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Abstract 

Background  Many studies have found that engaging in activities, including physical exercise, social interaction, 
and cognitive training, is beneficial for preventing cognitive decline among older adults; however, the demographic 
differences in the association between activity engagement and cognitive functions remain understudied. This study 
investigates: (a) the influence of activity engagement on cognitive functions among Chinese older adults, and (b) the 
moderating roles of age and gender in these associations .

Methods  The data were derived from the China Health and Retirement Longitudinal Study in 2018, which included 
9803 participants aged 60 or older. A multiple regression model was used to test the study hypotheses.

Results  Engaging in physical activity (b = 1.578, p < .001), social interaction (b = 1.199, p < .001), and cognitive activity 
(b = 1.468, p < .001) was positively associated with cognitive functions, whereas the effect of volunteer activities on 
cognitive functions was not significant (b = -.167, p = .390). Light- and moderate-intensity activities were beneficial for 
cognition (light: b = .847, p < .001; moderate: b = 1.189, p < .001), but vigorous-intensity activity was negatively related 
to cognition (b = -.767, p < .001). In addition, women and participants with advanced age appeared to benefit more 
from cognitive activities than their male and younger counterparts, respectively (gender: b = 1.217, p = .002; age: 
b = .086, p = .004). The adverse effects of vigorous-intensity activities (including agricultural work) on cognitive health 
were stronger for women and younger participants (gender: b = -1.472, p < .001; age: b = .115, p < .001). The protective 
effects of moderate-intensity activities on people’s cognition increased with increasing age (b = .055, p = .012).

Conclusions  The findings indicate that participating in physical, social, and cognitive activities can help older adults 
to maintain cognitive health. They suggest that older adults should select activities while considering activity intensity 
and their individual characteristics.
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Introduction
Cognitive health is an important component of success-
ful aging [1]. Except normal cognitive aging, cognitive 
decline has other two deeper development stages: mild 
cognitive impairment and dementia. China has the fastest 
growing number of residents with cognitive impairment 
worldwide [2]. A recent study reported that approxi-
mately 39 million older adults experience mild cognitive 
impairment in China [3], and this number is estimated 
to reach 48.68 million by 2060 [2]. Cognitive impair-
ment not only increases the risk of disability and mor-
tality and makes older adults more dependent in daily 
life, but it also imposes huge care and economic burdens 
on families and society [4]. Cognitive decline may not 
always lead to dementia, and mild cognitive impairment 
is not completely irreversible [5]; however, mild cognitive 
impairment remains an important predictor of dementia 
[6], which has no cure. Therefore, identifying modifiable 
factors is crucial to preventing and delaying cognitive 
decline. It could also prolong older adults’ health span 
and promote their well-being later in life.

Previous studies have examined various determinants 
of cognitive functions, including demographic factors 
(e.g., age, gender), place of residence, socioeconomic sta-
tus (e.g., education, income), physical health (e.g., activity 
of daily living, chronic diseases), and mental well-being 
(e.g., anxiety) [2, 3, 7, 8]. Other than these relatively sta-
ble characteristics, activity engagement, such as physi-
cal exercise, was also found to be beneficial for cognitive 
functions [9, 10]. According to the social model of health 
promotion, participating in physical, social, and cogni-
tive activities can lead to better health outcomes [11, 
12]. Prior evidence has indicated that these activities 
are associated with better cognitive performance [2, 13, 
14] and may help to protect older adults’ cognition by 
maintaining brain function (e.g., increasing neural plas-
ticity), improving physical and mental health (e.g., cardi-
ovascular and cerebrovascular function, muscle strength, 
reduced depression), and expanding social networks [15–
17]. Owing to the modifiable nature of lifestyle factors, 
studies examining the contribution of physical, social, 
and cognitive activities to cognitive health could provide 
valuable guidance regarding policies and interventions 
aimed at protecting older adults’ cognitive functions.

Although abundant studies have examined the asso-
ciation between activity participation and cognitive 
function from many perspectives, such as activity types, 
frequency, and intensity, their findings have been mixed 
[13, 16, 18, 19]. In addition, many studies have examined 
the role of a single type of activity on cognition functions 
without considering the effects of other kinds of activities 
simultaneously. The differential and independent effects 
of physical, social, and cognitive activities on cognitive 

functions remain unclear. Moreover, previous studies 
have indicated that the benefits of activity engagement 
on health outcomes (e.g., cognitive functions) vary 
across demographic characteristics [16]; although few 
studies have explored age and gender differences in the 
association between activity engagement and cognition, 
the findings have been inconsistent [20, 21]. Therefore, 
to better understand the relationship between activity 
engagement and cognitive functions among older adults, 
this study aimed to investigate the effects of three types 
of activities (i.e., physical, social, and cognitive) and their 
intensity on cognitive functions among Chinese older 
adults, along with the moderating roles of gender and age 
in these associations.

Theoreticalframework and hypotheses engagement 
and cognitive reserve
Activity engagement and cognitive reserve
The concept of reserve (cognitive domains) was pro-
posed to account for the discrepancy between brain dam-
age and clinical cognitive performance [22–24]. Reserve 
comprises two important constructs: brain reserve and 
cognitive reserve. Brain reserve refers to the neurobio-
logical capital of the brain (hardware), such as the num-
ber of neurons and synapses and cortical thickness [24, 
25]. Individuals with greater initial brain mass can tol-
erate more neurological attrition before cognition is 
affected [26]. Cognitive reserve refers to the adaptability 
and plasticity of cognitive networks (software), and it can 
help the brain to operate effectively via neural reserve or 
compensation when cognitive impairment occurs [24]. 
Certain experiences and lifestyle factors, including edu-
cation, job attainment, and leisure activities, were found 
as beneficial for brain maintenance and cognitive reserve 
development [23, 27]. Similar to the reserve concept, the 
Scaffolding Theory of Aging and Cognition argued that 
neural degradation, including neural challenges (e.g., 
cortical thickness) and functional deterioration (e.g., 
network connectivity), will stimulate “compensatory 
scaffolding”—a form of positive plasticity that accom-
panies aging—which could in turn reduce the adverse 
effects of neural and functional decline on cognitive per-
formance [25]. Various lifestyle activities, such as exercise 
and cognitive training, play important roles in enhancing 
compensatory scaffolding. Accordingly, activity engage-
ment may influence older adults’ cognitive health posi-
tively by protecting the brain and cognitive reserve or 
enhancing compensatory scaffolding.

Activity type and cognitive function
Physical activity can be defined as “any bodily move-
ment produced by skeletal muscles that results in energy 
expenditure” (p. 126) [28]. Prior studies have shown that 
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engaging in physical activities, including aerobic exer-
cises (e.g., swimming, running), resistance training, and 
traditional Chinese exercises (e.g., qigong, tai ji quan), 
is associated with a lower risk of cognitive impairment 
and dementia among older adults [13, 29, 30]. Longitu-
dinal studies have also reported that physical activities 
at midlife can reduce the long-term risk of dementia [31, 
32]. Epidemiological research indicated that physical 
activity could protect cognitive functioning by reducing 
the risk of brain mass loss (gray and white matter) and 
chronic diseases [13, 15, 31].

Social activity is characterized by interactions with oth-
ers [33]. Existing studies have suggested that older adults 
with higher frequency and diversity of social activity par-
ticipation were more likely to have better cognitive per-
formance [2, 16, 34, 35]. Both formal (i.e., participation 
in organized social activities) and informal (i.e., visits and 
interactions with friends) social participations were posi-
tively associated with cognitive functions among older 
adults, especially in rural areas [7].

A cognitive activity is an activity that requires men-
tal response from participants [36]. Empirical evidence 
shows that cognitive activity can help older adults 
improve their cognitive reserve and cope with cognitive 
decline [14, 37, 38]. Although extensive literature has 
shown that physical, social, and cognitive activities are 
associated with better cognitive functions, other studies 
have reported non-significant results [19, 39]. The lat-
ter may be attributed to the different study populations 
and limited activity indicators adopted in some studies. 
In addition, frequent activity participation may also lead 
to risk of interpersonal conflicts, thereby increasing psy-
chological stress, which has adverse effects on people’s 
health [16].

Activity intensity and cognitive function
Overall, different activities benefit cognitive function-
ing; however, the outcomes may vary because of dif-
ferent exertion levels. Intensity can be evaluated using 
both objective (e.g., using triaxial accelerometer) and 
subjective (self-reported) measures. It is generally clas-
sified into two or three levels based on certain crite-
ria, including heart rate, breath, sweat, and duration 
[18, 40, 41]. Empirical evidence has shown that light, 
moderate, and vigorous intensity activities are posi-
tively associated with older adults’ cognitive health 
[17, 18, 40, 41]. Some studies show that moderate and 
vigorous intensity activities may have greater benefits 
for cognitive functioning than light-intensity activi-
ties [30, 40, 42]. Based on data from four provinces in 
China, a study found that excessive light-intensity exer-
cise (10.5 to 21  h per week) was negatively associated 

with cognitive functioning [43], whereas another study 
reported the opposite results [18]. Besides having dif-
ferent measures and sample sizes, these mixed results 
also indicate potential demographic differences in the 
associations between activity types and intensities on 
cognitive functions.

Moderating roles of gender and age
Studies have indicated that the influence of activity par-
ticipation on cognitive functions among older adults 
varies across genders and ages [16, 21, 42, 44, 45]. This 
may be partially attributed to the fact that people of dif-
ferent ages and genders have different preferences (hob-
bies) and motives for activity participation [46, 47]. For 
example, previous studies have suggested that women 
engage in more light-intensity activities, whereas men 
exert more energy in moderate-intensity activities, 
and the influence of physical exercise on cognition 
was stronger among older men than among women 
[48]. In addition, engaging in more social groups was 
associated with reduced cognitive decline among older 
women, whereas the effects was not significant among 
older men [35]. Women tended to have lower education 
levels than men did, which is an important protective 
factor for cognitive functions [2]. Cognitive and social 
activities may buffer the risk of cognitive decline among 
women [49]. Furthermore, some studies showed that 
the effects of physical exercise on cognitive functions 
(e.g., verbal fluency, memory recall) became more pro-
nounced among older adults as they aged [45, 50].

Following theories and current evidence on activity 
engagement and cognitive functions, we proposed the 
following research hypotheses:

1.	 Engaging in physical, social, and cognitive activity 
is associated with better cognitive functions among 
Chinese older adults.

2.	 Activity intensities are associated with cognitive 
functions among Chinese older adults.

3.	 Gender moderates the association between physical, 
social, and cognitive activity and cognitive functions 
among Chinese older adults.

4.	 Age moderates the association between physical, 
social, and cognitive activity and cognitive functions 
among Chinese older adults.

5.	 Gender moderates the association between activity 
intensities and cognitive functions among Chinese 
older adults.

6.	 Age moderates the association between activity 
intensities and cognitive functions among Chinese 
older adults.
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Method
Sampling
The data were derived from the fourth wave of China 
Health and Retirement Longitudinal Study, conducted 
by National School of Development (China Centre for 
Economic Research) of Peking University in 2018. Using 
a multistage stratified cluster random sampling method, 
19,816 individuals aged 45 or older (main respondents 
and spouses) from 10,524 households in 450 village-level 
units, 150 county-level units, and 28 provinces, com-
pleted surveys, with a response rate of 83.84%. For more 
details about survey design and data collection, please 
refer to the user’s guide [51].

This study focused on older adults. Thus, 10,761 
respondents aged 60 or older were selected as the study 
sample (8,639 were aged 59 or younger, and 317 had 
missing data for age). After excluding participants with 
missing data on cognitive functions (n = 958), the final 
sample size was 9,803. The data were obtained on request 
through the original study’s official website (http://​
charls.​pku.​edu.​cn/). This secondary data analysis did not 
require additional ethics approval.

Measurements
Cognitive function
Cognitive function was measured by orientation, epi-
sodic memory, calculation, language, naming, and visu-
ospatial ability. The first five cognitive domains were 
assessed using items derived from a modified Chinese 
version of the Telephone Interview of Cognitive Status 
[52, 53]. Orientation was assessed by asking respondents 
to state the year, month, date, day of the week, and sea-
son (1 point for each correct answer). Episodic memory 
included immediate and delayed recall. To test immedi-
ate recall, the interviewer read 10 Chinese nouns and the 
respondents recalled them immediately. A few minutes 
later, respondents were asked to recall these words again 
to assess delayed recall. The calculation involved five-
time serial subtraction of 7 from 100, with scores rang-
ing from 0 to 5. To assess the language, respondents were 
required to repeat a phrase after the interviewer, which is 
similar to “no ifs, ands, or buts”. Naming was evaluated by 
asking respondents the following three questions: What 
do people usually use to cut paper? What do you call the 
kind of prickly plant that grows in the desert? Who is the 
president of China right now? Visuospatial ability was 
measured by figure drawing. Respondents were required 
to draw two overlapping pentagons similar to a picture 
shown by the interviewer (1 = correct, 0 = error). A sum 
score reflected the respondents’ cognitive status, rang-
ing from 0 to 35. Higher scores indicated better cognitive 
health.

Activity engagement
Activity engagement was measured by asking respond-
ents whether they engaged in any of 11 activities in the 
past month. Answers to each question were coded as a 
binary variable (1 = yes, 0 = no). Social activities included 
social interaction (interpersonal activities) and volun-
teering. Social interaction was assessed using four items: 
visiting friends, participation in community activity, 
using the internet, and other social interactions. Volun-
teering was measured using three items: helping people 
(e.g., family, friends, and neighbors) who did not live with 
the respondent, taking care of sick or disabled adults 
who did not live with the respondent, as well as formal 
charity or voluntary work. Cognitive activity was meas-
ured using three items: board games (e.g., mah-jongg, 
cards, and chess), educational or training courses, and 
stock investment. Total scores were calculated separately 
to present participation levels in social interaction, vol-
unteering, and cognitive activity. Physical activity was 
measured using a single item: participating in physical-
exercise groups such as dancing, qigong, fitness, and so 
on (1 = yes, 0 = no).

Activity intensity
Activity intensity was assessed using three subjective 
items. Specifically, vigorous-intensity activity was meas-
ured by asking respondents whether they participate in 
activities that can cause shortness of breath (e.g., carrying 
heavy stuff, hoeing, digging, and bicycling at a fast speed) 
for at least 10 min every week. Moderate-intensity activ-
ity was measured by asking respondents whether they 
participate in activities that could make them breathe 
faster than usual (e.g., carrying light stuff, bicycling at a 
normal speed, speed walking) for at least 10  min every 
week. Light-intensity activity was assessed by asking 
respondents whether they participate in activities in 
which they can maintain normal breathing (e.g., walk-
ing at a normal speed) for at least 10  min every week. 
All answers were recoded as binary variables (1 = yes, 
0 = no).

Control variables
Control variables in this study included age (in years), 
gender (0 = male, 1 = female), education (0 = primary 
school or below, 1 = secondary school or above), marital 
status (1 = married, 0 = other), self-reported annual indi-
vidual income (sum of salary and pensions, log value), 
residence (0 = urban, 1 = rural), self-reported health, and 
activities of daily living (ADL). Self-reported health was 
measured by asking respondents to provide an overall 
evaluation of their health status, with answers coded as 1 
(very poor), 3 (fair), and 5 (very good). ADL was measured 

http://charls.pku.edu.cn/
http://charls.pku.edu.cn/
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by asking respondents whether they experience difficulty 
in eating, dressing, bathing, toileting, defecating, and get-
ting in and out of bed [54]. Responses were recoded as 1 
(having difficulties) and 0 (having no difficulties). Age and 
gender were also treated as moderators in the last mod-
erating model.

Data analysis
Stata 16.0 was used to build multiple regression models 
to examine research hypotheses. First, covariates includ-
ing age, gender, education, individual income, marital 
status, residence, self-reported health, and activities 
of daily living, were regressed on cognitive function in 
Model 1. Second, activity type and intensity variables 
were regressed on cognitive function separately to test 
Hypotheses 1 and 2 (Models 2 and 3). Third, corre-
sponding two-way interaction terms were entered into 
Models 2 and 3 to test Hypotheses 3 to 6 (Models 4 and 
5). Finally, we conducted a sensitive analysis to test the 
robustness of results: All independent variables (activity 
types and intensities) were added to the same model to 
examine their main effects on cognition. Thereafter, all 
interaction items were added to this model to test the 

moderating effects of age and gender. A robust regression 
method was adopted to estimate regression coefficients. 
Estimates of the variance inflation factor were used to 
test multicollinearity in the regression models [55], and 
the results indicated no multicollinearity.

Results
Descriptive characteristics
Table 1 presents the characteristics of the study sample. 
The average age of the 9,803 respondents was 68.68 years, 
and 50.58% were female. More than 70% of the respond-
ents were living in rural areas, approximately 80% were 
married; and 29.09% did not receive any formal educa-
tion (i.e., illiteracy). Respondents’ average individual 
annual income was approximately 10,068 RMB (about 
$1,522 USD in 2018). Regarding physical health, 48.12% 
of respondents reported that they had a fair health sta-
tus and 69.36% had no physical limitations in daily life. 
The average score of cognitive function was 13.13. Dur-
ing the past month, 35.36% of participants interacted 
with friends, 12.38% participated in volunteer activities, 
17.55% engaged in cognitive activities, and only 5.68% 
participated in sports groups; additionally, 44.68% had 

Table 1  Sample characteristics (N = 9803)

Variables Percentage (%)/Means (SD) Variables Percentage 
(%)/Means 
(SD)

Age (60–108) 68.68 (6.57) Cognitive function (0–34) 13.13 (7.42)

60–69 years 6114 (62.37) Physical activity
70 years or above 3689 (37.63) Yes 577 (5.68)

Gender (%) No 9244 (94.32)

Female 4958 (50.58) Social interaction
Male 4845 (49.42) Yes 3466 (35.36)

Residence (%) No 6335 (64.64)

Rural 7192 (26.63) Volunteering
Urban 2611 (73.37) Yes 1213 (12.38)

Marital status (%) No 8588 (87.62)

Married 7826 (79.83) Cognitive activity
Other status 1977 (20.17) Yes 1720 (17.55)

Education level (%) No 8081 (82.45)

Primary school and below 7280 (74.26) Light-intensity activity
Secondary school and above 2523 (25.74) Yes 7993 (81.54)

Individual income (RMB) 10,068.46 (19,872.38) No 1809 (18.46)

Self-reported health (1–5) 2.94 (1.01) Moderate-intensity activity
Poor or very poor 3002 (30.65) Yes 4380 (44.68)

Fair 4713 (48.12) No 5422 (55.32)

Good or very good 2080 (21.23) Vigorous-intensity activity
Activities of daily living (ADL) 0.34 (0.62) Yes 2644 (26.97)

Having difficulty 2334 (30.64) No 7158 (73.03)

Having no difficulty 5284 (69.36)
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participated in moderate-intensity activities in the last 
week.

Results of multiple regression analysis
Table 2 shows the main effects of activity engagement on 
cognitive functions and the gender and age differences 
in these associations. Model 1 shows that education, 
income, and being married were factors protecting cog-
nitive functions; however, age was negatively associated 
with cognitive functions. Older men appeared to have 
better cognitive condition than older women. Model 2 
results suggest that social interaction, physical activity, 
and cognitive activity were positively associated with 
cognitive functions, whereas the effect of volunteering on 
cognitive functions was not significant. Model 3 shows 
that both light-and moderate-intensity activities were 
beneficial for older adults’ cognitive health. However, vig-
orous-intensity activity was found as negatively related to 
cognitive functions.

Regarding the moderating effects, Model 4 showed 
that gender and age played moderating roles in the asso-
ciation between cognitive activity and functions. Women 
and older participants seemed to benefit more from 
cognitive activities than their male and younger coun-
terparts, respectively. Model 5 showed that the negative 
effects of vigorous-intensity activity on cognitive func-
tion were stronger for women and younger participants 
than for men and older participants, respectively. Mod-
erate-intensity activity had a greater protective effect on 
cognitive function for older respondents than for their 
younger counterparts. However, the moderating effects 
of age and gender in the relationships between physical 
activity, social activity (i.e., social interaction, volunteer-
ing), and light-intensity activity and cognitive function 
were not significant. The sensitivity analysis indicated 
similar results. For more details, please refer to the table 
in Additional file 1 : Appendix. Figures plotting the sig-
nificant interactions were also presented in Additional 
file 1 : Appendix.

Discussion
To the best of our knowledge, this is among the first stud-
ies to explore the moderating mechanisms of three types 
of activities, activity intensity, age, gender, and cognitive 
functions among Chinese older adults. The study findings 
add new empirical evidence to support the reserve the-
ory of cognition and provide valuable guidance for activ-
ity interventions to improve cognition among different 
groups of older adults.

The study results suggest that older adults who par-
ticipate in physical activities (exercise), cognitive activity, 
and social interaction are more likely to have better cog-
nitive performance, as supported by previous studies [14, 

29, 49]. Different types of activities could influence indi-
viduals’ cognitive function through different pathways. 
Physical exercise may protect cognition by improving 
physical health and maintaining brain reserve (hardware; 
[13, 31]. Cognitive activity may increase cognitive reserve 
such as neural plasticity (software) via complex thinking 
and mental training [31, 37]. Social interaction can help 
maintain cognitive functions by improving mental health 
and encouraging healthy behaviors [7, 16]. In addition, 
the study results indicate that participating in volunteer 
and charity activities did not impact older adults’ cogni-
tive health, which is contrary to many existing studies 
[16, 34]. This non-significant result may be explained by 
the small proportion of participants who engaged in vol-
unteer activity. Conversely, volunteer work such as taking 
care of people with disabilities may impose physical and 
mental burdens on older adults, which could counter-
act its positive effect on health. A study found that both 
scarce and excessive participation in volunteer activities 
were negatively associated with older adults’ health [56]. 
Another study reported that volunteering was positively 
associated with psychosocial outcomes such as loneliness 
and depressive symptoms, but not associated with other 
health domains including cognitive impairment [57].

Regarding activity intensity, our research demonstrates 
that light and moderate intensity activities could help 
older adults maintain cognitive function, which is in line 
with previous findings [17, 40]. However, contrary to 
the conclusion of many prior studies, the current study 
showed that vigorous intensity activities were negatively 
associated with cognitive health [30, 42]. Further, previ-
ous studies mainly focused on vigorous physical exercise; 
however, the vigorous-intensity activities in our study 
also included heavy physical work (e.g., carrying heavy 
stuff, digging, and hoeing). Some research found that vig-
orous exercise during leisure time predicted good physi-
cal health, but strenuous physical work was negatively 
associated with physical function [58, 59]. In this study, 
more than 70% of the respondents were rural residents, 
who generally spend much time on agricultural work 
even in their old age. A prior study noted that engaging 
in agricultural work may increase the risk of cardiovas-
cular disease, which is closely associated with cognitive 
decline [60]. Therefore, vigorous physical work may harm 
older adults’ cognitive functions by affecting their physi-
cal health. To verify this explanation further, we also 
examined the effects of vigorous-intensity activity on 
cognitive functions among rural and urban groups sepa-
rately. The results show that vigorous-intensity activity 
had an adverse effect on cognition among rural residents, 
whereas urban residents participated less in vigorous-
intensity activities, and the influence on cognition was 
not significant.



Page 7 of 11Mao et al. BMC Geriatrics          (2023) 23:223 	

Ta
bl

e 
2 

Re
su

lts
 o

f m
ul

tip
le

 re
gr

es
si

on
 a

na
ly

si
s

B 
un

st
an

da
rd

iz
ed

 c
oe

ffi
ci

en
ts

, S
.E

. (
ro

bu
st

) s
ta

nd
ar

di
ze

d 
er

ro
r, 

β 
st

an
da

rd
iz

ed
 c

oe
ffi

ci
en

ts
, V

IF
 V

ar
ia

nc
e 

In
fla

tio
n 

Fa
ct

or
; *

**
p 

< 
.0

01
. F

or
 m

od
el

 1
, o

nl
y 

co
nt

ro
l v

ar
ia

bl
es

 w
er

e 
re

gr
es

se
d 

on
 c

og
ni

tiv
e 

fu
nc

tio
n;

 F
or

 m
od

el
 2

, 
co

nt
ro

l v
ar

ia
bl

es
 a

nd
 a

ct
iv

ity
 ty

pe
 v

ar
ia

bl
es

 w
er

e 
re

gr
es

se
d 

on
 c

og
ni

tiv
e 

fu
nc

tio
n;

 F
or

 m
od

el
 3

, c
on

tr
ol

 v
ar

ia
bl

es
 a

nd
 a

ct
iv

ity
 in

te
ns

ity
 v

ar
ia

bl
es

 w
er

e 
re

gr
es

se
d 

on
 c

og
ni

tiv
e 

fu
nc

tio
n;

 F
or

 m
od

el
 4

, c
on

tr
ol

 v
ar

ia
bl

es
, a

ct
iv

ity
 

ty
pe

 v
ar

ia
bl

es
, i

nt
er

ac
tio

n 
te

rm
s 

of
 a

ge
 a

nd
 a

ct
iv

ity
 ty

pe
s, 

an
d 

in
te

ra
ct

io
n 

te
rm

s 
of

 g
en

de
r a

nd
 a

ct
iv

ity
 ty

pe
s 

w
er

e 
re

gr
es

se
d 

on
 c

og
ni

tiv
e 

fu
nc

tio
n;

 F
or

 m
od

el
 5

, c
on

tr
ol

 v
ar

ia
bl

es
, a

ct
iv

ity
 in

te
ns

ity
 v

ar
ia

bl
es

, i
nt

er
ac

tio
n 

te
rm

s 
of

 a
ge

 a
nd

 a
ct

iv
ity

 in
te

ns
iti

es
, a

nd
 in

te
ra

ct
io

n 
te

rm
s 

of
 g

en
de

r a
nd

 a
ct

iv
ity

 in
te

ns
iti

es
 w

er
e 

re
gr

es
se

d 
on

 c
og

ni
tiv

e 
fu

nc
tio

n

In
de

pe
nd

en
t v

ar
ia

bl
es

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 5

B 
(S

.E
.)

β
P-

va
lu

e
B 

(S
.E

.)
β

P-
va

lu
e

B 
(S

.E
.)

β
P-

va
lu

e
B 

(S
.E

.)
β

P-
va

lu
e

B 
(S

.E
.)

β
P-

va
lu

e

A
ge

 (6
0 

~
 1

18
)

-.1
68

 (.
01

1)
-.1

53
.0

00
-.1

59
 (.

01
1)

-.1
44

.0
00

-.1
59

 (.
01

1)
-.1

44
.0

00
-.1

54
 (.

01
1)

-.1
40

.0
00

-.1
41

 (.
01

1)
-.1

28
.0

00

G
en

de
r (

1 
=

 fe
m

al
e)

-1
.4

67
 (.

15
2)

-.0
98

.0
00

-1
.5

84
 (.

15
1)

-.1
06

.0
00

-1
.6

34
 (.

15
2)

-.1
09

.0
00

-1
.5

42
 (.

15
1)

-.1
03

.0
00

-1
.6

22
 (.

15
2)

-.1
09

.0
00

Ed
uc

at
io

n
5.

56
2 

(.1
83

)
.3

11
.0

00
5.

21
1 

(.1
84

)
.2

91
.0

00
5.

48
1 

(.1
82

)
.3

07
.0

00
5.

24
6 

(.1
85

)
.2

93
.0

00
5.

52
3 

(.1
82

)
.3

09
.0

00

In
di

vi
du

al
 in

co
m

e
.2

61
 (.

02
2)

.1
22

.0
00

.2
36

 (.
02

2)
.1

11
.0

00
.2

48
 (.

02
2)

.1
16

.0
00

.2
32

 (.
02

2)
.1

09
.0

00
.2

44
 (.

02
2)

.1
14

.0
00

M
ar

ita
l s

ta
tu

s
1.

48
0 

(.1
76

)
.0

83
.0

00
1.

53
8 

(.1
74

)
.0

86
.0

00
1.

48
6 

(.1
74

)
.0

83
.0

00
1.

53
3 

(.1
74

)
.0

86
.0

00
1.

45
9 

(.1
75

)
.0

82
.0

00

Re
si

de
nc

e 
(1

 =
 ru

ra
l)

-2
.9

40
 (.

18
3)

-.1
73

.0
00

-2
.6

08
 (.

18
3)

-.1
53

.0
00

-2
.7

80
 (.

18
6)

-.1
64

.0
00

-2
.5

94
 (.

18
3)

-.1
53

.0
00

-2
.7

63
 (.

18
6)

-.1
63

.0
00

Se
lf-

re
po

rt
ed

 h
ea

lth
.0

79
 (.

07
6)

.0
10

.3
02

.0
17

 (.
07

6)
.0

02
.8

23
.0

42
 (.

07
6)

.0
06

.5
78

.0
13

 (.
07

6)
.0

02
.8

59
.0

42
 (.

07
6)

.0
05

.5
80

A
ct

iv
iti

es
 o

f d
ai

ly
 li

vi
ng

 (A
D

L)
-.9

25
 (.

16
3)

-.0
57

.0
00

-.8
60

 (.
16

1)
-.0

53
.0

00
-.8

19
 (.

16
3)

-.0
51

.0
00

-.8
64

 (.
16

1)
-.0

54
.0

00
-.7

98
 (.

16
2)

-.0
50

.0
00

So
ci

al
 in

te
ra

ct
io

n
1.

19
9 

(.1
28

)
.0

93
.0

00
1.

01
4 

(.1
85

)
.0

79
.0

00

Vo
lu

nt
ee

rin
g

-.1
67

 (.
19

5)
-.0

08
.3

90
-.4

00
 (.

30
7)

-.0
20

.1
92

Co
gn

iti
ve

 a
ct

iv
ity

1.
46

8 
(.1

96
)

.0
74

.0
00

.9
63

 (.
26

7)
.0

49
.0

00

Ph
ys

ic
al

 a
ct

iv
ity

1.
57

8 
(.3

34
)

.0
47

.0
00

76
4 

(.5
66

)
.0

23
.1

77

Vi
go

ro
us

-in
te

ns
ity

 a
ct

iv
ity

-.7
67

 (.
17

6)
-.0

45
.0

00
.2

09
 (.

24
7)

.0
12

.3
97

M
od

er
at

e-
in

te
ns

ity
 a

ct
iv

ity
1.

18
9 

(.1
51

)
.0

79
.0

00
1.

05
7 

(.2
21

)
.0

71
.0

00

Li
gh

t-
in

te
ns

ity
 a

ct
iv

ity
.8

47
 (.

18
1)

.0
46

.0
00

.3
74

 (.
28

5)
.0

20
.1

89

G
en

de
r X

 s
oc

ia
l i

nt
er

ac
tio

n
.3

32
 (.

24
7)

.0
19

.1
79

G
en

de
r X

 v
ol

un
te

er
in

g
.4

67
 (.

38
7)

.0
18

.2
27

G
en

de
r X

 c
og

ni
tiv

e 
ac

tiv
ity

1.
21

7 
(.3

86
)

.0
42

.0
02

G
en

de
r X

 p
hy

si
ca

l a
ct

iv
ity

.9
54

 (.
70

3)
.0

24
.1

75

A
ge

 X
 s

oc
ia

l i
nt

er
ac

tio
n

-.0
18

 (.
01

8)
-.0

09
.3

00

A
ge

 X
 v

ol
un

te
er

in
g

.0
25

 (.
03

5)
.0

08
.4

86

A
ge

 X
 c

og
ni

tiv
e 

ac
tiv

ity
.0

86
 (.

03
0)

.0
27

.0
04

A
ge

 X
 p

hy
si

ca
l a

ct
iv

ity
-.0

03
 (.

05
2)

-.0
01

.9
61

G
en

de
r X

 v
ig

or
ou

s-
in

te
ns

ity
 a

ct
iv

ity
-1

.4
72

 (.
33

6)
-.0

62
.0

00

G
en

de
r X

 m
od

er
at

e-
in

te
ns

ity
 a

ct
iv

ity
.2

71
 (.

29
8)

.0
14

.3
63

G
en

de
r X

 li
gh

t-
in

te
ns

ity
 a

ct
iv

ity
.6

95
 (.

36
3)

.0
28

.0
55

A
ge

 X
 v

ig
or

ou
s-

in
te

ns
ity

 a
ct

iv
ity

.1
15

 (.
02

8)
.0

40
.0

00

A
ge

 X
 m

od
er

at
e-

in
te

ns
ity

 a
ct

iv
ity

.0
55

 (.
02

2)
.0

24
.0

12

A
ge

 X
 li

gh
t-

in
te

ns
ity

 a
ct

iv
ity

.0
43

 (.
02

3)
.0

17
.0

59

R2
.3

01
8

.3
20

4
.3

10
9

.3
22

8
.3

16
0

A
dj

us
te

d 
R2

.3
01

0
.3

19
3

.3
09

9
.3

21
0

.3
14

4

F 
va

lu
e

51
4.

44
**

*
37

6.
51

39
4.

37
**

*
23

3.
63

**
*

26
7.

66
**

*

M
ea

n 
VI

F
1.

15
1.

14
1.

15
1.

81
1.

61



Page 8 of 11Mao et al. BMC Geriatrics          (2023) 23:223 

In line with previous studies, advanced age and female 
gender were risk factors of cognitive decline [3]. The 
faster cognitive decline among women may be partially 
explained by longer life expectancy, lower educational 
level, and biological difference (e.g., sex hormones dif-
ference, brain structure, genetics, gray volume loss) with 
men [3, 8]. Additionally, the current study found age and 
gender differences in the associations between activity 
engagement and cognitive functions among older adults. 
Regarding gender, cognitive activities had a greater effect 
on cognitive health for older women. Compared with 
men, women had lower educational attainment. Cog-
nitive activities could work as alternative educational 
resources to increase women’s cognitive reserve and fur-
ther prevent cognitive decline [35, 49]. Moreover, our 
findings show that the adverse impact of vigorous-inten-
sity activities on cognition was also stronger for women 
than for men. A possible explanation is that women’s 
physical capacities (e.g., physical strength and muscles) 
are lower than those of men; therefore, the same physi-
cal load of vigorous-intensity activities may cause more 
damage for older women. Contrary to studies showing 
that the favorable effects of physical and social activities 
differed by gender [21, 44], our study suggests that the 
influence of physical activity and social interaction were 
equal among men and women in the Chinese context, 
echoing another Chinese study [34].

Regarding age, the findings indicate that older adults 
with advanced age could benefit more from cognitive 
activities and moderate-intensity activities than their 
younger counterparts. Studies have determined that 
continuous participation in cognitive activities can pro-
tect cognitive functions [35], and the cumulative pro-
tective effect of cognitive activities may be greater for 
older adults with advanced age. In addition, older adults’ 
health conditions tend to deteriorate as they age. There-
fore, the benefits of cognitive and moderate-intensity 
activities for cognition could be more prominent with 
age [45, 50]. Moreover, the negative effect of vigorous 
activities among older adults attenuated with increasing 
age. There have two possible explanations: First, physical 
capacities decline with increasing age; older adults may 
be less likely to engage in vigorous physical exercise and 
work, especially rural residents. Second, those who in 
the advanced age still participating in vigorous-intensity 
activities might generally have better cognitive function 
even compared with some younger elderly.

This study highlights the importance of physical, 
social, and cognitive activities for older adults’ cogni-
tive health as well as the roles for adults of different ages 
and genders. These findings provide valuable sugges-
tions for social work practice to promote cognitive func-
tions among Chinese older adults. Communities should 

provide more high-quality recreational facilities for older 
adults (e.g., senior centers and fitness equipment), launch 
hobby groups, and organize various activities, which can 
encourage older adults to participate in physical exercise 
and cognitive leisure activities regularly, help them build 
greater social networks, and provide more opportuni-
ties for social interactions. Social workers can cooper-
ate with physicians or other professionals to design and 
implement intervention programs such as mind–body 
exercises to help older adults maintain cognitive func-
tions. Older women and rural residents had a higher 
risk of cognitive decline; therefore, policy initiatives and 
intervention programs should also focus more on older 
women in rural areas. Given the different cognitive status 
and preferences of older adults, needs assessment includ-
ing health evaluation should be conducted, which could 
help older adults choose appropriate activities, promote 
positive participation experiences, and increase the pos-
sibility of continuous participation in cognitively ben-
eficial activities. Regarding activity intensity, although 
many studies reported that vigorous-intensity activity 
could improve cognitive health, other research, includ-
ing the present study, drew different conclusions [58, 59]. 
The appropriate intensity and types of physical activities 
that are beneficial for cognition remain unclear. Owing to 
the comorbidity and fragility of older adults in later life, 
we recommend that older adults participate in light-and 
moderate-intensity activities (e.g., tai chi, walking) and 
reduce high-load physical work.

Limitations
This study had some limitations. First, cross-sectional 
data cannot be used to infer the causal relationships 
between activity engagement and cognitive functions. 
Second, although we used a global measure of activ-
ity type, we included a limited number of activities due 
to the data limitation, and the dichotomous scale items 
provided limited information on activity engagement. In 
addition, physical activity participation may have been 
underestimated, because the measures only evaluated 
group-based physical exercise, and individual physi-
cal activity were not included. For activity intensities, 
although CHARLS used a revised version of International 
Physical Activity Questionnaire (IPAQ) to assess activity 
intensity [61, 62], we could not calculate the duration of 
different activity intensity levels because of the discrete 
time duration variables and the large number of missing 
data. And this study did not assess the intensities of dif-
ferent activity types separately (e.g., domestic activities, 
social activities, physical work, and physical exercise). If 
the above information had been considered, we might 
have gained a better understanding of the association 
between activity participation and cognitive functions, 
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and the guidance provided by the study findings might 
have been more useful for policies and interventions. 
Third, both activity type and intensity were self-reported 
and might be affected by recall bias. Fourth, the activity 
classifications were not perfectly mutually exclusive. Cer-
tain activities have more than one nature. For example, 
participating in exercise groups has both physical and 
social elements; playing mah-jongg or card may be both 
intellectual and social. Fifth, compared with the comput-
erized cognitive assessment batteries or clinical dementia 
screening tools, the TICS scale cannot evaluate individu-
als’ cognitive status in detail. Sixth, this study only exam-
ined the relationship between activity participation and 
total cognitive functions, without exploring the influence 
of activities on specific dimensions of cognition. Finally, 
we only examined the direct effects of activity engage-
ment on cognition. Future studies may adopt a longitudi-
nal design and more reliable and detailed measurements 
of activity participation to examine the relationship 
between different activities and subdomains of cogni-
tive functions among specific groups. Given the nature of 
cognitive health, an interdisciplinary approach is recom-
mended to explore the potential mechanisms of different 
activities and cognitive functions.

Conclusions
Underpinned by nationwide representative data, this 
study examined the independent effects of physical activ-
ities, social interaction, volunteering, cognitive activities, 
and activity intensity on cognitive functions, along with 
the moderating roles of age and gender. The findings indi-
cate that (a) physical activities, social interaction, cogni-
tive activities, and light-to moderate intensity activities 
could help maintain cognitive functioning; (b) volunteer 
activities were not associated with cognitive functions; 
(c) vigorous-intensity activities had a negative influence 
on cognition, especially for women and younger partici-
pants; and (d) cognitive activities had greater cognitively 
benefits for women and older participants.
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