may be made of the
information contained therein.

6. Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell I,
et al. A global clinical measure of fitness and frailty in elderly people. CMAJ.
(2005) 173:489-95. doi: 10.1037/t19726-000

7. Beard JR, Officer A, de Carvalho IA, Sadana R, Pot AM, Michel JP, et al. The
world report on ageing and health: a policy framework for healthy ageing.
Lancet. (2016) 387:2145-54. doi: 10.1016/S0140-6736(15)00516-4

8. Villani ER, Tummolo AM, Palmer K, Gravina EM, Vetrano DL, Bernabei R,
etal. Frailty and atrial fibrillation: a systematic review. Eur ] Intern Med. (2018)
56:33-8. doi: 10.1016/j.€jim.2018.04.018

9. Vetrano DL, Palmer KM, Galluzzo L, Giampaoli S, Marengoni A, Bernabei
R, et al. Hypertension and frailty: a systematic review and meta-analysis. BM]
Open. (2018) 8:¢024406. doi: 10.1136/bmjopen-2018-024406

10. Vetrano DL, Palmer K, Marengoni A, Marzetti E, Lattanzio E Roller-
Wirnsberger R, et al. Frailty and multimorbidity: a systematic review
and meta-analysis. ] Gerontol A Biol Sci Med Sci. (2019) 74:659-66.
doi: 10.1093/gerona/gly110

Frontiers in Neurology | www.frontiersin.org

November 2019 | Volume 10 | Article 1255


https://doi.org/10.1111/j.1532-5415.2012.04054.x
https://doi.org/10.1093/gerona/glp012
https://doi.org/10.1016/S0140-6736(12)62167-9
https://doi.org/10.1016/j.ejim.2016.03.007
https://doi.org/10.1093/gerona/56.3.M146
https://doi.org/10.1037/t19726-000
https://doi.org/10.1016/S0140-6736(15)00516-4
https://doi.org/10.1016/j.ejim.2018.04.018
https://doi.org/10.1136/bmjopen-2018-024406
https://doi.org/10.1093/gerona/gly110
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Palmer et al.

Frailty and Stroke

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Palmer K, Villani ER, Vetrano DL, Cherubini A, Cruz-Jentoft AJ, Curtin D,
et al. Association of polypharmacy and hyperpolypharmacy with frailty states:
a systematic review and meta-analysis. Eur Geriatr Med. (2019) 10:9-36.
doi: 10.1007/541999-018-0124-5

Palmer K, Vetrano DL, Marengoni A, Tummolo AM, Villani ER, Acampora
N, et al. The relationship between anaemia and frailty: a systematic review and
meta-analysis of observational studies. ] Nutr Health Aging. (2018) 22:965-74.
doi: 10.1007/s12603-018-1049-x

Marengoni A, Vetrano DL, Manes-Gravina E, Bernabei R, Onder G,
Palmer K. The relationship between COPD and frailty: a systematic
review and meta-analysis of observational studies. Chest. (2018) 154:21-40.
doi: 10.1016/j.chest.2018.02.014

Chowdhury R, Peel NM, Krosch M, Hubbard RE. Frailty and chronic
kidney disease: a systematic review. Arch Gerontol Geriatr. (2017) 68:135-42.
doi: 10.1016/j.archger.2016.10.007

Bouillon K, Batty GD, Hamer M, Sabia S, Shipley M]J, Britton A,
et al. Cardiovascular disease risk scores in identifying future frailty:
the Whitehall II prospective cohort study. Heart. (2013) 99:737-42.
doi: 10.1136/heartjnl-2012-302922

Llibre Rodriguez JJ, Prina AM, Acosta D, Guerra M, Huang Y, Jacob KS, et al.
The prevalence and correlates of frailty in urban and rural populations in Latin
America, China, and India: a 10/66 population-based survey. ] Am Med Dir
Assoc. (2018) 19:287-95.e4. doi: 10.1016/j.jamda.2017.09.026

Serra-Prat M, Papiol M, Vico ], Palomera E, Sist X, Cabre M. Factors associated
with frailty in community-dwelling elderly population. A cross-sectional
study. Eur Geriatr Med. (2016) 7:531-7. doi: 10.1016/j.eurger.2016.09.005

Ng TP, Feng L, Nyunt MS, Larbi A, Yap KB. Frailty in older persons:
multisystem risk factors and the Frailty Risk Index (FRI). ] Am Med Dir Assoc.
(2014) 15:635-42. doi: 10.1016/j.jamda.2014.03.008

Vaingankar JA, Chong SA, Abdin E, Picco L, Chua BY, Shafie S, et al.
Prevalence of frailty and its association with sociodemographic and clinical
characteristics, and resource utilization in a population of Singaporean older
adults. Geriatr Gerontol Int. (2016) 17:1444-54. doi: 10.1111/ggi.12891
Winovich DT, Longstreth WT, Arnold AM, Varadhan R, Al Hazzouri
AZ, Cushman M, et al. Factors associated with ischemic stroke
survival and recovery in older adults. Stroke. (2017) 48:1818-26.
doi: 10.1161/STROKEAHA.117.016726

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses
of studies that evaluate healthcare interventions: explanation and elaboration.
BM]J. (2009) 339:b2700. doi: 10.1136/bmj.b2700

Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol.
(2010) 25:603-5. doi: 10.1007/s10654-010-9491-z

Avila-Funes JA, Pelletier A, Meillon C, Catheline G, Periot O, Trevino-Frenk
L, et al. Vascular cerebral damage in frail older adults: the AMImage study. J
Gerontol A Biol Sci Med Sci. (2017) 72:971-7. doi: 10.1093/gerona/glw347
Chen S, Honda T, Narazaki K, Chen T, Nofuji Y, Kumagai S. Global cognitive
performance and frailty in non-demented community-dwelling older adults:
findings from the Sasaguri Genkimon study. Geriatr Gerontol Int. (2016)
16:729-36. doi: 10.1111/ggi.12546

Calado LB, Ferriolli E, Moriguti JC, Martinez EZ, Da Costa Lima NK. Frailty
syndrome in an independent urban population in Brazil (FIBRA study):
a cross-sectional populational study. Sdo Paulo Med J. (2016) 134:385-92.
doi: 10.1590/1516-3180.2016.0078180516

de Albuquerque Sousa ACP, Dias RC, Maciel TCC, Guerra RO.
Frailty syndrome and associated factors in community-dwelling
elderly in Northeast Brazil. Arch Gerontol Geriatr. (2012) 54:€95-101.
doi: 10.1016/j.archger.2011.08.010

Espinoza SE, Hazuda HP. Frailty prevalence and neighborhood residence in
older Mexican Americans: the San Antonio longitudinal study of aging. ] Am
Geriatr Soc. (2015) 63:106-11. doi: 10.1111/jgs.13202

Lahousse L, Maes B, Ziere G, Loth DW, Verlinden VJA, Zillikens MC,
et al. Adverse outcomes of frailty in the elderly: the Rotterdam study. Eur J
Epidemiol. (2014) 29:419-27. doi: 10.1007/s10654-014-9924-1

Lee JS, Auyeung TW, Leung J, Kwok T, Woo J. Transitions in frailty states
among community-living older adults and their associated factors. ] Am Med
Dir Assoc. (2014) 15:281-6. doi: 10.1016/j.jamda.2013.12.002

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Li YX, Jiang XY, Stone C, Ma YJ, Liu Q, Hu ZH, et al. A new physical-
cognitive scale for assessment of frailty in Chinese Han elderly. Neurol Res.
(2019) 41:728-33. doi: 10.1080/01616412.2019.1609164

Merchant RA, Chen MZ, Tan LWL, Lim MY, Ho HK, van Dam RM. Singapore
Healthy Older People Everyday (HOPE) study: prevalence of frailty and
associated factors in older adults. ] Am Med Dir Assoc. (2017) 18:734.e9-14.
doi: 10.1016/j.jamda.2017.04.020

Morley JE, Malmstrom TK, Miller DK. A simple frailty questionnaire (FRAIL)
predicts outcomes in middle aged African Americans. ] Nutr Health Aging.
(2012) 16:601-8. doi: 10.1007/s12603-012-0084-2

Nadruz W Jr, Kitzman D, Windham BG, Kucharska-Newton A, Butler K,
Palta P, et al. Cardiovascular dysfunction and frailty among older adults in the
community: the ARIC study. ] Gerontol A Biol Sci Med Sci. (2017) 72:958-64.
doi: 10.1093/gerona/glw199

Seamon BA, Simpson KN. The Effect of frailty on discharge location for
medicare beneficiaries after acute stroke. Arch Phys Med Rehabil. (2019)
100:1317-23. doi: 10.1016/j.apmr.2019.02.006

Taylor-Rowan M, Cuthbertson G, Keir R, Shaw R, Drozdowska B, Elliott
E, et al. The prevalence of frailty among acute stroke patients, and
evaluation of method of assessment. Clin Rehab. (2019) 33:1688-96.
doi: 10.1177/0269215519841417

Trevisan C, Veronese N, Maggi S, Baggio G, Toffanello ED, Zambon S,
et al. Factors influencing transitions between frailty states in elderly adults:
the Progetto Veneto Anziani longitudinal study. ] Am Geriatr Soc. (2017)
65:179-84. doi: 10.1111/jgs.14515

Lewis ET, Dent E, Alkhouri H, Kellett J, Williamson M, Asha S, et al. Which
frailty scale for patients admitted via Emergency Department? A cohort study.
Arch Gerontol Geriat. (2019) 80:104-14. doi: 10.1016/j.archger.2018.11.002
Chung CP, Chou KH, Chen WT, Liu LK, Lee W], Chen LK, et al
Cerebral microbleeds are associated with physical frailty: a community-based
study. Neurobiol Aging. (2016) 44:143-50. doi: 10.1016/j.neurobiolaging.2016.
04.025

Siejka TP, Srikanth VK, Hubbard RE, Moran C, Beare R, Wood A, et al. Frailty
and cerebral small vessel disease: a cross-sectional analysis of the Tasmanian
Study of Cognition and Gait (TASCOG). ] Gerontol A Biol Sci Med Sci. (2018)
73:255-60. doi: 10.1093/gerona/glx145

Jung HW, Kim SW, Yoon §J, Choi JY, Kim KI, Kim CH. Associations
between frailty, retinal microvascular changes, and cerebral white matter
abnormalities in Korean older adults. ] Am Geriatr Soc. (2014) 62:2209-10.
doi: 10.1111/jgs. 13114

Avila-Funes JA, Carcaillon L, Helmer C, Carriere I, Ritchie K, Rouaud
O, et al. Is frailty a prodromal stage of vascular dementia? Results
from the Three-City Study. | Am Geriatr Soc. (2012) 60:1708-12.
doi: 10.1111/j.1532-5415.2012.04142.x

Romero-Ortuno R, Wallis S, Biram R, Keevil V. Clinical frailty adds
to acute illness severity in predicting mortality in hospitalized older
adults: an observational study. Eur ] Intern Med. (2016) 35:24-34.
doi: 10.1016/j.¢jim.2016.08.033

Sergi G, Veronese N, Fontana L, De Rui M, Bolzetta F Zambon
S, et al. Pre-frailty and risk of cardiovascular disease in elderly men
and women: the Pro.V.A. study. ] Am Coll Cardiol. (2015) 65:976-83.
doi: 10.1016/j.jacc.2014.12.040

Veronese N, Sigeirsdottir K, Eiriksdottir G, Marques EA, Chalhoub D, Phillips
CL, et al. Frailty and risk of cardiovascular diseases in older persons: the age,
gene/environment susceptibility-Reykjavik study. Rejuvenation Res. (2017)
20:517-24. doi: 10.1089/1ej.2016.1905

Gill TM, Gahbauer EA, Allore HG, Han L. Transitions between frailty states
among community-living older persons. Arch Intern Med. (2006) 166:418-23.
doi: 10.1001/0.418

Gill TM, Baker DI, Gottschalk M, Peduzzi PN, Allore H, Byers A. A
program to prevent functional decline in physically frail, elderly persons
who live at home. N Engl ] Med. (2002) 347:1068-74. doi: 10.1056/NEJMoa
020423

Palmer K, Marengoni A, Forjaz MJ, Jureviciene E, Laatikainen T, Mammarella
E et al. Multimorbidity care model: recommendations from the consensus
meeting of the Joint Action on Chronic Diseases and Promoting Healthy
Ageing across the Life Cycle (JA-CHRODIS). Health Policy. (2017) 122:4-11.
doi: 10.1016/j.healthpol.2017.09.006

Frontiers in Neurology | www.frontiersin.org

November 2019 | Volume 10 | Article 1255


https://doi.org/10.1007/s41999-018-0124-5
https://doi.org/10.1007/s12603-018-1049-x
https://doi.org/10.1016/j.chest.2018.02.014
https://doi.org/10.1016/j.archger.2016.10.007
https://doi.org/10.1136/heartjnl-2012-302922
https://doi.org/10.1016/j.jamda.2017.09.026
https://doi.org/10.1016/j.eurger.2016.09.005
https://doi.org/10.1016/j.jamda.2014.03.008
https://doi.org/10.1111/ggi.12891
https://doi.org/10.1161/STROKEAHA.117.016726
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1093/gerona/glw347
https://doi.org/10.1111/ggi.12546
https://doi.org/10.1590/1516-3180.2016.0078180516
https://doi.org/10.1016/j.archger.2011.08.010
https://doi.org/10.1111/jgs.13202
https://doi.org/10.1007/s10654-014-9924-1
https://doi.org/10.1016/j.jamda.2013.12.002
https://doi.org/10.1080/01616412.2019.1609164
https://doi.org/10.1016/j.jamda.2017.04.020
https://doi.org/10.1007/s12603-012-0084-2
https://doi.org/10.1093/gerona/glw199
https://doi.org/10.1016/j.apmr.2019.02.006
https://doi.org/10.1177/0269215519841417
https://doi.org/10.1111/jgs.14515
https://doi.org/10.1016/j.archger.2018.11.002
https://doi.org/10.1016/j.neurobiolaging.2016.04.025
https://doi.org/10.1093/gerona/glx145
https://doi.org/10.1111/jgs.13114
https://doi.org/10.1111/j.1532-5415.2012.04142.x
https://doi.org/10.1016/j.ejim.2016.08.033
https://doi.org/10.1016/j.jacc.2014.12.040
https://doi.org/10.1089/rej.2016.1905
https://doi.org/10.1001/0.418
https://doi.org/10.1056/NEJMoa020423
https://doi.org/10.1016/j.healthpol.2017.09.006
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Palmer et al.

Frailty and Stroke

48.

49.

50.

51.

52.

Onder G, Cesari M, Maggio M, Palmer K. Defining a care pathway for
patients with multimorbidity or frailty. Eur ] Intern Med. (2017) 38:1-2.
doi: 10.1016/j.€jim.2017.01.013

Onder G, Vetrano D, Marengoni A, Bell S, Johnell K, Palmer K. Accounting
for frailty when treating chronic diseases. Eur J Intern Med. (2018) 56:49-52.
doi: 10.1016/j.€jim.2018.02.021

Cameron ID, Kurrle SE. Frailty and rehabilitation. Interdiscip
Top  Gerontol  Geriatr.  (2015)  41:137-50.  doi:  10.1159/0003
81229

Romero-Ortuno R, Tiernan C, Cogan L. The impact of frailty on post-
acute rehabilitation outcomes in older adults. ] Frailty Aging. (2014) 3:234-7.
doi: 10.14283/jfa.2014.30

Taylor-Rowan M, Keir R, Cuthbertson G, Shaw R, Drozdowska B, Elliott
E, et al. Pre-stroke frailty is independently associated with post-stroke

cognition: a cross-sectional study. J Clin Exp Neuropsychol. (2019) 25:501-6.
doi: 10.1017/S1355617719000092

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Palmer, Vetrano, Padua, Romano, Rivoiro, Scelfo, Marengoni,
Bernabei and Onder. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org

16

November 2019 | Volume 10 | Article 1255


https://doi.org/10.1016/j.ejim.2017.01.013
https://doi.org/10.1016/j.ejim.2018.02.021
https://doi.org/10.1159/000381229
https://doi.org/10.14283/jfa.2014.30
https://doi.org/10.1017/S1355617719000092
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Frailty Syndromes in Persons With Cerebrovascular Disease: A Systematic Review and Meta-Analysis
	Introduction
	Materials and Methods
	Systematic Review Protocol
	Search Terms
	Study Selection and Data Extraction
	Assessment of Risk of Bias
	Statistical Analysis

	Results
	General Description of Studies
	Prevalence of Prefrailty and Frailty in Persons With Stroke
	Association Between Prefrailty, Frailty, and Stroke
	Longitudinal Associations Between Stroke and Frailty
	Assessment of Bias

	Discussion
	Summary of Main Findings
	Interpretation
	Limitations and Strengths
	Relevance
	Future Research

	Conclusions
	Author Contributions
	Acknowledgments
	References


