Global Health & Medicine. 2025; 7(6):423-431. ORIGINAL ARTICLE I

DOI: 10.35772/ghm.2025.01092

The impact of healthy lifestyles on cognitive function in community-
dwelling older adults: A cross-sectional study in Shanghai, China

Guyanan Li', Lihua Zhu', Xinyu Li', Biying Wu?, Jianyu Chen'*

' College of Public Health, Shanghai University of Medicine and Health Sciences, Shanghai, China;
*Department of Clinical Laboratory Medicine, Shanghai Fifth People's Hospital, Fudan University, Shanghai, China.

Abstract: Recent literature has demonstrated the link between lifestyle behavior factors and cognitive function, yet
most evidence comes from Western populations. This study examined the associations between multiple healthy
lifestyle factors and cognitive function among community-dwelling older adults in Shanghai, China. This cross-
sectional study included 942 residents aged > 60 years in Pudong District, Shanghai, China, who participated in China's
national free physical examination program from July to September 2024. Cognitive function and cognitive impairment
status were assessed by Mini-Mental State Examination (MMSE). Five healthy lifestyle factors were considered: never
smoking, healthy body mass index, regular physical activity, light-to-moderate alcohol drinking and optimal night
sleep duration. A composite healthy lifestyle score (0—5) was calculated. Results showed that regular physical activity
and optimal night sleep duration were positively correlated with a MMSE score [ = 0.21 (95% confidence interval
(CI): 0.09-0.34), p = 0.001; = 0.15 (95% CI: 0.03-0.27), p = 0.016, respectively], and were significantly associated
with lower odds of cognitive impairment [odds ratio (OR) = 0.69 (95% CI: 0.47-0.98); OR = 0.66 (95% CI: 0.45—
0.95), respectively]. Compared with participants with < 1 healthy lifestyle factor, the f (95% CI) of MMSE score for
participants with 3, and 4-5 healthy lifestyle factors were 0.26 (0.08-0.44) and 0.25 (0.04-0.47), respectively; and the
OR and 95% CI for participants with 3 healthy lifestyle factors were 0.59 (0.34-0.98). Adherence to multiple healthy
lifestyle behaviors, particularly regular physical activity and adequate night sleep, was associated with better cognitive

function among elders in Shanghai.
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1. Introduction

With the rapid increase of the aging population in
China, the prevalence of age-related diseases and
conditions has markedly risen over the past decades
(7). Among these, cognitive decline has emerged as
a major public health concern, which impairs both
life quality and work productivity, and substantially
increases the risk of dementia (2). A nationwide survey
conducted in China between 2015 and 2018 reported that
approximately 15.5% of individuals aged 60 years and
older experienced mild cognitive impairment, 6.0% were
diagnosed with dementia, and 3.9% had Alzheimer's
disease (3). These conditions not only severely affect
individuals' quality of life but also pose a substantial
burden on caregivers, families, and the financial and
healthcare systems of society (4). However, cognitive
decline does not necessarily lead to dementia and may be
reversed or stabilized, thereby preventing progression to
a pathological state (). Therefore, identifying modifiable
risk factors associated with cognitive impairment is

essential for developing effective public health strategies
and promoting healthy aging in China.

Extensive research has explored the risk factors
of cognitive function, including aging, education,
occupational status, chronic diseases, genetic and
epigenetic factors as well as lifestyle behaviors (6,7).
Among these, the management of a healthy lifestyle is
becoming increasingly important (2,8,9). A growing
body of evidence suggests that conventional modifiable
healthy lifestyle factors, such as nonsmoking, moderate
alcohol consumption, adequate sleep, normal body mass
index (BMI), regular physical activity and adhering to
a balanced diet rich in fruits, vegetables, fish and nuts,
are all linked to better cognitive function and a reduced
risk of dementia (/0,1/7). However, lifestyle factors
often cluster rather than act independently. Therefore, a
combined healthy score, integrates multiple behaviors,
has been proposed as a more comprehensive indicator of
health outcomes.

Several large cohort studies in Western populations
have consistently shown that adherence to multiple
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healthy lifestyle factors is associated with slower
cognitive decline (/2). In China, a few studies have
examined this association. Jia et al. found that subjects
with favorable lifestyle factors experienced a slower
memory decline than those in the unfavorable group
in a cohort of 29,072 participants (2). Wang et al.
observed that those in the highest quartile lifestyle
score had a lower risk of cognitive impairment [odds
ratio (OR) = 0.52 (95% confidence interval (95% CI):
0.41-0.65] among 5,716 participants with an average
age of 82 years from the Chinese Longitudinal Healthy
Longevity Survey (/3). Nevertheless, evidence among
community-dwelling older adults in China remains
limited.

To address this gap, this study aimed to examine
the associations between adherence to multiple
healthy lifestyle factors and cognitive function among
community-dwelling older adults in Shanghai, China.

2. Materials and Methods
2.1. Study population

This cross-sectional study used a convenience sampling
approach, including 1,043 community-dwelling residents
of Pudong District, Shanghai, China, who participated
in China's national free physical examination program
between July and September 2024. Individuals were
included if they met the following criteria: /) adults aged
60 years or older; ii) had lived in the community for at
least one year; and iif) were willing to participate and
able to communicate effectively. The exclusion criteria
were as follows: 7) aged < 60 years (n = 2); ii) previously
diagnosed Alzheimer's disease or other dementias (n = 3);
i) missing lifestyle data (including BMI, smoking status,
alcohol drinking status, sleep duration time and exercise
data) (n = 96). The final analytic sample comprised 942
participants, who completed the questionnaire, physical
examination, and informed consent.

This study was reviewed and approved by the
Research Ethics Committee of Shanghai Health Medical
University (2024-SSF-24-04-005). All participants
provided written informed consent, and the study
was conducted in accordance with the Declaration of
Helsinki. All methods were performed in accordance
with relevant guidelines and regulations and followed
the Strengthening. Reporting of Observational Studies of
Epidemiology (STROBE) guidelines (/4).

2.2. Assessment of cognitive function

In this study, cognitive function was assessed using
the Mini-Mental State Examination (MMSE), which
consisted of 30 items scored from 0 to 30, with higher
scores indicating better cognitive performance (75).
Cognitive impairment was defined as MMSE scores
< 17 for illiterate individuals, < 20 for those with

primary education, and < 24 for those with junior school
education or above (/6).

2.3. Assessment of lifestyle factors and covariates

Information on demographic characteristics (e.g., age,
gender, education, marriage, family income and co-
residence status), lifestyle behaviors (e.g., smoking,
alcohol drinking status, physical activity, and sleep
duration) and comorbidities was collected through face-
to-face interviews using a semi-structured questionnaire.

Education levels included illiterate, primary school,
junior or high school, and college or above. Marital
status was categorized into single (single, divorced or
widowed) or married. Family income was categorized
into < CNY 5,000, 5,000-10,000, 10,001-20,000, and >
20,000 monthly. Co-residence status consisted of living
with family and living alone. Current smokers were
defined as subjects who smoked > 1 cigarette/day for
more than 6 months, and former smokers were defined
as subjects who ever smoked but had stopped smoking
for more than 6 months; otherwise, they were defined
as never smokers (/7). Individuals who drank alcohol >
1 time/week for > 6 months were considered as current
alcohol drinkers, and former drinkers were those who
had abstained from drinking for > 6 months; otherwise,
they were defined as never alcohol drinkers. To estimate
the daily alcohol consumption, we multiplied the average
alcohol content of each type of alcoholic beverage by the
daily volume consumed for that type, and then summed
the results across all types. The average alcoholicity of
liquor, beer, wine and rice wine were 42%, 4%, 12%
and 10%, respectively (/8). Participants engaging in
moderate or vigorous physical activity for at least 30
minutes per session, three or more times per week, were
considered regular physical activity (/9). Participants
were queried about their usual bedtime and wake-up
time, and sleep duration was determined by calculating
the interval between these two times (20).

In our study, comorbidities were grouped into
six categories: i) circulatory diseases (coronary heart
disease, stroke, hypertension); i) chronic obstructive
pulmonary disease (COPD); iii) malignant tumors;
iv) diabetes; v) liver diseases; and vi) kidney diseases.
We categorized the number of comorbidities into four
groups: none, one, two, and three or more diseases (21).
Professionally trained staff used calibrated instruments
to measure weight and height. BMI was calculated as
weight (kg) divided by the height (m”).

2.4. Healthy lifestyle score

Based on previous evidence, we considered healthy
behaviors to include a BMI ranging from 18.5 to < 24
kg/m’, regular physical activity, never smoking, light to
moderate alcohol consumption (< 15 g/day for women
and < 30 g/day for men), as well as sleeping for 7.0-9.0
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hours per night (21,22). For each lifestyle, the individuals
received a score of 1 if he/she met the criterion for
healthy lifestyle and 0 otherwise. The overall healthy
lifestyle score was calculated as the sum of these
individual components, ranging from 0 to 5.

2.5. Statistical analysis

For continuous data, the median and interquartile
range, ranging from the first to the third quartile, were
displayed. Categorical variables were presented as
frequencies and percentages. Descriptive analyses were
first conducted to compare characteristics between
participants with and without cognitive impairment
using nonparametric and chi-square tests as appropriate.
To facilitate comparison of effect sizes and improve
model interpretability, MMSE scores were standardized
using Z-score transformation before regression analyses.
Linear regression models were applied to investigate
the relationships between healthy lifestyle factors and
MMSE scores, and logistic regression models were
used to examine the relationships between healthy
lifestyle factors and cognitive impairment status. We
initially adjusted for age and gender (model 1); further
adjusted for marital status, education level, monthly
family income, co-residence status, the number of
comorbidities (model 2); and further adjusted for the
other four lifestyles when evaluating each lifestyle factor
in these regression models (model 3). Subgroup analyses
were conducted stratified by age, gender, marital
status, education level, family income monthly and co-
living status to explore potential heterogeneity in the
associations.

Two-sided p values < 0.05 were considered statistically
significant. All analyses were performed using R software
(version 4.3.1; R Foundation for Statistical Computing,
Vienna, Austria).

3. Results
3.1. Baseline characteristics of study participants

The general characteristics of the study participants
are shown in Table 1. A total of 942 community-
dwelling older adults aged 64 to 88 years were included,
comprising 389 men and 553 women. MMSE scores
ranged from 5 to 30. Based on education-adjusted MMSE
cutoffs, 148 participants (15.71%) were classified with
cognitive impairment, whereas 794 (84.29%) had normal
cognitive function. Compared with cognitive normal
participants, those with cognitive impairment were older
[aged: 71.00 (68.00-75.00) vs. 70.00 (67.00-73.00), p =
0.015], had lower monthly household income [> CNY
20,000: 5.41% vs. 10.58%, p < 0.001], slept longer at
night [8.00 (7.00-9.00) vs. 8.00 (7.00-8.50), p = 0.007],
and were less likely to be physically active [56.76% vs.
67.76%, p = 0.012]. They also had lower healthy lifestyle

scores (p = 0.029).

3.2. Associations between healthy lifestyles and cognitive
function

For regression analyses, MMSE scores were standardized
to Z-scores to facilitate interpretation. Results of the
linear regression analyses (Table 2 and Figure 1) showed
that regular physical activity and optimal night sleep
duration were positively associated with higher MMSE
scores [ =0.21 (95% CI: 0.09-0.34), p =0.001; #=0.15
(95% CI: 0.03-0.27), p = 0.016, respectively]. Compared
with participants who had < | healthy lifestyle factor,
those with 3 and 4-5 healthy factors had significantly
higher MMSE scores [ = 0.26 (95% CI: 0.08-0.44) and
£ =0.25 (95% CI: 0.04-0.47), respectively; p for trend <
0.001].

Associations of individual healthy lifestyle factors
and healthy lifestyle score with cognitive impairment
status are shown in Table 3 and Figure 2. Regular
physical activity or optimal night sleep duration was
associated with lower odds of cognitive impairment
[OR = 0.69 (95% CI: 0.47-0.98); OR = 0.66 (95% CI:
0.45-0.95), respectively]. Furthermore, a higher healthy
lifestyle score (score = 3) was also associated with a
reduced risk of cognitive impairment [OR = 0.59 (95%
CI: 0.34-0.98)], compared to < 1 healthy lifestyle factor.

3.3. Subgroup analyses

Subgroup analyses were conducted stratified by
age, gender, marital status, education level, family
income monthly and co-living status (Supplementary
Tables S1-S6, https://www.globalhealthmedicine.com/
site/supplementaldata. html?ID=114). The positive
associations of regular physical activity and optimal
night sleep duration with MMSE score were mainly
observed among participants aged > 70 years [ = 0.21
(95% CI: 0.05-0.37) and S = 0.24 (95% CI: 0.09-0.39),
respectively], whereas these associations were not
significant among those aged < 70 years (Supplementary
Table S1, https.//www.globalhealthmedicine.com/site/
supplementaldata.html?ID=114). Among women,
optimal night sleep duration was positively associated
with higher MMSE scores [ = 0.18 (95% CI: 0.04—
0.34), p = 0.014] (Supplementary Table S2, https://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=114) and women with 3 healthy lifestyle
factors had better MMSE score [f = 0.29 (95% CI:
0.04-0.55), p = 0.026] (Supplementary Table S2, https.://
www.globalhealthmedicine.com/site/supplementaldata.
html?ID=114).

When stratified by marital status, both regular
physical activity and optimal night sleep duration
were positively associated with MMSE scores among
married participants (all p < 0.05, Supplementary
Table S3, https.//'www.globalhealthmedicine.com/site/
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Table 1. Characteristics of participants according to cognitive status

Variables All participants

Cognitive impairment status

Yes No p

No 942
Demographic factors
Age (years old), median (IQR)

Males, n (%) 389 (41.30)
Marital status, n (%)
Single 156 (16.56)
Married 786 (83.44)
Education, n (%)
Primary school or below 381 (40.45)
Junior or high school 533 (56.58)
College or above 28 (2.97)
Family income monthly (CNY), n (%)
<5,000 194 (20.59)
5,000-10,000 395 (41.93)
10,001-20,000 261 (27.71)
> 20,000 92 (9.77)
Co-residence, n (%)
Living with family member 846 (89.81)
Living alone 96 (10.19)
Lifestyle factors
Smoking status, 7 (%)
Never 661 (70.17)
Current 143 (15.18)
Former 138 (14.65)
Alcohol drinking status, 1 (%)
Never 740 (78.56)
Current 128 (13.59)
Former 74 (7.86)

Sleep duration (hours/night), median (IQR)
Regular physical activity, n (%)
Body mass index (BMI, kg/m®), median (IQR)
Healthy lifestyle score, n (%)

622 (66.03)

0-1 170 (18.05)
2 317 (33.65)
3 329 (34.93)
4-5 126 (13.37)
Comorbidities
No of comorbidities, n (%)
0 197 (20.91)
1 273 (28.98)
2 229 (24.31)
3+ 243 (25.80)
Hypertension, n (%) 542 (57.54)
Stroke, n (%) 83 (8.81)
Diabetes, 1 (%) 209 (22.19)
CVD, n (%) 190 (20.17)
COPD, n (%) 26 (2.76)
Malignant tumors, 7 (%) 48 (5.10)
Liver diseases, n (%) 165 (17.52)
Kidney diseases, n (%) 48 (5.10)

MMSE score, median (IQR)

70.00 (67.00-74.00)

8.00 (7.00-9.00)

24.50 (22.20-26.70)

27.00 (24.00-29.00)

148 794

71.00 (68.00-75.00) 70.00 (67.00-73.00) 0.015

58 (39.19) 331 (41.69) 0.634
0.229
30 (20.27) 126 (15.87)
118 (79.73) 668 (84.13)
0.146
69 (46.62) 312 (39.29)
77 (52.03) 456 (57.43)
2(1.35) 26 (3.27)
<0.001
53 (35.81) 141 (17.76)
51 (34.46) 344 (43.32)
36 (24.32) 225 (28.34)
8 (5.41) 84 (10.58)
0.312
129 (87.16) 717 (90.30)
19 (12.84) 77 (9.70)
0.191
112 (75.68) 549 (69.14)
21 (14.19) 122 (15.37)
15 (10.14) 123 (15.49)
0.794
117 (79.05) 623 (78.46)
18 (12.16) 110 (13.85)
13 (8.78) 61 (7.68)

8.00 (7.00-9.00) 8.00 (7.00-8.50) 0.007
84 (56.76) 538 (67.76) 0.012
25.20 (22.10-27.30) 24.50 (22.20-26.60) 0.172

0.029
32(21.62) 138 (17.38)
61 (41.22) 256 (32.24)
38 (25.68) 291 (36.65)
17 (11.48) 109 (13.73)

0.766
32(21.62) 165 (20.78)
46 (31.08) 227 (28.59)
31 (20.95) 198 (24.94)
39 (26.35) 204 (25.69)
95 (64.19) 447 (56.30) 0.091
17 (11.49) 66 (8.31) 0.275
35 (23.65) 174 (21.91) 0.720
30 (20.27) 160 (20.15) 0.993

3(2.03) 23 (2.90) 0.749

8 (5.41) 40 (5.04) 0.840
18 (12.16) 147 (18.51) 0.080

6 (4.05) 42 (5.29) 0.672
20.00 (16.00-23.00) 28.00 (26.00-29.00)  <0.001

Note: Continuous variables were presented as the median (interquartile range, IQR), and categorical variables were presented as 7 (%). "Continuous
variables were compared using the Kruskal-Wallis test, and categorical variables were compared by using Chi-square tests.

supplementaldata.html?ID=114). In analyses stratified
by education, the positive associations of regular
physical activity and night sleep duration with MMSE
score remained significant in both the lower (primary
school or below) and higher (junior high school or
above) education groups (all p <0.05, Supplementary
Table S4, https://'www.globalhealthmedicine.com/site/
supplementaldata.html?ID=114).

When stratified by family income monthly, the
beneficial associations of physical activity and optimal
night sleep duration were observed only among
participants with monthly income < CNY 10,000 [f
= 0.22 (95% CI: 0.06-0.38) and g = 0.17 (95% CI:
0.02-0.32), respectively], but not in the higher-income
group [f = -0.13 (95% CI: -0.37-0.10) and g = 0.16
(95% CI: -0.05-0.37), respectively]. Similarly, the
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Table 2. Association between healthy lifestyle factors and MMSE score

Model 1 Model 2 Model 3
Lifestyles n
£(95% CI) P £(95% CI) P £ (95% CI) P

Normal BMI

No 545 Ref Ref Ref

Yes 397 0.12 (-0.01-0.25) 0.062 0.08 (-0.04-0.20) 0.176 0.09 (-0.03-0.21) 0.151
Never smoking

No 281 Ref Ref Ref

Yes 661 -0.10 (-0.30-0.10) 0.316 -0.07 (-0.25-0.12) 0.315 -0.07 (-0.26-0.11) 0.437
Light to Moderate alcohol intake

No 863 Ref Ref Ref

Yes 79 0.03 (-0.20-0.27) 0.806 0.03 (-0.20-0.25) 0.817 0.02 (-0.20-0.23) 0.855
Regular physical activity

No 320 Ref Ref Ref

Yes 622 0.30 (0.16-0.43) <0.001 0.22 (0.10-0.35) 0.037 0.21 (0.09-0.34) 0.001
Optimal night sleep duration

No 420 Ref Ref Ref

Yes 522 0.17 (0.05-0.30) <0.001 0.15 (0.03-0.27) 0.001 0.15 (0.03-0.27) 0.016
Healthy lifestyle score

0-1 170 Ref Ref -

2 317 -0.06 (-0.13-0.24) 0.537 -0.01 (-0.18-0.17) 0.975 - -

3 329 0.35 (0.17-0.54) <0.001 0.26 (0.08-0.44) 0.004 - -

4-5 126 0.34 (0.11-0.57) 0.003 0.25 (0.04-0.47) 0.021 - -

P <0.001 <0.001

trend

Note: MMSE scores were standardized (Z-score). Multiple linear regression models were used to impute the f (95% CI), with adjustment for age,
gender (model 1); further adjusted for marital status, education level, family income, co-residence status and the number of comorbidities (model 2);
and further adjusted for the other four lifestyles when evaluating each lifestyle factor in the regression models (model 3).

Normal BMI .
No Ref n
Yes 0.09 (-0.03,0.21) .
Never smoking
No Ref [ |
Yes 0.07(-0.26,0.11) |— @
Light to moderate alcohol drinking
No Ref L]
Yes 0.02 (-0.20, 0.23) i
Regular physical activity
No Ref [ ]
Yes 0.21 (0.09, 0.34) : —.-
Optimal night sleep duration :
No Ref .
Yes 0.15(0.03.027) : -
Healthy lifestyle score :
0-1 Ref ]
2 -0.01 (-0.18,0.17) —_—
3 0.26 (0.08, 0.44) : ' = —
4-5 0.25 (0.04, 0.47) :
| = i
1 L L Ll L] 1
0.4 -0.2 0.0 0.2 0.4 0.6

B (95%CT)

Figure 1. The associations between healthy lifestyle factors and MMSE score. Note: Multiple linear regression models were used
to impute the £ (95% CI), with adjustment for age, gender, marital status, education level, family income, co-residence status and the
number of comorbidities and the other four lifestyle factors when evaluating each lifestyle factor in the regression models.

overall healthy lifestyle score was positively associated
with MMSE score in the low-income group [ = 0.29
(95% CI: 0.07-0.51) for score = 3; = 0.32 (95% CI:
0.04-0.59) for 4-5 healthy lifestyle factors], whereas
no significant associations were found in those with
higher income (Supplementary Table S5, Attps://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=114).

Finally, according to co-residence status, optimal
night sleep duration was associated with higher
MMSE scores in participants living with family [f
= 0.14 (95% CI: 0.02-0.27), p = 0.022], while other
lifestyle factors showed similar trends across the
two groups (Supplementary Table S6, https://www.
globalhealthmedicine.com/site/supplementaldata.
html?ID=114).
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Table 3. Association between lifestyle factors and cognitive impairment

Model 1 Model 2 Model 3
Lifestyles
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Normal BMI

No 545 Ref Ref Ref

Yes 397 0.93 (0.66-1.33) 0.691 0.94 (0.65-1.37) 0.772 0.96 (0.65-1.40)  0.818
Never smoking

No 281 Ref Ref Ref

Yes 661 1.54 (0.89-2.66) 0.132 1.54 (0.87-2.71) 0.137 1.60 (0.89-2.85) 0.110
Light to Moderate alcohol intake

No 863 Ref Ref Ref

Yes 79 0.92 (0.44-1.80) 0.824 0.92 (0.43-1.82) 0.814 0.98 (0.46-1.95)  0.954
Regular physical activity

No 320 Ref Ref Ref

Yes 622 0.66 (0.46-0.94) 0.023 0.68 (0.47-0.98) 0.042 0.69 (0.47-0.98)  0.049
Optimal night sleep duration (hours/night)

No 420 Ref Ref Ref

Yes 522 0.63 (0.44-0.89) 0.016 0.64 (0.44-0.93) 0.018 0.66 (0.45-0.95)  0.024
Healthy lifestyle score

0-1 170 Ref Ref -

2 317 1.01 (0.62-1.66) 0.963 1.12 (0.68-1.87) 0.644 - -

3 329 0.55 (0.32-0.95) 0.029 0.59 (0.34-0.98) 0.049 - -

4-5 126 0.67 (0.34-1.28) 0.230 0.72 (0.36-1.40) 0.345 - -

P 0.023 0.044

trend

Note: Multiple logistic regression models were used to impute the OR (95% CI), with adjustment for age, gender (model 1); further adjusted for
marital status, education level, family income, co-residence status and the number of comorbidities (model 2); and further adjusted for the other four
lifestyles when evaluating each lifestyle factor in the regression models (model 3).

Normal BMI :
No Ref e
Yes 0.96 (0.65, 1.40) A
Never smoking
No Ref .
Yes 1.60 (0.89, 2.85) = > i
Light to moderate alcohol drinking .
No Ref ) o
Yes 0.98 (0.46, 1.95) ! et !
Regular physical activity ‘
No Ref H
Yes 0.69 (0.47, 0.98) f i
Optimal night sleep duration :
No Ref
Yes 0.66 (0.45, 0.95)
Healthy lifestyle score :
0-1 Ref . _
2 1.12 (0.68, 1.87) e
3 0.59 (0.34, 0.98) ' £
4-5 0.72 (0.36, 1.40) S S —
I L L 1
0 1 2 3
OR (95%CI)

Figure 2. The associations between healthy lifestyle factors and cognitive impairment status. Note: Multiple logistic regression
models were used to impute the OR (95% CI), with adjustment for age, gender, marital status, education level, family income, co-
residence status and the number of comorbidities and the other four lifestyles when evaluating each lifestyle factor in the regression

models.

4. Discussion

In this community-based cross-sectional study of
older adults in Shanghai, we found that two healthy
lifestyle factors (regular physical activity and optimal
night sleep duration) were significantly associated with
better cognitive function. Moreover, a higher overall
healthy lifestyle score, defined from five healthy

lifestyle components, was positively associated with
MMSE scores in a dose-response manner. These
findings provide population-based evidence from China
supporting the importance of maintaining multiple
healthy behaviors to promote cognitive health.

We found that regular physical activity was
associated with higher MMSE scores and lower risk of
cognitive impairment among Chinese elders [ = 0.21
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(95% CI: 0.09-0.34), and OR = 0.69 (95% CI: 0.47—
0.98)], consistent with previous evidence. The Lancet
Commission on Dementia Prevention, Intervention,
and Care identified physical inactivity as one of the
major modifiable risk factors for dementia (23). A meta-
analysis of thirty-seven cohort studies demonstrated
that higher levels of physical activity were associated
with a 35% reduced risk of cognitive decline [RR =
0.65 (95% CI: 0.55-0.76)] (24). Shanghai is a highly
urbanized city with abundant community facilities
and widespread health promotion programs for elders.
Regular participation in group exercises such as tai chi
and square dancing is common, contributing to higher
physical activity and social engagement levels. In our
sample, 66.03% of elders reported engaging in regular
physical activity, whereas a nationally representative
survey based on the China Family Panel Studies reported
that only 39.1% of Chinese older adults participated in
regular exercise (25). This higher prevalence of physical
activity in Shanghai may partly explain the stronger
association between physical activity and cognitive
function observed in our study. Mechanistically, physical
activity may enhance gray matter volume in the frontal
and hippocampal regions and slow cortical thinning
in memory-related areas such as the entorhinal cortex
and medial parietal regions, thereby supporting better
cognitive performance (26,27).

The present study showed that optimal night sleep
duration of 7-9 hours was related to higher MMSE
score [ = 0.15 (95% CI: 0.03-0.27)] and a lower
risk of cognitive impairment [OR = 0.66 (95% CI:
0.45-0.95)]. These findings align with previous studies
showing a U-shaped association between sleep duration
and cognitive function. Ma et al. demonstrated that
insufficient sleep (< 4 hours/night) or excessive (> 10
hours/night) were related to cognitive function decline
among 20,065 participants from the English and Chinese
cohort study (28). Similarly, Li et al. observed that sleep
duration had an inverted U shape with cognitive scores,
and both short (< 6 hours/day) and long sleep durations
(> 8 hours/day) were associated with lower cognitive
scores among 10,768 middle-aged and elder adults in the
China Health and Retirement Longitudinal Study (29).
Biologically, inadequate sleep may accelerate cortical
thinning in frontotemporal regions, while excessive
sleep has been associated with increased systemic
inflammation, both of which can contribute to cognitive
impairment (30).

However, in this study, no significant associations
were observed for the other three lifestyle factors —
nonsmoking, light to moderate alcohol drinking, and
normal BMI, which differ from some previous reports
(31-34). Participants recruited through community
health examinations may represent a more health-
conscious subgroup with fewer smokers and drinkers as
well as healthier BMI. In addition, drinking in China is
often embedded in social or festive contexts, making it

difficult to isolate its biological effect on cognition from
psychosocial influences. The relatively narrow BMI
range in our sample and the inability of BMI to capture
muscle mass or body composition may further obscure
potential associations.

In our study, participants with 3 and 4-5 healthy
lifestyle factors had significantly higher MMSE scores
compared with those with one or none [ = 0.26 (95%
CI: 0.08-0.44) and g = 0.25 (95% CI: 0.04-0.47),
respectively]. However, only participants with 3 healthy
lifestyle factors showed a significantly lower risk of
cognitive impairment [OR = 0.59 (95% CI: 0.34-0.98)],
while the association was not significant among those
with 4-5 factors [OR = 0.72 (95% CI: 0.36-1.40)]. The
lack of significance in the highest group may be due
to the limited sample size. This finding is consistent
with several large-scale studies. Wang et al. found
that compared with subjects with one or none healthy
behavior, those with 3 or 4 healthy lifestyle behaviors
had 0.07 standard deviation higher cognitive Z-score in
National Health and Nutrition Examination Survey 2011—
2014 (12). Similarly, a study among African Americans
and European American adults, showed that adherence
to 4-5 healthy lifestyle factors was associated with a
slower cognitive decline of 0.023—0.044 units/year (35).
In a large European cohort study of 196,383 participants,
Lourida et al. observed that participants with 4 healthy
lifestyle factors exhibited a lower risk of Alzheimer's
disease [HR = 0.64 (95% CI: 0.43-0.97)] compared to
those without any healthy lifestyle factors (36). Together,
these findings emphasize that adopting multiple healthy
behaviors may be crucial for maintaining cognitive
health and is positively associated with better cognitive
function in older adults.

Subgroup analyses revealed that the associations
between healthy lifestyle factors and cognitive function
were more pronounced among elders, women and
individuals with lower income. These findings suggest
that sociodemographic context may modify the effects
of healthy behaviors on cognition. Therefore, lifestyle-
based cognitive health promotion in Shanghai should
prioritize older adults with lower socioeconomic status.

The present study had several strengths. In this
study, we conducted a comprehensive investigation into
the relationships between healthy lifestyle factors and
cognitive impairment. However, the study has several
limitations to be addressed. First, this study used a
convenience sample of elders who participated in a
community-based physical examination program, which
may have attracted individuals who were more health-
conscious or in better health than the general elders.
Therefore, selection bias cannot be completely ruled
out, and the findings should be interpreted with caution
when generalizing to other populations. Second, lifestyle
behaviors, such as sleep duration or physical activity
frequency, were self-reported and may be affected by
recall bias or misreporting, although the interviews were
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conducted by trained personnel following a standardized
protocol. Third, though the definition of regular physical
activity is consistent with previous Chinese community-
based studies (/9), this self-reported measure may not
fully capture non-exercise physical activity. Fourth,
although we included healthy lifestyle factors based
on the previous evidence (27,22), some important
factors, such as dietary and psychological issues were
not considered in the present study. Moreover, although
key chronic diseases such as hypertension, diabetes and
stroke, efc. were included in the comorbidity categories,
the variable remained relatively coarse and might
not fully capture disease severity. Therefore, residual
confounding cannot be entirely ruled out. In addition,
the results of subgroup analyses may still be limited by
smaller sample sizes. Therefore, the results should be
interpreted with caution.

In conclusion, our findings suggest that adhering
to a greater number of healthy lifestyle factors was
associated with better cognitive function among older
adults in Shanghai. Particularly, regular physical activity
and adequate night sleep duration were positively
correlated with cognitive performance. Although causal
relationships cannot be established from this cross-
sectional design, these associations highlight the potential
importance of healthy lifestyle behaviors for maintaining
cognitive health in aging populations.

Acknowledgements

The authors would like to appreciate all participants in
this study as well as all volunteers for the effort they
made in contributing to the current study.

Funding: This work was supported by the funds from
Shanghai Public Health Research Special Project of the
Shanghai Municipal Commission of Health (grant no.
2024GKMO03) to J.C. and the University level research
fund of the Shanghai University of Medicine and Health
Sciences (grant no. A1-0200-24-201009-9) to G.L.

Contflict of Interest. The authors have no conflicts of
interest to disclose.

References

1. The Lancet. Population ageing in China: Crisis or
opportunity? Lancet. 2022; 400:1821.

2. Jia J, Zhao T, Liu Z, et al. Association between healthy
lifestyle and memory decline in older adults: 10 year,
population based, prospective cohort study. BMJ. 2023;
380:¢072691.

3. JiaL,DuY, Chu L, et al. Prevalence, risk factors, and
management of dementia and mild cognitive impairment
in adults aged 60 years or older in China: A cross-sectional
study. Lancet Public Health. 2020; 5:¢661-¢671.

4. RenZ, ChuC, Pang Y, Cai H, Jia L. A circular RNA blood
panel that differentiates Alzheimer's disease from other
dementia types. Biomark Res. 2022; 10:63.

11.

12.

14.

15.

17.

18.

19.

20.

(430)

Zahodne LB, Wall MM, Schupf N, Mayeux R, Manly JJ,
Stern Y, Brickman AM. Late-life memory trajectories in
relation to incident dementia and regional brain atrophy. J
Neurol. 2015; 262:2484-2490.

Dominguez LJ, Veronese N, Vernuccio L, Catanese G,
Inzerillo F, Salemi G, Barbagallo M. Nutrition, physical
activity, and other lifestyle factors in the prevention of
cognitive decline and dementia. Nutrients. 2021; 13: 4080.
Richards M. The power of birth cohorts to study risk
factors for cognitive impairment. Curr Neurol Neurosci
Rep. 2022; 22:847-854.

Kushner RF, Sorensen KW. Lifestyle medicine: The future
of chronic disease management. Curr Opin Endocrinol
Diabetes Obes. 2013; 20:389-395.

Mueller KD, Norton D, Koscik RL, er al. Self-reported
health behaviors and longitudinal cognitive performance in
late middle age: Results from the Wisconsin Registry for
Alzheimer's Prevention. PLoS One. 2020; 15:¢0221985.
van de Rest O, Berendsen AA, Haveman-Nies A, de Groot
LC. Dietary patterns, cognitive decline, and dementia: A
systematic review. Adv Nutr. 2015; 6:154-168.

Dhana K, Agarwal P, James BD, Leurgans SE, Rajan
KB, Aggarwal NT, Barnes LL, Bennett DA, Schneider
JA. Healthy lifestyle and cognition in older adults with
common neuropathologies of dementia. JAMA Neurol.
2024; 81:233-239.

Wang X, Bakulski KM, Paulson HL, Albin RL, Park SK.
Associations of healthy lifestyle and socioeconomic status
with cognitive function in U.S. older adults. Sci Rep.
2023; 13:7513.

Wang Z, Pang Y, Liu J, Wang J, Xie Z, Huang T.
Association of healthy lifestyle with cognitive function
among Chinese older adults. Eur J Clin Nutr. 2021;
75:325-334.

Vandenbroucke JP, von Elm E, Altman DG, Getzsche PC,
Mulrow CD, Pocock SJ, Poole C, Schlesselman JJ, Egger
M; STROBE Initiative. Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE):
Explanation and elaboration. Int J Surg. 2014; 12:1500-
1524.

Li H, Jia J, Yang Z. Mini-mental state examination in
elderly Chinese: A population-based normative study. J
Alzheimers Dis. 2016; 53:487-496.

Xiu S, Zheng Z, Guan S, Zhang J, Ma J, Chan P. Serum
uric acid and impaired cognitive function in community-
dwelling elderly in Beijing. Neurosci Lett. 2017; 637:182-
187.

Chu C, Zhao W, Zhang Y, Li L, Lu J, Jiang L, Wang C,
Jia W. Low serum magnesium levels are associated with
impaired peripheral nerve function in type 2 diabetic
patients. Sci Rep. 2016; 6:32623.

Zhang Y, Yu Y, Yuan Y, Yu K, Yang H, Li X, Min X,
Zhang C, He M, Zhang X, Wu T. Association of drinking
pattern with risk of coronary heart disease incidence in
the middle-aged and older Chinese men: Results from the
Dongfeng-Tongji cohort. PLoS One. 2017; 12:e0178070.
Dhana K, Haines J, Liu G, Zhang C, Wang X, Field
AE, Chavarro JE, Sun Q. Association between maternal
adherence to healthy lifestyle practices and risk of obesity
in offspring: Results from two prospective cohort studies
of mother-child pairs in the United States. BMJ. 2018;
362:k2486.

Zhou L, Yu K, Yang L, Wang H, Xiao Y, Qiu G, Liu X,
Yuan Y, Bai Y, Li X, Yang H, He M, Wang C, Wu T,
Zhang X. Sleep duration, midday napping, and sleep



Global Health & Medicine. 2025; 7(6):423-431.

www.globalhealthmedicine.com

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

quality and incident stroke: The Dongfeng-Tongji cohort.
Neurology. 2020; 94:¢345-¢356.

Wang C, Guan X, Bai Y, ef al. A machine learning-based
biological aging prediction and its associations with
healthy lifestyles: The Dongfeng-Tongji cohort. Ann N 'Y
Acad Sci. 2022; 1507:108-120.

Dhana K, Evans DA, Rajan KB, Bennett DA, Morris
MC. Healthy lifestyle and the risk of Alzheimer dementia:
Findings from 2 longitudinal studies. Neurology. 2020;
95:¢374-¢383.

Jia RX, Liang JH, Xu Y, Wang YQ. Effects of physical
activity and exercise on the cognitive function of patients
with Alzheimer disease: A meta-analysis. BMC Geriatr.
2019; 19:181.

Blondell SJ, Hammersley-Mather R, Veerman JL. Does
physical activity prevent cognitive decline and dementia?:
A systematic review and meta-analysis of longitudinal
studies. BMC Public Health. 2014; 14:510.

Xu W, Sun H, Zhu B, Bai W, Yu X, Duan R, Kou C, Li
W. Analysis of factors affecting the high subjective well-
being of Chinese residents based on the 2014 China
Family Panel Study. Int J Environ Res Public Health.
2019; 16:2566.

Erickson KI, Voss MW, Prakash RS, ef al. Exercise
training increases size of hippocampus and improves
memory. Proc Natl Acad Sci U S A. 2011; 108:3017-3022.
Rabin JS, Klein H, Kirn DR, ef al. Associations of
physical activity and B-amyloid with longitudinal
cognition and neurodegeneration in clinically normal older
adults. JAMA Neurol. 2019; 76:1203-1210.

Ma Y, Liang L, Zheng F, Shi L, Zhong B, Xie W.
Association between sleep duration and cognitive decline.
JAMA Netw Open. 2020; 3:¢2013573.

Li M, Wang N, Dupre ME. Association between the
self-reported duration and quality of sleep and cognitive
function among middle-aged and older adults in China. J
Affect Disord. 2022; 304:20-27.

Mason GM, Lokhandwala S, Riggins T, Spencer RMC.
Sleep and human cognitive development. Sleep Med Rev.

31.

32.

33.

34.

35.

36.

2021; 57:101472.

Harvey PD. Cigarette smoking, cognitive performance,
and severe mental illness: Quitting smoking really does
seem to matter. Am J Psychiatry. 2018; 175:1054-1055.
Bahorik AL, Sidney S, Kramer-Feldman J, Jacobs DR Jr,
Mathew AR, Reis JP, Yaffe K. Early to midlife smoking
trajectories and cognitive function in middle-aged US
adults: the CARDIA study. J Gen Intern Med. 2022;
37:1023-1030.

Akagi Y, Kabayama M, Gondo Y, et al. Alcohol drinking
patterns have a positive association with cognitive
function among older people: A cross-sectional study.
BMC Geriatr. 2022; 22:158.

Norris T, Salzmann A, Henry A, Garfield V, Pinto Pereira
SM. The relationship between adiposity and cognitive
function: A bidirectional mendelian randomization study
in UK Biobank. Int J Epidemiol. 2023; 52:1074-1085.
Dhana K, Barnes LL, Liu X, Agarwal P, Desai P, Krueger
KR, Holland TM, Halloway S, Aggarwal NT, Evans DA,
Rajan KB. Genetic risk, adherence to a healthy lifestyle,
and cognitive decline in African Americans and European
Americans. Alzheimers Dement. 2022; 18:572-580.
Lourida I, Hannon E, Littlejohns TJ, Langa KM,
Hypponen E, Kuzma E, Llewellyn DJ. Association of
lifestyle and genetic risk with incidence of dementia.
JAMA. 2019; 322:430-437.

Received August 4, 2025; Revised November 7, 2025;
Accepted November 24, 2025.

Released online in J-STAGE as advance publication December
5,2025.

*Address correspondence to:

Jianyu Chen, College of Public Health, Shanghai University
of Medicine and Health Sciences, 279 Zhouzhu Rd, Shanghai
201318, China.

E-mail: chenjianyu2006918@163.com

(431)



