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Abstract
Objective  This study was conducted to examine the 
causal association between exercise and the risk of 
dementia among older Chinese adults.
Design  Longitudinal population-based study with a 
follow-up duration of 9 years.
Setting  Data for the Chinese Longitudinal Healthy 
Longevity Survey waves occurring from 2002 to 2011 
–2012 were extracted from the survey database.
Participants  In total, 7501 dementia-free subjects who 
were older than 65 years were included at baseline. 
Dementia was defined as a self-reported or proxy-reported 
physician’s diagnosis of the disease.
Outcome measures and methods  Regular exercise and 
potential confounding variables were obtained via a self 
-report questionnaire. We generated longitudinal logistic 
regression models based on time-lagged generalised 
estimating equation to examine the causal association 
between exercise and dementia risk.
Results  Of the 7501 older Chinese people included in this 
study, 338 developed dementia during the 9-year follow 
-up period after excluding those who were lost to follow 
-up or deceased. People who regularly exercised had 
lower odds of developing dementia (OR=0.53, 95% CI 
0.33 to 0.85) than those who did not exercise regularly.
Conclusion  Regular exercise was associated with 
decreased risk of dementia. Policy-makers should develop 
effective public health programmes and build exercise 
-friendly environments for the general public.

Introduction
Dementia is a common irreversible geriatric 
disease and a major cause of morbidity and 
mortality among older adults. Dementia 
is characterised by the deterioration of 
memory, self-care, and quality of life. In the 
USA, the total cost of caring for a patient 
with dementia is approximately US$287 000, 
which is 57% higher than that of caring for 
a patient with any other disease.1 According 
to a recent report by the WHO, an estimated 
47.5 million people are living with dementia 
worldwide, 90%–98% of whom are older than 
65 years.2 China, the most populous country 
in the world, has a rapidly growing older 
population. According to the results of a 
meta-analysis published in 2010, this country 

is home to approximately 8.4 million people 
with dementia, and the direct costs associ-
ated with caring for these people exceeded 
US$17.5 billion.3 4 

At present, there is no effective treatment 
available for dementia; thus, the high burden 
of dementia care emphasises the urgent need 
to conduct research on the prevention of 
dementia among older adults. Some popula-
tion-based studies have suggested that exer-
cise may lower the risk of dementia.5–7 For 
example, a cross-sectional study suggested 
that lower amount of physical activity could 
increase the risk of cognitive decline in older 
adults.5 A cohort study with 1740 participants 
aged 65 years or older found that regular exer-
cise was associated with a delayed dementia 
development.6 Despite the evidence of the 
association between exercise and dementia 
onset, some studies have suggested other-
wise.8 9 For instance, a 4-year prospective 
study with 6158 participants aged 65 years 
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Strengths and limitations of this study

►► This study was one of the first to examine the 
relationship between regular physical exercise and 
the odds of dementia among adults aged 65 years 
or older who were participating in a large 9-year 
prospective cohort study.

►► Longitudinal logistic regression models based on 
time-lagged generalised estimating equation were 
generated to make full use of the time-varying 
variables measured at each wave, thereby enabling 
us to obtain more reasonable and accurate results 
over the course of the 9-year study period.

►► The relationship between types, frequency, duration 
and intensity of exercise, and development 
of dementia was not examined because this 
information was not available in the Chinese 
Longitudinal Healthy Longevity Survey (CLHLS) 
database.

►► Dementia was defined as a self-reported or proxy-
reported physician’s diagnosis of the disease 
because these data were available in the CLHLS 
database, which may have led to potential biases.
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Figure 1  Flow chart of sample selection.

or older revealed that weekly exercise (mean hours=3.5) 
was not associated with the odds of Alzheimer’s disease 
(OR=1.04, 95% CI 0.98 to 1.10). The inconsistent conclu-
sions of previous studies might have been due to the 
different sampling methods, measurements of exercise, 
study design and lengths of follow-up. In addition to these 
controversies, note that epidemiological studies exam-
ining the association between exercise and dementia have 
typically been cross-sectional or only controlled for base-
line variables, and these data were treated as fixed infor-
mation during the follow-up period,10–12 which may have 
led to potential biases; in fact, exercise status changes 
over time. In addition, data on the relationship between 
exercise and dementia based on the results of a longitu-
dinal population survey conducted in China are scarce.

Accordingly, the current study, which was based on data 
from four waves of the Chinese Longitudinal Healthy 
Longevity Survey (CLHLS) occurring from 2002 to 2011 
–2012, aimed to address the above literature gaps by exam-
ining the relationship between exercise and dementia 
risk among older Chinese adults using a time-lagged 
generalised estimating equation (GEE) model, which 
could make full use of time-varying variables information 
at each wave.

Methods
Data
Our data were derived from the CLHLS, an investiga-
tion conducted to understand the health status of older 
Chinese adults and the associated social, behavioural 
and biological factors; additionally, this first and largest 
longitudinal survey focused on the oldest-old in a low-in-
come and middle-income country, and the data quality 
was believed to be generally acceptable.13 The CLHLS 
methodology has been described in detail elsewhere.14 
Briefly, the baseline survey was launched in 1998, and 

the  follow-up surveys were administered in 2000, 2002, 
2005, 2008–2009 and 2011–2012. More than half of the 
counties and cities in 22 of the 31 provinces in China were 
selected to participate in the survey, representing approx-
imately 85% of the Chinese population. The surveys, 
which were administered via face-to-face interviews, were 
used to collect data on family structure, marital status, 
activities of daily life (ADL), social activity, health status 
and lifestyle factors, including dementia and exercise, 
which were the focus of the current study. Duke Univer-
sity Health System’s Institutional Review Board members 
reviewed and approved this survey, and informed consent 
was obtained from each respondent.

Study sample
The 2002 wave was the first to include persons belonging 
to the young-old population (65–79 years); hence, this 
was the baseline wave in this analysis. The 2002 (wave 
1) survey was administered to 16 064 participants. Those 
younger than the age of 65 years (n=44), those who did 
not have complete information on exercise and dementia 
(n=905), and those who had dementia at the baseline 
level (n=172) were excluded. Afterwards, 1922 individuals 
were excluded due to being lost to follow-up before wave 
2. Additionally, dementia-free subjects who died before 
wave 2 (n=5520) were removed from this cohort, leaving 
7501 participants in the follow-up sample. The screening 
procedure is shown in figure 1.

Exercise and dementia
Regular exercise was measured using the question, ‘At 
present, do you regularly engage in exercise for fitness, 
such as walking, running, playing ball games, qi gong (a 
system of deep breathing exercise) or other exercise?’ 
In this study, housework and farm work were not classi-
fied as physical exercise. Participants were made aware 
of the difference between physical activity and physical 
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Table 1  Baseline characteristics stratified by exercise status

Variables

Exercise

P value* Variables

Exercise

P value*
No
(n=4644)

Yes
(n=2857)

No
(n=4644)

Yes
(n=2857)

Dementia 0.003 Diabetes <0.001

 � No 4560 2830  � No 4581 2782

 � Yes 84 27  � Yes 63 75

Age group (years) <0.001 Stroke or cerebrovascular disease 0.016

 � 65~ 1400 981  � No 4474 2720

 � 75~ 1325 905  � Yes 170 137

 � 85~ 1132 688 ADL disability <0.001

 � 95~ 787 283  � No 3754 2521

Gender <0.001  � Yes 890 336

 � Male 1818 1588 Current smoker 0.026

 � Female 2826 1269  � No 3693 2210

Residence <0.001  � Yes 951 647

 � Urban 1647 1707 Current drinker <0.001

 � Rural 2997 1150  � No 3676 2103

Living arrangement <0.001  � Yes 968 754

 � Not alone 3921 2535 Social activity <0.001

 � Alone 723 322  � No 4390 2362

Education <0.001  � Yes 254 495

 � Illiteracy 3029 1243 Gardening <0.001

 � Primary 1306 1050  � No 4145 1960

 � Postprimary 309 564  � Yes 499 897

Occupation <0.001 Playing card/mah-jong <0.001

 � Farmer 3136 1245  � No 3848 2048

 � Non-farmer 1508 1612  � Yes 795 808

Hypertension 0.008 Listening to radio/watching TV <0.001

 � No 4026 2414  � No 1577 456

 � Yes 618 443  � Yes 3067 2401

*P value for χ2 test.
ADL, activities of daily life; TV, television.

exercise. Physical exercise was defined as planned, struc-
tured, repetitive activities performed with the objective of 
improving or maintaining physical fitness, while physical 
activity referred to any bodily movement, including occu-
pational activities and housework.14

Questions used to assess dementia were based on self-re-
ported or proxy-reported physicians’ diagnoses, including, 
‘Are you suffering from dementia?’ and ‘Have you been 
diagnosed with dementia by a physician?’.15 Only those 
who answered ‘yes’ to both of the above questions were 
considered to have dementia. We also included those who 
suffered from dementia before death in this analysis.

Covariates
Based on the existing literature on dementia and exer-
cise,6 16 the covariates included in the current study covered 
the following three domains: demographic characteristics, 

lifestyle factors and health status. Demographic character-
istics included age group (grouped by every 10 years from 
65 to 95 years of age), rural/urban residency, living alone, 
education level and main occupation before the age of 60 
years. Lifestyle factors included current smoking, current 
drinking, engaging in regular organised social activities, 
gardening, playing cards/mah-jong or listening to radio/
watching television. Health status included whether the 
participant had stroke or cerebrovascular disease, hyper-
tension or diabetes. Their ADL was measured according 
to an adapted version scale of the Katz ADL Index and 
included eating, dressing, continence, toilet use, indoor 
transfer and bathing, and only those answering all the 
items as ‘completely independent’ were considered to be 
free of disability; all others were considered as having an 
ADL disability.
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Table 2  The causal association between exercise and the risk of dementia

Variables Model 1  (95% CI) Model 2  (95% CI) Model 3 (95% CI)

Exercise 0.42*** (0.26 to 0.67) 0.49** (0.31 to 0.80) 0.53** (0.33 to 0.85)

Demographic characteristics

 � Age group (years) 1.06*** (1.04 to 1.07) 1.05*** (1.03 to 1.07) 1.05*** (1.02 to 1.07)

 � Gender (vs male) 1.22 (0.78 to 1.90) 1.18 (0.73 to 1.89) 1.14 (0.71 to 1.84)

 � Residence (vs urban) 0.59* (0.38 to 0.91) 0.55** (0.35 to 0.85) 0.59* (0.38 to 0.92)

 � Living arrangement (vs not alone) 0.73 (0.40 to 1.34) 0.69 (0.38 to 1.27) 0.73 (0.40 to 1.35)

 � Education (vs illiteracy) 1.36 (0.99 to 1.84) 1.49* (1.09 to 2.03) 1.43* (1.05 to 1.95)

 � Occupation (vs farmer) 1.90** (1.22 to 2.96) 2.05** (1.32 to 3.20) 1.87** (1.17 to 2.90)

Lifestyle factors

 � Current smoker (vs no) 0.83 (0.46 to 1.49) 0.87 (0.48 to 1.55)

 � Current drinker (vs no) 1.29 (0.80 to 2.10) 1.37 (0.84 to 2.23)

 � Social activity (vs no) 0.43 (0.15 to 1.20) 0.44 (0.16 to 1.24)

 � Gardening (vs no) 0.80 (0.44 to 1.45) 0.85 (0.47 to 1.54)

 � Playing card/mah-jong (vs no) 0.62 (0.34 to 1.15) 0.64 (0.34 to 1.17)

 � Listening to radio/watching TV (vs no) 0.65* (0.42 to 0.99) 0.65 (0.42 to 1.00)

Health status

 � Hypertension (vs no) 1.21 (0.72 to 2.04)

 � Diabetes (vs no) 2.92* (1.19 to 7.11)

 � Stroke or cerebrovascular disease (vs 
no)

1.80 (0.89 to 3.67)

 � ADL disability (vs no) 1.56* (1.01 to 2.40)

*P<0.05; **P<0.01; ***P<0.001.
ADL, activities of daily life; TV, television.

Statistical analyses
Frequency analyses and χ2 tests were used to describe 
the baseline characteristics and compare participants 
who exercised regularly with those who did not. At each 
occasion, exercise and confounders were lagged one 
wave relative to dementia outcome. Hence, data for 
exercise and confounders that had been collected at 
baseline (2002) from a dementia-free sample were used 
to predict the incidence of dementia at wave 2 (2005), 
and by analogy, exercise and confounders collected in 
the remaining dementia-free sample at wave 2 were used 
to predict the incidence of dementia at wave 3 (2008–
2009); the same strategy was used for wave 3 and wave 4 
(2011–2012). To make full use of the data from all four 
wave surveys, the causal association between exercise and 
the risk of dementia were evaluated by logistic regression 
models based on time-lagged GEE to address the issue 
of repeated measurements. We added the three sets of 
covariates in a stepwise manner. Model 1 included demo-
graphic characteristics, model 2 included the variables in 
model 1 plus lifestyle variables and model 3 included the 
variables in model 2 plus health status variables. Sixteen 
variables had missing values, and the missing proportion 
of variables ranged from 0.41% to 14.02%. The missing 
values were estimated by multiple imputation using the 
NORM software.17 All statistical analyses were performed 
using Stata V.13.0 (StataCorp).

Results
Baseline characteristics
As depicted in figure 1, 7501 participants were included at 
baseline, of whom, 338 (incidence rate 4.51%) developed 
dementia during the 9-year follow-up period, excluding 
those who were lost to follow-up or deceased, the death 
rate from 2002 to 2011–2012 was 53.84%. Table 1 depicts 
the baseline characteristics of participants by exercise 
status. All covariates, such as demographic characteristics, 
lifestyle factors and health status variables, were signifi-
cantly associated with exercise. Exercise was significantly 
associated with younger age, male gender, higher educa-
tion, non-farmer status and urban residency. People who 
lived not alone, smoked, drank, were more socially active, 
gardened, played cards/mah-jong or listened to radio/
watched television were more likely to exercise. People 
with hypertension, diabetes and stroke or cerebrovascular 
disease were more likely to exercise.

GEE analysis of the relationship of exercise and the risk of 
dementia
The results of the GEE analysis are presented in table 2. 
In all three models, exercise, age, residence and occu-
pation remained significantly associated with dementia, 
even after adjusting for other variables. The OR for exer-
cise increased from 0.42 (95% CI  0.26 to 0.67) to 0.53 
(95% CI  0.33 to 0.85) when lifestyle and health status 
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covariates were entered into the model. However, only 
one lifestyle factor, listening to radio/watching television, 
was significantly associated with decreased dementia risk. 
Furthermore, two of four health status variables, diabetes 
(OR=2.92, 95% CI  1.19 to 7.11) and ADL disability 
(OR=1.56, 95% CI 1.01 to 2.40), were significantly associ-
ated with dementia.

Discussion
In this population-based longitudinal study, we exam-
ined the causal association between exercise and the 
risk of dementia among older Chinese adults (aged 65 
years or older). We found that 336 out of 7501 partici-
pants developed dementia during the 9-year follow-up 
period. Moreover, exercise was associated with reduced 
odds of dementia (OR=0.53, 95% CI 0.33 to 0.85), even 
after controlling for demographic characteristics, lifestyle 
factors and health status variables.

Our findings were consistent with those of most 
previous studies. A 6-year cohort study including 1740 
people older than 65 years of age in the USA revealed that 
regular exercise was associated with delayed dementia 
development.10 Some studies have also suggested that 
regular exercise may serve as an effective intervention 
for dementia. For example, a randomised control trial 
including sedentary older adults without dementia found 
that a 12-month regular exercise (walking) programme 
significantly increased the hippocampal volume, 
which corresponded to 1–2 years delay in the onset of 
dementia.18 However, one study19 also using the CLHLS 
dataset showed that physical activity, but not exercise, 
was associated with cognitive impairment. These find-
ings were based on a 2-year (1998–2000) cohort, and 
only baseline variables were controlled for in the models. 
In contrast, the data included in the present study were 
drawn from a 9-year prospective cohort with a relatively 
large sample size occurring from 2002 to 2011–2012. 
Furthermore, time-lagged GEE models were applied to 
make full use of the time-varying variables measured at 
each wave. This approach enabled us to obtain more 
reasonable and accurate results over the course of 9 
years, instead of only using baseline variables, which was 
common in previous studies and may lead to residual 
confounding.

Our data underscore the importance of promoting 
exercise among older adults. As China progresses into 
an ageing society, the mounting challenges associated 
with caring for a population that is growing older require 
more effective public health programmes. Promoting 
exercises in the general population, especially among 
older adults, as suggested by the current study, can be an 
effective intervention for dementia prevention. China’s 
rapid urbanisation has been accompanied by more high-
rise buildings and shrinking recreational public spaces, 
which have been linked to accelerating rates of obesity, 
cardiovascular diseases and dementia.19 Joint multi-
sectorial efforts will be required to create social and 

physical environments that are conducive to engagement 
in regular exercise among the general public.

Potential mechanisms
There are three possible explanations for our results. First, 
exercise may have protective effects against dementia via 
neurotropic mechanisms7 and regulate gene expression, 
thereby affecting neuronal plasticity.20 Second, the rela-
tionship observed between exercise and dementia might 
be weakened by different types of cardiovascular and meta-
bolic risk factors, which have been found to be the contrib-
uting factors for dementia.21 However, in the current 
study, after we controlled for risk factors, including hyper-
tension and diabetes, exercise was still significantly asso-
ciated with dementia, suggesting that exercise may have 
an independent protective effect. The third explanation 
is that regular exercise might be an indicator of having 
a healthy lifestyle, such as being more socially active, 
gardened, played cards/mah-jong or listened to radio 
/watched television, which may keep the brain active and 
stimulated, thus reduce the risk of dementia, according 
to ‘use it or lose it’ hypothesis.22 The associations between 
exercise and lifestyle factors were statistically significant 
in univariate analysis but ORs for lifestyle factors were 
non-significant in GEE models, which may be due to the 
insufficient sample size or potential multicollinearity.

Limitations
Our study had the following limitations. First, we were 
unable to further classify dementia into Alzheimer’s 
disease and vascular dementia, which may have resulted 
in a potential confounding bias; for example, stroke or 
cerebrovascular disease is strongly associated with vascular 
dementia. Second, the measurement of regular exercise 
was based on self-report data and was not comprehensive. 
The relationships between the type, frequency, duration 
and intensity of exercise, and dementia development were 
not examined because this information was not available 
in the CLHLS database. Third, dementia is a chronic 
disease without effective early diagnostic tools; thus, some 
patients with dementia might have been classified as 
dementia-free in our analysis. In addition, dementia was 
defined as a self-reported or proxy-reported physician’s 
diagnosis of the disease, as indicated in the CLHLS data-
base. The prevalence of self-reported dementia in this 
study is parallel to that in China3 and countries in East 
Asia.23

Conclusion
Despite the aforementioned limitations, this study is one 
of the first to examine the relationship between regular 
physical exercise and dementia development in China 
using data from a national longitudinal dataset. There-
fore, the findings from our analysis might be generalis-
able to the population of Chinese adults aged 65 years 
or older. The results of our study suggested that exercise 
was associated with significantly reduced risk of dementia. 



6 Zhou Z, et al. BMJ Open 2017;7:e017497. doi:10.1136/bmjopen-2017-017497

Open Access�

As no effective treatment for dementia is currently avail-
able, it is crucial to promote regular physical exercise to 
prevent dementia. Healthcare providers should advise 
patients and the general public to adopt healthy life-
styles, including regular exercise. Policy-makers should 
develop effective public health programmes and build 
exercise-friendly environments for the general public. 
Future studies are needed to confirm whether the specific 
type (such as walking, running, playing ball games, 
among  others), intensity or frequency of exercise may 
associate with the risk of dementia.
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