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Introduction: Stroke can lead to a substantial reduction in quality of life 
and long-term functional dependency, in addition to increased mortality in the 
acute phase. The aim of this study was to investigate the relationship between 
frailty and nutritional status and functional independence in older adults with 
stroke.

Materials and Method: This retrospective observational study included 84 
patients aged over 65 years with stroke. The Mini Nutritional Assessment was 
used to evaluate nutritional status, the Frail Scale and Clinical Frailty Scale were 
used to assess frailty before and after stroke, and the Katz Index was used to 
evaluate activities of daily living. The Modified Rankin Scale was used to assess 
disease prognosis, while the National Institutes of Health Stroke Scale was used 
to determine disease severity.

Results: Pre-stroke frailty was significantly associated with poorer nutritional 
status (MNA: r = −0.55, p < 0.001) and lower functional independence (Katz 
Index: r = −0.55, p < 0.001). A weak positive correlation was observed between 
frailty and stroke severity (NIHSS: r = 0.25, p = 0.021), whereas no significant 
association was found with functional outcome measured by the MRS (p = 
0.739).

Conclusion: Frailty was significantly associated with nutritional status and 
functional independence in older adults with stroke. Frailty assessment may 
contribute to a more comprehensive evaluation of clinical vulnerability and 
support individualized rehabilitation and care planning; however, its prognostic 
value requires confirmation in prospective studies using validated predictive 
models.
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INTRODUCTION
Stroke is a leading cause of mortality and long-term 
disability worldwide, frequently resulting in reduced 
functional independence and impaired quality of 
life in older adults (1–3). Frailty, characterized by 
diminished physiological reserve and increased 
vulnerability to stressors, has emerged as an 
important determinant of adverse outcomes 
following acute medical conditions, including stroke 
(4-7). Previous studies have shown that frailty is 
associated with poorer recovery, functional decline, 
and increased mortality after stroke (8,9). However, 
its relationship with nutritional status, functional 
independence, and neurological outcomes in older 
adults remains incompletely understood. 

Therefore, this study aimed to investigate 
the association between pre-stroke frailty and 
nutritional status and functional independence in 
older adults with stroke.

MATERIALS AND METHOD
This study was designed as a retrospective 
observational study involving repeated 
retrospective assessments and was conducted 
between September 1, 2024, and September 1, 
2025, at the Physical Medicine and Rehabilitation 
and Neurology outpatient clinics VM Medical Park 
Hospital. The study protocol received approval 
from the Clinical Research Ethics Committee of 
Mudanya University (No. 2025-3/4). All procedures 
were conducted in compliance with the principles 
of the Helsinki Declaration established by the World 
Medical Association. The study included 84 adult 
patients who had stroke, whose symptoms persisted 
for more than a week, and who were enrolled in an 
outpatient rehabilitation program. Patients who 
had stroke symptoms for less than a week, who had 
only clinical symptoms without imaging evidence, 
who had subarachnoid hemorrhage, traumatic 
brain injury, or who were being treated for terminal 
chronic disease or malignancy were excluded from 
the study. 

The files of patients who met the inclusion 
criteria were reviewed. Medical records were used 
as the primary source of information for all study 
variables. When necessary, baseline information 
was missing from the medical records, additional 
data were obtained through structured telephone 
interviews with the patients or their primary 
caregivers. During these interviews, caregivers 
were asked standardized questions regarding the 
patient’s functional, nutritional, and frailty status 
during the 6–12 months preceding the stroke. No 
separate analysis was performed according to 
the source of the information (medical records or 
caregiver interviews).

Demographic and clinical characteristics, 
including age, sex, and stroke type, were 
retrospectively extracted from the patients’ 
medical records. Frailty Scale, CFS were used 
for frailty assessment, MNA-SF was used for 
nutritional assessment, and Katz index was used to 
evaluate activities of daily living. These scales were 
assessed three times: before the stroke (within the 
last 6-12 months before the stroke) and twice after 
the stroke.

Current research demonstrates that the Frail 
scale exhibits elevated sensitivity and specificity 
relative to phenotypic criteria (10). The scale 
comprises five elements: fatigue, resistance, walking, 
sickness, and weight loss. It is a widely used tool 
in frailty assessment, especially due to its practical 
applicability in the clinic, and is increasingly being 
studied in stroke patients. The Frail scale can be 
used to evaluate both baseline frailty before stroke 
and new frailty that develops after stroke. Before–
and–after comparison is valuable to demonstrate 
the additional burden of stroke on frailty and to 
predict prognosis. This approach provides critical 
information, especially for rehabilitation planning 
and post-discharge care strategies (10). 

The CFS used in this study is a rapid and low-cost 
clinical tool (11). The practicality of CFS allows it to 
be integrated into risk stratification in the subacute/



ASSOCIATION OF FRAILTY WITH NUTRITIONAL STATUS AND 
FUNCTIONAL INDEPENDENCE IN OLDER ADULTS WITH STROKE

319

chronic period. The pre-stroke CFS score was used 
to represent baseline frailty. In contrast, the acute 
post-stroke CFS score was considered a measure 
of overall clinical vulnerability during the early post-
stroke period because it may be influenced by 
acute neurological impairment and stroke-related 
functional disability. Therefore, acute CFS scores 
were interpreted cautiously and were not regarded 
as a pure measure of pre-existing frailty.

MNA-SF is a screening tool developed to 
quickly and reliably evaluate nutritional status in 
elderly individuals. Its relationship with fragility has 
also been examined extensively in recent years. It 
consists of six questions. Nutritional status, weight 
loss, appetite, mobility, acute illness/psychological 
stress, neuropsychiatric problems, and BMI (or calf 
circumference) are evaluated (12).

The Katz Index evaluates an individual’s 
capacity to autonomously execute fundamental 
activities of daily living, including bathing, dressing, 
toileting, transferring, maintaining continence, and 
nourishment. The Katz Index is not a measure of frailty 
per se, but it assesses functional independence, 
one of the most important components of frailty. It 
can be used as a supportive tool in the assessment 
of frailty in patients with stroke (13).

The prognosis of the disease was assessed using 
the Modified Rankin Scale (MRS), while disease 
severity was measured with the National Institutes 
of Health Stroke Scale (NIHSS) on two occasions: 
during the initial post-stroke evaluation and one 
month thereafter. The WHO advocates the use of 
MRS to assess prognosis following a stroke (14). It 
is one of the “gold standard” indicators of stroke 
outcomes in clinical practice and research. When 
used in conjunction with frailty assessments, it 
more accurately reflects loss of independence after 
stroke. NIHSS is an internationally valid scoring 
system used to evaluate the severity of neurological 
impairment in stroke patients. Objectively 
measuring stroke severity, it was developed to 
guide treatment selection, predict the patient’s 

prognosis, and provide standardized measurement 
in clinical studies (15).

Statistical Analysis
Statistical analysis was conducted utilizing IBM 
SPSS Statistics (Version 26.0, IBM Corp., Armonk, 
NY, USA). The Shapiro-Wilk test was employed 
to evaluate the normality of continuous variables. 
Continuous variables are presented as mean ± 
standard deviation (SD) to facilitate comparison 
with previous studies. Parametric tests were applied 
to normally distributed variables, whereas non-
parametric tests were used for variables that were 
not normally distributed. Categorical variables were 
represented as frequency (n) and percentage (%). 
Categorical variables were represented as frequency 
(n) and percentage (%). The Independent Samples 
t-test was employed for normally distributed data, 
whereas the Mann-Whitney U test was utilized for 
non-normally distributed variables in comparisons 
between two independent groups. Categorical 
variables were analyzed using the Chi-square test 
or Fisher’s exact test, as applicable. Alterations in 
repeated measurements (pre-stroke, acute, and 
follow-up periods) were assessed utilizing repeated-
measures ANOVA for normally distributed data 
and the Friedman test for non-normally distributed 
data. Pairwise comparisons were conducted with 
the Wilcoxon signed-rank test with Bonferroni 
adjustment. Due to the non-normal distribution 
of the data, correlation analyses were conducted 
utilizing Spearman’s rank correlation coefficient (ρ). 
The correlation strength was classified as follows: 
0.00–0.19 extremely weak, 0.20–0.39 weak, 0.40–0.59 
moderate, 0.60–0.79 strong, and ≥0.80 very strong. 
Because the correlation coefficients were obtained 
from the same participants and shared a common 
variable, differences between the correlations of 
the Frail Scale and CFS with clinical variables were 
evaluated using Williams’ test for overlapping 
dependent correlations. As the primary correlations 
were Spearman rank correlations, the analysis was 
performed using rank-transformed variables. A two-
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sided p value of <0.05 was considered statistically 
significant.

P value of less than 0.05 was deemed statistically 
significant.

RESULTS
In this study, the relationships between frailty, 
nutritional status, functional independence, and 
stroke severity were evaluated in 84 patients 
with stroke. The male and female populations 
were equivalent, and no statistically significant 
differences were seen between genders in terms of 
age or stroke type. Baseline characteristics of the 
study population are shown in Table 1. 

The distribution and mean comparisons of Frail 
and CFS scores are shown in Table 2. The mean 

Frail score increased significantly from pre-stroke 
(Frail1: 1.27 ± 1.37) to the early post-stroke period 
(Frail2: 3.43 ± 1.02, p < 0.001) and then decreased at 
follow-up (Frail3: 2.26 ± 1.14, p < 0.001), although it 
remained higher than baseline levels. Similarly, the 
mean CFS score increased from 2.54 ± 0.95 before 
stroke to 7.21 ± 0.93 in the acute period (p < 0.001), 
followed by a partial decrease to 4.55 ± 1.42 at 
follow-up (p < 0.001). The marked elevation in the 
acute CFS score should be interpreted cautiously, 
as it may reflect both increased clinical vulnerability 
and stroke-related neurological and functional 
disability.

Correlation analysis was performed to evaluate 
the relationship between the Frail score and clinical 
variables. Frailty was moderately associated with 
age and weakly associated with stroke severity 

Table 1. Baseline Characteristics of the Study 
Population

Characteristic Value

Number of participants 84

Age, years (Mean ± SD) 72.18 ± 5.88

Female, n (%) 42 (50.0)

Male, n (%) 42 (50.0)

Body mass index, kg/m² (Mean ± SD) 26.71 ± 4.47

Ischemic stroke, n (%) 74 (88.1)

Hemorrhagic stroke, n (%) 10 (11.9)

Pre-stroke Frail Scale (Mean ± SD) 1.27 ± 1.37

Pre-stroke Clinical Frailty Scale  
(Mean ± SD) 2.54 ± 0.95

Pre-stroke Mini Nutritional Assessment–
Short Form (Mean ± SD) 11.33 ± 2.32

Pre-stroke Katz Index (Mean ± SD) 5.44 ± 0.83

Admission NIHSS (Mean ± SD) 2.52 ± 0.91

Admission Modified Rankin Scale 
(Mean ± SD) 3.24 ± 0.83

Table 2. Changes in Frailty Status (Frail and CFS)

Frail Scale - Mean Comparison
Time Point Mean ± SD
Pre-stroke (Frail1) 1.27 ± 1.37

Acute (Frail2) 3.43 ± 1.02

Follow-up (Frail3) 2.26 ± 1.14

Overall test (Friedman): χ² = 121.62, p < 0.001

Pairwise Comparisons
Comparison p-value
Frail1 vs Frail2 p < 0.001 (4.30 × 10-¹³)

Frail2 vs Frail3 p < 0.001 (8.40 × 10-¹²)

Frail1 vs Frail3 p < 0.001 (1.63 × 10-10)

CFS Scale - Mean Comparison
Time Point Mean ± SD
Pre-stroke (CFS1) 2.54 ± 0.95

Acute (CFS2) 7.21 ± 0.93

Follow-up (CFS3) 4.55 ± 1.42

Overall test (Friedman): χ² = 163.19, p < 0.001

Pairwise Comparisons
Comparison p-value
CFS1 vs CFS2 p < 0.001 (9.86 × 10-16)

CFS2 vs CFS3 p < 0.001 (7.98 × 10-16)

CFS1 vs CFS3 p < 0.001 (6.49 × 10-15)
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(NIHSS). A strong negative correlation was observed 
with nutritional status (MNA) and functional 
independence (Katz), which suggests that higher 
frailty is associated with poorer nutrition and greater 
dependency. No significant relationship was found 
between frailty and functional outcome measured 
by MRS (Table 3).

Correlation analysis was performed to evaluate 
the relationship between CFS scores and clinical 
variables. CFS was found to be moderately 
to strongly positively correlated with age and 
moderately correlated with stroke severity (NIHSS), 
indicating that higher frailty is associated with older 
age and greater neurological impairment. A strong 
negative correlation with nutritional status (MNA) 

and a very strong negative correlation with functional 
independence (Katz) were observed, which suggests 
that increased frailty is closely linked to malnutrition 
and dependence on daily activities. No significant 
relationship was found between CFS and functional 
outcome measured by the MRS (Table 4).

The correlation of CFS with age was significantly 
stronger than that of the Frail Scale (t = −2.23, df = 
81, p = 0.028). Similarly, CFS showed a significantly 
stronger association with functional independence 
measured by the Katz Index (t = 2.76, df = 81, p 
= 0.007). No statistically significant differences 
between the two frailty measures were observed for 
nutritional status (MNA), stroke severity (NIHSS), or 
functional outcome (MRS) (all p > 0.05) (Table 5).

Table 5. Comparison of Correlation Strength Between Frail and CFS Scores

Frail ρ CFS ρ t df p

Age 0.363 0.509 -2.231 81 0.028
MNA -0.549 -0.611 1.036 81 0.303

Katz Index -0.546 -0.697 2.761 81 0.007
MRS 0.037 0.043 -0.075 81 0.941

NIHSS 0.251 0.303 -0.723 81 0.472

Table 3. Correlation Between Frail Score and Clinical Variables

Variable Correlation (r) p-value Interpretation

Age 0.36 0.001 Moderate positive correlation

MNA -0.55 <0.001 Strong negative correlation

Katz Index -0.55 <0.001 Strong negative correlation

MRS 0.04 0.739 Not significant

NIHSS 0.25 0.021 Weak-to-moderate positive correlation

Table 4. Correlation Between Clinical Frailty Scale and Clinical Variables

Variable Correlation (r) p-value Interpretation

Age 0.51 <0.001 Moderate-to-strong positive correlation

MNA -0.61 <0.001 Strong negative correlation

Katz Index -0.70 <0.001 Very strong negative correlation

MRS 0.04 0.700 Not significant

NIHSS 0.30 0.005 Moderate positive correlation
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DISCUSSION
This study revealed a strong correlation between 
frailty, nutritional status, functional independence, 
and neurological severity in elderly stroke patients. 
Our findings corroborate the expanding evidence 
that frailty is not merely a geriatric illness but 
also a significant predictor of clinical outcomes 
in stroke patients (8-10,16). Consistent with prior 
research, we discovered that pre-stroke fragility 
was markedly correlated with poorer post-stroke 
clinical outcomes (17-18). This can be explained 
by reduced physiological reserve and impaired 
adaptive capacity in frail patients, making them more 
vulnerable to the stress of cerebrovascular events 
(19). Recent systematic reviews and cohort studies 
have found analogous findings, highlighting that 
fragility elevates the likelihood of negative outcomes, 
including disability, institutionalization, and mortality 
following a stroke (8-9,20). Our investigation reveals 
a significant negative connection between frailty 
and both nutritional status (MNA) and functional 
independence (Katz Index) (21). This highlights the 
multidimensional nature of frailty, encompassing 
physical, nutritional, and functional domains (22). 
Malnutrition is known to exacerbate frailty by 
accelerating muscle loss and impairing recovery, 
while functional dependency further contributes to 
a decline in overall health status (23-24). Therefore, 
the close relationship between these parameters 
suggests that comprehensive geriatric assessment 
should be an integral part of stroke management. 
Although frailty showed a relationship with stroke 
severity (NIHSS), no significant association was 
found with functional outcome measured by MRS. 
This finding may be explained by the relatively 
short follow-up period or the limited sample size 
(25). Additionally, MRS, while widely used, may not 
fully capture the multidimensional impact of frailty, 
particularly in terms of subtle functional and cognitive 
decline (5). Future studies with longer follow-up 
durations and more sensitive outcome measures 
may better clarify this relationship. However, the 
interpretation of acute CFS scores requires caution. 

Because the CFS incorporates mobility, function, and 
dependence, its marked increase during the early 
post-stroke period may partly reflect disability directly 
caused by the acute neurological event rather than 
frailty alone. This overlap may also have contributed 
to the relatively strong associations observed 
between CFS, Katz Index, and NIHSS. Accordingly, 
the pre-stroke CFS assessment may provide a more 
appropriate estimate of baseline frailty, whereas the 
acute CFS score should be interpreted as a broader 
indicator of post-stroke clinical vulnerability.

Another important observation is that both the 
Frail Scale and the Clinical Frailty Scale (CFS) showed 
similar associations with clinical variables, although 
CFS demonstrated slightly stronger correlations, 
particularly with functional independence and 
nutritional status. This suggests that CFS may better 
reflect the multidimensional aspects of frailty in 
clinical practice (15-16,25). 

Although both frailty instruments demonstrated 
comparable associations with most clinical variables, 
CFS showed significantly stronger correlations with 
age and functional independence measured by the 
Katz Index. These findings suggest that CFS may 
better reflect the multidimensional nature of frailty, 
particularly in relation to age-related decline and 
functional status. However, no significant differences 
were observed between the two instruments in 
their associations with nutritional status, stroke 
severity, or functional outcome, indicating that both 
scales provide similar information for these clinical 
domains. As no multivariable analysis was performed, 
these associations should not be interpreted as 
independent predictors or evidence of causality.

From a clinical perspective, frailty assessment 
may help identify patients with poorer nutritional 
status, greater functional dependency, and increased 
multidimensional clinical vulnerability. However, 
because frailty was not significantly associated with 
functional outcome measured by the MRS, and no 
independent predictive model was established, 
the present findings do not support the use of 
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frailty assessment as a stand-alone prognostic tool. 
Instead, frailty assessment should be considered 
as one component of a comprehensive geriatric 
evaluation that may assist clinical characterization 
and individualized rehabilitation planning. Future 
prospective studies with larger sample sizes and 
multivariable predictive models are needed to 
clarify its prognostic value.

Identifying frailty early can help clinicians 
stratify risk, predict recovery trajectories, and tailor 
rehabilitation programs accordingly. Interventions 
targeting frailty, such as structured exercise 
programs, nutritional support, and multidisciplinary 
care, may improve functional outcomes and reduce 
complications (8,22). 

Strengths and limitations of the study: This 
research is one of the rare domestic studies that 
evaluates different dimensions of frailty (physical, 
functional, nutritional) with multifaceted scales. 
However, this study has several limitations. First, its 
retrospective design limits the ability to establish 
causal relationships. Second, pre-stroke Frail 
Scale and Clinical Frailty Scale (CFS) scores were 
reconstructed using medical records and caregiver 
reports obtained 6–12 months before stroke. 
Although medical records were used whenever 
available, these retrospective assessments 
are susceptible to recall bias and potential 
misclassification of baseline frailty status. Therefore, 
the observed associations should be interpreted 
with caution. In addition, the relatively small 
sample size and single-center design may limit the 
generalizability of our findings. Future prospective, 
multicenter studies with direct pre-stroke frailty 
assessments are needed to validate these results. 
Another limitation is the potential overlap between 
frailty and stroke-related disability in the acute 
CFS assessment. Because acute neurological 
impairment and dependence may increase CFS 
scores independently of pre-existing frailty, the 
acute CFS values may overestimate frailty during 
the early post-stroke period. Future prospective 
studies should use assessment strategies specifically 

designed to distinguish baseline frailty from 
disability caused by the acute stroke. Furthermore, 
no multivariable analysis was performed to adjust 
for potential confounding factors. Therefore, the 
observed associations should not be interpreted as 
independent predictors or causal relationships.

In conclusion, frailty was significantly associated 
with nutritional status and functional independence 
in older adults with stroke. Although frailty 
demonstrated a weak association with neurological 
severity as measured by the NIHSS, no significant 
relationship was observed with functional outcome 
assessed by the MRS. These findings suggest that 
frailty primarily reflects multidimensional clinical 
vulnerability rather than neurological recovery itself. 
Incorporating frailty assessment into comprehensive 
geriatric evaluation and stroke rehabilitation may 
improve individualized care planning and risk 
stratification. Further prospective studies with larger 
sample sizes are needed to clarify the relationship 
between frailty and long-term neurological 
outcomes.

Statement of Disclosure: There is no conflict of 
interest disclosed by the writers.

A Statement of Ethics: The Mudanya University 
Clinical Research Ethics Committee approved the 
study protocol (No.2025-3/4).

Funding Information: The authors received no 
funding for this study. 

REFERENCES
1.	 GBD 2019 Risk Factors Collaborators. Global burden 

of 87 risk factors in 204 countries and territories, 1990–
2019: a systematic analysis for the Global Burden of 
Disease Study 2019. Lancet 2020;396(10258):1223–
1249. doi:10.1016/S0140-6736(20)30752-2

2.	 Emberson J, Lees KR, Lyden P, et al. Effect of treatment 
delay, age, and stroke severity on the effects of 
intravenous thrombolysis with alteplase for acute 
ischemic stroke: a meta-analysis of individual patient 
data from randomised trials. Lancet 2014;384:1929–
1935. doi:10.1016/S0140-6736(14)60584-5



2026; 29(1):317−324

324

3.	 Burton JK, Ferguson EEC, Barugh AJ, et al. Predicting 
discharge to institutional long-term care after stroke: 
systematic review and meta-analysis. J Am Geriatr 
Soc 2018;66:161–169. doi:10.1111/jgs.15101

4.	 Visvanathan A, Graham C, Dennis M, et al. Predicting 
specific abilities after disabling stroke: development 
and validation of prognostic models. Int J Stroke 
2021;16:935–943. doi:10.1177/1747493020982873

5.	 Quinn TJ, Dawson J, Walters MR, Lees KR. Functional 
outcome measures in contemporary stroke trials. 
Int J Stroke 2009;4(3):200-205. doi:10.1111/j.1747-
4949.2009.00271.x

6.	 Bao Q, Huang X, Wu X, et al. Implications of frailty 
in acute ischemic stroke receiving endovascular 
treatment: systematic review and meta-analysis. 
Aging Clin Exp Res 2023;35:969–978. doi:10.1007/
s40520-023-02383-1

7.	 Burton JK, Stewart J, Blair M, et al. Prevalence 
and implications of frailty in acute stroke: 
systematic review and meta-analysis. Age Ageing 
2022;51(3):afac064. doi:10.1093/ageing/afac064

8.	 Huang YN, Yan FH, Wang XY, et al. Prevalence 
and risk factors of frailty in stroke patients: a meta-
analysis and systematic review. J Nutr Health Aging 
2023;27:96–102. doi:10.1007/s12603-023-1879-z

9.	 Feigin VL, Stark BA, Johnson CO, et al. Global, 
regional, and national burden of stroke and its risk 
factors, 1990–2019: a systematic analysis. Lancet 
Neurol 2021;20(10):795–820. doi:10.1016/S1474-
4422(21)00252-0

10.	 Li J, Wan J, Wang H. Role of frailty in predicting outcomes 
after stroke: a systematic review. Front Psychiatry 
2024;15:1347476. doi:10.3389/fpsyt.2024.1347476

11.	 Yang F, Li N, Yang L, et al. Association of pre-stroke 
frailty with prognosis of elderly acute cerebral 
infarction. Front Neurol 2022;13:855532. doi:10.3389/
fneur.2022.855532

12.	 Munthe Kaas R, Lydersen S, Quinn T, et al. Impact 
of pre-stroke frailty on outcome three years after 
acute stroke: the Nor-COAST study. Cerebrovasc Dis 
2025;54(4):527-535. doi:10.1159/000541565

13.	 Kilkenny MF, Phan HT, Lindley RI, et al. Utility 
of the Hospital Frailty Risk Score derived from 
administrative data and the association with stroke 
outcomes. Stroke 2021;52(8):2305-2317. doi:10.1161/
STROKEAHA.120.033648

14.	 Rockwood K, Song X, MacKnight C, et al. A 
global clinical measure of fitness and frailty. CMAJ 
2005;173(5):489–495. doi:10.1503/cmaj.050051

15.	 Evans NR, Fearon P, Beishon L, et al. The 
importance of frailty in stroke and how to 
measure it. Stroke 2025;56(1):e8–e11. doi:10.1161/
STROKEAHA.124.048424

16.	 Evans NR, Pinho J, Beishon L, et al. Frailty and 
stroke: global implications for assessment, 
research, and clinical care—A WSO scientific 
statement. Int J Stroke 2025;20(8):905–917. 
doi:10.1177/17474930251345295

17.	 Clegg A, Young J, Iliffe S, et al. Frailty in elderly 
people. Lancet 2013;381(9868):752–762. doi:10.1016/
S0140-6736(12)62167-9

18.	 O’Caoimh R, Morrison L, Hanley M, et al. Impact of 
frailty on healthcare outcomes after cardioembolic 
ischaemic stroke due to atrial fibrillation. Int J Environ 
Res Public Health 2024;21(3):270. doi:10.3390/
ijerph21030270

19.	 Lin HS, Watts JN, Peel NM, et al. Frailty and post-
operative outcomes in older surgical patients: a 
systematic review. BMC Geriatr 2016;16(1):157. 
doi:10.1186/s12877-016-0329-8

20.	 Muscedere J, Waters B, Varambally A, et al. The 
impact of frailty on intensive care unit outcomes: a 
systematic review and meta-analysis. Intensive Care 
Med 2017;43(8):1105–1122. doi:10.1007/s00134-017-
4867-0

21.	 Borode AO, Awotidebe TO, Ademoyegun AB, 
et al. Interrelationship among fear of falling, gait 
characteristics and dynamic balance in stroke 
survivors: a case-control study. Turk J Neurol 
2023;29(4):241–248. doi:10.4274/tnd.2023.08684

22.	 Majima K, Nozoe M, Yamamoto M, et al. Impact of 
post-stroke frailty index on functional outcomes: 
a retrospective cohort study. Top Stroke Rehabil 
2025:1-7. doi:10.1080/10749357.2025.2553589

23.	 Sepúlveda M, Arauna D, García F, et al. Frailty in 
aging and the search for the optimal biomarker: a 
review. Biomedicines 2022;10(6):1426. doi:10.3390/
biomedicines10061426

24.	 Nguyen NN, Luong TT, Le TN, et al. Prevalence of 
frailty among older patients with acute ischemic 
stroke and its association with short-term functional 
outcome: a cohort study in Vietnam. BMC Geriatr 
2025;25:430. doi:10.1186/s12877-025-06138-7

25.	 Yu YY, Lei D, He Q, et al. A cohort study on the 
relationship between education level and high‐
risk population of stroke. Ibrain 2021;7(3):181–191. 
doi:10.1002/j.2769-2795.2021.tb00082.x


