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a b s t r a c t

Objective: Frailty is a common geriatric syndrome defined as multiple deficits, impairing the capacity to
figure out insult. Previous studies have reported a significant association between frailty and mortality in
stroke patients. This study aimed to explore the association between frailty and mortality among older
Chinese stroke patients.
Methods: This study was a secondary analysis of a multicenter prospective cohort study conducted in
older Chinese inpatients from October 2018 to February 2020, and patients with a primary diagnosis of
stroke including hemorrhage and ischemia, were included in our study. Frailty of older inpatients with
stroke from six hospitals was measured by the FRAIL scale, and a one-year follow-up was performed by
well-trained nurses of these hospitals via telephone. Multivariable logistic regression was used to detect
the association between frailty and one-year mortality.
Results: A total of 530 stroke patients with an average age of 72.94 (SD ¼ 5.79) years were included in the
present study. There were 37 (7.0%) hemorrhagic strokes and 493 (93.0%) ischemic strokes, with 228
(43.0%) females in this population. The prevalence of frailty was 22.5%. In the logistic regression model
with adjustment for age, sex, instrumental activities of daily living (IADL), basic activities of daily living
(ADL), education, history of falls, BMI, smoking, alcohol consumption, low handgrip strength, type of
stroke and polypharmacy, stroke patients with frailty had an increased risk of one-year mortality
compared to those without frailty (OR ¼ 3.38, 95% CI: 1.22e9.37, P ¼ 0.019).
Conclusion: Our study indicated that frailty was an independent risk factor for one-year all-cause mor-
tality among older stroke patients in China. Frailty may be an essential factor for clinicians to consider
before making a comprehensive treatment, and corresponding mixed interventions, including exercise
training and nutritional programs, need to be conducted among older stroke patients.
© 2022 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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comprehensive stroke prevention to improve the clinical out-
comes for stroke survival.
1. Introduction

Stroke is one of the most common diseases worldwide and has
become the second leading cause of death and the third leading
cause of disability [1]. In a study of global disease burden in 2019,
the authors reported that one in four individuals would experience
a stroke during their lifetime. An estimated 9.6 million ischemic
strokes and 4.1 million hemorrhagic strokes occur globally each
year [2]. As societies age, the burden of stroke will become a
massive challenge for the healthcare and social service system. In
addition, a previous study indicated that the rate of mortality was
higher among older stroke survivors [3]. Therefore, identifying and
managing the risk of mortality among older patients with stroke is
very important. Several clinical factors, such as age, stroke severity,
ischemic heart disease, and comorbidities, are associated with a
higher risk of mortality [4e6]. However, studies exploring pre-
stroke characteristics and mortality are scarce.

Frailty is a common geriatric syndrome defined by decreased
reserve and lower functional ability due to cumulative multisystem
decline, leading to increased adverse outcomes when suffering
from stressors [7,8]. Frailty has been reported to be associated with
the risk of falls, fractures, disability, and even mortality among
community-dwelling older adults or nursing home residents
[9e11]. As stroke is a severe stressor, it is rational to explore the
association between frailty and mortality among stroke survivors.
Winovich et al. examined the risk factors associated with ischemic
stroke survival and found that frailty was an independent risk
factor for shorter survival [12]. Recently, several studies have
investigated the association between frailty and mortality among
patients with stroke [13e15].

In a study in 2020 [15], the authors reported that clinical frailty
was an independent risk factor for 28-day mortality among pa-
tients with ischemic stroke (for a one-point increase in the Clinical
Frailty Scale, OR ¼ 1.03, 95% CI: 1.01e1.05, P < 0.01). Another study
[14] from the USA focusing on 240 patients with intracerebral
hemorrhage found that frailty, measured by the frailty index, was
not associated with a high risk of mortality (P ¼ 0.12). However,
these studies usually had a relatively short-term follow-up, and the
results were inconsistent; therefore, it is imperative to conduct
studies with long-term follow-up to investigate the association
between frailty and mortality. Our study aimed to examine the
association between frailty, measured by the frailty scale, and all-
cause mortality among Chinese patients with stroke using a one-
year follow-up cohort study. We hypothesize that stroke patients
with frailty have an increased risk of mortality compared to those
without frailty.

2. Methods

2.1. Study design and participants

Our study was a secondary analysis derived from a large-scale
cohort study on the prevalence of frailty and related factors
among older Chinese inpatients from six tertiary hospitals. The
original inclusion criteria were as follows: 1) older adults aged 65
years or older and 2) voluntary participation in this study and
provided informed consent. Participants who were unconscious
and their companions could not provide useful information about
the survey were excluded. The detailed study design and sample
methods were published [16], and it was registered in the Chinese
Clinical Trial Registry (ChiCTR1800017682). Briefly, the designer
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adopted a two-stage cluster sample method with random sam-
pling. First, we randomly selected six provinces or municipalities
from each region according to China’s administrative region from
October 2018 to February 2019. Then, six tertiary hospitals were
confirmed by using the same random sampling from those regions.
A total of 633 stroke patients were enrolled in the baseline survey.
The stroke diagnosis was based on the guidelines for Diagnosis and
Treatment of Stroke in China 2014 with history, physical exami-
nation, and computed tomography (CT) scans. The inclusion criteria
were 1) abrupt onset of focal neurologic deficits with clinical
symptoms; 2) head CT scans showing hemorrhage or early signs of
infarction. The causes of stroke included ischemic stroke, transient
ischemic attack, intracerebral hemorrhage, and subarachnoid
hemorrhage in our study. We combined ischemic stroke and tran-
sient ischemic attack as ischemic stroke; intracerebral hemorrhage
and subarachnoid hemorrhage were considered hemorrhagic
stroke. The patients were followed up by well-trained nurses via
telephone, and 103 patients were lost to follow-up one year after
the beginning of enrollment.

2.2. Frailty assessment

Well-trained registered nurses from six selected hospital wards
evaluated frailty of the stoke patients with the FRAIL scale within
48 h after hospital admission. The FRAIL scale examined five as-
pects of patients (illness, loss of weight, fatigue, resistance, and
ambulation). The total score ranged from 0 to 5, classifying frailty
(3e5), prefrail (1e2), and robust (0). This FRAIL scale has been
validated in older Chinese adults [17]. In our study, prefrailty and
robustness were considered non-frailty, and those with 3 points
and more indicated frailty.

2.3. Study outcomes

The nurses contacted the patients via telephone for follow-up
one year after enrollment, from October 2019 to February 2020.
Data about one-year all-cause mortality was collected.

2.4. Covariates

Nurses collected data on demographic characteristics, including
age, sex, level of education (illiterate, primary school, middle
school, and university), and lifestyle factors (smoking, alcohol
consumption), via a questionnaire. Investigators also used a cali-
brated instrument following standard procedures to measure
weight, height, and handgrip strength. The handgrip strength was
tested for the dominant hand, and the maximum value was
recorded during two measurements. Low handgrip strength was
defined by a cutoff value of <28 kg for males or <18 kg for females
[18]. Additionally, we collected the number of medications at
hospital admission and defined polypharmacy as patients who took
five or more drugs daily [19]. History of falls and nutritional status
were assessed. Nutritional status was evaluated by the Mini-
Nutritional Assessment-Short Form and classified into three
groups (12e14 indicating normal nutritional status; 8e11 indi-
cating at risk of malnutrition; 0e7 indicating malnourished) [20].
Basic activities of daily living (ADL) and instrumental activities of
daily living (IADL) were assessed for the functional ability of pa-
tients [21,22]. All covariates were collected within 48 h after hos-
pital admission.

2.5. Statistical analysis

Descriptive data analysis was used to display continuous vari-
ables with Mean ± SD and categorical variables with frequency (%).
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Chi-square test and Student’s t-test were used to compare the
difference between two groups (frail versus nonfrail; survivors
versus deceased). In addition, we used multivariate logistic
regression to identify the independent effect of frailty on one-year
mortality of older stroke patients. Finally, we performed stratified
analysis based on age group, sex, polypharmacy, low handgrip
strength and diagnosis. We used SAS (version 9.4) for all the sta-
tistical analyses. A two-sided P-value of <0.05 was considered to
indicate a statistically significant difference.
3. Results

3.1. Baseline characteristics of all participants

A total of 37 (7.0%) hemorrhagic strokes and 493 (93.0%)
ischemic strokes were included in our study. The patients’ average
age was 72.94 (SD ¼ 5.79) years, with 228 (43.0%) females and 302
(57.0%) males. Among the total patients, the one-year all-cause
mortality rate was 5.1%, with 119 (22.5%) categorized as frail and
411 (77.5%) as nonfrail. Baseline characteristics of all participants
are shown in Table 1.
Table 1
Baseline characteristics of 530 older patients with stroke.

Variables Mean ± SD/n (%)

Age (years) 72.94 ± 5.79
65e74 358 (67.5)
>74 172 (32.4)

Sex
Female 228 (43.0)
Male 302 (57.0)

Education
Illiterate 120 (22.6)
Primary school 152 (28.7)
Middle school 194 (36.6)
University 64 (12.1)

Drinking
Never 388 (73.2)
Current 89 (16.8)
Quit 53 (10.0)

Smoking
Never smoking 333 (62.8)
Current smoking 95 (17.9)
Former smoker 102 (19.2)

ADL independence score 77.84 ± 26.19
BMI (kg/m2) 23.96 ± 3.27
IADL independence score 5.99 ± 2.51
Diagnose
Hemorrhagic stroke 37 (7.0)
Ischemic stroke 493 (93.0)

Frailty
No 411 (77.5)
Yes 119 (22.5)

History of falls
No 400 (75.5)
Yes 130 (24.5)

Polypharmacy
No 312 (58.9)
Yes 218 (41.1)

Low handgrip strength
Yes 366 (69.0)
No 164 (31.0)

MNA-SF
Normal 260 (49.0)
At risk of malnutrition 221 (41.8)
Malnutrition 49 (9.2)

One-year mortality
No 503 (94.9)
Yes 27 (5.1)

Note: ADL¼ basic activities of daily living. IADL¼ instrumental activities of
daily living. MNA-SF ¼ Mini-Nutritional Assessment-Short Form.

164
3.2. Baseline characteristics of frail and nonfrail patients

The average ages and gender of frail and nonfrail patients were
similar, see Table 2. Stroke patients with frail had lower average
ADL and IADL scores, and a higher rate of one-year all-cause mor-
tality than nonfrail patients (all P < 0.05). There was no significant
difference between frail and nonfrail patients in terms of BMI, ed-
ucation, diagnosis, smoking, drinking, or history of falls and poly-
pharmacy, as shown in Table 2.
3.3. Univariate analysis

Stroke patients with frailty had a higher rate of one-year mor-
tality than those without frailty (P<0.001). Generally, patients who
died were more likely to have lower IADL and ADL scores than
stroke survivors. In addition, stroke patients with malnutrition had
a higher risk of one-year mortality than those with normal nutri-
tion. The rate of one-year all-cause mortality in patients with
hemorrhagic stroke was higher than that in patients with ischemic
stroke. Other variables, such as education, sex, smoking, alcohol
Table 2
Comparison of baseline characteristics between stroke patients with and without
frailty.

Characteristics Frail t/c2 P

No (n ¼ 411) Yes (n ¼ 119)

Age (years) 72.73 ± 5.67 73.69 ± 6.14 �1.607 0.109
Sex 0.062 0.802
Female 178 (43.3) 50 (42.0)
Male 233 (56.7) 69 (58.0)

Age 2.693 0.101
65e74 285 (69.3) 73 (61.3)
>74 126 (30.7) 46 (38.7)

Education 17.888 <0.001
Illiterate 80 (19.5) 40 (33.6)
Primary school 114 (27.7) 38 (31.9)
Middle school 168 (40.9) 26 (21.9)
University 49 (11.9) 15 (12.6)

Drinking 0.109 0.110
Never 301 (73.2) 87 (73.1)
Current 74 (18.0) 15 (12.6)
Quit 36 (8.8) 17 (14.3)

Smoking 0.944 0.624
Never smoking 257 (62.6) 76 (63.9)
Current smoking 77 (18.7) 18 (15.1)
Former smoker 77 (18.7) 25 (21.0)

BMI (kg/m2) 24.09 ± 3.15 23.53 ± 3.64 1.602 0.110
ADL independence score 82.46 ± 23.31 61.89 ± 29.24 7.979 <0.001
IADL independence score 6.55 ± 2.09 4.05 ± 2.85 10.536 <0.001
Diagnose 0.478 0.489
Hemorrhagic stroke 27 (6.6) 10 (8.4)
Ischemic stroke 384 (93.4) 109 (91.6)

History of falls 0.850 0.356
No 314 (76.4) 86 (72.3)
Yes 97 (23.6) 33 (27.7)

Polypharmacy 0.049 0.824
No 243 (59.1) 69 (58.0)
Yes 168 (40.9) 50 (42.0)

Low handgrip strength 9.689 0.002
Yes 270 (65.7) 96 (80.7)
No 141 (34.3) 23 (19.3)

MNA-SF 62.334 <0.001
Normal 232 (56.4) 28 (23.5)
At risk of malnutrition 159 (38.7) 62 (52.1)
Malnutrition 20 (4.9) 29 (24.4)

One-year mortality 6.604 <0.001
No 398 (96.8) 105 (88.2)
Yes 13 (3.2) 14 (11.8)

Note: Data are Mean ± SD or n (%). ADL ¼ basic activities of daily living.
IADL ¼ instrumental activities of daily living. MNA-SF ¼ Mini-Nutritional
Assessment-Short Form.



Table 4
Association of older stroke patients’ frailty during hospitalization with their one-
year mortality in unadjusted and adjusted logistic regression analysis.

Model OR (95%CI) P

Model 1 4.08 (1.86, 8.95) <0.001
Model 2 3.57 (1.04, 12.28) 0.043
Model 3 3.38 (1.22, 9.37) 0.019

Note：Model 1: none adjusted. Model 2: age, sex, education adjusted. Model 3: age,
sex, ADL, IADL, education, history of falls, BMI, smoking, alcohol consumption, low
handgrip strength, polypharmacy, and type of stroke adjusted. ADL¼ basic activities
of daily living. IADL ¼ instrumental activities of daily living.
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consumption, history of falls, polypharmacy, and low handgrip
strength, were not different between these two groups (survivors
and deceased), as shown in Table 3.

3.4. The association between frailty and one-year all-cause
mortality

Table 4 displays three logistic regression models. In Model 1
without any adjustment for covariates, the OR of frailty for one-year
all-cause mortality among stroke patients was 4.08 (95% CI:
1.86e8.95, P ＜0.001). Finally, after fully adjustment for variables
such as age, sex, IADL, ADL, education, history of falls, BMI, smoking,
alcohol consumption, low handgrip strength, polypharmacy and
type of stroke, the association between frailty and one-year all-
cause mortality still existed among patients with stroke, with an OR
of 3.38 (95% CI: 1.22e9.37, P¼ 0.019). Subgroup analysis in terms of
age, sex, low handgrip strength, diagnosis, and polypharmacy
showed that these associations between frailty and one-year all-
cause mortality were unchanged (Fig. 1).

4. Discussion

Our study found that stroke patients with preexisting frailty
defined by the FRAIL scale had an increased risk of one-year mor-
tality compared to those without frailty. This risk was independent
of confounding variables such as ADL, IADL, low handgrip strength
Table 3
Comparison of baseline characteristics between stroke patients with different outcomes

Characteristics Survivors (n ¼ 503)

Age (years) 72.81 ± 5.72
Sex
Female 217 (43.1)
Male 286 (56.9)

Drinking
Never 363 (72.2)
Current 87 (17.3)
Quit 53 (10.5)

Smoking
Never smoking 317 (63.0)
Current smoking 87 (17.3)
Former smoker 99 (19.7)

ADL independence score 86.29 ± 20.50
BMI (kg/m2) 24.03 ± 3.26
IADL independence score 6.08 ± 2.47
Diagnose
Hemorrhagic stroke 32 (6.4)
Ischemic stroke 471 (93.6)

History of falls
No 382 (75.9)
Yes 121 (24.1)

Education
Illiterate 112 (22.3)
Primary school 144 (28.6)
Middle school 184 (36.6)
University 63 (12.5)

Polypharmacy
No 292 (58.0)
Yes 211 (42.0)

Low handgrip strength
Yes 343 (68.2)
No 160 (31.8)

MNA-SF
Normal 255 (50.7)
At risk of malnutrition 203 (40.4)
Malnutrition 45 (8.9)

Frailty
No 398 (79.1)
Yes 105 (20.9)

Note: Data are Mean ± SD or n (%). ADL ¼ basic activities of daily living. IADL ¼ instrume
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and polypharmacy. Our study suggests that frailty can be an inde-
pendent risk factor for one-year mortality, indicating that clinicians
or nurses should screen frailty early and conduct corresponding
interventions, including physical activity and appropriate nutri-
tional programs for stroke patients.
4.1. Comparison with other previous studies

The prevalence of frailty among stroke patients was 22.5%,
which was lower than the earlier study by Evans et al. [15] that
reported the prevalence of frailty among patients with ischemic
stroke was 54.04%. The main reason for this divergence may be the
age, and the average age of 72.73 years in our study was younger
than that in an earlier study (median age of 83 years in nonfrail
.

Deceased (n ¼ 27) t/c2 P

75.38 ± 6.50 �2.251 0.032
0.062 0.806

11 (40.7)
16 (59.3)

5.797 0.055
25 (92.6)
2 (7.4)
0 (0.0)

3.210 0.201
16 (59.3)
8 (29.6)
3 (11.1)
77.38 ± 26.3 3.403 0.004
22.57 ± 3.22 2.148 0.028
4.26 ± 2.65 3.728 <0.001

5.831 0.016
5 (18.5)
22 (81.5)

1.191 0.275
18 (66.7)
9 (33.3)

2.275 0.517
8 (29.6)
8 (29.6)
10 (37.0)
1 (3.7)

2.716 0.099
20 (74.1)
7 (25.9)

3.463 0.063
23 (85.2)
4 (14.8)

10.616 0.005
5 (18.5)
18 (66.7)
4 (14.8)

14.122 <0.001
13 (48.1)
14 (51.9)

ntal activities of daily living. MNA-SF ¼ Mini-Nutritional Assessment-Short Form.



Fig. 1. Subgroup analysis for the association between frailty and one-year all-cause mortality among stroke patients.
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patients and 87 years in frail patients). The older the patient is, the
higher the risk of frailty. A previous study found that the prevalence
of frailty was 12% (95% CI: 11%e14%) among the 60e69 age group
but 31% (95% CI: 29%e34%) in the 80e89 age group [23]. Apart from
age, other factors, such as measurement tools for frailty [24] and
severity of illness, can also influence prevalence reports.

Several studies have explored the impact of frailty on mortality.
In a study in 2017 including 717 individuals with incident ischemic
stroke, the authors found that frailty was associated with shorter
survival, which was consistent with our results [12]. Our finding
extends a recent study that also found that frailty was an inde-
pendent risk factor for 28-day mortality compared to stroke pa-
tients without frailty [15]. Although our study obtained similar
results, there were some differences. Our study included two types
of stroke (hemorrhagic stroke and ischemic stroke), whereas both
of these studies focused only on ischemic stroke. A previous study
found that the rate of hemorrhagic stroke was higher than that of
ischemic stroke [25]. In addition, our study had a long-term follow-
up with further evidence. In contrast, Kim et al. found that patients
of spontaneous intracerebral hemorrhage with frailty, as measured
by the modified Frailty Index, did not have an increased risk of
mortality than those without frailty [14]. The main reason sus-
pected by the authors was that physicians were more likely to
choose more severe patients for frailty assessment, leading to a
selective patient bias. However, Imaoka et al. conducted a study
including 156 patients with spontaneous intracerebral hemorrhage
and found that each one-point increase in the modified Frailty In-
dex led to an approximately 2-fold risk of mortality (OR ¼ 1.97, 95%
CI: 1.34e2.90) in multivariate analysis models [13]. Although our
study reported a statistically significant association between frailty
and one-year mortality among stroke patients, more research with
a large sample size covering different types of stroke investigating
the impact of frailty on adverse outcomes, such as mortality, will be
warranted in the future.

4.2. Potential mechanism for the association between frailty and
mortality

The mechanism between frailty and mortality among stroke
patients is unclear. Several reasons could explain these associa-
tions. First, frailty was a syndrome indicating poor functional ability
and accumulated deficits of multiple systems, which was
confirmed to increase the risk of mortality by a great body of
different populations and settings [10,26]. Older adults experienced
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stroke accidents, and either hemorrhagic stroke or ischemic stroke
was a huge stressor, aggravating the negative impact of frailty on
patients and eventually likely increasing the risk of mortality.
Second, for frail patients, due to the decreased physiological
reserve, stroke patients who experience frailty might be insuffi-
cient to endure invasive medical procedures such as surgery, me-
chanical ventilation and medication in the acute disease stage,
leading to a higher risk of mortality. Third, at the chronic and
rehabilitation stages, stroke patients usually have disability [27]
and dysphagia [28], resulting in long-term inactivity and a risk of
malnutrition [29] and therefore exacerbating the situation of frailty.
Stroke patients with frailty might develop a vicious circle of frailty
coexisting with inactivity and malnutrition and eventually
contribute to unfavorable outcomes such as mortality and severe
disability. Given the complexity between frailty and mortality,
more studies related to the pathomechanism of this vital issue need
to be conducted.

4.3. Implication for clinical nursing

This finding indicated that clinicians could assess the risk of
mortality for patients with stroke and identify stroke patients who
need more special clinical attention. In addition, early frailty
screening could help clinicians implement comprehensive treat-
ment by considering the benefit and risk in the clinical decision
process with the family. Moreover, for surviving patients after the
acute disease stage of stroke, screening frailty could help clinicians
and family members make an appropriate rehabilitation program
and intervention program for exercise and nutrition. A previous
study suggested that a combination of exercise training and
nutritional intervention with branched-chain amino acid im-
provements can effectively improve leg press strength and the Berg
balance scale score among poststroke patients [30].

4.4. Strengths and limitations

Our study possesses some strengths and limitations. First, the
sample size in our study was not large, especially for the number of
hemorrhagic strokes (n ¼ 37), failing to make a conclusive result
based on subgroup analysis of diagnosis. Second, our study did not
calculate comorbidity and stroke severity associated with mortal-
ity, which might underestimate or overestimate the impact of
frailty on one-year all-cause mortality. Third, the well-trained
nurses in charge of telephone follow-up of one-year mortality did
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not collect the reason for death; therefore, we cannot perform a
subgroup analysis based on the type of reason for mortality. Fourth,
we did not collect the treatment for stroke patients, such as
thrombolysis and surgery operations, which may lead to over-
estimated or underestimated results. However, our study possesses
some merits. First, our study was a prospective multicenter cohort
study with long-term follow-up (one-year mortality) and a larger
sample size than previous studies, which helped to better explore
the association between frailty and mortality. Second, compared to
prior studies, our study controlled for several potential confound-
ing factors (age, ADL, IADL, low handgrip strength and poly-
pharmacy), which were closely related to adverse outcomes. Third,
to the best of our knowledge, this was the first study focusing on
ischemic and hemorrhagic stroke in China to explore the associa-
tion between frailty and one-year mortality. We believe that our
findings add new evidence for this field.
5. Conclusion

Our findings clearly suggest that frailty is an independent risk
factor for one-year mortality among older patients with stroke.
Early screening frailty among stroke patients at hospital admission
is very important, and corresponding interventions should also be
implemented to reduce the rate of mortality among older stroke
patients.
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