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Objective: To examine the relationship among walking speed, cognitive
impairment, and cognitive domain functions in older men and women living in
a Chinese suburban community.

Methods: In total, 625 elderly (72.54 + 5.80 years old) men (n = 258) and
women (n = 367) from the Chongming district of Shanghai participated in
this study. All participants had Mini-Mental State Examination (MMSE), 4-m
walking test, medical history questionnaire, and physical examination. They
were grouped according to walking speed (>0.8 vs. <0.8 m/s) with the
stratification of sex. The odds ratio (OR) and the 95% confidence interval (C/)
were assessed using the chi-square test and logistic regression analysis.

Results: Around 11.6% of men and 14.2% of women had slow walking speeds.
After adjusting for age, body mass index (BMI), education level, spouse, faller,
the Geriatric Depression Scale (GDS) score, heart disease, stroke, arthritis, and
low back pain, walking speed was negatively related to cognitive impairment
in men (OR 0.11 [95% CI: 0.01, 0.94]; p = 0.043). In addition, the relationship
between walking speed and impaired orientation was significant in both men
(OR 0.003 [95% CI: 0.001, 0.05]; p < 0.001) and women (OR 0.15 [95% CI: 0.03,
0.75]; p = 0.021).

Conclusion:  The relationship between walking speed and cognitive
impairment was only significant in men, but the association with impaired
orientation was found in both men and women. Assessing the walking speed
of the elderly is beneficial, which may help with early detection and early
therapeutic prevention of cognitive impairment.

KEYWORDS

cognitive impairment, sex-difference, orientation, slow walking speed, cognitive
domain functions

Introduction

Cognitive impairment, such as mild cognitive impairment (MCI) and dementia, is
associated with age-related neurodegenerative disease. Impairment of different cognitive
domain functions, such as memory, orientation, executive function, and language, may
affect daily life to varying degrees (Morley, 2018). In China, the incidence of cognitive
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impairment among the elderly aged 60 years and above
is 12.6-30.0% (Giri et al, 2016; Wu et al., 2019). When
the decline in cognitive function progresses to the stage of
dementia, neurodegeneration and cognitive impairment will
be irreparable. Until then, non-pharmacological interventions,
such as exercise, diet, and chronic disease management can help
delay or prevent the decline of cognitive function to a certain
extent (Rosenberg et al., 2018). Walking has been recognized as
one of the most convenient and economical ways of engaging
in physical activity. Previous reports have shown links between
cognitive function and walking speed in the elderly (Hackett
etal, 2018; Liu etal,, 2021), but it is unclear whether any specific
cognitive domain functions are more strongly associated with
walking speed.

Usual walking speeds are chosen by most people for
their least energy expenditure and greatest walking efficiency.
However, for the elderly, especially those with chronic
diseases, walking speed is relatively slow due to limited aerobic
capacity and additional demand for energy expenditure
associated with physical activity (Schrack et al, 2016).
Brain imaging studies have shown that reduced walking
speed is associated with smaller hippocampal volume and
cerebrocortical mass (Lee et al., 2019). The predictive power
of slow walking speed for cognitive impairment has also
been demonstrated in older adults (Hackett et al., 2018;
Chou et al, 2019; Knapstad et al, 2019). However, studies
on the relationship between walking speed and cognitive
function in different domains are limited and inconsistent.
Some studies reported that walking speed is significantly
all
et al,, 2019a; Liu et al, 2021). However, other studies have

correlated with cognitive domain functions (Toots
indicated that walking speed is significantly related to the
decline of orientation, executive function, and visuospatial
function (Zhang et al., 2019; Zuo et al., 2019). Furthermore,
walking speed and cognitive function are both reported to
decline with age, but sex differences in these declines are
still unclear.

Older adults in the suburban community have less
opportunity to receive health information and services
compared with the urban areas and are more likely to
ignore the physical and cognitive problems associated with
aging (Liu et al, 2020). The purpose of the present study
was to examine the relationship among walking speed,
cognitive impairment, and cognitive domain functions in
men and women living in a Chinese suburban community
to provide a reference for predicting cognitive decline and

Abbreviations: MMSE, Mini-Mental State Examination; OR, odds ratio;

Cl, confidence interval; MCI, mild cognitive impairment; IPAQ-SF,
International Physical Activity Questionnaire Short Form; BMI, body

mass index.
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identifying cognitive impairment early among the population at
high risk.

Methods
Study design and participants

This was a cross-sectional study conducted from August
to November 2018 in the Chongming district of Shanghai,
China. The participants of this study were volunteers from
the Screening and Rehabilitation Nursing Intervention Study
of Cognitive Impairment in the Elderly. All participants were
>60 years old and lived independently in the community. The
exclusion criteria are as follows: (1) those walking with an
assistive walking device, such as a cane, walker, or crutch(es);
(2) those suffering from serious somatic and/or psychiatric
illness, or treatment that may significantly affect walking speed
(such as unhealed fractures and tumors); (3) those unable
to perform the study required tests (such as 4-m walking
test); and (4) those with mental illness, dementia, visual
impairment, deafness, or inability to speak that could cause
communication difficulties. Finally, 625 participants (258 men
(73.16 £ 5.82 years old) and 367 women (72.15 £ 5.73 years
old) signed informed consent and were enrolled in the study.
The study protocol was approved by the Ethics Committee of the
Shanghai University of Medicine and Health Sciences (2020-E4-
6200-20-201032-03-210302197009090947). There were training
sessions to emphasize the details of the testing and to
address the questions for all research associates involved in
the study.

Assessment of cognitive function

Cognitive function was assessed by the Chinese version
Mini-Mental State Examination (MMSE), which contains
12 test items to assess several different cognitive domains,
such as orientation (0-10), immediate recall (0-3), delayed
recall—short-term memory (0-3), attention or concentration
ability (0-5), and verbal ability (0-9) (Wu et al, 2019).
Higher scores indicate better cognitive function (with a
perfect score = 30). Considering the fact that cognitive
performance correlates with educational level, the cut-off
value of cognitive impairment was adjusted according to the
education level, <17 for illiterate, <20 for primary school,
and <24 for junior high school and above (Wu et al., 2019;
Zhang et al,, 2021). The scores for each cognitive domain
of the MMSE were transformed into an age-specific Z-score
for the participants in their 60, 70, and 80s and above,
utilizing the data for all participants included in this study.
Impairment in each domain of the MMSE was defined as a
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score >1.0 SDs below the age-specific means (Kondo et al,
2021).

Assessment of walking speed

Walking speed was measured by a 4-m walking test on a
flat, straight corridor. The beginning and end points of the
corridor are prominently marked with yellow tape and both
points have a 1-m buffer distance (Bohannon and Wang, 2019).
The participants were told to walk at their usual pace along
the corridor, recording the time in meters per second. They
performed the test two times and the mean walking speed (m/s)
was calculated and documented (Hooghiemstra et al.,, 2017).
Canes or walkers were allowed to be used. According to walking
speed, the participants in this study were divided into two
groups: slow walking speed (<0.8 m/s) or normal walking speed
(>0.8 m/s) as previously described (Ke et al., 2021).

Covariates

Face-to-face epidemiological questionnaire interviews were
performed by trained interviewers. The questionnaire included
questions about age, sex, spouse, living alone, education level
(0, 1-6, and >6 years), smoking habits, and drinking habits.
According to the history of previous falls, participants were
divided into the “non-faller” or “faller” groups. When asked the
question: “Have you had any falls in the last year?" Participants
offering an affirmative answer were assigned to the “faller”
group, and others were assigned to the “non-faller” group
(Lavedan et al,, 2018). In addition, body mass index (BMI)
was calculated by dividing weight (kg) by height (m?). Physical
activity was assessed by the International Physical Activity
Questionnaire Short Form (IPAQ-SF) based on the amount of
heavy physical activity, moderate physical activity, and walking
activity (Zhang et al, 2021). Depressive symptomatology was
measured by the 30-item Geriatric Depression Scale (GDS-30),
which has a high sensitivity (70.6%) and specificity (70.1%) in
a Chinese population sample aged 60 years and over (Rong
et al., 2019). Medical or health history 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 include
diabetes mellitus, hypertension, hyperlipidemia, stroke, heart
disease, arthritis, and low back pain.

Statistical analysis
Continuous variables were presented as mean =+ standard

deviation (SD), continuous non-normal distribution variables,
such as IPAQ, were expressed by median and quartile, and
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classification variables were expressed by percentage (%).
Differences in baseline characteristics according to walking
speed were analyzed using an independent sample ¢-test,
Pearson’s chi-square test, and the Mann-Whitney U-test. Binary
logistic regression models were used to examine the relationship
between walking speed and cognitive impairment and impaired
cognitive domain function. Adjusted variables in Model 1
included age, BMI, education level, and those in Model 2
included age, BMI, education level, spouse, faller, the GDS
score, heart disease, stroke, arthritis, and low back pain. A p-
value of <0.05 was considered statistically significant. SPSS 25.0
statistical software was used for the analysis.

Results

A total of 625 participants (258 men and 367 women;
average: 72.54 & 5.80 years old) were included in the analysis.
The characteristics of the participants according to sex and
categories of walking speed are shown in Table 1. The proportion
of slow walking speed was 11.6 and 14.2% in men and
women, respectively. Men with slower walking speed were older,
had higher GDS scores, lower IPAQ, were more likely to be
spouseless, living alone, fallers, and had a higher prevalence of
heart disease and cognitive impairment. Women with slower
walking speed were older, less educated, had higher GDS scores,
lower IPAQ, were more likely to be spouseless, and had a higher
prevalence of stroke and cognitive impairment.

Table 2 shows the association between walking speed and
cognitive function in men. In Model 1, walking speed was
negatively correlated to cognitive impairment (odds ratio [OR]
0.12 [95% CI 0.02, 0.79]; p = 0.024), impaired orientation (OR
0.02 [95% CI 0.002, 0.15]; p < 0.001), and impaired immediate
recall (OR 0.11 [95% CI 0.02, 0.88]; p = 0.031), impaired delayed
recall (OR 0.27 [95% CI 0.07, 0.96]; p = 0.045). In Model 2,
walking speed remained significantly associated with cognitive
impairment (OR 0.11 [95% CI 0.01, 0.94]; p = 0.043) and
impaired orientation (OR 0.003 [95% CI 0.001, 0.05]; p < 0.001),
while impaired immediate recall (OR 0.10 [95% CI 0.007, 1.09];
p = 0.060), impaired attention, (OR 0.43 [95% CI 0.06, 3.18];
p = 0.400), impaired delayed recall (OR 0.33 [95% CI 0.08, 1.38];
p = 0.130), and impaired language function (OR 2.13 [95% CI
0.82,10.78]; p = 0.091) were not.

Table 3 shows the association between walking speed and
cognitive function in women. After adjusting for age, BMI,
education level, spouse, faller, GDS scores, heart disease, stroke,
arthritis, and low back pain, walking speed was only negatively
related to impaired orientation (OR 0.15 [95% CI 0.03, 0.75];
p = 0.021), while impaired immediate recall (OR 0.85 [95% CI
0.16, 4.48]; p = 0.843), impaired attention, (OR 2.00 [95% CI
0.45, 4.18]; p = 0.362), impaired delayed recall (OR 1.33 [95% CI
0.35, 5.14]; p = 0.672), and impaired language function (OR 0.79
[95% CI 0.13, 4.76]; p = 0.798) were not.
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TABLE 1 Participant characteristics.
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Variables Men (n = 258) P-value Women (n = 367) P-value

Normal Slow Normal Slow

walking speed walking speed walking speed walking speed
(n = 228) (n=30) (n=315) (n=52)
Age, yrs 72.75 4 5.39 76.20 + 7.85 0.002 71.27 £ 4.80 77.44 4 7.76 <0.001
BMI, kg/m? 25.09 + 3.37 25.10 + 4.94 0.995 25.00 + 3.57 25.73 4 4.08 0.192
Education, n (%), yrs 0.092 <0.001
0 10 (4.4) 4(13.3) 48 (15.3) 21 (40.3)
<6 106 (46.5) 15 (50.0) 162 (51.4) 21 (40.3)
>6 112 (49.1) 11 (36.7) 105 (33.3) 10 (19.2)
Spouse (%) 214 (94.3) 21 (70.0) <0.001 241 (76.5) 27 (51.9) 0.001
Living alone (%) 18 (7.9) 5(16.7) 0.001 49 (15.5) 10 (19.2) 0.419
Smoker (%) 75 (33.0) 7(23.3) 0.284 3(1.0) 0(0) 0.490
Drinker (%) 123 (53.9) 15 (50.0) 0.632 43 (13.7) 7 (13.5) 0.938
Faller (%) 26 (11.4) 9 (30.0) 0.006 54 (17.1) 12 (23.1) 0.262
IPAQ, Met/wk 3,612 (1,017, 9,043) 1,212 (591, 5,662) 0.027 6,132 (2,358, 1,593 (486, 6,252) <0.001
11,760)

GDS,score 6.11 + 4.01 7.80 % 5.32 0.040 7.64 & 4.80 11.55 + 6.97 <0.001
Disease (%)
Diabetes 31 (13.7) 6 (20.0) 0.352 40 (12.7) 6(12.2) 0.898
Hypertension 151 (66.5) 22(73.3) 0.455 176 (56.8) 31(63.3) 0.393
Hyperlipidemia 34 (15.0) 7(23.3) 0.240 49 (15.5) 8 (15.3) 0.926
Stroke 23 (10.1) 4(13.3) 0.591 42 (13.3) 14 (28.6) 0.007
Heart disease 27 (11.8) 10 (33.3) 0.002 56 (17.8) 13 (25.0) 0.162
Arthritis 40 (17.5) 3(10.3) 0.265 53 (16.8) 14 (26.9) 0.064
Low pack pain 31(13.7) 6 (20.0) 0.352 70 (22.2) 14 (26.9) 0.357
Cognitive impairment 19 (8.3) 6(20.0) 0.049 46 (14.6) 15 (28.8) 0.003

BMI, body mass index; IPAQ, International Physical Activity Questionnaire; GDS, geriatric depression scale.

TABLE 2 Associations between walking speed and cognitive impairment and impaired cognitive domain function in men by binary logistic

regression analysis.

Variables Model 1 p Model 2 P
OR (95%CJ) OR (95%CI)

Cognitive impairment 0.12 (0.02, 0.79) 0.024* 0.11 (0.01, 0.94) 0.043*
Orientation, impaired 0.02 (0.002, 0.15) <0.001** 0.003 (0.001, 0.05) <0.001**
Immediate recall, impaired 0.11 (0.02, 0.88) 0.031* 0.10 (0.007, 1.09) 0.060
Attention, impaired 0.8 (0.16, 4.61) 0.808 0.43 (0.06, 3.18) 0.400
Delayed recall, impaired 0.27 (0.07, 0.96) 0.045* 0.33(0.08, 1.38) 0.130
Language function, impaired 1.72 (0.70, 5.73) 0.124 2.13(0.82,10.78) 0.091

Model 1: adjusted for age, BMI, education level.

Model 2: adjusted for age, BMI, education level, spouse, faller, GDS score, heart disease, stroke, arthritis, low back pain.

*p < 0.05,%*p < 0.001.

Discussion

This study explored the relationship between cognitive
performance and cognitive domain functions and walking speed
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BMI, educational level, spouse, faller, GDS score and heart

disease, stroke, arthritis, and low back pain, we found that

slower walking speed was associated with cognitive impairment
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TABLE 3 Associations between walking speed and cognitive impairment and impaired cognitive domain function in women by binary logistic

regression analysis.

Variables Model 1 p Model 2 p
OR (95%CI) OR (95%CI)

Cognitive impairment 0.94 (0.20, 4.55) 0.939 1.42(0.26, 8.11) 0.689
Orientation, impaired 0.09 (0.02, 0.39) 0.001** 0.15 (0.03, 0.75) 0.021*
Immediate recall, impaired 0.60 (0.13, 2.68) 0.496 0.85(0.16, 4.48) 0.843
Attention, impaired 1.49 (0.39, 5.79) 0.556 2.00 (0.45, 4.18) 0.362
Delayed recall, impaired 0.69 (0.21, 2.34) 0.551 1.33(0.35,5.14) 0.672
Language function, impaired 0.45 (0.09, 2.26) 0.325 0.79 (0.13, 4.76) 0.798

Model 1: adjusted for age, BMI, education level.

Model 2: adjusted for age, BMI, education level, spouse, faller, GDS score, heart disease, stroke, arthritis, low back pain.

“p < 0.05,*p < 0.001.

in men, while the negative association between walking speed
and orientation was significant in both women and men.

Prevalence of cognitive impairment

Previous studies have reported that the prevalence of
cognitive impairment ranged from 12.6 to 30% in Chinese
community-dwelling older adults with adjusted education-
specific cutoffs (Giri et al., 2016; Wu et al., 2019), which was
similar to this study (13.8%). In addition, we also observed that
the prevalence of cognitive impairment was higher in the elderly
with slow walking speed than in those with normal walking
speed (25.6 vs. 11.9%, p < 0.001), and the prevalence rate was
higher in women than in men (16.6 vs. 9.7%, p = 0.008).

Walking speed and cognitive impairment

Walking is the most common exercise method for the
elderly living in a suburban setting in China, as it does not
require special venues and equipment and is suitable for most
of the elderly. Walking speed is a recognized indicator of
physical function that gradually decreases with age and can
predict a variety of adverse health outcomes, such as physical
function, cognitive function, disability, and all-cause death in
the elderly (Toots et al., 2019b; Grande et al., 2020). The loss
of hippocampal integrity is an important cause of cognitive
impairment. Hippocampal atrophy exists in both patients with
MCI and Alzheimer’s disease (AD), and decreased hippocampal
volume can predict a deterioration in cognitive function (Su
etal, 2018). Rosso et al. suggested that the relationship between
walking speed and cognitive function is supported by a shared
neural substrate that includes a smaller right hippocampus
(Rosso et al., 2017; Lee et al., 2019).

This study found a negative correlation between walking
speed and cognitive impairment, which was in agreement with
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previous reports that slow walking speed was an independent
risk factor for cognitive impairment (Hackett et al, 2018).
Compared with the healthy elderly, the elderly with symptoms of
cognitive impairment walk slower (Knapstad et al., 2019), which
also indicated that the change in walking speed is closely related
to the slight decline of cognitive function. Liu et al. reported
a significant negative correlation between walking speed and
mild cognitive impairment among community elderly people
(OR 0.25 [95% CI 0.10, 0.64]; p = 0.004) (Liu et al, 2021).
Walking speed is sensitive to changes in cognitive function, so
we hypothesized that interventions that increase walking speed
may be beneficial to the improvement of cognitive function.

Notably, the decline in physical performance, especially
usual walking speed, which decreases with age, also showed sex
differences. In this study, the proportion of men who walked
slowly was lower than that of women (11.6 vs. 14.2%). Coelho-
Junior et al. also reported that the usual walking speed for
women rather than men showed an age-dependent decline
(Coelho-Junior et al., 2021). Similarly, there are sex differences
in the trajectory of cognitive decline, and longitudinal studies
show that men perform worse on most cognitive tests adjusted
for education level and decline faster than women in terms of
episodic memory, language fluency, and verbal ability (Morley,
2018). The results of this study showed that the slower men
walked, the more likely they were to have cognitive impairment
(OR 0.11 [95% CI 0.01, 0.94]; p = 0.043), however, Tirkkonen
et al. reported that the relationship between walking speed
and cognitive function did not differ between the sexes among
elderly people in the community (Tirkkonen et al.,, 2021). We
speculate that poorer physical performance is likely to indicate
worse health, including cognitive function, and more research
is needed in the future to investigate whether there are sex
differences in the relationship between physical performance
and cognitive function.

Previously, it has been reported that exercise intervention
improves both physical function and cognitive function (Saez
De Asteasu et al., 2019). Both low- and high-intensity physical
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exercise could significantly improve physical functions, such
as balance, walking speed, and endurance in older adults, but
the improvement effect of exercise on cognitive function is
more obvious in the elderly with better functional ability. For
the elderly with dementia, exercise intervention has little effect
on cognitive function (Saez De Asteasu et al, 2019; Sanders
et al., 2020). Therefore, early diagnosis and early intervention
of cognitive impairment are particularly important, the close
correlation between cognitive impairment and walking speed
can also provide a reference for clinical intervention and public
health screening.

Walking speed and orientation

The detailed division of MMSE domains is important
for the evaluation of cognitive impairment. In the process
of neuropsychological evaluation, a single cognitive domain
function test cannot simultaneously evaluate multiple cognitive
domain functions, while the MMSE scale can evaluate multiple
cognitive domain functions, such as orientation, immediate
recall, and attention, and the results are often applied to the
prediction model (Xie et al., 2011).

Although cognitive function gradually declines with age,
the function of different cognitive domains may not decline
equally at the same time. The decline of MMSE orientation
appears in the early stage of cognitive impairment (Xie et al,
2011). In this study, the relationship between walking speed
and orientation was significant in both men and women after
adjusting for covariates. The brain regions associated with
directional force or spatial orientation are concentrated in
the retrosplenial cortex (Peer et al, 2015). The retrosplenial
cortex is interconnected with the hippocampus and various
parahippocampal cortical regions involved in navigation and
spatial cognition (Todd and Bucci, 2015), and the cortical
loop connects the retrosplenial cortex to M2, the secondary
motor cortex (Yamawaki et al, 2016). This may explain the
close connection between walking speed and orientation. Liu
et al. investigated the correlation between walking speed and
cognitive domain function among elderly people living in
Chinese communities, and the relationship between walking
speed and orientation was also significant, which is consistent
with the results of this study (Liu et al., 2021).

Study limitations and perspectives

This research is the first to focus on the association
of walking speed and cognitive impairment in different
suburban

cognitive domains in men and women in

communities in China. In addition, the 4-m walking
speed test was easy to practice, suitable for the elderly,

and had a good retest reliability (Bohannon and Wang,
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2019). The cognitive screening and walking speed tests are
also easy to be applied in the community departments of
public health.

However, this study also has certain limitations. First, as
this study is a cross-sectional study, the impact of changes
in walking speed on cognitive function needs to be verified
in the elderly with senescence in further studies. Second, the
population in this study is the elderly from the Chongming
District of Shanghai, and the outcomes and interpretations
of the study may not be representative enough of people
in other regions or different age groups. The sample size
and the number of related areas need to be increased in
the future.

Conclusion

In conclusion, walking speed is an important risk factor
for cognitive impairment, independent of certain variables.
We observed that the relationship between walking speed
and cognitive impairment was only significant in men,
but the association with impaired orientation was found
in both men and women. This study added to evidence
that walking speed may be important to consider when
assessing the risk of cognitive impairment and impaired
cognitive domain functions in older adults, and we can
speculate that exercise intervention may serve as a means
of primary prevention of cognitive decline. Future studies
should
speed and cognitive impairment and impaired cognitive

explore a causal relationship between walking

domain functions.
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