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Abstract
Objective  The aim of this study was to investigate the 
associations between each functional fitness (FF) domain 
and cognitive impairment (CI) in Chinese community-
dwelling older adults.
Design  A community-based, cross-sectional study was 
conducted.
Setting  Participants were selected by multistage stratified 
random sampling in Wuhan City, Hubei Province, Central 
China, during December 2015–May 2016.
Participants  A total of 2096 (1031 male and 1065 
female) adults older than 65 years were included in our 
study. Exclusion criteria were age <65 years, losing self-
living ability, previously diagnosed with dementia by a 
neurological physician, severe physical pain, congestive 
heart failure, dizziness and uncontrolled hypertension 
(exceeding 160/100 mm Hg).
Primary and secondary outcome measures  The Senior 
Fitness Test and the Mini-Mental State Examination were 
used to measure FF (including 30 s chair stand, 30 s arm 
curl, 2 min step, 8 foot up-and-go, chair sit-and-reach 
and back scratch) and screen CI, respectively. Activities 
of daily living and instrumental activities of daily living 
questionnaires were administered to evaluate functional 
status (FS).
Results  32.16% were classified as the CI group. The 
results showed that the CI group had significantly lower 
frequency of 30 s chair stand, 30 s arm curl and 2 min 
step, and longer time to complete the 8 foot up-and-go, 
shorter chair sit-and-reach and back scratch distance 
than the non-CI adults (p<0.05). Except for back scratch, 
older adults with moderate and high levels of FF were 
less likely to have CI than those with low levels, adjusted 
by sociodemographics, chronic disease, health condition, 
health behaviour and FS (p<0.05).
Conclusions  The relationship between FF and CI was 
independent of FS decline in Chinese community-dwelling 
older people.

Introduction
Because of the elongation of lifespan and the 
decline in birth rate, ageing crisis is spreading 
worldwide. In China, there were already 
131.61 million adults older than 65 years old 
in 2015. Numerous problems are breaking 

out accompanying the ageing process, and 
dementia has become one of the burden-
some public health issues.1 2 As projected by 
Alzheimer’s Disease International in 2015, 
the number of dementia worldwide was 
46.8 million in 2015 and is expected to double 
every 20 years and arrive at 131.5 million by 
2050.3 

Early identification and intervention have 
been suggested as the most cost-effective 
measures to prevent or slow the onset of 
dementia.4 Hence in the past few decades, 
the focus has shifted from dementia to its 
preclinical stages such as cognitive impair-
ment (CI). CI is characterised by declines 
in memory, attention and cognitive func-
tion, which greatly affect the quality of life. 
A previous study has reported that 15.2% 
of adults aged ≥60 years were diagnosed with 
CI in a Chinese population.5 CI can dramati-
cally increase the burden of family and social 
service.6 7 With the extension of working 
time and time after retirement, the expec-
tation of older people being ‘functional’ is 
increasing. A study to reveal the associations 
between modifiable factors and CI in older 
adults is beneficial to develop evidence-based 

Strengths and limitations of this study

►► This is a community-based study with a large sam-
ple size.

►► The relationships between functional fitness (FF) 
and cognitive impairment (CI) were adjusted by po-
tential confounders including disabilities in activities 
of daily living and instrumental  activities of daily 
living.

►► The study did not explore the weight of each FF do-
main, which might influence the effect of physical 
exercise.

►► The study could not clarify the causality between FF 
and CI or decline in functional status.
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programmes to increase the possibility of independent 
living.

Physical activity is one of the well-established lifestyle 
factors to maintain cognition. In healthy older people, 
higher physical activity is associated with higher cogni-
tive performance and lower dementia or CI risk in later 
life.8 9 Functional fitness (FF), which can be considered 
as a quantitative indicator of long-term exercise effective-
ness, is defined as the physical capacity to perform normal 
daily activities, including muscle strength, aerobic endur-
ance, flexibility, dynamic balance and agility. Various FF 
domains can be improved by regular physical activity. 
Hence, it is reasonable to hypothesise that there may 
be a relationship between FF and cognitive function in 
older population. Few studies have been conducted and 
the results show that the decline in FF precedes the onset 
of CI.10 11 However, the risk factors of CI are significantly 
different between different genetic backgrounds and 
sociodemographic characteristics such as dietary pattern, 
economic conditions and so on.12 But in Chinese older 
adults, the relationships between FF and CI are rarely 
explored.

Functional status (FS), which can be measured by activ-
ities of daily living (ADL) and instrumental activities of 
daily living (IADL) questionnaires, is defined as the ability 
to perform the basic and instrumental activities of daily 
living. Existing literatures show that FS decline is consis-
tently related to CI and is one of the most manifest features 
in the clinical course of dementia.13–15 FS decline has also 
been proven to be a predictor of CI in older people.16 
Furthermore, regular exercise may play an important 
role as a non-pharmacological way to combat FS decline 
in older people, and there is an interaction between FF 
and FS decline.17–19 Therefore, it seems possible that FS 
decline may influence the association between FF and CI 
in older adults. But few studies have considered FS as a 
potential confounding factor when calculating the associ-
ation between FF and CI.

Thus, two aims were addressed in our study: (1) to 
explore the performance level of each FF domain in older 
adults with and without CI; and (2) to examine whether 
the relationships between FF and CI were independent of 
FS decline in Chinese community-dwelling older people.

Methods
Study population
Our study was designed as a cross-sectional study based 
in the community. Adults older than 65 years were selected 
by multistage stratified random sampling in Wuhan 
City, Hubei Province, Central China, during December 
2015–May 2016. According to the census data, 12.36% 
were older than 65 years old in Wuhan City. Assuming 
a design effect of 2, we estimated that a sample size of 
1848 would result in a 95% confidence interval of 1.4% 
precision. In consideration of sampling error, denied 
access and other confounding factors, 2150 subjects were 
visited. First, seven districts were randomly selected from 

the 17 districts of Wuhan City. Then, in each district, 
three to five communities were randomly enrolled, and 
for each community 60–100 subjects were enrolled. 
All participants self-reported their medical history 
and demographic characteristics (gender, age, height, 
weight, smoking status, years of education and exercise 
intensity). Exclusion criteria were age  <65 years, losing 
self-living ability, previously diagnosed with dementia by 
a neurological physician, severe physical pain, congestive 
heart failure, dizziness and  uncontrolled hypertension 
(exceeding 160/100 mm  Hg). Finally, a total of 2096 
(response rate: 97.49%, 1031 male and 1065 female) 
adults were included in our study.

Measurements
Senior Fitness Test
FF was calculated by the Serious Fitness Test (SFT), which 
consisted of six items. The SFT is a widely used and reli-
able test for assessing FF in older people. After 10 min 
of warm-up, participants were instructed by the trained 
instructors. The SFT was then completed in the following 
order: (1) 30 s chair stand test to assess lower body muscle 
strength; (2) 30 s arm curl test to assess upper body 
muscle strength; (3) back scratch test to assess upper 
body (shoulder) flexibility; (4) chair sit-and-reach test to 
assess lower body flexibility; (5) 8 foot up-and-go test to 
assess agility and dynamic balance as an index of basic 
mobility skills; and (6) 2 min step test to assess aerobic 
endurance. Each test was strictly performed according to 
the SFT manual.20

For each domain, the participants were classified into 
low fitness (lower than the  lower quartile), moderate 
fitness (between the  lower and upper quartiles) or 
high fitness (higher than the upper quartile).

Physical Activity Scale for the Elderly 
The Physical Activity Scale for the Elderly (PASE) is a 
brief, easily scored, reliable and valid instrument for the 
assessment of physical activity in epidemiology studies of 
older people. This scale comprised self-reported occupa-
tional, household and leisure items over a 1-week period. 
The participants were required to report the number of 
days per week and the number of hours per day for each 
type of activities. Then PASE scores were calculated from 
weights and frequency values for each item. The PASE 
score ranged 0~360 points and a higher score repre-
sented a greater amount of physical activity.21

MMSE measurement
The Mini-Mental State Examination (MMSE), which had 
been proven as a reliable, sensitive and valid method, was 
used to screen CI. The Chinese version of the MMSE was 
performed by trained nurses. The MMSE measured the 
cognitive level of older adults in terms of (1) temporal and 
spatial orientation: 10 points; (2) immediate memory: 3 
points; (3) recall: 3 points; (4) attention: 5 points; and (5) 
language: 9 points. The MMSE score ranged 0~30 points, 
where a higher score indicated a better cognition level. In 
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the Chinese population, it was suggested that CI should 
be defined as MMSE score <24 in people with education 
of less than 9 years, or <26 in those who received formal 
education for more than 9 years.22

ADL and IADL
FS could be measured by ADL and IADL questionnaires. 
ADL included six items (rising or lying down, feeding, 
dressing, bathing, toileting, and  urinary and faecal 
continence), and IADLs included seven items (using 
a telephone, shopping, doing housework, cooking, 
using transportation, taking medications and  handling 
finances). Both questionnaires were obtained directly 
from the subjects without CI and from a close relative of 
the subjects with CI. ADL or IADL disability was defined 
as dependence in at least one item of ADL or IADL, 
respectively.

Patient and public involvement
Through multistage stratified random sampling, the 
older adults were selected in the  communities. After 
obtaining informed consent, the trained community 
doctors in each selected community were responsible 
for investigating the subjects, and the results of measure-
ments would be disseminated to participants immediately 
after the investigation was completed.

Statistical analysis
Normality of distribution for continuous variables was 
tested by the Kolmogorov-Smirnov test. Normal distribu-
tion data were presented as mean±SD, and the differences 
among groups were compared by unpaired Student’s 
t-test or analysis of variance. For qualitative data, χ2 tests 
were performed for comparison between groups. Pear-
son’s correlation coefficients were conducted between 
PASE score and FF. Logistic regression was performed 
to evaluate the associations between FF domains and CI. 
ORs with 95% confidence intervals, adjusted by sociode-
mographics, chronic disease, health condition, health 
behaviour and FS, were calculated. P<0.05 was accepted 
as statistically significant. Analyses were performed with 
SAS V.9.4 software for Windows.

Results
Baseline characteristics
Among the 2096 subjects, 32.16% were classified as CI. 
The characteristics of older adults with and without 
CI are summarised in table  1. Compared with the 
non-CI group, the CI group had a higher age and female 
proportion, but lower height, weight, body mass index 
(BMI), waist circumference and PASE score (p<0.05). 
The distribution was significantly different in falls within 
1 year, smoking, regular exercise, PASE score and hyper-
lipidaemia between the CI and non-CI groups (p<0.05). 
Furthermore, the rate of ADL disability was significantly 
higher in the  CI group (11.31% vs 5.76%; χ2=25.95, 
p<0.0001), so was IADL disability (66.47% vs 20.70%; 

χ2=418.41, p<0.0001). The older adults with CI had 
significantly lower frequency of 30 s chair stand, 30 s arm 
curl and 2 min step, and longer time to complete the 8 
foot up-and-go, shorter chair sit-and-reach and back 
scratch distance than the non-CI group (p<0.05). In addi-
tion, as presented in table 2, PASE score was significantly 
correlated with each FF domain (p<0.05).

Associations between FF and CI
Table 3 presents the adjusted ORs for CI risk according 
to FF levels. Using sociodemographic characteristics 
(including age, sex, education years, BMI and falls within 
1 year), chronic disease (including diabetes, hyperten-
sion, hyperlipemia and coronary artery disease), health 
behaviour (including smoking, regular exercise and PASE 
score) and FS (ADL disability and IADL disability) as 
covariates, except for back scratch, older adults with 
moderate or high levels of 30 s chair stand, chair sit-and-
reach, 30 s arm curl, 2 min step and 8 foot up-and-go were 
less likely to have CI than those with low levels.

Discussion
As far as we know, this is  the first study that examined 
the relationships between each FF domain and CI among 
Chinese older community-dwelling adults. The key results 
of this study showed that the prevalence of CI was 32.16%, 
and except for back scratch, five other FF domains were 
significantly independently correlated with CI risk.

With the same screening tool (MMSE) and diagnostic 
threshold, Lin et al23 reported that 18.6% of older male 
Taiwanese were found to have CI, which was similar to our 
study (19.88% in male). In addition, existing research 
showed that women were at higher risk of having CI than 
men,24 and in our study as much as 42.72% female older 
adults were classified to have CI. Using the Abbreviated 
Mental Test and the Progressive Forgetfulness Question-
naire, Hilal et al5 concluded that 15.2% of Chinese subjects 
(aged ≥60 years) were diagnosed with CI in a Singapore 
study, and in Western countries and Korea the preva-
lence of CI was 1.7%–22.5%25 and 24.1%,26 respectively. 
All reported data were lower than our results. Evaluation 
criterion varied between different cognitive screening 
tools and this would affect the judgement of CI. More-
over, the prevalence of CI was also associated with the 
composition of subjects, such as age,5 educational level,23 
marital status27 and so on; hence, more rigorous survey 
should be conducted to confirm the prevalence of CI in 
Chinese community-dwelling population.

Overall, our results, which presented a significant asso-
ciation between poor FF and poor cognitive function in 
older adults, were consistent with previous studies.28 29 
In addition, we stratified and  analysed the association 
between FF and CI by men, women and IADL disability 
(the sample size for ADL disability was insufficient for 
stratified analysis), and the results also showed that older 
adults with moderate or high levels of FF were less likely 
to have CI than those with low levels for each subgroup 
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(data not shown). For each FF domain, we found that in 
the Chinese population, lower and upper muscle strength, 
lower body flexibility, dynamic balance and aerobic 
endurance were independently associated with cogni-
tive function, but not upper body flexibility. Hesseberg 

et al11  also concluded that there were significant associ-
ations between the components of physical fitness and 
cognition, except flexibility in Norwegians.11 And in 
the  Epidemiologie del'  Osteoporose (EPIDOS) cohort 
study, researchers revealed that poor dynamic balance in 

Table 1  Characteristics of the community-dwelling older adults with and without CI

CI (n=674) Non-CI (n=1422) P values

Sociodemographic characteristics

 � Age (years) 74.40±5.73 71.79±4.63 <0.0001

 � Female, n (%) 457 (67.80) 608 (42.76) <0.0001

 � Education >9 years, n (%) 60 (8.90) 368 (27.18) <0.0001

 � Height (cm) 156.30±7.83 161.70±8.01 <0.0001

 � Weight (kg) 58.93±10.51 64.53±10.68 <0.0001

 � BMI (kg/m2) 24.07±3.64 24.66±3.59 <0.001

 � Waist circumference (cm) 86.63±10.04 88.20±9.75 <0.001

 � Falls within 1 year, n (%) 99 (14.69) 138 (9.73) <0.01

Chronic disease

 � Diabetes (yes), n (%) 90 (13.35) 199 (13.99) 0.69

 � Hypertension (yes), n (%) 383 (56.99) 762 (53.62) 0.15

 � Hyperlidaemia (yes), n (%) 50 (7.42) 164 (11.53) <0.01

 � Coronary artery disease (yes), n (%) 93 (13.80) 181 (12.73) 0.50

Health behaviours

 � Smoking (yes), n (%) 88 (13.06) 289 (20.32) <0.0001

 � Regular exercise (yes), n (%) 396 (56.03) 1115 (80.04) <0.0001

 � PASE 112.93±67.60 144.78±67.72 <0.0001

Functional status

 � ADL disability (yes), n (%) 76 (11.31) 73 (5.76) <0.0001

 � IADL disability (yes), n (%) 448 (66.47) 294 (20.70) <0.0001

Functional fitness

 � 30 s chair stand (n) 11.69±5.46 14.42±6.02 <0.0001

 � Chair sit-and-reach (cm) −5.80±9.93 −2.97±8.43 <0.0001

 � 30 s arm curl (n) 13.66±6.93 18.59±9.39 <0.0001

 � 2 min step (n) 64.03±37.10 82.37±37.53 <0.0001

 � Back scratch (cm) −15.61±12.29 −11.81±12.24 <0.0001

 � 8 foot up-and-go (s) 10.37±4.58 8.61±4.10 <0.0001

ADL, activities of daily living; BMI, body mass index; CI, cognitive impairment; IADL, instrumental activities of daily living; PASE, 
Physical Activity Scale for the Elderly.

Table 2  Correlation between PASE score and functional fitness

CI (n=674) Non-CI (n=1422) All (n=2096)

r P values r P values r P values 

30 s chair stand (n) 0.20 <0.0001 0.15 <0.0001 0.20 <0.0001

Chair sit-and-reach (cm) 0.13 0.001 0.15 <0.0001 0.17 <0.0001

30 s arm curl (n) 0.25 <0.0001 0.11 <0.0001 0.19 <0.0001

2 min step (n) 0.13 0.001 0.11 <0.0001 0.15 <0.0001

Back scratch (cm) 0.26 <0.0001 0.09 0.001 0.17 <0.0001

8 foot up-and-go (s) −0.19 <0.0001 −0.15 <0.0001 −0.20 <0.0001

CI, cognitive impairment; PASE, Physical Activity Scale for the Elderly.
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women, which was assessed by five-time-sit-to-stand test, 
was associated with a higher risk of CI.30 Moreover, it is 
well known that FF was positively associated with physical 
activity, and our results showed that a greater amount of 
physical activity was positively correlated with each FF 
domain. But different types of activity might have different 
effects on each domain. For example, square-stepping 
could improve balance and yoga was as good as stretch-
ing-strengthening exercises.31 32 Until now, little is known 
about the mechanisms between FF and cognitive func-
tion. But FF test required refined brain control for the 
initiation of tasks, recruitment of muscles and motor 
coordination. Hence, the concurrent deterioration of 
the brain regions which are responsible for cognitive and 
physical performance might be one possible mechanism 
explaining the observed association.33 34 Moreover, angio-
genesis, neurogenesis and synaptogenesis might also play 
an important role, but further clinical and laboratory 
investigations need to be conducted to confirm this.34 35

Limitations
Even with a large sample size and adjustment of poten-
tial confounders, our study had some limitations. First, 
although the results showed that five domains of FF 
were independently associated with CI, our study did not 
explore the weight of each domain. Second, this study 
was a cross-sectional study which could not clarify the 
causality between FF and CI or FS decline. Third, except 
for FS, there were other confounding factors, such as 
nutrition status and so on. 

Future directions 
Taking these limitations into account, further larger and 
prospective research is needed to explore the association 
between FF and CI in Chinese older populations. Further-
more, the most effective type and intensity of physical 
exercise that aims to improve cognitive performance in 
older adults should be investigated.

In summary, the present study concluded that the 
prevalence of MMSE-based CI was 32.16%. In addi-
tion, lower frequency of 30 s chair stand, 30 s arm curl 
and 2 min step, and longer time to complete the 8 foot 
up-and-go and  shorter chair sit-and-reach were signifi-
cantly associated with CI, independent of confounding 
factors including sociodemographics, health behaviour, 
ADL disability and IADL disability. This suggested that 

physical exercise aimed to maintain or promote the 
above-mentioned fitness might be an effective element of 
a healthy lifestyle strategy to prevent CI in Chinese older 
populations.
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