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A B S T R A C T

Background: Prestroke disability, measured by the modified Rankin Scale (mRS), is routinely used in older (≥65 
years) patients to predict stroke outcomes. Frailty, a common geriatric syndrome, is also associated with poor 
health outcomes but is rarely assessed in older stroke patients. The Clinical Frailty Scale (CFS) is a simple frailty 
assessment tool; however, its prognostic value in stroke clinical practice remains uncertain. This study compares 
the predictive value of prestroke mRS and CFS for stroke outcomes in older patients.
Methods: We included 4086 older patients with acute stroke (82.6 % ischemic), consecutively admitted to an 
Italian hospital. The median age was 81 years (25th–75th percentile: 75–87 years). Prestroke mRS was assessed 
at admission, while prestroke CFS was retrospectively evaluated from medical records. Multivariable-adjusted 
models tested the association of each scale with prolonged admission, unfavorable discharge setting, and mor
tality at 30 days and 1 year. For each outcome, the predictive value of the mRS and CFS scales was compared 
using the difference in Akaike’s Information Criterion (AIC) between the respective models (AICmRS-CFS).
Results: Both mRS and CFS were positively associated with unfavorable discharge and mortality and inversely 
associated with prolonged admission. However, based on AICmRS-CFS, CFS was a stronger outcome predictor than 
mRS. In ischemic stroke patients receiving reperfusion therapies, CFS was also superior to mRS in predicting 
neurological improvement following treatment and the likelihood of discharge to long-term care.
Conclusions: Compared to prestroke mRS, prestroke CFS may offer additional prognostic information in older 
stroke patients.

1. Introduction

Assessment of prestroke disability using the modified Rankin Scale 
(mRS) [1] is a routine component of both stroke practice and research, 
given its prognostic value for several patient outcomes [2–4]. Prestroke 
disability serves as an important indicator of resilience, influencing 
physicians’ decision regarding eligibility for hyperacute reperfusion 
therapies [5,6] and post-stroke rehabilitation [7]. Although no evidence 
supports withholding stroke interventions based solely on prestroke 
disability [7,8], patients with this condition remain underrepresented in 
clinical trials and face a heightened risk of not receiving standard care 
treatment [9,10].

Originally developed for assessment of post-stroke functional 
outcome [1], the mRS has been adapted to evaluate functional impair
ment irrespective of whether it occurs before or after stroke [11]. Its ease 

of use in time-sensitive settings, coupled with the advantage of 
employing the same tool for both pre- and post-stroke assessment ex
plains the persistent popularity of mRS in stroke research and practice 
[2]. Nevertheless, mRS presents some limitations, particularly its 
emphasis on motor function and ambulatory capacity over other 
important health determinants [2,6].

Frailty, conversely, is a geriatric syndrome characterized by a cu
mulative decline across multiple physiological systems leading to 
increased vulnerability to adverse health outcomes [12]. Unlike 
disability, frailty helps explain the variability in overall health and 
resilience among older individuals, offering useful information for 
guiding clinical decision making [13].

Acute stroke is a prototypical stressor and growing evidence suggests 
a complex bidirectional relationship between stroke and frailty [14]. 
Frailty can increase risk of stroke through its association with traditional 
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cardiovascular risk factors, atherosclerotic burden, atrial fibrillation, 
and inadequate management of these conditions [15]. Moreover, frailty 
is associated with poor outcomes of stroke and can influence the efficacy 
and safety of reperfusion therapies [14–18]. At the same time, post- 
stroke neurological deficits can exacerbate frailty, further accelerating 
functional and health decline [14]. Despite this critical interplay, frailty 
is rarely mentioned in stroke guidelines, and prestroke frailty assessment 
remains uncommon in older stroke patients [14,16].

Over the years, numerous frailty assessment tools have been devel
oped, varying significantly in methodology and feasibility [19]. 
Currently, no single standard frailty tool has been adopted in clinical 
practice [20]. The choice depends on several factors, including clinical 
setting, time constraints, and assessor skills [21].

Among available tools, the Clinical Frailty Scale (CFS) [22] has 
gained popularity for retrospective frailty assessment in the acute [23] 
and hyperacute care setting [24]. CFS offers several advantages: it is 
based on clinical judgment rather than performance tests; it evaluates 
multiple aspects of health, including mobility, function, cognition, and 
comorbidities; it incorporates a nine-point pictorial scale with corre
sponding descriptive text; and it can be used by health care professionals 
without specialized training [22]. These features make CFS a pragmatic 
and accessible tool for frailty assessment in stroke patients [14]. How
ever, data regarding its prognostic value for stroke outcomes remains 
limited [25–29].

While frailty and disability often overlap in older people, they 
represent distinct concepts. Frailty reflects an increased risk of adverse 
health events before the onset of functional impairment, whereas 
disability primarily measures existing functional limitations [12]. 
Additionally, frailty encompasses other health determinants, such as 
poor energy, comorbidities and cognitive problems [30]. These condi
tions are common among older persons, influence medical decisions, 
and contribute to poorer stroke outcomes and suboptimal treatment 
[31].

Despite the increasing recognition of frailty as a clinically relevant 
factor, it remains unclear whether integrating frailty assessment into 
stroke practice would offer deeper insights on prestroke resilience than 
disability assessment alone [16,17].

In this retrospective observational cohort study, we used CFS to 
evaluate prestroke frailty in older stroke patients and assessed whether 
this tool provides additional prognostic value for stroke outcomes 
compared to prestroke disability measured by mRS. Since frailty offers a 
more comprehensive evaluation of patient resilience than disability 
alone, we hypothesized that prestroke CFS predicts stroke outcomes 
more accurately than prestroke mRS.

2. Methods

2.1. Study design

This is a retrospective observational study based on a single-center 
cohort of 4094 patients aged ≥65 years who, between January 2006 
and December 2018, were consecutively admitted to the Emergency 
Department (ED) of the Maggiore Hospital (Bologna, Italy) within 24 h 
after onset of ischemic stroke (IS) or primary intracerebral hemorrhage 
(ICH) and subsequently transferred to the local Stroke Unit (SU). Diag
nosis was based on clinical and neuroradiologic data. All patients had at 
least one head CT scan at ED admission. Stroke severity at admission was 
assessed using the National Institutes of Health Stroke Scale (NIHSS) 
[32]. Patients were managed according to standard stroke guidelines 
[33]. Reperfusion therapies were performed in 498 out of 3374 IS pa
tients (83.5 % intravenous thrombolysis using the fibrinolytic agent 
alteplase, 4.2 % endovascular thrombectomy, 12.2 % both) based on 
clinical judgment. Baseline demographic and clinical data were extrac
ted from medical records. Comorbidity was assessed using the Charlson 
Comorbidity Index (CCI) [34].

2.2. Prestroke mRS and CFS assessment

At ED admission, the stroke consultant on duty assessed mRS level 
(Table 1) in the preceding two weeks based on an unstructured direct 
interview with the patient and, whenever possible, with a knowledge
able proxy (relatives and usual carers). As mRS was directly extracted 
from the patient’s medical record, no inter-rater agreement measure 
could be calculated. Prestroke disability was defined as mRS ≥3 [11].

Prestroke frailty level according to CFS version 2.0 (Fig. 1) [35] was 
retrospectively assessed by two authors (P.F. and M.C.) based on any 
available information on premorbid mobility, function, cognition, and 
medical history as documented in the patient’s medical record. As it 
would happen in real clinical practice, CFS raters were not blind to mRS 
scores. Retrospective CFS scoring using information not primarily 
intended for this goal has been validated with good reliability and ac
curacy [36,37]. Interobserver agreement was good (weighted-kappa =
0.85) [38] and differences were solved by consensus after involving a 
third investigator (F.M.) Prestroke frailty was defined as CFS ≥4 [35]. 
Eight patients with CFS 9 were excluded from further analyses because 
this level identifies non-frail persons whose life expectancy is shorter 
than six months.

2.3. Outcomes

Prolonged admission was defined as length of SU stay >7 days [39]; 
patients who died in SU or were transferred to other hospital settings 
were not considered eligible for this outcome. As previously done [40], 
discharge destination was defined as “unfavorable” in the case of death 
in SU, discharge to long-term care facilities, or transfer to other acute 
hospital settings. The reference category included patients discharged 
home or to rehabilitation facilities. Patients already living in an insti
tution before stroke were not considered eligible for this outcome. A 
subgroup analysis focused only on discharge to long-term care versus 
rehabilitation facilities. For patients discharged alive from SU, all-cause 
mortality at 30 days and 1 year after stroke onset was ascertained from 
the Italian Regional Mortality Registry. In IS patients treated with 
reperfusion therapies, percentage improvement in NIHSS after treat
ment was calculated as ((admission NIHSS score minus discharge NIHSS 
score) × 100) / admission NIHSS score.

2.4. Statistical analysis

Data are reported as count (percentages) for categorical variables or 
median (25th–75th percentile) for continuous variables. Whenever 
feasible, CFS and mRS were treated as categorical ordinal variables to 
avoid assuming equal intervals between levels. Univariate comparisons 
were conducted using chi-square test or Kruskal-Wallis test, as appro
priate. Agreement between CFS and mRS was assessed using weighted 
kappa statistics [38]. As CFS and mRS assess related but not identical 
constructs [12,41], including both scales in the same statistical model 
would confound interpretation of their independent contributions. 
Therefore, associations between each scale and the study outcomes were 
evaluated using separate multivariable-adjusted models. For prolonged 
admission and unfavorable discharge, odds ratios (OR) and their 95 % 
confidence intervals (95 %CI) were estimated from logistic models. 
Hazard ratios (HR) and 95 %CI from Cox proportional hazards models 
were calculated for mortality outcomes. In models for the subgroup of IS 
patients in receiving reperfusion therapy, CFS and mRS were dichoto
mized (frail vs non-frail; independent vs disabled) because of limited 
sample size. In ANCOVA models assessing NIHSS improvement after 
reperfusion, both scales were analyzed as continuous.

All models were adjusted a priori for age, sex, CCI score, admission 
NIHSS, and admission year (to account for changes in stroke care and 
local protocols). In models for the whole cohort, stroke subtype and 
reperfusion therapy use were also included. Effect modification of CFS 
and mRS by confounders was systematically assessed; interactions were 
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considered significant for p-value <0.010.
For all models we calculated the Akaike Information Criterion (AIC) 

as an estimate of goodness-of-fit. When statistical models using different 
predictors for the same dependent variables are based on the same 
dataset, their AIC difference can be used to compare their overall pre
dictive value, because the lower AIC indicates the model with the best fit 
to the observed data [42]. Therefore, for each outcome we calculated 
AICmRS-CFS as AIC for the mRS model minus AIC for the corresponding 
CFS model. As models for the same outcome included the same cova
riates, a large positive AICmRS-CFS would indicate a greater predictive 
value for CFS than mRS when taking into account the set of confounders 
used in this study. There is no formal testing for AIC difference; however, 
following the rule of thumb outlined by Burhnam and Anderson [42], 
AICmRS-CFS can be interpreted as follows in terms of support for CFS over 
the corresponding mRS model: below − 2, none (with evidence that mRS 
model better); 0–2, none (no evidence that mRS model better); above 4, 
considerable; above 10, strong (essentially no support for mRS model). 
Noticeably, owing to the size of our cohort, we were able to estimate AIC 
directly from the maximum-likelihood of the models instead of using the 
generally recommended formula for second-order AIC, which allows to 
avoid biases in small samples but assumes a normal distribution [42]. 
Analyses were performed with R software version 3.5.3. Statistical sig
nificance for univariate tests was set at p < 0.050. For multivariable 
models, a more stringent threshold of p < 0.010 was applied, based on 

Bonferroni’s correction to account for multiple testing of each scale 
across different outcomes.

3. Results

3.1. Characteristics of the cohort

The final cohort included 4086 patients. Baseline features and inci
dence of outcomes are summarized in Table 2. Median patient age was 
81 years (25th–75th percentile, 75–87 years), 55.0 % were female, and 
82.6 % had IS (p-value 0.808 for difference among frail and non-frail 
patients). Among IS patients, cardioembolism was the most frequent 
etiology (35.2 %), followed by cryptogenic (33.4 %), small vessel oc
clusion (19.9 %), large artery atherosclerosis (9.9 %), multiple causes 
(1.0 %), and other causes (0.6 %). Overall prevalence of prestroke frailty 
was 41.6 % (12.2 % for CFS 7–8, severe frailty). As only twelve patients 
were classified as CFS 1 (“very fit”), in multivariable-adjusted analyses 
they were pooled with CSF 2 (“fit”) patients. Overall prevalence of 
prestroke disability according to mRS was 26.3 %. The number of 
eligible patients for outcomes was 3316 for prolonged admission, 3864 
for unfavorable discharge, and 2040 for discharge to long-term care vs 
rehabilitation facilities. Mortality during SU admission (n = 527) was 
9.7 % for IS and 28.1 % for ICH. Number of eligible patients was 3319 
for 30-day mortality and 3319 for 1-year mortality (64 patients lost at 

Table 1 
The modified Rankin Scale.

0. No symptoms.
1. No significant disability. Able to carry out all usual activities, despite some symptoms.
2. Slight disability. Able to look after own affairs without assistance, but unable to carry our all previous actitivities.
3. Moderate disability. Requires some help, but able to walk unassisted.
4. Moderately severe disability. Unable to attend to own bodily needs without assistance, and unable to walk unassisted.
5. Severe disability. Requires constant nursing care and attention, bedridden, incontinent.

Fig. 1. The Clinical Frailty Scale version 2.0. Printed with permission from copyright holder.
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follow-up).

3.2. Agreement between CFS and mRS

Prestroke frailty was identified in 21.3 % of those without prestroke 
disability. Prestroke disability was recorded only in 0.7 % of non-frail 
patients. As shown in Fig. 2, mRS levels 0 to 2 and CFS levels 1 to 3 
tended to overlap. Conversely, for CFS above 3, mRS levels were rather 
scattered, with some patients classified as totally independent according 
to mRS but moderately to severely frail according to CFS. Weighted 
kappa for the scales was 0.56, suggestive of only moderate agreement 

[38].

3.2.1. Multivariable-adjusted association with the study outcomes
Table 3 summarizes multivariable-adjusted results for the associa

tion of CFS and mRS with the study outcomes. Compared with mRS level 
0, risk of prolonged admission significantly increased for mRS level 2 
and then significantly decreased for levels 4 and 5. Compared with CFS 
levels 1–2, risk of prolonged admission was significantly increased for 
CFS level 4, but subsequently decreased with increasing CFS level and 
became significantly lower for levels 7 and 8. Both CFS and mRS were 
associated with unfavorable discharge and mortality outcomes, but the 
increase in effect size was more clearly progressive for CFS. Moreover, 
risk of all study outcomes tended to remain uniformly constant for CFS 
levels below 4 (non-frail patients). By contrast, for mRS levels below 3 
(independent patients), risk of poor outcomes was significantly 
increased for levels 1 and 2 compared to level 0.

According to AICmRS-CFS values (Fig. 3A), support for preferring the 
model including CFS over the corresponding mRS model was strong for 
all discharge-related outcomes but only considerable for 1-yr mortality 
and none for 30-day mortality. As the overall number of cases for 
mortality outcomes was scant, analyses were repeated dichotomized 
forms of the scales. HR (95 %CI) for 30-day mortality was 2.13 
(1.46–3.12) for frail vs non-frail patients and 1.86 (1.31–2.63) for 
dependent vs independent patients. Corresponding estimates for 1-year 
mortality were 1.93 (1.61–2.32) for frailty and 1.67 (1.40–1.99) for 
disability. The AIC difference for these models clearly favored frailty 
over disability for prediction of both 30-day and 1-year mortality 
(Fig. 3B). No association with in-SU mortality was found for either CFS 
(overall p-value = 0.176) or mRS (overall p-value = 0.591).

3.3. IS patients treated with reperfusion therapies

Patients treated with reperfusion therapies represented 14.8 % of all 
IS patients. Only 25.9 % of treated patients were frail compared to 44.5 
% of non-treated patients (adjusted-OR 0.61, 95 %CI 0.46–0.80). Among 
treated patients, overall prevalence of prestroke disability was 12 % but 
the proportion was much higher in frail (45.7 %) compared to non-frail 
patients (one case only, 0.3 %). Number of eligible treated patients was 
375 for prolonged discharge, 482 for unfavorable discharge, 205 for 
long-term care vs rehabilitation facilities, and 443 for one-year mortality 
(27 patients died in SU, 9 at 30 days, and 19 were lost at follow-up). 
Analyses for 30-day mortality were not performed because of the 
small number of cases.

Table 4 summarizes results from logistic and Cox multivariable- 
adjusted models for outcomes of treated IS patients. Neither mRS nor 
CFS was associated with prolonged admission or unfavorable discharge. 
Frailty was associated with discharge to long-term care versus rehabil
itation facilities and with 1-year mortality. Disability was associated 
only with 1-year mortality. AICmRS-CFS for this outcome was 14.853, 
suggesting strong evidence for CFS as a better predictor than mRS.

Among treated patients, admission NIHSS score was higher in frail 
(median (25-75th percentiles): 10 (6–18)) compared to non-frail pa
tients (8 (5–12); p-value = 0.008) and in disabled (11 (7–19)) compared 
to independent patients (7 (5–12), p-value <0.001). However, median 
percentage improvement in NIHSS after reperfusion therapy (data 
available for 468 patients) actually had a U-shaped relationship with 
CFS (Fig. 4, Panel A). A multivariable-adjusted ordinary least squares 
model using restricted cubic splines (3 knots) to model CFS as a 
continuous variable confirmed this association (overall p-value = 0.001) 
and the existence of a non-linear trend (p-value = 0.001). By contrast, no 
definite trend was observed for median percentage improvement in 
NIHSS across mRS levels (Fig. 4, Panel B). The corresponding 
multivariable-adjusted model found no evidence of association (p-value 
<0.200 for both overall and non-linear association). However, these 
results should be taken with caution because the multivariable-adjusted 
models used the scales as continuous variables and some levels included 

Table 2 
Characteristics of the cohort.

Characteristics All

Baseline ​
Number 4086
Age, yr 81 (75–87)
Female sex 2249 (55.0)

Prestroke modified Rankin Scale ​
0 2255 (55.2)
1 396 (9.7)
2 360 (8.8)
3 605 (14.8)
4 378 (9.3)
5 92 (2.3)

Clinical Frailty Scale ​
1 12 (0.0)
2 1864 (45.3)
3 521 (12.8)
4 289 (7.1)
5 216 (5.3)
6 698 (17.1)
7 324 (7.9)
8 174 (4.3)
Living in institution 222 (5.4)
Charlson Comorbidity Index 1 (0–2)

Stroke type ​
Ischemic stroke 3374 (82.3)
Intracerebral hemorrhage 712 (17.4)
Admission NIHSS score 7 (3–17)

Outcomes ​
Prolonged admission 1823 (55.0)
Unfavorable discharge 1356 (33.2)
Discharge to long-term care vs rehabilitation facilities 586 (28.7)
30-day mortality 176 (4.9)
1-year mortality 682 (20.5)

Data are reported as median (25-75th percentile) or number (percentage 
rounded to one decimal place). The number of patients eligible for each outcome 
may vary (see text).

Fig. 2. Mosaic plot showing the study patients stratified by levels of prestroke 
Clinical Frailty Scale (CFS, horizontal axis) and modified Rankin Scale (mRS, 
vertical axis). Column widths represent the number of observations at each CFS 
level; bar heights represent the distribution of mRS levels within each CFS level.
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very few subjects.

4. Discussion

This cohort study of older patients with acute stroke showed that 
prestroke frailty retrospectively assessed using CFS (version 2.0) was 
highly prevalent and may convey additional prognostic information 
compared with to prestroke disability assessed using mRS.

Previous studies of frailty occurrence in older stroke patients used 
very hereogeneous definitions of frailty, with estimates ranging from 2 
% to 68 % [15,16]. In two studies that employed CFS, frailty prevalence 
ranged between 38 % [27] and 54 % [25] in older IS patients. Both 
studies, however, used an earlier version of CFS in which the threshold 
for frailty was set at level 5 instead of level 4 [22].

In this study, stroke type was unrelated to frailty status. A large meta- 
analysis reported a higher prevalence of frailty in IS compared to ICH 
[15], but prevalence in ICH may have been underestimated because the 
available data for this stroke type primarily came from patients younger 
than 65 years.

In our cohort, higher CFS levels were associated with multiple out
comes related to discharge setting and mortality. These unfavorable 
associations can have several non-mutually exclusive explanations. 
First, acute stroke and frailty can exacerbate each other and trigger a 
self-propagating cycle [14]. Second, frailty can influence both physical 
and non-physical determinants of stroke recovery, including acute 
complications (particularly delirium and infections), malnutrition, post- 
stroke cognitive impairment, and effectiveness of rehabilitation and 
psychosocial interventions [14,18]. Higher CFS levels were also asso
ciated with shorter SU stay. However, due to our study design, we are 
unable to determine whether this association indicates that that frailest 
patients received suboptimal stroke care or were appropriately spared 
futile diagnostic and therapeutic procedures.

The main aim of this study was to assess the agreement between 

prestroke CSF and mRS and to compare their predictive ability for stroke 
outcomes. The strength of agreement between the scales was only 
moderate, with no clear dose-response pattern, confirming and 
expanding the limited available literature on this issue [14,16]. Ac
cording to the AICmRS-CFS criterion, prestroke CFS appeared to have 
greater predictive validity than prestroke mRS for all study outcomes in 
the whole cohort. Similar evidence was found for the prediction of 
discharge setting, one-year mortality, and NIHSS improvement in the 
subanalysis of IS patients receiving reperfusion therapy.

Evidence that assessing prestroke frailty can significantly add to the 
prognostic information provided by major stroke predictors - such as 
age, stroke severity, and prestroke mRS - is still limited. In a metanalysis 
of 14 stroke studies, frailty was found to be associated with longer 
hospital stay, poor functional outcome, discharge destination, and long- 
term mortality [16]. However, the authors of the meta-analysis 
emphasized the low number of eligible studies for individual out
comes, as well as the considerable heterogeneity of the tools employed 
for frailty identification (only one study used CFS [25]).

Only four previous studies tested CFS as an outcome predictor in 
treated IS patients. Three of these used an earlier version of the scale 
defining frailty as CFS ≥ 5 [22], and none specifically compared CFS 
with prestroke mRS as predictors. In a study of 433 IS patients aged ≥75 
years [25], CFS had no significant correlation with mRS but was asso
ciated with 28-day mortality in the main cohort and with NIHSS 
improvement after 24 h in 63 patients undergoing reperfusion therapy. 
In another study of 472 IS older patients [27], CFS was weakly corre
lated with mRS and predicted 28-day and one-year mortality but did not 
predict either discharge setting in the main cohort or NIHSS improve
ment in 178 patients treated with intravenous thrombolysis. Two other 
studies assessing the prognostic ability of CFS focused on IS older pa
tients without prestroke disability who underwent mechanical throm
bectomy. In 159 patients aged ≥80 years, frailty - defined according to 
the earlier CFS version - was associated with poor functional outcome at 

Table 3 
Multivariable-adjusted analyses for association of prestroke mRS and CFS with the study outcomes.

Prolonged admission Unfavorable discharge Long-term care vs 
rehabilitation facilites

30-day mortality 1-year mortality

N (%) OR (95 %CI) N (%) OR (95 %CI) N (%) OR (95 %CI) N (%) HR (95 %CI) N (%) HR (95 %CI)

mRS ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
0 1006 

(53.7)
Ref. 543 

(24.1)
Ref. 163 

(15.4)
Ref. 39 (1.9) Ref. 217 

(11.1)
Ref.

1 188 (58.9) 1.18 
(0.88–1.59)

127 
(32.5)

1.08 (0.82–1.43) 52 (24.2) 1.19 (0.80–1.76) 18 (5.3) 1.94 
(1.10–3.43)

70 (22.4) 1.40 
(1.06–1.85)

2 174 (59.6) 1.40 
(1.03–1.90)

127 
(36.6)

1.37 (1.03–1.83) 64 (30.6) 1.73 (1.18–2.54) 17 (5.4) 1.97 
(1.10–3.54)

76 (25.9) 1.68 
(1.28–2.20)

3 281 (59.2) 0.95 
(0.72–1.24)

253 
(46.3)

1.37 (1.07–1.76) 158 
(44.8)

2.02 (1.48–2.78) 52 
(10.5)

2.43 
(1.53–3.84)

172 
(39.4)

2.05 
(1.64–2.56)

4 152 (52.1) 0.51 
(0.37–0.71)

159 
(57.4)

2.06 (1.50–2.84) 116 
(67.8)

5.60 (3.67–8.54) 38 
(12.7)

2.89 
(0.03–1.49)

113 
(44.1)

2.04 
(1.58–2.64)

5 22 (33.8) 0.09 
(0.05–0.19)

45 (86.5) 7.08 
(2.94–17.04)

33 (91.7) 15.58 
(4.40–22.23)

12 
(17.4)

2.14 
(1.03–4.45)

34 (60.7) 1.84 
(1.22–2.77)

CFS ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
1–2 852 (54.9) Ref. 425 

(22.8)
Ref. 117 

(13.6)
Ref. 31 (1.8) Ref. 174 

(10.7)
Ref.

3 210 (49.6) 0.97 
(0.74–1.26)

148 
(28.6)

1.22 (0.94–1.59) 51 (19.5) 1.28 (0.85–1.92) 15 (3.2) 1.38 
(0.74–2.59)

62 (14.0) 1.05 
(0.78–1.41)

4 145 (62.2) 1.69 
(1.21–2.37)

81 (28.7) 1.21 (0.87–1.69) 38 (23.0) 1.70 (1.07–2.70) 12 (4.6) 2.08 
(1.06–4.11)

50 (20.6) 1.51 
(1.09–2.09)

5 111 (61.7) 1.34 
(0.91–1.97)

80 (39.2) 1.57 (1.10–2.24) 47 (36.2) 2.39 (1.51–3.77) 12 (6.2) 2.03 
(1.02–4.03)

54 (30.5) 1.98 
(1.44–2.71)

6 327 (60.0) 1.12 
(0.86–1.46)

295 
(45.6)

1.68 (1.31–2.14) 174 
(42.9)

2.38 (1.71–3.30) 52 (9.1) 2.25 
(1.38–6.67)

193 
(37.8)

2.13 
(1.70–2.70)

7 132 (54.3) 0.59 
(0.41–0.84)

144 
(56.7)

2.29 (1.62–3.22) 92 (63.4) 5.81 (3.67–9.18) 31 
(12.4)

3.29 
(1.35–1.60)

83 (38.6) 1.99 
(1.48–2.66)

8 46 (35.9) 0.15 
(0.09–0.24)

81 (81.8) 6.42 
(3.56–11.60)

67 (90.5) 26.14 
(10.76–63.51)

23 
(17.3)

2.66 
(1.42–4.97)

66 (61.7) 2.23 
(1.60–3.11)

mRS, modified Rankin Scale, CFS Clinical Frailty Score, N (%) number of cases (percentage), OR odds ratio, CI confidence interval, HR, hazard ratio.
All models included age, sex, Charlson Comorbidity Index score, admission NIHSS, admission year, stroke subtype, and use of reperfusion therapies.
Bold font denote statistical significance at the p < 0.010 level (Bonferroni’s correction for multiple testing).
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three months and 1-year mortality [29]. In 198 patients aged ≥70 years, 
CFS version 2.0 had low agreement with prestroke mRS and frailty 
(defined as CFS ≥ 4) was associated with mRS at 90 days but not with 
length of hospital stay [28].

Our data on CFS as a predictor of long-term mortality in treated IS 
patients agree with a meta-analysis of nine studies using different defi
nitions of frailty [17]. The U-shaped association observed in our inves
tigation between CFS and NIHSS improvement after reperfusion therapy 
is of particular interest, as only two previous studies examined this issue 
and reported contrasting results [25,27]. While it is reasonable to expect 

that individuals with mild-to-moderate frailty are more susceptible to 
acute ischemic damage, the potential for neurologic improvement in 
patients with severe frailty may seem counterintuitive. However, some 
explanations can be proposed. First, in patients with severe frailty, pre- 
existing motor and cognitive impairments may interfere with reliable 
estimation of neurological impairment at hospital admission [18], 
particularly when using the NIHSS, which is not designed to distinguish 
prestroke from acute deficits [32]. Second, independent of the actual 
brain damage, patients with severe frailty may present with greater 
neurological severity at IS onset due to lower brain reserve, concurrent 

Fig. 3. Difference in Akaike Information Criterion (AIC) between logistic or Cox models including modified Rankin Scale (mRS) and the corresponding models 
including Clinical Frailty Scale (CFS) (Panel A) or frailty and disability (Panel B) for prediction of the study outcomes. All models were adjusted for age, sex, Charlson 
Comorbidity Index score, admission NIHSS, admission year, stroke subtype, and use of reperfusion therapies. The legend for interpreting AIC differences is based on 
Burhnam and Anderson [42].

Table 4 
Multivariable-adjusted analyses for association of prestroke disability and frailty with the study outcomes in IS patients undergoing reperfusion therapies.

Prolonged admission Unfavorable discharge Long-term care vs 
rehabilitation facilites

1-year mortality

N (%) OR (95 %CI) N (%) OR (95 %CI) N (%) OR (95 %CI) N (%) HR (95 %CI)

Disability ​ ​ ​ ​ ​ ​ ​ ​
No 115 (35.0) Ref. 130 (30.0) Ref. 25 (14.5) Ref. 25 (6.3) Ref.
Yes

23 (50.0)
1.31 (0.61–2.83)

21 (42.9)
0.89 (0.42–1.86)

14 (43.8)
1.56 (0.48–5.04) 16 (34.8) 3.02 (1.51–6.05)

Frailty ​ ​ ​ ​ ​ ​ ​ ​
No 97 (34.9) Ref. 103 (27.9) Ref. 12 (8.6) Ref. 10 (3.0) Ref.
Yes 41 (42.3) 1.22 (0.63–2.35)

48 (42.5)
1.22 (0.69–2.15) 27 (40.9) 3.46 (1.13–10.62) 35 (28.4) 7.19 (3.13–16.51)

mRS, modified Rankin Scale, CFS Clinical Frailty Score, N (%) number of cases (percentage), OR odds ratio, CI confidence interval, HR, hazard ratio.
All models included age, sex, Charlson Comorbidity Index score, admission NIHSS, and admission year.
Bold font denote statistical significance at the p < 0.010 level (Bonferroni’s correction for multiple testing).
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confusional states, and confounding from comorbidities [43–45].
The main strength of this study is the use of CFS (version 2.0) for 

frailty assessment in a large elderly cohort drawn from a “real world” 
pool of consecutive, unselected stroke admissions. A second strength is 
the cohort size, which exceeds that of previous comparable studies.

This study has also several limitations. First, the retrospective design 
does not allow casual relationships to be established. Second, a single- 
center cohort limits the generalizability of results. Third, although the 
AIC difference is a weel-esttablished tool for statistical model selection, 
only general rules exist for interpreting its values [46]. Fourth, prestroke 
mRS was scored by multiple observer at the time of ED admission while 
CFS was scored post hoc by two raters with similar background, who 
were not subject to the time pressure often present during hyperacute 
stroke management. Moreover, since CFS scoring was based on infor
mation from the entire medical record, some data may not have been 
available when prestroke mRS was assessed. This discrepancy may also 
occur in real practice, thus limiting the usefulness of CFS for informing 
medical decisions in the hyperacute phase of stroke. Fifth, the decision 
to perform reperfusion treatments in IS patients was based on clinical 
judgment. This limits the generalizability of the study findings, and no 
conclusion can be drawn about the efficacy and safety of reperfusion 
procedures in our cohort. Sixth, this study did not examine common age- 
related stroke in-hospital complications such as delirium, which is 
known to be associated with both frailty and prestroke disability [47]. 
Unfortunately, the medical records of our cohort did not contain reliable 
information for retrospective assessment of delirium, which remains 
largely underdetected and underreported due to the challenges posed by 
confounding comorbidities (including acute stroke itself), the fluctu
ating nature of this condition, the possibility of hypoactive pre
sentations, and organizational constraints limiting adherence to 
detection protocols [48]. Additionally, we lack information about death 
causes, post-discharge functional outcome, and other relevant post- 
acute stroke complications such as risk of falls, depression and cogni
tive impairment. Finally, important confounders may have been 
omitted.

In conclusion, our data suggest that prestroke frailty assessed using 

CFS is frequent among older patients with acute stroke and may provide 
additional prognostic information compared to prestroke disability 
assessed using mRS. Because of its many limitations, our study does not 
provide evidence strong enough to have an innovative, practical impact 
on stroke management. All the same, we believe that our work may be 
important in promoting further investigation about the usefulness of 
frailty assessment in the stroke setting and the usefulness of CFS as an 
adjoint to other established stroke scales.
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