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Abstract 

Background:  As the global population ages, the issue of frailty in older people is gaining international attention. As 
one of the major subtypes of frailty, cognitive frailty is a heterogeneous clinical manifestation characterised by the 
co-existence of physical decline and cognitive impairment. The occurrence of cognitive frailty increases the risk of 
adverse health outcomes in older people, affecting their daily functioning and quality of life. However, cognitive frailty 
is a reversible state, and many interventions have been explored, with exercise interventions playing an important role 
in the non-pharmacological management of cognitive frailty. This study describes and summarises current exercise 
interventions for older people with cognitive frailty (including parameters such as mode, frequency and duration of 
exercise) and identifies the limitations of existing studies to inform future exercise interventions for older people with 
cognitive frailty.

Methods:  Using a scoping review approach, Chinese and English literature published in PubMed, Web of Science, 
Cochrane Library, Embase, China Knowledge Network, Wanfang Database, China Biomedical Literature Database 
(SinoMed) and Vipshop from April 2013, when the definition of cognitive frailty first appeared, to August 2021 was 
searched to select studies related to exercise interventions for this group, extract information from the included litera-
ture, and summarise and report the findings.

Results:  Nine RCT trial studies and one quasi-experiment study were included, for a total of 10 articles. The exercise 
modalities involved walking, brisk walking, Otago exercise, resistance exercise, balance training, flexibility training and 
Baduanjin, etc.; the intensity of exercise was based on individualised guidance and graded exercise intensity; the fre-
quency of exercise was mostly 3–4 times/week; the duration of exercise was mostly 30–60 min/time; compared to the 
control group, the included studies showed statistically significant improvements in cognitive function, frailty status, 
and depression with the exercise intervention.

Conclusion:  There is a paucity of evidence on exercise interventions for older people with cognitive frailty. The 
evidence provided in this study suggests that exercise interventions may be beneficial for older people with cognitive 
frailty. However, the existing studies suffer from small sample sizes, short intervention periods, inadequate monitoring 
of the entire exercise process, and non-uniformity in the assessment of exercise effects. More randomized controlled 
trials should be conducted in the future to explore the most effective, low-cost and simple interventions to meet the 
needs of the older people with cognitive frailty.
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Background
According to the WHO Health Statistics Report 2021, 
the average level of ageing (the ratio of people aged 65 
and over to the total population of the region or coun-
try) has reached 9.6% worldwide, which means that 
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approximately one in 10 is an older person [1]. The 
growing prevalence of an ageing population, and with 
this, the health of older people, is of great concern to 
the international community. Ageing may bring about 
both physical frailty and cognitive decline [2], which 
can occur together in an older individual. Therefore, 
what can be done to slow down the process of ageing 
and its cognitive decline is becoming a major focus of 
geriatric research.

In 2013, the International Academy of Nutrition and 
Ageing (IANA) and the International Association of Ger-
ontology (IAGG) first proposed a definition of cognitive 
frailty (CF): a heterogeneous clinical manifestation char-
acterised by the coexistence of physical frailty and cogni-
tive impairment (Clinical Dementia Scale, CDR = 0.5) [3]. 
Diagnostic criteria were also specified: at least one of the 
frailty phenotype diagnoses (reduced body mass, fatigue, 
sedentary behaviour, slow gait, low muscle strength) was 
met, CDR = 0.5 and the exclusion of concurrent demen-
tia or other dementias. The consensus was that cognitive 
frailty is characterised by a reduced cognitive reserve 
(which refers to the capacity of a given individual to resist 
cognitive impairment or decline).

In the same year, Woods AJ et al. [4] suggested that it 
was unreasonable to exclude patients with brain disor-
ders from the diagnosis of cognitive frailty and concluded 
that reduced cognitive reserve is not a characteristic 
manifestation of cognitive frailty. In 2014, Dartigues JF 
et al. [5] disputed the issue of cognitive frailty in relation 
to the body, as well as the distinction between cogni-
tive frailty and other cognitive disorders in the cognitive 
frailty diagnosis. In 2015, it was suggested that prefrailty 
should be added to the diagnostic criteria for cognitive 
frailty and that cognitive frailty should include two sub-
types: reversible and potentially reversible [6]. In 2020, 
Mantovani E et al. [7] revised the definition of cognitive 
frailty based on a multidimensional model, whereby the 
assessment of cognitive frailty should include clinical fea-
tures, neuropathological changes, biomarkers, disease 
and medication status.

As research into cognitive frailty continues, more 
scholars are suggesting [8–12] the use of objective bio-
markers as diagnostic indicators to explore the relation-
ship with frailty in terms of structural and functional 
brain performance. The definition and diagnostic crite-
ria for CF proposed by the IANA/IAGG are widely used 
in current studies, and although there are differences in 
the choice of assessment tools for physical and cognitive 
function, the outcome indicators measured are consist-
ent (i.e., physical function and cognitive function). Future 
research in CF will require uniform and standardised 
assessment tools and judgement guidelines adapted to 
different scenarios.

Studies have shown that the overall prevalence of cog-
nitive frailty in older populations ranges from 0.72% to 
50.10% [13], with 0.72% to 39.70% in Europe and the US 
and 0.76% to 50.10% in Asian populations. The onset of 
cognitive frailty can lead to a decline in physical func-
tion and mild cognitive impairment, resulting in a reduc-
tion in the ability to perform activities of daily living and 
impaired quality of life, as well as an increased risk of 
poor health outcomes such as malnutrition, hospitalisa-
tion, depression, incapacity, dementia and even death in 
older people [14].

However, cognitive frailty is reversible, and physi-
cal frailty is a dynamic process [15]. Early-stage screen-
ing and reasonable prevention and treatment measures 
applied in a timely manner can delay the reduction of 
physiological reserve capacity and reduce the occurrence 
of adverse health events in older people [16]. In addition, 
mild cognitive impairment (MCI, cognitive frailty of cog-
nitive impairment mainly refers to mild cognitive impair-
ment) is a transitional state between normal ageing and 
dementia, and MCI is reversible. It is a critical period in 
the management of dementia in the elderly [17]. There-
fore, cognitive frailty is gaining increasing attention as a 
new target for healthy ageing [18] and secondary preven-
tion of dementia [15].

Many scholars have explored interventions for cog-
nitive frailty. Nonpharmacological interventions are 
currently the main modalities of cognitive frailty inter-
ventions [19], such as dietary and nutritional guidance 
interventions, psychosocial support, cognitive training, 
physical training, physiotherapy programs, etc. Exercise 
interventions play an important role in nonpharmacolog-
ical interventions for cognitive frailty, and many scholars 
have conducted research on exercise interventions for 
elderly individuals with cognitive frailty, such as resist-
ance exercise, individual progressive dual-task training, 
multicomponent exercise, and traditional Chinese medi-
cine exercises (Baduanjin, Taijiquan), which are currently 
emerging. However, there is a large heterogeneity among 
scholars in the timing, frequency, outcome indicators, 
and evaluation of the effects of exercise interventions.

The aim of this study was to review the content ele-
ments, outcome types and effectiveness of exercise 
intervention programmes for older people with cogni-
tive frailty, to point out problems with existing exercise 
intervention programmes and to provide some evidence 
to inform the implementation and development of future 
exercise intervention programmes.

Methods
Review approach
We used a methodologically rigorous scoping review 
approach to map the literature relating to exercise 
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interventions for people with cognitive frailty in terms of 
the volume, methods, and characteristics of the primary 
research. Scoping reviews have been described as a form 
of comprehensive knowledge synthesis with the aim of 
informing practice and policy while also providing direc-
tion to research priorities [20]. An initial search of the 
literature revealed that there was a paucity of literature 
relevant to the objectives. Therefore, a scoping review 
approach without quantitative evaluation was used to 
determine what primary evidence was available.

Establishment of the research question
To formulate the search strategy, the PCO (Popula-
tion; Concept; Outcome) method was employed [21]. 
The population was older people with cognitive frailty, 
defined in accordance with the 2013 consensus of the 
International Academy of Nutrition and Ageing (IANA) 
and the International Association of Geriatrics (IAGG) 
that cognitive frailty (CF) is a clinical syndrome of old age 
characterised by cognitive impairment due to physical 
frailty or prefrailty, but excluding Alzheimer’s disease and 
other dementias [3]; the concept was an exercise method 
was used in the intervention; the outcome indicator was 
the effectiveness of the exercise intervention in older 
individuals with cognitive frailty.

Search strategy
Searches were conducted of PubMed, Web of Science, 
Cochrane Library, EMBASE, China Knowledge Net-
work, Wanfang Database, China Biomedical Literature 
Database (SinoMed) and Wipu.com. A combination of 
subject terms and free words was used for the search. 
As the definition of cognitive frailty first appeared in 
2013, the search time frame was from April 2013 to 
August 2021. The details of the search strategy were as 
follows: (elder∗ OR old∗ OR senior∗ OR geriatric∗) AND 
(“cognitive frailty” OR “cognitive decline” OR “cognitive 
impairment”) AND (frailty OR “frailty syndrome” OR 
“frailty syndrome” OR prefrail∗ OR frail∗) AND (“exer-
cise intervention” OR “sports intervention” OR “exercise 
interventions” OR “movement intervention” OR “motor 
intervention” OR “sport intervention” OR “exercise pre-
vention” OR “sport intervene” OR “movement therapy” 
OR “physical exercise”) (for example, see PubMed in 
Appendix A).

Inclusion/exclusion criteria
Articles were eligible for inclusion if they were pub-
lished in English or Chinese, the study population 
was >  = 60 years old, the study met the above definition 
of cognitive frailty, the study was an exercise intervention 
program for cognitive frailty or an integrated program 
with exercise interventions, and the original study had an 

experimental design as a randomised controlled or quasi-
experimental study. Review studies, letters or conference 
abstracts were excluded along with literature not avail-
able in full text.

Study selection and data extraction
The retrieved literature was imported into NoteExpress 
software and duplicates were screened and removed. Two 
researchers read the title and abstract for initial screening 
based on the inclusion criteria, then the full text was read 
for a third screening to identify the included literature, 
and a third researcher was asked to assist in the judge-
ment if there was any disagreement. Data extraction 
included author, country, publication date, intervention 
target (CF Definition and Assessment Tool), interven-
tion process, study results and so on, then summary and 
analysis.

Results
Initially, we found 177 papers. After removing duplicate 
papers, for the remaining 160 papers, after reading the 
title and abstract, 114 papers were excluded from the ini-
tial screening, and the remaining 46 papers were read in 
full for rescreening. A total of 36 papers were excluded, 
and 10 articles were ultimately included in this literature 
scoping review. See Fig.  1 for the literature screening 
process.

The included literature included nine randomised 
controlled studies (RCTs) [22–27, 29–31] and one 
quasi-experimental study [28]. The sample size of the 
intervention subjects ranged from 9 to 1164 cases, 
and the intervention duration ranged from 8  weeks to 
24  months. Ten studies were conducted 1 in the USA 
[22], 2 in Hong Kong [23, 24], 3 in China [25–27], 1 in 
Singapore [28], 2 in Malaysia [29, 30] and 1 in Korea [31]. 
The basic information of the included literature is shown 
in Table 1.

The exercise modalities of the 10 included studies 
involved walking, brisk walking, Otago exercise (an evi-
dence-based fall prevention programme for older people 
in the community, focusing on balance training), resist-
ance exercise, balance training, flexibility training, and 
Baduanjin (a traditional Chinese qigong exercise that 
consists of eight movements and a safe aerobic exercise); 
exercise intensity included individualised instruction 
(n = 4), graded exercise intensity (n = 4), and uniform 
instruction (n = 2); exercise frequency tended to be 3–4 
times/week (n = 6), with a few having 1–2 times/week 
(n = 4); and exercise duration tended to be 30–60  min/
session (n = 8), with a few having 90 min/session (n = 1).

There was high heterogeneity of outcome measures in 
the 10 included studies, but no serious adverse events 
related to exercise were reported by any of the included 
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studies. Compared to the control group, the included 
studies showed statistically significant improvements in 
cognitive function [23, 24, 26–28, 31], debilitating con-
ditions [23–28, 31], depression [25], walking length and 
speed [23, 24, 31], grip strength [31], and nutritional sta-
tus [27] after the exercise intervention, and some trials 
are ongoing [29, 30], with no relevant outcomes reported.

Discussion
The aim of this study was to explore and summarise the 
evidence on exercise interventions relevant to older peo-
ple with cognitive frailty. Most studies on cognitive frailty 
are epidemiological surveys and primary intervention 
studies, and no quantitative evaluations of exercise inter-
ventions for older people with cognitive frailty have been 
published. This study is the first to summarise interven-
tions for older people with cognitive frailty. A total of 10 
studies on exercise interventions for older people with 
cognitive frailty were included, covering a comprehensive 
programme of interventions, including exercise interven-
tions. A variety of exercise intervention types exist for 
cognitively frail older people, such as resistance training, 

balance training, flexibility training and multicomponent 
exercise programmes, including walking, brisk walking 
and cycling.

The majority of the included studies showed that 
exercise interventions have a positive impact on older 
people with cognitive frailty. Among the 10 studies, 
six [22, 24, 27, 29–31] selected subjects for inclusion 
with reference to the definition of CF proposed by the 
2013 IANA/IAGG group consensus, and two [23, 25] 
included subjects according to Ruan Q et al. [6]’s defini-
tion, taking into account the prefrailty state. Xia R et al. 
[26] included subjects with reference to Won CW’s [32] 
definition, and Merchant RA et  al. [28] considered four 
extant definitions of CF. Differences in the criteria for the 
inclusion of subjects and differences in screening assess-
ment tools may have influenced the effect of the exercise 
intervention.

Additionally, there was a large variation in the outcome 
evaluation tools among the included studies, e.g., Chen 
X et al. [25] chose depression indicators in the outcome 
evaluation, and Ye M et al. [27] reported nutritional sta-
tus, which was not reported in the other studies. The 

Fig. 1  Flow chart of the literature screening
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issues of heterogeneity in study population inclusion 
and uniform standardisation of outcome indicators also 
posed difficulties in the quantitative evaluation of exer-
cise interventions for older people with cognitive frailty. 
Future studies on older people with cognitive frailty need 
standardised assessment tools, guidelines for different 
application scenarios and outcome indicators cover-
ing multiple domains, including physiological and psy-
chological, to encourage researchers to adopt specific 
and authoritative assessment tools when evaluating the 
effects of exercise.

The continued progression of cognitive frailty can lead 
to a decline in the older person’s ability to perform daily 
living activities, increasing the risk of adverse health 
outcomes such as hospitalisation, depression, incapac-
ity, dementia and even death, which can seriously affect 
the quality of life of older people. Therefore, understand-
ing what interventions can help delay or reverse cogni-
tive frailty in older people may be important to reduce 
adverse outcomes.

Exercise interventions play an important role in non-
pharmacological interventions for older people with 
cognitive frailty. A review of current exercise interven-
tions also attempted to derive implications for future 
exercise interventions for older people with cognitive 
frailty: 1) for older people with CF at home in the com-
munity, exercise modalities such as walking [22] and 
brisk walking [23] are simple and easy to implement, 
while resistance training (resistance bands [28], elastic 
exercise bands [31] for high-speed resistance exercise 
and resistance exercise modalities based on multicom-
ponent exercise [27] and Otago exercise [25]) require 
professional instructors and are difficult to implement at 
home. 2) Traditional Chinese medicine health exercises 
may be effective (e.g., Ba Duan Jin [26]), and the applica-
tion of traditional Chinese medicine modalities such as 
Taijiquan [33] and educational brain health exercises in 
Chinese older people with cognitive frailty can be fur-
ther explored in the future. 3) With the application of the 
mobile health concept in exercise interventions, more 
combined online + offline exercise interventions can be 
explored, such as adding mobile health supervision and 
guidance to traditional brisk walking training [23] and 
remote home exercise health guidance packages [29], giv-
ing full play to the role of wearable devices and internet 
technology in the field of exercise interventions [34]. 4) 
Exercise intensity assessment and monitoring should be 
uniformly standardised among exercise interventions. 
Existing studies have included mobile device monitoring 
[23], subjective judgement by the interventionist [26–29, 
31], and a proportion of studies have not conducted exer-
cise intensity monitoring [22, 30]. The American College 
of Sports Medicine recommends the use of heart rate 

combined with subjective fatigue to determine exercise 
intensity [35], and future exercise interventions should 
be a combination of subjective evaluation (exercise inten-
sity self-rating scale [36], subjective fatigue scale [37], 
etc.) + objective data (heart rate, blood oxygen, blood 
pressure, etc.), as well as regulating the issue of super-
visor qualification. 5) The effects of exercise cannot be 
shown in the short term, and the current studies have a 
short intervention duration, with eight studies having an 
intervention duration of less than six months [23–29, 31] 
and only one [30] having a 12-month continuous evalua-
tion. The duration of intervention and follow-up should 
be extended in the future to clarify the long-term effects 
of exercise interventions on older people with cognitive 
frailty.

Strengths and limitations
For this study, a scoping review methodology was chosen 
to map the literature related to exercise interventions for 
people with cognitive frailty, which can provide a refer-
ence for sports intervention in older people with cogni-
tive frailty. No quantitative evaluation of the included 
studies was carried out, as this was outside the scope (or 
purpose) of this type of study.

Conclusion
There is a paucity of evidence on exercise interventions 
for older people with cognitive frailty, and the evidence 
provided in this study suggests that exercise interven-
tions may be beneficial for older people with cognitive 
frailty. However, more experimental studies should be 
conducted in the future to explore the most effective, 
low-cost and simple interventions to meet the needs of 
older people with cognitive frailty.

Future recommendations
The results of this study show that the current research 
on exercise interventions for older people with cognitive 
frailty is small in scale and that future multicentre trials 
with large samples should be conducted to enhance the 
reliability and generalisability of the findings. A com-
parative study of the same type of exercise should also 
be conducted to explore the effects of different exercise 
intensities, exercise durations and frequencies on older 
people with cognitive frailty to clarify the optimal exer-
cise intensity, frequency and duration.

Statement
The method was carried out in accordance with relevant 
guidelines and regulations.
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Appendix A
Search Strategy
Pubmed:

#1.(((elder*[Title/Abstract]) OR (old*[Title/Abstract])) OR 
(senior*[Title/Abstract])) OR (geriatric*[Title/Abstract])

#2.((("cognitive frailty"[Title/Abstract])) OR ("cog-
nitive impairment"[Title/Abstract])) OR ("cognitive 
decline"[Title/Abstract])

#3.(((frailty[MeSH Terms]) OR ("frailty syndrome"[Title/
Abstract])) OR (pre-frail*[Title/Abstract])) OR (frail*[Title/
Abstract])

#4.(((((((((exercise intervention[Title/Abstract])) 
OR (sports intervention[Title/Abstract])) OR (exer-
cise interventions[Title/Abstract])) OR (movement 
intervention[Title/Abstract])) OR (motor intervention[Title/
Abstract])) OR (sport intervention[Title/Abstract])) 
OR (exercise prevention[Title/Abstract])) OR (sport 
intervene[Title/Abstract])) OR (movement therapy[Title/
Abstract])) OR (physical exercise[Title/Abstract])

#1 and #2 and #3 and #4
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