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Frailty affects the health outcomes of stroke patients. Timely identification of 
the progression of frailty in stroke patients and intervention play a crucial role 
in prognosis. This article reviews domestic and international literature on frailty 
interventions for stroke patients, focusing on the definition of stroke combined 
with frailty, frailty staging, and the effects of exercise, nutritional, cognitive, and 
psychosocial interventions, and medication management on the prognosis of 
stroke. The aim is to provide a reference for improving the prognosis of stroke 
patients with frailty.

KEYWORDS

frail, stroke, intervention, review, exercise, nutrition

1 Introduction

Stroke, commonly known as cerebrovascular accident, refers to a group of brain diseases 
caused by circulatory disorders leading to sudden localized or diffuse neurological deficits (1). 
Stroke has become the second leading cause of mortality in rural residents and the third in urban 
residents in China. In China, there are over 2 million new stroke cases annually, with the highest 
disability-adjusted life years (DALYs) among all diseases (2). Research indicates that stroke 
accelerates the progression of frailty, which in turn significantly impacts health outcomes in stroke 
patients. Frailty is linked to stroke severity, cognitive function, morbidity and mortality (3).

Frailty is defined as a nonspecific pathological state in older adults, characterized by a decline 
in physiological functional reserve, elevates bodily vulnerability and diminishes stress resistance. 
Which can lead to multisystem pathophysiological alterations (4). Moreover, frailty is a subnormal 
state in older adults between health and disease, which is not only a common clinical state after 
stroke, but also increases the risk of adverse health events such as falls, incapacitation, cognitive 
impairment and disability. Frailty is an important determinant of poor recovery after stroke (5).

Stroke patients presenting with symptoms such as reduced body mass, reduced grip 
strength, and slowed gait and meeting the diagnostic criteria for frailty is stroke combined with 
frailty (3), and it often leads to the occurrence of a range of adverse health outcomes such as 
prolonged hospitalization and reduced physical functioning (5, 6). According to Fried’s frailty 
phenotype, older adults can be classified into three frailty stages: robust, pre-frailty, and frailty 
(4). Among stroke patients, the prevalence of pre-frailty and frailty is 49 and 22%, respectively 
(7). For stroke patients with frailty, active interventions and long-term follow-up are critical 
to improving recovery outcomes, alleviating healthcare burdens, and reducing mortality. In 
recent years, the number of articles about frailty at home and abroad has been fluctuating, and 
exercise, nutrition, cognitive and psychosocial interventions for patients with frailty have 
become the hotspots of many scholars’ attention, and certain research results have been 
achieved. This article aims to synthesize existing research on the impact of interventions 
targeting frail patients with stroke, drawing from both domestic and international studies, with 
the objective of providing valuable insights to improve clinical outcomes and prognosis for 
stroke patients complicated by frailty.
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2 Methods and analysis

In order to understand the progress of research on frail 
interventions for stroke patients, we conducted a review, synthesized 
and systematically analyzed relevant domestic and international papers.

The steps of the review are as follows.

2.1 Identifying relevant studies

This study examined articles published between January 2010 and 
December 2024, focusing on academic papers and theses on frailty 
interventions for stroke patients.

Search.
Search expressions were created based on the MeSH database with 

search terms including MeSH and free text.
(“Stroke”[Mesh] OR “Cerebrovascular Disorders”[Mesh] OR 

stroke[tiab] OR “cerebrovascular accident”[tiab] OR CVA[tiab]) 
AND (“Frailty”[Mesh] OR frail*[tiab] OR “physical frailty”[tiab] 
OR “geriatric syndrome”[tiab]) AND (interven*[tiab] OR 
therap*[tiab] OR management[tiab] OR treatment[tiab] OR 
rehabilitat*[tiab] OR “exercise therapy”[Mesh] OR “drug 
therapy”[Mesh]) AND (“2010/1/1”[Date  - Publication]: 
“2024/12/31”[Date - Publication])

2.2 Study selection

There was no limit to the research design of the search literature, 
including Chinese and English search terms. Our systematic search 
protocol targeted publications from January 2010 to December 2024, 
executed during December 2024 across five multidisciplinary databases 
as follows: Web of Science, PubMed, CNKI, CQVIP, and Wanfang Data.

2.3 Type of intervention

2.3.1 Exercise intervention
According to the International Clinical Practice Guidelines: 

Identification and Management of Physical Frailty developed by the 
International Conference on Frailty and Sarcopenia Research (ICFSR), 
physical activity interventions are recognized as the most effective 
first-line approach for preventing the onset of frailty and delaying its 
progression, receiving a “strong recommendation” rating (4). 
Additionally, exercise training is acknowledged as the primary method 
for frailty management (8). And it has been further demonstrated that 
the maximal effect of frailty improvement is obtained when frail older 
adults exercise 2–3 times per week for 50–60 min, 150–200 min per 
week, at an intensity of 3–4 (i.e., moderate 1) on the Borg CR-10 scale, 
and for at least 3–8 weeks (9).

1 The Borg CR-10 scale is a validated method to quantify the effects of different 

types of exercise training, and Brandt et al. categorized the results of the Borg 

scale as mild (Borg ≤ 2), moderate (Borg > 2 - < 5), severe (Borg ≥ 5 - < 7), and 

near maximal (Borg ≥ 7).

Regarding current research on exercise interventions targeting 
frailty, studies can be categorized into the following types based on 
different criteria:

 1 By intervention content: Single-component: Isolated modalities 
(e.g., resistance or aerobic training alone). Multi-component: 
Combined protocols (e.g., resistance + aerobic training, aerobic 
+ balance training).

 2 By exercise modality: Aerobic exercise, resistance training, 
balance training, flexibility exercises.

 3 By delivery format: Tai Chi, Baduanjin, exergaming, elastic band 
exercises, walking, cycling, and multi-modal combined programs.

 4 By exercise intensity: Low-, moderate-, and high-
intensity regimens.

 5 By intervention duration: Short-term (≤3 months) vs. long-
term (>6 months) interventions.

Resistance training constitutes a cornerstone in frailty 
management by directly addressing sarcopenia—the primary 
pathophysiological mechanism underlying frailty. Furthermore, 
meta-analytic evidence demonstrates that structured resistance 
exercise not only enhances key physical parameters (muscle strength, 
gait speed, flexibility, postural stability, and physical performance) 
but also reduces depressive symptoms and frailty indices, collectively 
contributing to improved prognostic trajectories (10). Study confirms 
that resistance exercise intervention for frailty can improve the 
muscle strength of stroke patients, improve their neurological 
function, increase their bone density and balance, prevent falls, and 
delay muscle aging (11), which can effectively improve their quality 
of life and prolong the life cycle.

Aerobic exercise, also termed endurance training, demonstrates 
synergistic effects when integrated with other modalities to form 
multicomponent interventions. Notably, its combination with cognitive 
training enhances post-stroke neuroplasticity (12). As demonstrated 
by Li et al. (13), MotoMed cycling aerobic training combined with 
standard rehabilitation therapy enhances cardiovascular adaptation, 
neurological recovery, and activities of daily living (ADL) performance 
in elderly patients with acute ischemic stroke.

Balance and flexibility exercises include yoga and Traditional 
Chinese Exercises (TCEs) such as taijiquan, wuqiuquan, and 
baduanjin. Several studies have shown that tai chi improves balance 
function, mobility, step speed, functional stretching, and lower limb 
muscle strength in frailty older adults, and improves the quality of life 
of frailty older adults. A foreign meta-analysis (14) showed that 
evidence up to this point suggests that TCEs positively affects limb 
motor function, balance function, ADL ability, and neurological 
damage in stroke patients.

Apart from TCEs, the Otago Exercise Program (OEP), initially 
developed in the 1990s at New  Zealand’s Otago Hospital under 
Campbell’s leadership (15) to mitigate fall risks in older adults, 
demonstrates efficacy in improving clinical outcomes for stroke 
survivors, particularly in fall prevention. This multicomponent 
intervention integrates warm-up routines, resistance and balance 
training, and aerobic walking. Empirical evidence (16) indicates that 
OEP enhances static and dynamic balance in this population through 
targeted lower limb strengthening and balance exercises, thereby 
ameliorating frailty severity and elevating both quality-of-life metrics 
and long-term prognosis.
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In summary, multicomponent exercise interventions—particularly 
resistance-based combined modalities—demonstrate significant 
prognostic benefits for stroke survivors with frailty, aligning with 
evidence-based consensus and clinical practice guidelines (17, 18). As 
the primary approach for frailty management, resistance training not 
only enhances muscle strength and neurological recovery in this 
population but also increases bone density and optimizes balance 
capacity, collectively exerting critical implications for optimizing long-
term outcomes.

2.3.2 Nutritional intervention
Malnutrition constitutes a core pathophysiological mechanism of 

frailty, with prompt dietary management demonstrating efficacy in 
mitigating adverse outcome risks. Clinical evidence indicates that 
30–80% of hospitalized stroke patients develop dysphagia-associated 
frailty and malnutrition (19), expert consensus highlights nutrition as a 
critical strategy for frailty prevention (4). Current nutritional 
interventions include nutrient supplementation, dietary patterns, and 
nutritional counseling.

Nutrient supplementation strategies encompass protein and 
vitamins D, EPA, and DHA. Among these, protein emerges as the sole 
evidence-backed intervention demonstrating potential as a cornerstone 
for frailty prevention and management (20). However, meta-analyses of 
randomized controlled trials (RCTs) reveal that isolated protein 
supplementation fails to elicit clinically meaningful improvements in 
muscle mass, strength, or physical performance among frail older adults 
(21). Protein supplementation combined with exercise workouts may 
produce even more dramatic results for the frailty elderly.

There are currently four internationally recognized dietary patterns: 
the Mediterranean dietary pattern, the Japanese dietary pattern, the 
Western dietary pattern, and the Eastern dietary pattern. The 
Mediterranean diet is a plant-based diet with olive oil as the main fat, 
which has been promoted worldwide as the healthiest dietary pattern in 
recent decades (22). Studies have shown that sustained adherence to this 
regimen enhances muscular strength, improves somatic functioning, and 
attenuates risks of geriatric frailty syndrome (23). Guidelines (24) suggest 
that the traditional Mediterranean diet combined with physical activity 
is more favorable for the physical recovery of frailty patients. 
Furthermore, recent research (25) showed that the treatment of ischemic 
stroke patients with individualized lipid regulation combined with the 
Mediterranean dietary pattern not only improves the rate of lipid 
compliance and shortens the time to compliance, but also reduces the 
rate of stroke recurrence and the incidence of adverse effects, and 
improves the patient’s prognosis. Another evidence has identified a 
correlation between frailty and nutritional status in elderly stroke patients 
(26). This finding suggests that although standardized dietary 
intervention protocols specifically targeting stroke management have not 
been established internationally, nutritional interventions implementing 
Mediterranean dietary regimens may offer dual therapeutic benefits for 
stroke patients with comorbid frailty - potentially ameliorating both 
frailty progression and prognostic outcomes. However, the precise 
clinical efficacy and magnitude of these effects require validation through 
rigorous prospective studies with standardized outcome metrics.

2.3.3 Cognitive intervention
Cognitive frailty is defined as a heterogeneous clinical syndrome 

characterized by the concomitant presence of physical frailty and 

cognitive impairment, excluding Alzheimer’s disease or other 
dementias (27). And has been established as a significant predictor of 
both short-and long-term mortality, dementia, disability, and other 
adverse health outcomes (28). Therefore, when a stroke patient 
presents with cognitive frailty it also means that the stroke patient with 
frailty is cognitively impaired.

Cognitive interventions include exercise, nutrition, and cognitive 
training interventions (29). Current evidence indicates these 
interventions are predominantly applied through combined protocols 
in frail older adults, with limited studies isolating their individual 
therapeutic effects. Recent international research demonstrates that 
exercise-based interventions constitute the most prevalent 
non-pharmacological management for cognitive frailty (30). 
Furthermore, synergistic intervention combining cognitive training 
with physical exercise has shown superior efficacy in mitigating 
cognitive frailty compared to unimodal approaches (cognitive training 
or exercise alone) (31).

Emerging evidence demonstrates that combined resistance 
band training and cognitive exercise interventions effectively 
ameliorate physical frailty and enhance cognitive performance in 
older adults, potentially delaying or reversing the progression of 
cognitive frailty (32). Observational studies by HUANG Yanan (33) 
have confirmed a significant correlation between frailty and 
cognitive impairment, while WANG Ying’s (34) investigation 
revealed a robust negative correlation between Edmonton Frail 
Scale (ESF) total scores and Montreal Cognitive Assessment 
(MoCA) total scores (r = −0.491, p < 0.001), and the two interact 
with each other in a constant vicious circle. These findings 
underscore the clinical imperative to:

 (1) Systematically monitor cognitive function in stroke survivors 
using standardized assessments (e.g., MoCA).

 (2) Implement early cognitive rehabilitation to disrupt the frailty-
cognition interaction.

 (3) Optimize multidimensional interventions for improved long-
term outcomes.

2.3.4 Psychosocial intervention
Gobbens’ integrative frailty model conceptualizes frailty as a 

multidimensional construct encompassing somatic, psychological, 
and social domains (35). Supporting this framework, research in 
elderly stroke populations (36) identifies psychological frailty as 
the second most prevalent manifestation after physical 
impairment, with its severity demonstrating significant 
associations with anxiety intensity. Clinically, this psychological 
frailty syndrome primarily presents through three core 
components: anxiety disorders, depressive symptoms, and reduced 
psychological resilience. This multidimensional impairment 
significantly compromises older adults’ cognitive function, 
emotional regulation, and coping capacities, adversely affecting 
disease prognosis and health outcomes. Among the studies on 
psychological factors of frailty, depression has received the most 
attention and consistent conclusions (37). Multiple studies have 
demonstrated a positive correlation between frailty and 
depression. Scholar Soysal (38) further indicated that 
interventions targeting either syndrome may effectively prevent 
the onset of the other.
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Targeted psychological interventions can alleviate psychological 
distress and foster positive coping strategies in patients, thereby 
mitigating frailty progression and enhancing quality of life among 
stroke survivors. However, current research on psychological 
interventions targeting frailty remains limited, with insufficient 
conceptual clarity regarding psychological frailty itself. Presently, the 
identification and severity assessment of psychological frailty in older 
adults predominantly rely on standardized scales. Consequently, there 
is currently insufficient evidence to conclusively demonstrate that 
psychological interventions for frail patients directly improve 
stroke prognosis.

2.3.5 Social intervention
In 2017, Bunt et al. (39) conceptualized social frailty through the 

lens of the social production function theory, defining it as a persistent 
state characterized by the absence of one or more critical resources 
essential for meeting basic social needs, along with deficiencies in 
social behaviors, social engagement, and self-management capabilities. 
Compared to physical frailty, less attention has been paid to the 
perception of social frailty both domestically and internationally, and 
studies (40) suggest that social frailty in older adults may precede and 
contribute to physical frailty, and is associated with multiple adverse 
health outcomes.

2.3.6 Pharmacologic intervention

2.3.6.1 Medication management and risk of frailty
There was a significant positive correlation between polypharmacy 

and frailty in the elderly (41). Daimaru et  al. (42), based on the 
Itabashi Longitudinal Study of Aging cohort (n = 1,021), found that 
the rate of polypharmacy (≥5 medications/day) in community-
dwelling older adults amounted to 30.2%, and that the prevalence of 
frailty in the polypharmacy group (10.1%) was significantly higher 
than that of the non-multiple-medication group (5.0%). Studies have 
shown that polypharmacy is an independent risk factor for frailty 
phenotypes (e.g., weight loss, decreased muscle strength, and slowed 
gait speed). In this regard, Thiruchelvam et  al. (43) proposed the 
establishment of a system of regular medication review by pharmacists 
in collaboration with general practitioners. ICFSR, on the other hand, 
explicitly recommended (44) that medication management should 
be implemented in frail patients using the Screening Tool for Older 
People’s Prescribing (STOPP/START) or the Beers criteria, and that 
they should be  included in a comprehensive multidisciplinary 
intervention program.

2.3.6.2 Advances in research on targeted 
pharmacotherapy for frailty

Current pharmacologic interventions for frailty are still in the 
exploratory phase, and there is no evidence-based consensus on their 
effectiveness and risk–benefit ratio (45). Although basic research 
suggests that anti-inflammatory agents (e.g., IL-6 inhibitors) along 
with hormone modulators (e.g., testosterone) may slow the progression 
of frailty by improving metabolic homeostasis (46), much of the 
available clinical evidence stems from observational studies. As noted 
in a systematic evaluation in 2021 (47), of the 25 pharmacological 
intervention studies included, 10 individual pharmacological 
interventions showed improvements in physical fitness, muscle 

strength, or body composition with the use of alfacalcitol, testosterone, 
etc., but there was no consistent evidence to support a long-term 
benefit on the core phenotype of frailty, i.e., there was a lack of 
prospective, randomized, controlled trials validating a causal 
association. So far, data on a causal relationship between drugs and 
frailty are inconclusive or related to single-drug interventions on 
partial aspects of frailty. Although several drug candidates are 
currently in phase II clinical trials, no drug has yet been approved by 
regulatory agencies globally for frail indications (46). Although there 
are several drug candidates entering phase II clinical trials, no drug 
has yet been approved by regulatory agencies globally for frail 
indications (46).

3 Discussion

In summary, the most paramount factor is exercise 
intervention. Studies suggest that physical exercise, particularly 
group-based exercise programs involving multiple participants, 
serves as a critical component in addressing social frailty. These 
interventions not only improve social frailty but also target 
psychological aspects by alleviating depression and loneliness, 
enhancing well-being (48, 49), and increasing life satisfaction, 
thereby mitigating and delaying the progression of frailty. The 
second key factor is social support. Social support can be further 
subdivided into three dimensions based on its sources: objective 
support (tangible assistance), subjective support (perceived 
emotional support), and support utilization (ability to mobilize 
resources). Studies have demonstrated that robust social support 
serves as a protective factor against frailty in community-dwelling 
older adults (50), helping to preserve autonomy in frail individuals 
(51) and mitigate frailty severity.

However, due to multifaceted constraints (e.g., resource 
allocation disparities and cultural barriers), the current status of 
social support for frail older adults in China remains suboptimal. In 
this context, Tu et al. (52) proposed a series of measures to improve 
social support for frail elderly individuals. Through social 
interventions targeting both subjective and objective social support, 
the initiatives aimed to enhance the level and utilization of social 
support among frail older adults, thereby delaying or even reversing 
the progression of frailty and reducing the incidence of adverse 
health outcomes. The suggested intervention modalities and 
frequency for the different intervention types, and the key benefits 
generated can be seen in Table 1.

Although current research on stroke and social frailty remains 
limited, and interventions targeting social frailty are relatively scarce, 
existing studies have confirmed that social frailty serves as an 
independent risk factor for cognitive impairment in older adults (53). 
Interventions addressing social frailty in the elderly population could 
potentially prevent the progression of physical frailty and cognitive 
decline (54), thereby playing a crucial role in maintaining and 
improving quality of life. While direct evidence demonstrating the 
positive impact of improved social frailty on health outcomes in 
stroke patients is currently unavailable, indirect evidence from these 
studies suggests that social interventions targeting frail elderly 
individuals may yield beneficial effects. These findings indirectly 
suggest that enhancing social support utilization and optimizing 
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multidimensional social support systems may, to some extent, 
improve prognostic outcomes in stroke patients.

4 Conclusion

An Italian study (7) revealed that stroke is the only cerebrovascular 
disease associated with frailty syndrome, with the prevalence of frailty in 
stroke patients being twice that of non-stroke individuals. Soysal (38) 
posited that interventions targeting one of the two syndromes may prevent 
the onset of the other. This suggests that proactive frailty interventions 
could improve prognostic outcomes in stroke patients. Current evidence 
emphasizes non-pharmacological interventions for frailty management 
(55), including exercise, nutritional support, cognitive training, and 
psychosocial interventions, with exercise being the most widely 
recommended approach in clinical guidelines. A multimodal intervention 
combining exercise with nutritional, cognitive, and psychosocial strategies 
should be prioritized for stroke patients to optimize intervention efficacy, 
mitigate adverse health outcomes of frailty, and ultimately enhance quality 
of life and longevity. However, existing studies on frailty interventions in 
stroke patients remain limited, and insufficient evidence exists to quantify 
the strength of frailty’s impact on stroke progression. Further validation 
through rigorous research is warranted.

4.1 Limitation and future directions

This study has three primary limitations: Substantial 
heterogeneity across studies: Significant variability in study 
designs (e.g., randomized controlled trials [RCTs] versus 
observational studies), sample sizes (ranging from 100 to 1,021 
participants), and outcome measures (e.g., MoCA scores versus 
frailty indices) introduced potential bias during pooled analyses, 
compromising the reliability of conclusions.

Unverified applicability of interventions: The cost-
effectiveness and cultural adaptability of part interventions (e.g., 
the Otago Exercise Program and traditional Chinese exercises) 
remain inadequately validated, necessitating further empirical 
support for their broader implementation.

Insufficient pharmacological evidence: Current evidence lacks 
high-quality studies elucidating the impact of pharmacological 
interventions on post-stroke frailty. Specifically, there is a paucity of 
prospective randomized controlled trials targeting core pathological 
mechanisms of stroke-related frailty, hindering definitive assessments 
of risk–benefit ratios. Furthermore, future multicenter phase III 
clinical trials are imperative to validate targeted therapeutic strategies 
through dynamic biomarker monitoring.

Future research should focus on: Developing dynamically 
adjusted exercise intensity-frequency algorithms by integrating 
biomarkers and wearable device data to optimize long-term 
adherence; Conducting feasible multicenter, double-blind RCTs 
enrolling stroke patients with well-defined frailty phenotypes, 
using composite endpoints (e.g., frailty index reduction + ADL 
improvement) to evaluate long-term drug safety and efficacy; 
Assessing cost-effectiveness of simplified Otago Exercise 
Program  versions (e.g., home-based self-training with remote 
guidance) in resource-limited settings; Designing cross-cultural 
adaptation trials (e.g., multinational RCTs in Western cohorts) for 
traditional Chinese exercises (Tai Chi, Baduanjin) to 
validate  efficacy variations and optimize implementation  
strategies.

Author contributions

XF: Writing – original draft, Writing – review & editing. YX: 
Supervision, Writing – original draft. SX: Writing – review & editing, 
Supervision. SJ: Writing – review & editing.

TABLE 1 Summary of the 6 intervention types.

Intervention type Key components Recommended 
frequency/duration

Primary benefits References

Exercise

Resistance training + Aerobic 

exercise + Balance training (e.g., 

Otago Exercise Program)

2–3 sessions/week, 50–60 min/

session, 8 weeks duration

Significantly improves 

muscle strength, gait speed, 

and reduces frailty severity

(8–11, 17)

Nutrition
Mediterranean diet + Protein 

supplementation (1.2 g/kg/day)
≥6 months duration

Enhances nutritional status 

and mitigates frailty 

progression

(20–26)

Cognitive

Resistance band training + 

Cognitive tasks (e.g., memory 

training)

3 sessions/week, 30 min/session, 

12 weeks duration

Improves cognitive function 

and promotes reversal of 

frailty phenotypes

(30–34)

Psychosocial
Group cognitive-behavioral 

therapy + Social activities

Weekly sessions, 3 months 

duration

Reduces depressive 

symptoms and enhances 

social support utilization

(36–40)

Pharmacologic

Medication review (STOPP/ 

START criteria) + Testosterone 

supplementation

Quarterly medication review

Reduces polypharmacy rates 

and frailty-related adverse 

events

(42–47)

Multimodal
Combined exercise, nutrition, and 

cognitive protocols

Twice weekly multidisciplinary 

sessions, 6 months duration

Improves activities of daily 

living (ADL) and reduces 

rehospitalization rates

(17, 49)
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