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Introduction
Activities of daily living (ADL) refer to the essential activ-
ities a person performs daily to meet their basic needs, 
including eating, dressing, getting in or out of bed or a 
chair, bathing, and using the toilet [1]. ADL disability 
describes difficulties or an inability to perform these daily 
activities. The oldest individuals are particularly vulner-
able to ADL disabilities [2]. Research indicates that ADL 
disabilities can lead to a range of problems for older 
adults [3–5], such as an increased risk of cardiovascular 
diseases; mood disorders such as depression and anxiety; 
reduced quality of life; and increased risks of outpatient 
care, hospitalization, nursing home admission, and mor-
tality. These challenges may impose a significant financial 
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Abstract
Objective In an aging society, it is essential for older adults to maintain their ability for independent daily living. 
This study investigates the effects of physical and mind exercise on functional impairment in activities of daily living 
among older adults aged 80 years and older.

Methods Data were sourced from the CLHLS database for the years 1998, 2000, 2002, 2005, 2008, and 2018, with a 
final sample of 62,581 respondents included in the analysis. Binary logistic regression models were employed for data 
analysis.

Results Our analysis suggests that the oldest-old adults engaging in physical exercise have an approximately 44.9% 
lower probability of ADL disability than those not exercising (95%CI: 0.509, 0.596), whereas those engaging in mind 
exercise have an approximately 40.4% lower probability (95%CI: 0.537, 0.661). when the oldest-old engage in both 
physical and mind exercise, their risk of ADL disability is reduced by 53.6% (95%CI: 0.399, 0.538).

Conclusion In addition to encouraging the oldest-old to engage in appropriate physical exercise, promoting 
simultaneous engagement in mind exercises is important. This approach is more beneficial for sustaining older adults’ 
health and contributes to healthy aging.
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burden on both families and society. With the rapid aging 
of the global population, the number of oldest individu-
als is on the rise [6], highlighting the critical public health 
and social issues associated with ADL disabilities in this 
population.

For many years, physical exercise has been recognized 
as an important way to promote health among the oldest 
old [7–9]. Studies have shown that physical exercise for 
the oldest old not only has positive effects on the risk of 
diseases such as diabetes [10], depression [11], cognitive 
decline [12], and mortality [13] but also improves objec-
tive measures of physical function, such as aerobic capac-
ity, walking speed, muscle strength, and balance [11, 
14–17]. These findings suggest that engaging in physi-
cal exercise positively impacts the health of the oldest 
old individuals and may enhance their ability to perform 
physical activities. While numerous studies have investi-
gated the effects of physical exercise on ADLs, a literature 
review reveals a paucity of research specifically examin-
ing the relationship between physical activity and ADL 
disability among the oldest-old (aged 80 years and above). 
Existing studies have focused predominantly on younger 
older adult populations (60–75 years). Furthermore, most 
prior research on physical activity in the oldest-old has 
been conducted among European and American popula-
tions, with limited evidence available from older Chinese 
adult cohorts. Therefore, supplementing research evi-
dence on the association between physical exercise par-
ticipation and ADL disability among China’s oldest-old 
population would significantly enhance our understand-
ing of this relationship in advanced age groups. These 
findings could provide valuable insights for developing 
targeted health interventions for the oldest-old popula-
tion in future practice.

Additionally, mind exercises refer to games based pri-
marily on intellectual rather than physical skills [18], 
including playing cards or mahjong [19], which have 
therapeutic effects on cognitive function in older people 
[20]. It refers to activities that engage cognitive func-
tions through intellectual games, brain-training toys, 
and similar tools that stimulate the brain, promote neu-
ral connectivity, and enhance attention, memory, and 
problem-solving skills [21–24]. A study showed that 
older adults who play cards/mahjong more frequently 
are also significantly more likely to be involved in physi-
cal exercise than those who do not play cards/mahjong 
or play less frequently [25]. One may question this choice 
of exercise, arguing that mind exercises are merely seden-
tary exercises, which, as part of sedentary lifestyles, have 
contributed to the worsening of population health and 
led to adverse health outcomes [26, 27]. However, seden-
tary activities that keep the mind engaged have also been 
praised in similar contexts [28]. The impact of mind exer-
cises on the ADL in the oldest-old population is highly 

important. On the one hand, with the increasing global 
aging population, maintaining independent living abili-
ties in the oldest-old has become a critical challenge in 
public health. ADL, as a core indicator for assessing func-
tional independence in older adults, directly affects their 
quality of life, care needs, and socioeconomic burden. 
Investigating the influence of mind exercises on ADLs in 
the oldest-old may help uncover the complex cognitive‒
motor interaction mechanisms underlying ADL-related 
issues in aging populations. From a neuroscientific per-
spective, although brain plasticity declines with advanced 
age, recent studies suggest that older adults may still 
maintain motor executive function through targeted cog-
nitive training by activating compensatory neural net-
works or slowing neurodegenerative processes [29]. For 
example, attention training may enhance sensorimotor 
integration efficiency, reducing the risk of critical ADL-
related events such as falls. Thus, exploring the relation-
ship between mind exercises and ADLs in older adults 
provides a crucial window into the applicability of the 
cognitive reserve theory in extreme-age populations. 
Finally, mind exercises represent a low-cost, low-barrier 
intervention. If research confirms their positive relation-
ship with ADLs, it could facilitate the development of 
more cost-effective ADL intervention models, promoting 
health equity. However, research on whether mind exer-
cises impact ADL abilities in the oldest old remains rela-
tively limited, necessitating further exploration.

Therefore, this study aims to examine the relation-
ships among physical exercise, mind exercises, and ADL 
disabilities among the oldest individuals in China, using 
the most representative Chinese longitudinal data from 
1998 to 2018. Moreover, we investigated the relationships 
between different combinations of physical and mind 
exercises and ADL disability in this population.

Methods
Data sources
The data were extracted from the Chinese Longitudinal 
Healthy Longevity Survey (CLHLS), which is a national 
longitudinal survey of older Chinese adults. The CLHLS 
started in 1998 and accomplished a total of eight waves 
in 1998, 2000, 2002, 2005, 2008/2009, 2011/2012, 2014, 
and 2018/2019. More details about the survey were pub-
lished in the literature [30]. The present study used the 
most recent wave in the years 1998, 2000, 2002, 2005, 
2008/2009, and 2018/2019. The data from the 2011/2012 
and 2014 waves were not used because these waves sur-
veyed only older adults who were alive in 2008 and did 
not include newly added samples.

The study selected participants aged 80 years or older 
who had fully completed both the physical and mind 
exercise program and the ADL assessments. The study 
excluded samples with substantial missing values for 
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key research variables as well as those from participants 
aged younger than 80 years. The final analytical data-
set included 62,581 respondents. The dataset included 
25,172 males (40.22%) and 37,409 females (59.78%). Age 
stratification revealed 47,034 octogenarians to centenar-
ians (80–100 years, 75.16%) and 15,547 semi-supercente-
narians (≥ 100 years, 24.84%).

All participants involved in the survey consented to 
take part in the survey, including answering the ADL 
items. Written informed consent was obtained from all 
participants and/or their proxy respondents, and the 
study was approved by the Research Ethics Committee of 
Peking University (IRB00001052–13074).

Measures
The CLHLS uses data on activities of daily living (ADL) 
to assess disability at the time of the survey and is based 
on the Katz ADL scale [31]. The six ADL items evaluate 
whether respondents have difficulty with bathing, dress-
ing, indoor transferring, toileting, eating, and continence. 
Respondents unable to perform all six activities inde-
pendently are classified as having an ADL disability and 
assigned a value of 1, whereas all others are assigned a 
value of 0. Physical and mind exercise were measured via 
the following questions: “Do you currently exercise regu-
larly?” (0 = No, 1 = Yes) and “Do you currently play cards 
or mahjong?” (0 = No, 1 = Yes).

The control variables included age, sex (0 = male, 
1 = female), household registration (0 = rural, 1 = urban), 
living arrangement (0 = nonliving alone, 1 = living alone), 
education level (0 = literate, 1 = illiterate), marital status 
(0 = widowed/unmarried/divorced, 1 = married), current 
smoking status (0 = No, 1 = Yes), current drinking sta-
tus (0 = No, 1 = Yes), and pension status (0 = No, 1 = Yes). 
The MMSE inventory contains 24 items [32]. These items 
comprise the components used to measure orientation, 
registration, calculation, recall and language. The usual 
practice of CLHLS users tended to sum these items for a 
score ranging from 0 to 30. The CLHLS employs the Cen-
ter for Epidemiologic Studies Depression Scale (CES-D) 
to assess depressive symptoms among older individuals 
[33], with a score ranging from 3 to 24 points.

Statistical analysis
Statistical analyses were conducted via Stata 15.0. We 
employed binary logistic regression models to exam-
ine the relationship between physical and mental exer-
cise and ADL disability, controlling for both individual 
and time fixed effects to increase estimation accuracy. 
When analyzing the relationships between physical and 
mind exercises and ADLs, our study first analyzed only 
the relationships between physical exercise and ADLs to 
form Model (1) We subsequently analyzed the relation-
ship between mind exercise and ADLs to form Model (2) 

Finally, we included both physical and mind exercises in 
the model simultaneously to form Model (3) To analyze 
the relationships between different exercise patterns and 
ADLs, our study first analyzed the relationships between 
the exclusive physical exercise pattern and ADLs to form 
Model (4) Next, we analyzed the relationship between 
the exclusive mind exercise pattern and ADLs to form 
Model (5) Finally, we analyzed the relationships between 
the combined physical and mind exercise patterns and 
ADLs to form Model 6.

Results
Describe the characteristics of the respondents
Table  1 presents the demographic characteristics of 
the participants. The results indicate that 47,034 older 
adults (75.16%) were aged between 80 and 100 years, 
while 15,547 participants (11.73%) were aged 100 years 
or older. A total of 32,628 individuals (52.14%) resided in 
rural areas, and 29,953 (47.86%) lived in urban settings; 
among them, 8,753 older adults (14.02%) lived alone. 
Additionally, the data revealed that 22,002 participants 
(35.16%) had ADL disabilities, 16,788 (26.83%) engaged 
in physical exercise, and 7,339 (11.73%) participated in 
mind exercise.

Associations between two types of exercise and ADL 
disability
Table  2 presents the results of the logistic regression 
analysis examining the associations between physical 
and mind exercise and ADL disability. After controlling 
for variables such as age, sex, health behaviors and living 
arrangements, the results of Model 1 indicate that the 
oldest-old adults currently engaging in physical exercise 
have an approximately 46.6% lower probability of ADL 
disability than those not exercising (95%CI: 0.494, 0.579). 
Similarly, Model 2 shows that the oldest-old adults cur-
rently engaging in mind exercise have an approximately 
44.1% lower probability of ADL disability than non-
mind exercisers do (95%CI: 0.504, 0.621). Both physical 
and mind exercise were included in Model 3 for further 
analysis. The results of Model 3 reveal that the oldest-
old adults engaging in physical exercise have an approxi-
mately 44.9% lower probability of ADL disability than 
those not exercising (95%CI: 0.509, 0.596), whereas those 
engaging in mind exercise have an approximately 40.4% 
lower probability (95%CI: 0.537, 0.661). Thus, both physi-
cal and mind exercise reduce the risk of ADL disability 
among the oldest-old, and the risk reduction effect of 
physical exercise is stronger.

Associations between different exercise modes and ADL 
disability
To further reveal the impact of physical exercise and 
mind exercise on ADL disability among the oldest-old 
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in real-world scenarios, we considered three modes. The 
first mode includes only physical exercise; the second 
mode includes only mind exercise; and the third mode 
includes both physical and mind exercise simultaneously. 
The model results are presented in Table 3. The findings 
indicate that when the oldest-old engage only in physi-
cal exercise, their risk of ADL disability is reduced by 
36.4% (95%CI: 0.588, 0.689). When they engage only in 
mind exercise, the effect on reducing ADL disability risk 
is not significant (95%CI: 0.634, 0.823). However, when 
the oldest-old engage in both physical and mind exercise, 
their risk of ADL disability is reduced by 53.6% (95%CI: 
0.399, 0.538). These results suggest that physical exercise 
is a critical factor in reducing ADL disability among the 
oldest-old. Furthermore, the combination of physical and 

mind exercise has an even more pronounced effect on 
lowering the risk of ADL disability in this population.

Discussion
With the accelerated process of global population aging, 
maintaining the independent living ability of older adults 
has emerged as a pivotal challenge in public health. This 
study aims to explore the relationships between physical 
and cognitive exercise, as well as various combinations 
of these exercises, and ADL disability among individu-
als aged 80 years and above. Our study revealed that 
engaging in physical or mind exercise may be negatively 
correlated with ADL disability among the oldest indi-
viduals. This conclusion aligns with previous findings on 
the benefits of physical exercise and mind exercises [11]. 

Table 1 Respondent characteristics
Variable n (%)/M ± SD Variable n (%)/M ± SD
ADL disability Education status
 no 40,579(64.84)  literate 21,799(34.83)
 yes 22,002(35.16)  illiterate 40,782(65.17)
Physical exercise Region
 no 45,793(73.17)  rural 32,628(52.14)
 yes 16,788(26.83)  urban 29,953(47.86)
Mind exercise Live alone
 no 55,242(88.27)  no 53,699(85.98)
 yes 7,339(11.73)  yes 8,753(14.02)
Age Pension
 80 ~ 100 47,034(75.16)  no 51,866(83.23)
 ≥100 15,547(24.84)  yes 10,452(16.77)
Gender Smoking
 male 25,172(40.22)  no 51,295(82.16)
 female 37,409(59.78)  yes 11,140(17.84)
Marital status Drinking
 widowed/unmarried/divorced 51,167(81.89)  no 53,141(85.05)
 married 11,313(18.11)  yes 9,339(14.95)
MMSE [0–30] 18.84 ± 8.56 Depression [3–24] 10.68 ± 2.44
SD: standard deviation; M: mean

Table 2 Associations between physical and Mind exercise and ADL disability
Variables Model 1 Model 2 Model 3

OR SE 95% CI OR SE 95% CI OR SE 95% CI
Physical exercise (1 = yes) 0.534 0.021 0.494, 0.579 - - - 0.551 0.022 0.509, 0.596
Mind exercise (1 = yes) - - - 0.559 0.030 0.504, 0.621 0.596 0.032 0.537, 0.661
Age (1 = 100 years and older) 2.880 0.137 2.624, 3.162 2.876 0.136 2.621, 3.156 2.848 0.135 2.595, 3.126
Gender (1 = male) 1.103 0.046 1.017, 1.196 1.138 0.047 1.049, 1.234 1.106 0.046 1.019, 1.200
Marital status (1 = married) 0.540 0.027 0.490, 0.594 0.543 0.027 0.494, 0.598 0.542 0.027 0.492, 0.596
Education status (1 = literacy) 0.893 0.037 0.824, 0.968 0.898 0.037 0.829, 0.973 0.875 0.036 0.807, 0.949
Region (1 = urban) 1.828 0.068 1.700, 1.966 1.779 0.066 1.655, 1.912 1.848 0.069 1.718, 1.988
Live alone (1 = yes) 0.256 0.016 0.227, 0.288 0.257 0.016 0.228, 0.289 0.255 0.016 0.227, 0.288
Pension (1 = yes) 1.876 0.095 1.698, 2.071 1.749 0.087 1.586, 1.928 1.919 0.098 1.736, 2.120
Drinking (1 = yes) 0.750 0.033 0.687, 0.819 0.742 0.033 0.680, 0.811 0.758 0.034 0.694, 0.827
Smoking (1 = yes) 0.742 0.037 0.673, 0.819 0.755 0.038 0.685, 0.833 0.766 0.038 0.695, 0.845
MMSE [0–30] 0.893 0.003 0.887, 0.900 0.892 0.003 0.885, 0.898 0.895 0.003 0.889, 0.902
Depression [3–24] 0.926 0.006 0.914, 0.939 0.920 0.006 0.908, 0.933 0.929 0.006 0.916, 0.941
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The use and disuse theory posits that biological systems 
maintain or atrophy functions through patterns of utili-
zation, analogous to mechanical systems where regular 
exercise preserves physiological homeostasis [34]. Thus, 
physical and mind exercises help the oldest old maintain 
a relatively active and healthy physical and mental state, 
thereby reducing the risk of ADL disability. Additionally, 
past studies have shown that physical exercise can miti-
gate or slow the functional decline associated with aging, 
improve gait, reduce fall rates, enhance functional capac-
ity [35], improve grip strength [10], and prevent sarco-
penia [36]. It also enhances leg muscle strength, thereby 
lowering fall risk [14]. On the other hand, mind exercise 
is essential for improving cognitive function in older 
adults. Good cognitive abilities help individuals better 
understand and perform ADL tasks, such as following 
complex instructions and remembering the steps of daily 
routines. Many ADL activities, such as laundry or cook-
ing, require not only physical coordination but also cog-
nitive skills to plan and execute tasks. Therefore, mind 
exercises may help lower the risk of ADL disability by 
assisting individuals in performing daily activities more 
effectively. For example, research has shown that mind 
exercises (e.g., playing cards or mahjong) can lower the 
risk of disability among the oldest old [37].

Our study revealed that, among the oldest individu-
als, engaging solely in physical exercise may have a more 
significant negative relationship with ADL disability than 
participating solely in mind exercises. Our study revealed 
that, among the oldest individuals, participating only in 
physical exercise has a more significant effect on reduc-
ing the risk of ADL disability than does participating 
only in mind exercises. Research shows that older adults 
tend to become increasingly sedentary over time [38], 
with China’s oldest old population also becoming more 
sedentary between 1998 and 2018 [39]. Mind exercises 
may increase the risk of prolonged sedentary behavior, 

which, in turn, could increase the risk of ADL disability. 
Data from the United States indicate a strong association 
between increased sedentary time and ADL disability 
[40]. Among the oldest individuals, physical exercise can 
help counter a sedentary lifestyle to some extent, pro-
moting improvements in both health and quality of life 
[39].

Our study also revealed that engaging in both physical 
and mind exercises simultaneously may have the most 
significant negative relationship with ADL disability 
among the oldest individuals. This may be because com-
bining physical and mind exercises helps maximize over-
all physical and mental health. For the oldest old, physical 
exercise directly reduces ADL disability risk by promot-
ing physical health, particularly by mitigating age-related 
decline, improving gait, reducing fall rates, and enhanc-
ing functional capacity [35]. Meanwhile, mind exercise 
indirectly reduces ADL disability risk by supporting 
cognitive health. By increasing brain activity, such as 
through continuous memory and calculation tasks [22, 
41], they enhance social engagement and improve verbal 
fluency, calculation abilities, and memory [42, 43]. There-
fore, when the oldest individuals engage in both physical 
and mind exercises, the combined health benefits signifi-
cantly reduce the risk of ADL disability.

Finally, our study indicates that older individuals can 
exercise and that age should not be a barrier to physical 
activity; exercise has proven health benefits for the oldest 
individuals [44]. In China, however, the oldest individu-
als are becoming more sedentary, with the likelihood of 
engaging in physical exercise declining by 24% and the 
likelihood of men engaging in mind exercises decreasing 
by approximately 30% [39]. Research shows that the pro-
portion of the oldest individuals who regularly engage in 
physical activity remains very low [45, 46]. Additionally, 
there is a common belief that the oldest old individuals 
should not exercise, often because of perceived barriers. 

Table 3 Associations between exercise mode and ADL disability
Variables Mode 4:

Only physical exercise
Mode 5:
Only mind exercise

Mode 6:
Physical and mind exercise

OR SE 95% CI OR SE 95% CI OR SE 95% CI
Exercise mode 0.636 0.026 0.588, 0.689 0.723 0.048 0.634, 0.823 0.464 0.035 0.399, 0.538
Age (1 = 100 years and older) 2.891 0.137 2.634, 3.173 2.899 0.138 2.641, 3.181 2.901 0.138 2.264, 3.184
Gender (1 = male) 1.137 0.047 1.048, 1.233 1.136 0.047 1.047, 1.231 1.111 0.046 1.024, 1.205
Marital status (1 = married) 0.544 0.027 0.494, 0.599 0.542 0.026 0.492, 0.596 0.539 0.026 0.490, 0.593
Education status (1 = literacy) 0.903 0.037 0.833, 0.978 0.916 0.037 0.845, 0.992 0.911 0.037 0.841, 0.987
Region (1 = urban) 1.779 0.066 1.655, 1.912 1.755 0.064 1.634, 1.886 1.789 0.066 1.665, 1.924
Live alone (1 = yes) 0.257 0.016 0.228, 0.290 0.258 0.016 0.229, 0.290 0.257 0.016 0.228, 0.290
Pension (1 = yes) 1.772 0.089 1.607, 1.955 1.691 0.083 1.535, 1.862 1.770 0.088 1.606, 1.952
Drinking (1 = yes) 0.744 0.033 0.681, 0.812 0.734 0.037 0.670, 0.814 0.739 0.033 0.677, 0.806
Smoking (1 = yes) 0.740 0.037 0.671, 0.815 0.739 0.037 0.670, 0.814 0.732 0.036 0.664, 0.807
MMSE [0–30] 0.891 0.003 0.884, 0.897 0.890 0.003 0.883, 0.896 0.891 0.003 0.884, 0.897
Depression [3–24] 0.920 0.006 0.908, 0.933 0.917 0.006 0.905, 0.930 0.922 0.006 0.909, 0.934
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Studies have shown that obstacles to physical exercise for 
the oldest old include the need for transportation assis-
tance, as they often rely on family members or caregiv-
ers to leave the home, and feelings of insecurity due to 
poor road conditions, which heighten their fear of fall-
ing [47]. Nonetheless, our findings emphasize that both 
physical and mind exercises are crucial for the oldest old 
individuals and have a significant impact on ADL dis-
ability. Therefore, the oldest old should be encouraged to 
engage in moderate physical and mind exercises in a safe 
environment.

Our study has several limitations. First, the CLHLS 
only asks older adults whether they currently engage in 
physical or mind exercises, without further details on 
frequency, duration, or other specific metrics that are 
crucial and could impact the reliability of our results. 
Therefore, in future research, it will be important to thor-
oughly measure the specific details of physical or mental 
exercise among older adults and analyze the relation-
ships between physical or mind exercise and ADLs at 
different frequencies and intensities by collecting longi-
tudinal cohort data. Second, while we incorporated as 
many ADL-related disability factors as possible into the 
analysis as control variables, it is important to acknowl-
edge that the current controls remain insufficient owing 
to limitations in the variables available in the CLHLS 
database. For example, critical factors such as muscle 
weakness, slowness in movement, physical activity lev-
els, and weight loss were not effectively accounted for 
in the models. Future studies should therefore prioritize 
controlling for these additional covariates to further vali-
date the robustness and reliability of the research find-
ings. Third, owing to database limitations, we could not 
further examine the mechanisms by which physical and 
mind exercises might affect ADL disability in the oldest-
old individuals. However, we speculate that this may be 
related to improvements in muscle strength among older 
adults. Therefore, future studies could apply more rigor-
ous randomized controlled trials to further validate our 
findings and support the reliability of our conclusions.

Conclusion
Our analysis suggests that participation in both physical 
and mind exercises may contribute to reducing ADL dis-
ability risks among the oldest-old population. Specifically, 
older adults engaging solely in physical exercise appear 
to exhibit a lower likelihood of ADL disability compared 
to those who remain sedentary, though this associa-
tion requires further validation. Conversely, individuals 
participating exclusively in mind stimulation activities 
show no discernible difference in ADL disability risk 
relative to non-participants. Of particular interest, the 
combined practice of physical and mind training may 
yield the most substantial protective effects, highlighting 

potential synergistic benefits for functional preserva-
tion in advanced age. Therefore, beyond encouraging the 
oldest-old to engage in appropriate physical exercise, it 
is also essential to promote simultaneous engagement in 
mind exercise. This dual approach is more beneficial for 
maintaining the health of the oldest-old and contributes 
to the promotion of healthy aging.
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