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Objective: This study aimed to examine the relationship between physical performance and
mild cognitive impairment (MCI) in Chinese older adults.
Methods: The sample comprised 956 relatively healthy and aged ≥65 years old Chinese
community-dwelling participants (mean age, 72.56 ± 5.43 years; 56.8% female), which did
not include those with dementia, severe cognitive impairment, mental illness etc. The MiniMental State Examination (MMSE) and the Instrumental Activities of Daily Living (IADL)
scale were used for the initial classification of patients with MCI. Physical performance was
measured via hand grip, Timed Up and Go Test (TUGT), and 4-m walking speed.
Results: The physical performance (grip strength, TUGT, and 4-m walking speed) correlated
with MCI. The grip strength [odds ratio (OR) = 0.96, 95% confidence interval (CI) =
0.93–0.99] and 4-m walking speed (OR = 0.25, 95% CI = 0.10–0.64) correlated negatively
with MCI, while TUGT (OR = 1.08, 95% CI = 1.03–1.13) and MCI correlated positively.
Conclusion: The physical performance (grip strength, TUGT, and 4-m walking speed)
correlated with MCI. Further analysis showed that the grip strength was associated with
overall cognition, time orientation, recall, and language, while TUGT and 4-m walking speed
were associated with overall cognition and various cognitive domains, except recall.
Keywords: mild cognitive impairment, grip strength, TUGT, 4-meter walking speed

Introduction
Age-related cognitive decline has become a public health concern with the rise in the
aging population all over the world. Mild cognitive impairment (MCI) has been
conceptualized as an intermediate stage between normal aging and dementia.1 MCI
is considered as a risk factor for dementia.2 Older adults with MCI develop dementia at
a rate of 10%–15% every year,3 and at a rate of 60%–100% within 5–10 years.4
However, one third of patients with MCI remain in clinical stability or even return to
normal.5 Therefore, the study of MCI is of great significance for the prevention of
dementia. At present, no pharmacologic treatments are available to cure the progression
of MCI to dementia. Hence, the prevention of the deterioration of MCI to dementia is
very important. Early detection of those most at risk is necessary to appropriately target
early treatments, but the current screening approaches are too invasive and costly to be
used at a population level. Accordingly, early clinical indicators of risk are needed.
The physical function of the older adults gradually decreases with the increase
in age, and their physical performance is restricted to varying degrees. Cognitive
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function is related to prefrontal cortex, parietal lobe, and
hippocampus, which affect the physical performance of
individuals.6–8 A study underscored the importance of
executive function (dorsolateral frontal cortex) and mem
ory function (hippocampus) in gait control in older adults.6
Gait decline increases the risk of cognitive decline and
dementia.7 Poor mobility outcomes were reliably asso
ciated with reduced gray and white matter volume.8 At
present, the evaluation of the physical performance of
older adults mainly focuses on mobility, balance, and
muscle strength. Several studies showed that mobility,
balance, and grip strength were associated with changes
in cognitive function.9–11 However, views on the relation
ship between balance, muscle strength, and cognition are
still inconsistent. Some studies found that poor balance
performance correlated with cognitive impairment,10 but
others found that balance did not correlate with
cognition.12 Some studies found a relationship between
handgrip strength and global cognitive performance,
while the relationship between other cognitive domains
needs further research.13 Very few studies examined the
relationship between mobility, balance, grip strength, and
cognition in older adults; however, the conclusions were
inconsistent.
Therefore, this study aimed to examine the relationship
between physical performance and MCI in Chinese older
adults. Moreover, it also investigated whether physical
performance (strength, balance, and mobility) was related
to specific cognitive functions. Therapeutic interventions
specifically aimed at maintaining or improving one or
more physical performances might help slow down
a decline in condition or even to improve cognitive func
tioning in cognitively impaired older people. The data of
the study might provide basic scientific and theoretical
support in the strategy and policy making for the preven
tion of MCI and Alzheimer’s disease (AD) in China.

Methods
Study Population
The study population is from Chongming District, Shanghai.
All subjects were invited to participate in a comprehensive
geriatric assessment and cognitive function assessment.
Inclusion criteria: (1) Older adults people ≥65 years old; (2)
Have lived in the community for at least one year; (3) Willing
to participate in this study. Exclusion criteria: (1) severe
cognitive impairment, dementia, mental illness or other neu
rodegenerative diseases; (2) those who could not take care of

120

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

themselves and the instrumental activities of daily living scale
were more than or equal to three items that could not be
completed and could not walk independently; (3) people with
hearing impairment, visual impairment and communication
difficulties; (4) those who took sedatives in the last one or two
months; (5) unable to perform the grip strength, Timed Up
and Go Test (TUGT), and 4-meter walking test. The final
study population comprised 956 subjects. All participants
provided informed consent prior to participation.

Assessment of Cognitive Function
The Mini-Mental State Examination (MMSE) was used for
the initial classification of patients with MCI to determine
their needs in a further and comprehensive assessment.14
Therefore, we used the brief cognitive test to assess cogni
tive function. Cognitive assessment was completed using the
MMSE15 by trained investigators. It includes 30 items, the
score ranges from 0 to 30 points, with the higher scores
indicating better cognitive performance. The MMSE
includes a broad set of cognitive domains that measure the
following: orientation to time (5 points), orientation to place
(5 points), registration (3 points), attention and calculation (5
points), recall (3 points), and language (9 points).16

Assessment of Daily Activity Ability
The daily activity ability was tested using the Instrumental
Activities of Daily Living scale (IADL).17 It includes 8
items, the score ranges from 0 to 8 points, with the higher
scores indicating better daily activity ability.

Definition of MCI
The definition was made according to the diagnostic criteria
of Petersen.18 The MMSE and IADL to definition MCI, that
is MMSE to determine cognitive impairment and IADL
judged normal daily activities ability. The cut-off points
used for cognitive impairment were as follow: ≤17 for
illiterate people, ≤20 for people with primary school, and
≤24 for people with middle school or higher.19 IADL scores
≥ 6 indicates normal daily activity ability.20

Physical Performance Assessment: Hand
Grip, TUGT, Four-Meter Walking Test
Hand grip was measured using a dynamometer (GRIP-D;
Takei Ltd, Niigata, Japan). Participants were asked to exert
their maximum effort twice using their dominant hand, the
mean grip strength was calculated from two attempts.9 The
TUGT beings with the participant sitting on a chair in

Clinical Interventions in Aging 2021:16

Dovepress

a relaxed position, getting up from the chair, then walking
3 meters, turning around, walking back to the chair, and
then sitting down chair.21 Walking aids were allowed. The
4-meter walking test consists of participants being timed
while walking four-meter at their usual pace. Participants
completed the test twice and the mean gait speed (m/s)
was calculated.9

Covariates
All participants were invited to a face-to-face interview to
answer a standardized questionnaire. The questionnaire
included questions about age, sex, height, body weight,
occupation, illiterate, living alone, sleep duration, smok
ing habits (current smoker, never smoking, and past smo
ker), and drinking habits (drinking daily, occasional
drinking, past drinking, and never drinking). Physical
activity was assessed using the short form of the
International Physical Activity Questionnaire (IPAQ).22
A history of physical illness was evaluated based on
participants’ responses (yes or no) to questions about
their history, past diagnoses made by physicians, and
current or historical medication regimens. Diseases of
interest included type 2 diabetes mellitus (T2DM), hyper
tension, hyperlipidemia, gout, anemia, pulmonary disease,
biliary tract disease, kidney disease, peptic ulcer, hepatic
disease, heart disease, osteoarthritis, cancer and thyroid
disease.

Statistical Analysis
Continuous variables were expressed as mean ± standard
deviation; continuous nonnormal distribution variables,
such as IPAQ, were expressed as median and quartile;
and classified variables were expressed as a percentage
(%). Differences in baseline characteristics according to
cognitive status were analyzed using the t tests, Pearson’s
chi-square test, and Mann–Whitney U-tests. Logistic
regression models were used to examine the relationship
between physical performance and MCI. Linear regres
sion models were used to analyze the relationship
between grip strength, TUGT, walking speed, overall
cognition, and various fields. Model 1 adjusted variables
included age, sex, and body mass index (BMI), and
Model 2 adjusted variables included age, sex, BMI,
IADL, illiterate, widow, living alone, diabetes, hyperten
sion, hyperlipidemia, and hepatic disease. All the statis
tical analyses were performed using SPSS version 21.0,
and a P value less than 0.05 was considered statistically
significant.
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Ethics
The study was approved by the Ethics Committee of
Shanghai University of Medicine and Health Sciences
and the methods were carried out in accordance with the
principles of the Declaration of Helsinki.

Results
Characteristics of the Participants
In total, 956 individuals participated in the study (mean
age, 72.56 ± 5.43 years; 56.8% women), of which 47
individuals were excluded due to the submission of an
incomplete questionnaire. Of the remaining participants,
138 (14.4%) met the diagnostic criteria and were defined
as having MCI. Table 1 presents the characteristics of
these participants. Participants with MCI had lower daily
activity ability and level compared with those with normal
cognition. Compared with participants with normal cogni
tion, those with MCI were older, more likely female,
illiterate, widow, living alone, and suffering from hyper
tension; and had lower physical performance (lower grip
strength, walking speed, and worse balance) and longer
sleep time. Fewer patients suffered from the hepatic
disease.

Relationship Between Physical
Performance and MCI
The relationship between physical performance and MCI
is shown in Table 2. In the fully adjusted model, the grip
strength [odds ratio (OR) = 0.96, 95% confidence interval
(CI) = 0.93–0.99] and 4-m walking speed (OR = 0.25,
95% CI = 0.10–0.64) correlated negatively with MCI;
larger grip strength and faster walking speed were the
protective factors of MCI. TUGT (OR = 1.08, 95% CI =
1.03–1.13) correlated positively with MCI; slower TUGT
was a risk factor for MCI.
Further, the relationship between grip strength, TUGT,
4-m walking speed, overall cognition, and various fields
was analyzed. The grip strength correlated with the total
score of MMSE, time orientation, immediate recall, and
language (Table 3); and TUGT and 4-m walking speed
correlated with the total score of MMSE, time orientation,
place orientation, registration, attention and calculation,
and language (Tables 4 and 5).

Discussion
In this suburb-dwelling older adults, the prevalence of
MCI in people aged more than 65 years was 14.4%
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Table 1 Baseline Characteristics of Study Participants with Normal Cognition vs Mild Cognitive Impairment
Variables

Normal Cognition

Mild Cognitive Impairment

P value

(n=818)

(n=138)

Age (year)

72.00±5.03

75.86±6.45

<0.001

Female (%)
BMI (kg/m2)

54.6
23.62±3.49

69.6
23.82±3.51

0.001
0.535

IADL (score)

7.79±0.49

7.54±0.74

<0.001

MNA-SF (score)
GDS (score)

12.80±1.40
5.43±4.37

12.67±1.41
7.11±5.57

0.325
<0.001

Sleep duration (hour)

8.48±1.47

9.01±1.64

<0.001

IPAQ (Met/wk)
Illiterate (%)

5150 (2079, 10,194)
9.8

3764 (1245, 8400)
38.4

0.012
<0.001

Widow(%)

18.7

42.0

<0.001

Living alone (%)
Farming (%)

15.5
50.9

30.4
68.6

<0.001
0.055

Smoking (%)
Current smokers

16.2

13.0

Never smokers

66.6

75.4

Ever smokers

17.3

11.6

Daily drinkers
Occasional drinkers

14.6
14.5

15.2
14.5

Former drinkers
Never drinkers

13.2
57.7

8.0
62.3

Grip strength (kg)

23.54±8.91

18.60±9.04

<0.001

4-meter walking test (m/s)
TUGT (s)

1.11±0.23
9.90±3.43

0.94±0.26
12.70±5.20

<0.001
<0.001

Diseases (%)
Diabetes (%)

16.5

12.3

0.212

Hypertension (%)

61.9

75.4

0.002

Hyperlipidemia (%)
Gout (%)

29.3
6.4

29.0
6.5

0.949
0.944

Anemia (%)

4.5

7.2

0.172

Pulmonary disease (%)
Biliary tract disease (%)

8.3
14.6

8.0
18.1

0.890
0.281

Kidney disease (%)

12.0

8.0

0.169

Peptic ulcer (%)
Hepatic disease (%)

15.1
18.1

11.6
8.7

0.284
0.006

Heart disease (%)

33.2

41.3

0.063

Thyroid disease (%)
Osteoarthritis (%)

3.8
16.2

6.5
21.0

0.140
0.159

Cancer (%)

3.8

2.2

0.342

0.112

Drinking (%)

0.379

Abbreviations: BMI, body mass index; MNA-SF, mini-nutritional assessment short-form; GDS, geriatric depression scale; IADL, instrumental activity of daily living; IPAQ,
international physical activity questionnaires; TUGT, timed up and go test.

with Petersen’s diagnostic criteria. This finding was
similar to a study showing that the prevalence of
MCI was 14.71% in an older population.23 The present
study examined the association between physical per
formance and MCI of the older adults in the suburb
dwelling of China. The results of this study provided
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evidence that after adjustments for potential confoun
ders, physical performance still correlated with MCI.
Moreover, greater grip strength and faster walking
speed were the protective factors for MCI, while
slower TUGT was the risk factor for MCI. These
results were consistent with previous findings.
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Table 2 Logstics Regression Analysis of Physical Performance and MCI
Variables

Unadjusted

Model 1

Model 2

OR (95% CI)

P

OR (95% CI)

P

OR (95% CI)

P

Grip strength

0.93 (0.91–0.95)

<0.001

0.95 (0.92–0.98)

0.001

0.96 (0.93–0.99)

0.015

TUGT
4-meter walking test

1.15 (1.10–1.21)
0.06 (0.03–0.13)

<0.001
<0.001

1.11 (1.06–1.16)
0.15 (0.07–0.35)

<0.001
<0.001

1.08 (1.03–1.13)
0.25 (0.10–0.64)

0.002
0.004

Notes: Model 1, adjusted for age, gender and BMI; Model 2, adjusted for age, gender, BMI, systolic pressure, diastolic pressure, IADL, GDS, sleep duration, IPAQ, Illiterate,
widow, living alone, job category, monthly income, intercourse of relatives, diabetes, hypertension, hyperlipidemia, Hepatic disease.
Abbreviation: TUGT, timed up and go test.

Table 3 Multivariate Linear Regression Analysis of the Association Between Grip Strength and Cognitive Domains
Variables

Unadjusted

Model 1

Model 2

β

P

β

P

β

P

MMSE score
MMSE subscores

0.298

<0.001

0.238

<0.001

0.120

0.002

Orientation to time

0.208

<0.001

0.162

<0.001

0.089

0.033

Orientation to place
Registration

0.262
0.131

<0.001
<0.001

0.222
0.096

<0.001
0.003

0.064
0.097

0.113
0.022

Attention and calculation

0.216

<0.001

0.180

<0.001

0.071

0.086

Recall
Language

0.103
0.282

0.001
<0.001

0.071
0.164

0.029
<0.001

0.077
0.121

0.073
<0.001

Notes: Model 1, adjusted for age, gender and BMI; Model 2, adjusted for age, gender, BMI, systolic pressure, diastolic pressure, IADL, GDS, sleep duration, IPAQ, Illiterate,
widow, living alone, job category, monthly income, intercourse of relatives, diabetes, hypertension, hyperlipidemia, Hepatic disease.
Abbreviation: MMSE, Mini-mental State Examination.

Table 4 Multivariate Linear Regression Analysis of the Association Between TUGT and Cognitive Domains
Variables

Unadjusted

Model 1

Model 2

β

P

β

P

β

P

−0.334

<0.001

−0.247

<0.001

−0.182

<0.001

Orientation to time
Orientation to place

−0.209
−0.237

<0.001
<0.001

−0.141
−0.168

<0.001
<0.001

−0.103
−0.126

0.003
<0.001

Registration

−0.213

<0.001

−0.173

<0.001

−0.133

<0.001

Attention and calculation
Recall

−0.229
−0.140

<0.001
<0.001

−0.173
−0.097

<0.001
0.004

−0.134
−0.062

<0.001
0.088

Language

−0.335

<0.001

−0.255

<0.001

−0.156

<0.001

MMSE score
MMSE subscores

Notes: Model 1, adjusted for age, gender and BMI; Model 2, adjusted for age, gender, BMI, systolic pressure, diastolic pressure, IADL, GDS, sleep duration, IPAQ, Illiterate,
widow, living alone, job category, monthly income, intercourse of relatives, diabetes, hypertension, hyperlipidemia, Hepatic disease.
Abbreviation: MMSE, Mini-mental State Examination.

Further, the relationships between physical performance
and specific cognitive function were analyzed. The grip
strength was found to correlate with the overall cognition,
time orientation, registration, and language. However, walking
speed and TUGT correlated with all areas of cognition, except
recall.

Relationship Between Grip Strength and MCI
This study showed that grip strength correlated with MCI.
Further analysis of the relationship between grip strength

Clinical Interventions in Aging 2021:16

and overall cognition and various cognitive domains
revealed that the grip strength correlated with overall
cognition, time orientation, immediate recall, and lan
guage, but grip strength and orientation did not correlate
with place, attention and calculation, and recall. Studies
found24 that every 5 kg higher handgrip strength was
associated with lower odds (OR = 0.97, 95% CI = 0.93–
0.99) for both future cognitive impairment and worse
cognitive impairment. However, the relationship between
grip strength and overall cognitive and its relationship with
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Table 5 Multivariate Linear Regression Analysis of the Association Between 4-Meter Walking Speed and Cognitive Domains
Variables

Unadjusted

Model 1

Model 2

β

P

β

P

β

P

0.343

<0.001

0.219

<0.001

0.153

<0.001

Orientation to time

0.217

<0.001

0.121

<0.001

0.082

0.021

Orientation to place
Registration

0.236
0.190

<0.001
<0.001

0.125
0.141

<0.001
<0.001

0.078
0.096

0.023
0.008

Attention and calculation

0.234

<0.001

0.149

<0.001

0.109

0.002

Recall
Language

0.144
0.359

<0.001
<0.001

0.095
0.252

0.007
<0.001

0.062
0.154

0.089
<0.001

MMSE score
MMSE subscores

Notes: Model 1, adjusted for age, gender and BMI; Model 2, adjusted for age, gender, BMI, systolic pressure, diastolic pressure, IADL, GDS, sleep duration, IPAQ, Illiterate,
widow, living alone, job category, monthly income, intercourse of relatives, diabetes, hypertension, hyperlipidemia, Hepatic disease.
Abbreviation: MMSE, Mini-mental State Examination.

other cognitive domains need to be further observed. Other
studies showed that grip strength was not associated with
MCI.9 A longitudinal study25 that followed the grip
strength and cognition for more than 20 years found that
the grip strength had an effect on the processing speed
before the age of 65 years, and the grip strength was
related to memory, processing speed, and spatial ability
after 65 years, indicating that it was due to a change in
lifestyle. Around age 65 years, the aging process intensi
fies for many and starts to accelerate, resulting in greater
individual differences and also qualitative changes affect
ing the relationship between the variables. Some research
ers argued that this might be due in part to a common
biologic process underlying age-related declines in both
physical and cognitive functioning.26 Physical and cogni
tive functioning are both indicators of biologic aging. The
temporal relationship between cognitive and physical per
formance differs across domains and age, suggesting
a specific rather than a general relationship. This empha
sizes the importance of repeated measurements on differ
ent domains and encourages efforts on the development of
domain and age-specific interventions.
Several possible explanations exist for the mechanism
underlying the relationship between grip strength and cog
nitive function. One possible explanation is that cognitive
impairment may only show physical inactivity in the ear
liest stage, leading to a loss of muscle mass and strength
over time. At the same time, since participation in exercise
and activity is related to an increase in brain plasticity and
improvement in cognitive function,27 it suggests that life
style factors may be the intermediary factors to offset
a potential decline in cognitive ability. Another
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explanation is that both cognitive and muscular systems
rely on the nervous system to perform functions, so ner
vous system damage, for example, can lead to defects in
both areas as a result of chronic inflammation.28 Further
studies are required to clarify the neurophysiological basis
of the relationship between muscle strength and cognitive
function.

Relationship Between TUGT and MCI
This study found a correlation between TUGT and MCI (OR
= 1.08, 95% CI = 1.03–1.13). This was consistent with the
results of previous studies.29 Further analysis revealed that
TUGT correlated with overall cognition and various cogni
tive domains, except recall. One study found that generally
older adults with MCI took a longer time to accomplish
TUGT; however, the interaction (gender × age × cognitive
status) was not statistically significant.11 Several studies
found that slower TUGT was associated with cognitive lan
guage, poor attention and computing skills.30 This was con
sistent with the results of the present study. Greene10 found
that TUGT could be used as a longitudinal monitoring tool to
identify individuals at risk of cognitive decline. Donoghue
et al found little evidence of a relationship between baseline
mobility and decline in cognitive function in this highfunctioning community-dwelling sample.12 Previous
studies31 showed that the hippocampus was a key brain
region for gait control in both physiological and pathological
(early cognitive decline) aging, and longer TUGT was asso
ciated with lower hippocampal volume; the strength of the
relationship between hippocampus and TUGT was the high
est for the hippocampus compared with other brain regions.
Examining the early modifications of MCI status related to
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the brain structures involved in gait control improved the
understanding of the neuropathological mechanisms under
lying gait disorders in aging. Although the TUGT test was
simple, it required the cooperation of many systems, and the
process was complex, especially in older adults with cogni
tive impairment. Therefore, more longitudinal studies are
needed to explore the relationship between TUGT and MCI
in the future.

Relationship Between 4-m Walking Speed
and MCI
A correlation was found between 4-m walking speed and
MCI (OR = 0.25, 95% CI = 0.10–0.64) in the present
study. Many studies showed that slow gait speed was
associated with an increased risk of incident MCI9
and AD.32 A well-characterized cohort study found that
a longitudinal measure of gait speed decline over 14 years
predicted later cognitive impairment (adjudicated MCI or
dementia) in an initially healthy sample of older adults.33
Another study34 showed that individuals with MCI had
significantly slower walking speed and worse geriatric
depression scale compared with non-MCI, which was
similar to the results of this study.
Further analysis revealed that 4-m walking speed was
related to overall cognition and various cognitive domains,
except recall. McGough et al found that slow gait was
associated with registration, attention, calculation, and
executive
performance.35
Another
study
found
a relationship between slower gait speed and worse base
line performance on measures of memory, attention, infor
mation processing speed, and verbal fluency.9 These
findings indicated that future studies should focus on the
changes in walking speed in older adults, and more welldesigned cohort studies need to be carried out to verify the
relationship between walking speed and MCI. A study36
showed that a smaller volume of the prefrontal area might
contribute to slower gait through slower information pro
cessing. Evidence from previous studies37 indicated that
the volume of the prefrontal area and information proces
sing speed were modifiable late in life. Therefore, long
itudinal studies are warranted to examine the casual
relationship between focal brain atrophy with slowing in
information processing and gait. Further studies should
investigate mechanisms and early intervention strategies
that assist older adults with MCI to maintain function and
independence.
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Strengths and Limitations
This study had a number of strengths. First, this novel
study examined the relationship between physical perfor
mance and MCI in Chinese older adults. Second, this
study was also the first to examine the relationship
between physical performance and specific cognitive func
tions. Recruited participants from a suburban area led
a more physically active lifestyle, differentiating them
from participants in other geographical areas. However,
the study also had certain limitations. First, all participants
in the present study were relatively healthy. Individuals
unable to participate in the free annual national physical
examination were excluded. This choice could constitute
a selective survival and a healthy selection bias. Second,
this was a cross-sectional study, and therefore it was
difficult to find out the causal relationship between them.
Sample sizes and years of follow-up need to be increased
in future studies to verify the relationship. Third, although
the MMSE could be used for the initial classification of
patients with MCI, this brief cognitive test had some
shortcomings in defining MCI. Adding some specific indi
cators, such as functional magnetic resonance imaging,
should be considered in the future.

Conclusions
The physical performance (grip strength, TUGT, and
4-m walking speed) was found to correlate with MCI.
Further analysis showed that the grip strength was asso
ciated with overall cognition, time orientation, recall, and
language, while TUGT and 4-m walking speed were asso
ciated with overall cognition and various cognitive
domains, except recall. The older adults with lower grip
strength, lower walking speed, and slower TUGT might be
the focus of MCI, and cognitive screening should be con
ducted in time. The grip strength, walking speed, and
TUGT might be significant indicators for the early identi
fication of MCI. Establishing the screening and evaluation
of the physical performance of older adults aged more than
65 years in the Chinese community is necessary for the
early detection and intervention of MCI.
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