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ABSTRACT

Background: Few studies have explored the relations between naturally occurring changes in physical activity and
cognitive performance in later life. This study examined prospective associations between changes in physical
activity and cognitive performance in a population-based sample of Taiwanese older adults during an 11-year period.
Methods: Analyses were based on nationally representative data from the Taiwan Health and Living Status of the
Elderly Survey collected in 1996, 1999, 2003, and 2007. Data from a fixed cohort of 1160 participants who were
aged 67 years or older in 1996 and followed for 11 years were included. Cognitive performance (outcome) was
assessed using 5 questions from the Short Portable Mental Status Questionnaire. Physical activity (exposure) was
self-reported as number of sessions per week. The latent growth model was used to examine associations between
changes in physical activity and cognitive performance after controlling for sociodemographic variables, lifestyle
behaviors, and health status.

Results: With multivariate adjustment, higher initial levels of physical activity were significantly associated with
better initial cognitive performance (standardized coefficient f = 0.17). A higher level of physical activity at baseline
(1996) was significantly related to slower decline in cognitive performance, as compared with a lower level of
activity (B = 0.22). The association between changes in physical activity and changes in cognitive performance was
stronger (B = 0.36) than the previous 2 associations. The effect remained after excluding participants with cognitive

decline before baseline.

Conclusions: Physical activity in later life is associated with slower age-related cognitive decline.

Key words: exercise; physical activity change; latent growth model; cognition; dementia

INTRODUCTION

The rapid global trend of population aging is accompanied by
the increasing prevalence of age-related disorders such as
dementia.! In East Asia, dementia incidence is projected to
increase from 4.3 million new cases per year in 2005 to 19.7
million by 2050.2 Given the enormous impact of cognitive
decline on individuals and their families,® it is crucial to
identify factors associated with such decline to help address
this growing public health problem.

Accumulating evidence indicates that physical inactivity
is a risk factor for age-related cognitive decline, and meta-
analyses suggest that the risks of dementia* and cognitive
decline® are reduced by late-life physical activity. The
limitations of many early studies include poor control of

underlying confounders such as baseline cognitive
performance® and reliance on a single baseline measure of
physical activity. Given the variability of physical activity
behavior over time, assessing exposure at additional time
points provides more valid estimates of effect’” and allows the
impact of changes in physical activity to be examined, which
might be particularly important for older adults around the
time of their retirement.® Moreover, since cognitive function
generally tends to decline with advancing age, the use of
advanced analytical methods, such as the latent growth model
(LGM), to assess change that is systematically related to
the passage of time would provide a clearer understanding
of the association between changes in physical activity and
cognition.2 LGM is appealing not only because it can model
intraindividual and interindividual change using a latent
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variable approach, but also because it permits exploration of
the antecedents and consequences of change, which is not
possible with traditional regression models.®

Studies of physical activity patterns in East Asia have
consistently shown that, in contrast to similar populations in
North America and Europe, leisure-time physical activity does
not decrease with advancing age.'®'* However, there has been
little research on the relationship between physical activity
and cognitive decline in these populations.

The present study used LGM techniques to assess
the relationship between changes in leisure-time physical
activity and cognitive performance in an 11-year follow-up
study of a nationally representative sample of Taiwanese older
adults.

METHODS

Data and sample

This study was based on nationally representative data from
the longitudinal Survey of Health and Living Status of the
Elderly, which was undertaken by the Taiwan Department of
Health using 3-stage equal probability sampling. Data were
obtained from the Bureau of Health Promotion, Department of
Health in Taiwan after approval by the Information Release
Review Board. The 6-wave surveys began in 1989 (n = 4049
aged 60+) using household interviews, with follow-ups in
1993 (n=3155 aged 64+), 1996 (n=2669 aged 67+), 1999
(n=2310 aged 70+), 2003 (n=1743 aged 74+), and 2007
(n=1268 aged 78+). The response rates of the surveys ranged
between 88.9% and 91.8%.12 The 1996 survey was the first to
include physical activity measures. From the original sample
of 2669 participants interviewed in 1996, a fixed cohort
of 1160 participants (50.5% male) aged 67 years or older
at baseline with 11 years (1996—2007) of follow-up were
included in the current analysis. The research design and
sampling strategy have been reported in greater detail
elsewhere. 13-15

Measures

Cognitive performance was assessed using the 10-item Short
Portable Mental Status Questionnaire (SPMSQ).X6 Because
the number of items used in each survey varied (1996: 5
items, 1999: 8 items, 2003: 8 items, 2007: 9 items), only 5
items were used in this analysis, to ensure consistency.
Respondents were required to recall their address, current age,
the date, and day of the week, and to count backwards from 20
in steps of 3 a total of 4 times. A total score ranging from 0 to
5 was recorded based on the number of correct responses;
higher scores indicated better cognitive functioning. The use
of these questions as cognitive tests has been analyzed in other
studies*1” and has been validated for the Chinese version of
the Mini-Mental State Examination (MMSE).'* The authors
conducted a substudy to further examine the reliability and
validity of this measure. The substudy included 96 com-
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munity-dwelling older adults (mean age + SD = 74.48 + 6.45
years, male/female ratio = 30/66). Test-retest reliability with a
3-day interval was r = 0.69 (P < 0.001). Concurrent validity
was examined by calculating the Spearman correlation
between the 5-item scores and MMSE scores (Spearman
p=0.63, P<0.001), and the results provided additional
evidence of validity.

Regarding the assessment of physical activity, participants
were asked “Did you usually engage in any kind of leisure-
time physical activity?”. Four response categories were
provided (hone, 1-2, 3-5, and 6+ sessions per week), which
were coded 0, 1.5, 4, and 7, respectively.’81° The reliability
and validity of this measure were assessed in the same sample
described above. Test-retest reliability with a 3-day interval
was r = 0.65 (P < 0.001). Concurrent validity was assessed by
calculating the Spearman correlation between physical activity
frequencies and triaxial accelerometer measures generated by
the ActiGraph GT3X accelerometer (ActiGraph, Pensacola,
FL, USA). Based on a 3-day activity record (2 weekdays
and 1 weekend day), 1-week energy expenditure (or steps)
was calculated as (2.5 x 2 weekdays) + (2 x 1 weekend day)
(p=0.36, P<0.001; walking steps: p=0.41, P<0.001)%
and was comparable with findings from other studies of self-
reported physical activity among older adults.?>%?

Analysis of previous studies®2324 showed that potential
confounders at baseline requiring adjustment were socio-
demographic factors, ie, sex (1: female), age (67—99 years),
education level attained (1: illiterate or primary school, 0:
junior high school or above), cohabitation status (1: living
alone, 0: not living alone), and self-perceived social support
(1: unsatisfied vs. 0: average/satisfied); lifestyle behaviors, ie,
alcohol drinking (1: current drinker, 0: never/former drinker)
and smoking (1: current smoker, 0: never/used to smoke);
and health status, ie, number of chronic diseases (0—6)
and activities of daily living (ADL). ADL was assessed by
examining 9 types of daily activities. Responses to each item
were divided into 3 categories: 0 for no difficulty, 1 for some
difficulty, and 2 for much difficulty. A composite index of
difficulties in functioning was computed. Given that very few
people had scores of 1 or higher (n=121), only 2 categories
were created (1: some/great difficulties; 0: no difficulty).

Data analyses

Descriptive statistics

Means and standard deviations for frequency of physical
activity and cognitive performance scores in 1996, 1999,

2003, and 2007 were estimated for the total sample and for
different sex and age groups. One-way repeated measures
ANOVA was used to compare scores across time, and 1-way
ANOVA was used to assess group differences.

Latent growth model

The LGM was adopted to examine the trajectories of changes
in physical activity and cognition and to explore the
relationships of physical activity with cognitive performance

J Epidemiol 2012;22(3):230-237
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Figure 1. Specifications of the measurement model for estimating changes in physical activity. PA: physical activity.
* denotes a free, as opposed to a fixed, parameter. E1-E4: Random error term representing intraindividual
variance. D1-D2: Disturbance terms representing interindividual variance.

changes using the 4-wave data from 1996, 1999, 2003, and
2007.%-2" The specification of the LGM often consists of
2 steps.?” The first step (measurement model) is to analyze
the trajectories of changes in physical activity and cognitive
performance across time. It can be used to test for linear
(0, 3, 7, 11), quadratic (polynomial growth) (0, 9, 49, 121), or
unspecified curve (0, freely estimated, freely estimated, 11)
(Figure 1) trajectories.’ The second step (structural model)
is to assess the relationships of changes in physical activity
with changes in cognitive performance. The present model
was specified with physical activity as a time-varying
predictor of change so as to control for participant’s con-
current status of physical activity and cognition in the 4
waves. Unconditional (without controlling for covariates) and
conditional (controlling for covariates) models were examined
sequentially (Figure 2). Because the inclusion of participants
who had diminished cognitive performance before 1996 might
affect estimates of physical activity—cognition relationships,
sensitivity analysis was conducted. The model was rerun after
excluding participants with cognitive decline from 1993 to
1996, which was defined as a difference between the 5-point
scores from 1993 to 1996. Univariate normality was checked.
None of the variables exceeded the criteria of extreme
skewness (<3) or kurtosis (<8).22 The Mardia multivariate
kurtosis coefficient was also checked (Mardia coefficients

<p(p+2), p: number of observed variables) and was
satisfactory.?®
For all models, the maximum likelihood missing

data procedure was used and the Yuan-Bentler (Y-B) Scaled
Test was adopted, which assumes that data are missing
at random.”” Among the total sample (n=1160), 312
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participants had some missing data at the 4 time points.
Two-sample t-tests and chi-square tests for independence were
used to assess if missing data were related to physical activity,
cognitive performance, and covariates at baseline. Cases with
missing data tended to be inactive (3.55 sessions/week in
cases with missing data vs 4.11 sessions/week in other cases;
t = 2.55, P =0.01), have lower cognitive scores (4.45 in cases
with missing data vs 4.62 in other cases; t = 2.58, P = 0.01),
be younger (cases with missing data: 73.31 years vs other
cases: 74.41 years; t = 6.29, P < 0.001), and have difficulties
in ADL (cases with missing data: 15.4% vs other cases: 8.6%;
X3(1) = 11.21, P = 0.002). These variables were all included in
the subsequent conditional models.

The following indices were used to evaluate goodness
of model fit when conducting LGM: chi-square test statistics,
the comparative fit index (CFI) (>0.95), standardized root
mean square residual (SRMR) (<0.05), the root mean square
error of approximation (RMSEA) with 90% confidence
interval (<0.08), and Akaike information criterion (AIC)
(smaller values representing a better fit of a hypothesized
model).?6=22 The analyses were conducted using SPSS
17.0 (IBM, Chicago, IL, USA) and EQS 6.1 (Multivariate
Software, Los Angeles, CA, USA).

RESULTS

Distributions of physical
performance

Physical activity patterns from 1996 to 2007 for the total
sample and by sex and age group are shown in Table 1. The
data show a curvilinear change in physical activity across

activity and cognitive
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Figure 2. Standardized solution for testing the conditional latent growth model. * indicates statistical significance
(Z-value > 1.96, P < 0.05). PA: physical activity; Cog: cognitive performance. In the interest of visual clarity,
covariates are not shown. The covariates were sex, age, educational level, living status, social support,
smoking, alcohol drinking, activities of daily living, and number of chronic diseases.

Table 1. Levels of physical activity and cognitive performance in Taiwanese older adults, 1996—2007

1996 1999 2003 2007
Variables
n Mean + SD pa n Mean + SD pa n Mean + SD pa n Mean + SD pa
Physical activity
Total 1159 3.96+3.28 1115 4.14+3.18 1145 4.01+3.22 1160 3.83+3.18
Wilk's lambda = 0.994, F (3, 1101) = 2.12, P = 0.10P, multivariate partial eta squared = 0.01

Sex <0.001 <0.001 0.003 0.046

Male 586 4.50+3.17 560 4.62+3.09 581 4.29+3.20 586 4.01+3.18

Female 573 3.41+3.31 555 3.65+3.20 564 3.72+3.22 574 3.64+3.18
Age 0.754 0.080 0.099 0.160

67-69 403 4.03+3.28 390 4.43+3.12 400 4.29+3.19 404 4.05+3.11

70-74 493 3.88+3.26 472 3.99+3.20 485 3.88+3.23 493 3.78+3.21

75+ 263 4.01+3.33 253 3.97%3.22 260 3.82+3.24 263 3.58%3.22
Cognitive performance
Total 1079 4.58+0.80 1050 4.51+0.85 1037 4.24+0.98 948 3.84+1.20

Wilk’s lambda = 0.68, F (3, 847) = 134.20, P < 0.001°, multivariate partial eta squared = 0.32.

Sex <0.001 <0.001 <0.001 <0.001

Male 542 4.79+0.56 530 4.77+0.52 537 4.50+0.80 496 4.07+1.13

Female 537 4.37+0.94 520 4.24+1.02 500 3.97+1.07 452 3.58%1.22
Age 0.014 <0.001 <0.001 <0.001

67-69 384 4.67+0.66 374 4.62+0.71 378 4.44+0.83 361 4.12+1.08

70-74 461 4.52+0.88 441 451+0.87 438 4.18+1.01 395 3.77x121

75+ 234 4.54+0.84 235 4.32+0.98 221 4.03+1.07 192 3.46+1.27

ap value for 1-way ANOVA.
b1-way repeated measures ANOVA.
The number of cases does not always sum to 1160 due to missing data for some variables.

J Epidemiol 2012;22(3):230-237
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Table 2. Standardized coefficients for measurement and structural models

Models Parameters Coefficients z-value Goodness of fit indices
Measurement models
Trajectory of physical activity (n = 1160) Intercept 4.06* 47.82 X3(3)=7.78, P=0.05
X?/df = 2.59; CFI = 1.00;
Slope -0.02* -1.29 SRMR=0.01;
RMSEA =0.04 (0.01-0.07)
Trajectory of cognitive performance (n = 1160) Intercept 4.57* 194.04 X3(3) =9.56, P =0.02
x?/df = 3.19; CFl = 0.99;
Slope -0.07* -24.23 SRMR =0.01;
RMSEA = 0.04 (0.01-0.08)
Structural models
Unconditional model (n = 1160) PA intercept — Cog intercept 0.37* 6.64 X3(19) = 42.19, P = 0.002
PA intercept — Cog slope 0.27* 2.92 X?/df = 2.22; CFI=0.97;
PA slope — Cog slope 0.36* 3.49 SRMR =0.03;
RMSEA =0.03 (0.02—-0.05)
Conditional model® (n = 1160) PA intercept — Cog intercept 0.17* 2.76 X3(55) = 72.56, P = 0.06
PA intercept — Cog slope 0.22* 2.09 X?/df = 1.34; CF1=0.98;
PA slope — Cog slope 0.36* 3.39 SRMR =0.02;

. ) o ) RMSEA =0.02 (0.01-0.03)
Cond.lt.lonal mpdel"‘ excluding participants with PA intercept — Cog intercept 0.15* 2.00 x3(57) = 68.18°, P = 0.11
cognitive decline from 1993 to 1996 (n = 992) PA intercept — Cog slope 0.22*% 2.22 x2/df = 1.24: CFI = 0.99;

PA slope — Cog slope 0.29* 3.13 SRMR =0.02;

RMSEA =0.01 (0.01-0.03)

*z-values greater than 1.96 indicate statistical significance (P < 0.05).

PA: physical activity; Cog: cognitive performance; CFl: comparative fit index; SRMR: standardized root mean square residual; RMSEA: root mean

square error of approximation.

aThe covariates were sex, age, educational level, cohabitation status, social support, smoking, alcohol drinking, activities of daily living, and number

of chronic diseases.

bAfter excluding participants with cognitive decline from 1993 to 1996, change in cognitive performance was best described by the linear model.

Two fixed parameters became free.

time, with a slight increase in 1999 and a subsequent decrease.
One-way repeated measures ANOVA suggested no significant
change in physical activity across time (P=0.10). Males
were active more frequently (P < 0.05), and there were no
age-related difference across the 4 time points (P > 0.05).
Cognitive performance deteriorated across the period
(P <0.001). Males and younger age groups tended to have
higher cognitive performance (P < 0.05).

Measurement model

Based on estimation using LGM, the trajectory of physical
activity was best described by the unspecified curve model
(ie, the parameters for assessing the trajectory were free
rather than fixed) —assuming non-linear or non-quadratic
change—and provided excellent fit indices (Table 2). The
intercept of physical activity representing the initial status of
physical activity (ie, in 1996) was 4.06 sessions per week.
Consistent with the ANOVA results, the slope estimate
(-0.02, P>0.05) showed a nonsignificant decrease in
the average rate of change in physical activity from 1996
to 2007.

Although the trajectory of cognitive performance was well
depicted by the quadratic model, the unspecified curve model
yielded slightly better fit indices (AIC = 4.17 in unspecified
model vs AIC = 4.63 in the quadratic model). The intercept
of cognitive performance representing the initial status of

J Epidemiol 2012;22(3):230-237

cognitive function was 4.57. Accordingly, the negative
slope estimate (—0.07, P <0.05), indicates that there was
a significant decrease in the average rate of change in
cognitive performance during this period (Table 2).

Structural model: unconditional modeling

The unconditional models (ie, without controlling for
covariates) were specified to test the model in which initial
status and slope factors for physical activity were associated
with initial status and slope factors for cognitive function
(Table 2; Figure 2). The unconditional model showed
satisfactory goodness of model fit. First, the initial status
of physical activity was significantly associated with the
initial-status cognitive intercept in 1996 (path standardized
coefficient B =0.37), which suggested that participants with
more frequent physical activity had, on average, higher
cognitive scores than their less active counterparts at baseline.
All analyses controlled for participants’ concurrent physical
activity status in the 4 waves. Second, the path coefficient
leading from the initial status of physical activity to the slope
for cognitive status was significant (8 = 0.27), which suggests
that, as compared with less activity at baseline (in 1996),
higher physical activity at baseline was related to a slower
decrease in cognitive performance. Third, the rate of change in
physical activity was significantly associated with the rate of
change in cognitive performance (8 = 0.36).
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Structural model: conditional modeling

The conditional model simultaneously controlled for sex, age,
educational attainment, living status, social support, smoking,
alcohol drinking, ADL, and number of chronic diseases, and
demonstrated an excellent model fit (Table 2). As compared
with the magnitude of associations between physical activity
and cognitive performance in the unconditional model, the
standardized coefficients were attenuated, but there were still
significant positive associations between initial status factors
(B =0.17) and between slope factors (B = 0.36). Additionally,
the path from the initial status of physical activity to the
slope of cognition was significant (3 = 0.22). Based on the
conditional model, the additional model that further excluded
participants with cognitive decline from 1993 to 1996
(n=168) showed that although associations of physical
activity and cognitive performance were slightly attenuated,
they remained significant.

Regarding the residual variance associated with the
intercept and slope for each latent factor (ie, “D"s), all
parameters were significant (Figure 2). These findings
indicate that there are strong interindividual differences in
the initial scores for physical activity and cognition and in the
changes of these scores. These strong interindividual dif-
ferences indicate a need for further exploration of variability
regarding the trajectories of change, especially with respect
to the incorporation of more covariates into the model,
to account for their variance. Additionally, the significant
residual covariance (D1-D2, r =-0.66; D3-D4, r =0.39)
is evidence of interindividual differences in the association
between initial status and slope in physical activity and
cognitive performance.

The standardized path coefficients for the associations
between the covariates and the initial status and slope in
physical activity and cognitive performance are shown in
Table 3. Individuals with lower initial levels of physical
activity tended to be female (8 = -0.20), illiterate or have
primary schooling (B = —0.18), current smokers (§ = —-0.19),
and to have some/great difficulties in ADL (B = -0.22). Sex,
educational level, smoking, ADL, and chronic diseases were
included as correlates of changes in physical activity. Females,
older age groups, those with less education, those unsatisfied
with social support, and those with some/great difficulties in
ADL were more likely to have lower initial cognitive scores.
Age, educational level, and living alone were identified as
correlates of change in cognitive performance.

DISCUSSION

The results over an 11-year period indicate that, in a large
sample of older Taiwanese adults, initial physical activity and
change in physical activity over time were associated with
rate of decline in cognitive performance. These associa-
tions remained after adjusting for a comprehensive range of
confounders, including sociodemographic variables, lifestyle

Table 3. Standardized coefficients for covariates in the

conditional latent growth model

Physical activity Cognitive scores

Covariates

Initial status Slope Initial status Slope
Sex -0.20* 0.12* -0.28* 0.02
Age -0.04 -0.02 -0.10* -0.36*
Educational level -0.18* 0.10* -0.18* -0.17*
Living alone 0.05 0.03 0.02 -0.15*
Social support -0.06 0.06 -0.08* 0.03
Smoking -0.19* 0.12* 0.04 -0.08
Drinking alcohol 0.04 -0.06 0.02 0.07
Activities of daily living -0.22* 0.15* -0.23* 0.05
No. of chronic diseases 0.02 -0.10* 0.04 -0.10

* indicates statistical significance (z > 1.96, P < 0.05).

The covariates were sex, age, educational level, living alone, social
support, smoking, alcohol drinking, activities of daily living, and
number of chronic diseases.

behaviors, and health status. The effect persisted even after
excluding participants with cognitive decline from 1993 to
1996. The implications are that involvement in physical
activity in later life lowers the risk of future cognitive decline,
and that reducing or increasing the frequency of physical
activity is related to a respective concomitant decrement or
improvement in cognitive performance.

The magnitudes of the associations observed here, although
small to moderate,®® are consistent with those reported
in previous reviews (ie, an approximately 20% to 40%
lower risk for cognitive decline/impairment or dementia/
Alzheimer disease).*>3! Because physical activity is a
modifiable risk factor, there are important public health
implications for evidence suggesting that even small benefits
are achievable in terms of preventing cognitive decline
through maintaining or increasing activity in later life.

Unlike the gradual decline in cognitive performance from
1996 to 2007, the magnitude of overall change in physical
activity was small, ie, physical activity remained relatively
stable across time in this population. Although we cannot rule
out the possibility that the intervention effect from the first
assessment of physical activity in 1996 influenced subsequent
physical activity behaviors, our findings are compatible
with previous evidence, which suggests that physical
activity does not decrease substantially with advancing age
in East Asia.!®!! This may be attributable to culture-specific
physical activities, such as tai chi, which originate from the
collectivistic traditions of East Asia and are common among
older people, who often practice them daily.032

The pathways through which physical activity might
influence cognitive functioning are not well understood.
Potential neurobiological mechanisms include increased
cerebral circulation and vascular health, neuronal plasticity,
and neurotrophic factors.3® Moreover, physical activities
during leisure time can provide enjoyment, fulfillment, and
social interactions.3* The cognitive reserve theory posits
that participation in cognitively stimulating leisure activities
increases cognitive reserve, which might in turn maintain or

J Epidemiol 2012;22(3):230-237
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improve cognitive functioning.®>% However, although there
has been accumulating evidence that physical activity is
prospectively associated with lower risk of cognitive decling,
it is also possible that cognitive deterioration inhibits future
physical activity engagement. Future studies should explore
the bidirectional associations between physical activity and
cognition.

To our knowledge, this is the first observational study of
physical activity and cognition to assess changes in both
exposure and outcome variables over time. Additionally, it is
the first study on this subject in a Taiwanese population.
Key strengths of the study include the large and nationally
representative sample, the retention of participants over an
11-year follow-up period, the range of potential confounders
adjusted for in the analyses, and the use of LGM techniques.
Moreover, the longitudinal design with 4 measures over 11
years made it possible to scrutinize non-linear relationships
between physical activity and cognition, when many other
studies simply assumed linear associations.

The attrition rate of the study sample was relatively high.
The main reason for this was the relatively high mortality in
this older population, given that the response rates across the 4
surveys were approximately 90%. The deceased participants
tended to be male, older, less physically active, and smokers,
and to consume less alcohol, live alone, and have lower
cognitive performance and more difficulties in ADL and
chronic diseases at baseline (data not shown). A limitation of
the study is that information on physical activity was restricted
to self-reported frequency and only represented leisure-time
activity. Future studies should consider other components of
physical activity such as duration, intensity, and type, and
should investigate occupational, household, and transport
activities. Additionally, the measure of cognitive performance
was brief and did not assess all areas of cognitive functioning.
Use of the complete versions of the SPMSQ and MMSE
would be advisable in future research. Furthermore, the ob-
servational nature of the study prevents definitive conclusions
about the direction of causality. Studies on the present subject
are vulnerable to the possibility that low physical activity
reflects existing subclinical neurodegenerative processes.
Hence, it was important to control for baseline cognitive
performance and its changes across time in this study.

In summary, the present results suggest that physical
activity during later life is associated with slower sub-
sequent age-related cognitive decline. This finding has im-
plications for future physical activity and health promotion
in older populations. Further well designed intervention
studies are warranted to investigate the causal link between
physical activity and cognitive decline.
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