The effect of physical activity on cognition in an elderly Indonesian cohort
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Abstract

Age is a major risk factor for dementia and, with an increasing percentage of the population over 65 years of age, the prevalence of dementia is expected to increase. There is currently no cure for dementia so it is important to investigate low-cost lifestyle changes that may help to prevent or delay dementia onset. Physical activity has physiological effects on the brain that may help to preserve cognitive ability in later life. However, previous research on this topic has mostly focussed on Western cultures. The current study investigated the relationship between physical activity and scores on cognitive tasks using a large sample (n=719) of men and women from across Indonesia, a country with a fast-growing elderly population. Self-reported physical activity and scores on the HVLT and MMSE (two cognitive tasks shown previously to be sensitive for dementia) were measured for each participant. After taking into account variables such as age and education, participation in some physical activities was seen to be related to ability on the cognitive tasks but not after a 3-year follow-up. However, these associations were only significant in women, a finding previously reported in other studies. Large well controlled treatment trials need to be completed to confirm these observational findings. 
Dementia refers to a complex range of severe impairments in cognitive abilities, such as memory, attention and language, that are typically seen in older age (American Psychiatric Association, 1994). With an aging population but no cure for dementia currently available, it is important to investigate lifestyle factors that can help to prevent or delay dementia onset. There is increasing evidence from cross-sectional and controlled studies that physiological changes caused by physical activity (PA) can lead to improved cognitive abilities. Prospective studies also suggest a reduced risk of dementia in later life in those who are more physically active (for a review see Clifford, Bandelow & Hogervorst, 2009). 
Despite the wealth of research on this topic, most studies are conducted on Western populations with little work being done in South-East Asian cultures. A study of a Chinese cohort (Ho, Woo, Sham, Chan et al., 2001) found a 55% reduced risk of cognitive impairment in those who were active 3 years previously compared to those who were inactive; however, with only two groups, this study could not determine a relationship between amount of activity that was done and improved cognition. South-East Asia is particularly interesting for this research as prevalence estimates of Alzheimer’s disease (the most common form of dementia) are lower compared to in Western countries (Zhao and Brinton, 2007). Thus, the main aim of the present study was to explore the relationship between amount of PA and cognition in a prospective study of an Indonesian cohort. 
A secondary aim of this research was to investigate whether there are differences in the relationship between PA and cognition for men and women in this cohort. Studies of Western samples suggest that the effects of PA may be different for men and women. For example, Laurin, Verreault, Lindsay, MacPherson et al. (2001) and Sumic, Michael, Carlson, Howieson et al. (2007) both found that higher levels of PA significantly reduced the risk of dementia and cognitive impairment after approximately 5 years for women but not for men. However, other studies have found benefits of PA in men-only samples from Western and Asian cohorts (e.g. Abbott, White, Webster Ross, Masaki et al., 2004; Shay & Roth, 1992; van Gelder, Tijhaus, Kalmijn, Giampaoli et al., 2004). This suggests that the effects of PA on cognition may be at least partly mediated by sex.
Method
Participants

A total of 719 men and women over the age of 60 years were recruited from three sites around Indonesia: Central and South Jakarta (n=298), Borobudur (near Yogyakarta; n=214) and Citengah (near Bandung; n=207). Jakarta is an urban area whereas Borobudur and Citengah are both rural. Local residents and those in surrounding villages were given study information by village elders or staff at local community centres and care homes. Participants were tested at their local community centre (n=667) or care home (n=49) where possible. Participants with limited mobility were tested at home (n=3). Of the initial sample, 135 from the Borobudur area were revisited 3 years later for follow-up measurements. Written informed consent was gained from all participants before study onset and, if participants brought a carer with them, they too signed a consent form. Ethical approval was obtained from Loughborough University (UK) and University of Indonesia (Jakarta) prior to study onset, as were governmental and local permits. 
Outcome measures
Participants completed two cognitive tests: the Mini Mental State Examination (MMSE) and the Hopkins Verbal Learning Test (HVLT). The MMSE is a general test that measures cognitive abilities including memory, language and attention, and possible scores range from 0-30. The HVLT is a specific test of short-term memory and requires participants to recall words from a list immediately after hearing it and after a 30-minute delay, with possible scores from 0-48. Stimuli from both tests were adapted slightly for local knowledge and illiterate respondents. 
Measures

Participants were asked to complete an extensive standardised questionnaire that included questions on demographic variables (e.g. age, education) and lifestyle behaviours such as past and present smoking habits, past and present alcohol consumption, present diet and frequency of PA. Forward- and back-translations (English and Indonesian) were completed prior to study onset to ensure that the questionnaire maintained its intended meanings, and all questions were administered verbally by a native speaker. Participants were also assessed using the Activities of Daily Living (ADL; Mahoney & Barthel, 1965) and Instrumental Activities of Daily Living (IADL; Lawton & Brody, 1969) scales. These scales rate an individuals’ ability to perform basic activities such as eating and bathing (ADL) and complicated activities such as cooking and preparing medication (IADL). Higher scores on both scales indicate more independence and less reliance on help from others. 
Design/Variables
This was a prospective study with a subsample of the original participants completing a second assessment 3 years after baseline. PA variables included participation in sport and gardening (each scored yes or no) and frequency of participation in walking and gymnastics (each rated on a 5-point scale from never to very often). Two further variables were used to assess frequency of participation in activity causing sweating and activity causing tiredness (also rated on a 5-point scale from never to very often). The dependent variables were HVLT total score and MMSE total score, both continuous variables. 

Covariates included in the analysis were age (years), education (levels), smoking status (never, current or past), ADL and IADL. These variables were controlled for as they have been previously associated with cognitive ability. 
Procedure

All participants were seen individually between 8am and 11am to limit effects of circadian rhythms. After an information session in which informed consent was gained, participants completed the questionnaire with the researcher. They then completed the HVLT and MMSE, then the ADL and IADL. Finally, participants were asked to recall again the word list from the HVLT. Three years later, participants were invited back to complete the same measures as at baseline. 
Statistical Analysis

The data were analysed using SPSS v16.0 with a required p-value of .05. Demographic characteristics and mean cognitive scores for the baseline and follow-up samples were calculated using cross tabs and descriptive analyses for means. Hierarchical regression analyses were performed to determine which PA variables could significantly predict changes in the cognitive scores while accounting for the selected covariates. The first model included the covariates and the PA variables were added in subsequent models using the Enter method. Because some PA variables were ordinal, dummy coding was used to transform them into sets of dichotomous variables using backwards difference contrasts.
Results
Demographic characteristics are described in table 1. Frequencies of participation in the different activities are shown in table 2.

Baseline Analysis
After accounting for the covariates, playing sport significantly explained 2% of the variance in MMSE scores beyond that explained by the covariates in women only. Participation in sport and gardening both significantly predicted HVLT scores, again in women only (for effect sizes see table 3), explaining an additional 1.2% and .7% respectively. No other PA variables predicted scores on either test, and no PA variables significantly predicted either score for men.
A logistic regression was run to determine the odds ratios of being in an at-risk group for cognitive impairment. Participants with MMSE<24.5 and HVLT<14.5 were compared to those with scores higher than these cut-offs. The same covariates were used as before. Those who participated in sport had reduced risk of being in the at-risk group compared to those who did not, although this did not reach significance. Those who participated in gardening were over 4 times more likely to be in the at-risk group compared to those who did not (table 4). 

Table 1 

Demographic variables and mean cognitive scores for the whole group and by sex. 
	
	Baseline
	Follow-up

	Variable
	Total
	Men
	Women
	Total
	Men
	Women

	N
	719
	255
	464
	135
	50
	85

	Mean age (SD); years
	69.38 (7.85)
	70.14 (7.7)
	68.96 (7.9)
	70.34 (7.95)
	70.62 (8.41)
	70.19 (7.67)

	Mean IADL score (SD)
	13.31 (3.86)
	12.91 (4.00)
	13.53* (3.77)
	12.73 (3.74)
	12.88 (4.01)
	12.68 (3.58)

	Ever smoked; %
	31.8
	70.8
	4.0**
	29.4
	74.1
	2.3**

	Education; %
	
	
	
	
	
	

	No formal education
	45.8
	25.8
	60.0
	43.7
	24.0
	55.3

	Elementary unfinished
	30.8
	34.8
	28.0
	32.6
	40.0
	28.2

	Elementary finished
	12.6
	20.2
	7.2
	13.3
	20.0
	9.4

	Primary
	7.5
	12.4
	4.0
	6.7
	8.0
	5.9

	High School
	2.8
	5.6
	0.8
	3.0
	6.0
	1.2

	Other
	0.5
	1.1
	0.0
	.7
	2.0
	0

	Mean MMSE (SD)
	24.18 (5.6)
	24.27 (5.33)
	24.13 (5.7)
	23.17 (4.55)
	24.60 (3.38)
	22.41* (7.13)

	% with MMSE scores <27
	58
	60
	57
	72
	64
	76

	Mean HVLT (SD)
	19.68 (10.68)
	18.46(9.17)
	20.35* (8.22)
	14.04 (6.86)
	14.90 (6.49)
	13.79 (7.13)


Scores for women significantly different to those for men, *p<.05, **p<.001.

Follow-up analysis 

A separate regression analysis was completed on the 135 participants who provided follow-up data using the same method as in the baseline analysis. The baseline PA data was retained for the independent variables but this time follow-up test scores were used as the dependent variables. Baseline cognitive score was added to the set of covariates. None of the baseline PA variables significantly predicted either MMSE or HVLT score for either men or women. When the MMSE and HVLT change scores (difference between baseline and follow-up score) were used as the dependent variables there was still no significant relationship between PA and cognition. 
Discussion

This study has provided evidence that increased participation in PA is related to better cognitive ability in this Asian cohort. Specifically, participation in sport was associated with higher overall cognitive ability and better short-term memory compared to non-participation. Some research (e.g. Hall, Smith & Keele, 2001) has suggested that more complicated executive function abilities such as attention are most affected by PA, but here we show that PA can also benefit simple memory abilities. These results have particular significance as both the MMSE and HVLT are highly sensitive for dementia (.53 and .87 respectively; Kuslansky, Katz, 

 HYPERLINK "http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verghese%20J%22%5BAuthor%5D" Verghese, 

 HYPERLINK "http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hall%20CB%22%5BAuthor%5D" Hall et al., 2004; Hogervorst, Combrinck, Lapuerta, Rue et al., 2002) and lower scores on each imply higher risk of dementia in later life. 
Table 2 
Frequency of participation in the different physical activities 
	Activity
	Response
	Men
	Women

	Walking
	Never

Seldom

Sometimes

Often

Very often
	3
38

57

140

15
	7

57

106

249

43

	Activity causing tiredness
	Never

Seldom

Sometimes

Often

Very often
	19

35

88

100

11
	56
53

465

466

21

	Activity causing sweating
	Never

Seldom

Sometimes

Often

Very often
	10
23

75

130

16
	40
42

135

215

28

	Sport
	No

Yes
	172
82
	232
229

	Gymnastics
	No

Yes
	31
10
	74
62

	Gardening
	No

Yes
	204
48
	409
52


Surprisingly, participation in gardening was associated with decreased memory ability and a 4x increased risk of cognitive impairment relative to non-participation, again in women only. This result is particularly interesting because positive associations are generally reported between PA and cognition. Post hoc analysis showed that when occupation was included in the model, the negative effect of gardening on HVLT scores was entirely explained by those who were farmers (n=258) and who were more at risk for lower scores on the HVLT; farmers were more likely to participate in gardening perhaps to grow produce to sell or for private consumption. Participation in gymnastics did not predict scores on either test, but this may be due to low response rate for this variable. However, this does tie in with previous observations that stretching and flexibility exercise does not benefit cognition (Clifford, Bandelow & Hogervorst, 2009).
Contrary to expectation, the PA variables scored on a scale were not associated with cognitive abilities. PA was also not associated with cognitive ability on either test 3 years later. The reason for these inconsistencies is unclear; a possible explanation is that PA may be most effective at preventing dementia when carried out in middle age (<65 years) before neurological changes seen in dementia begin (discussed in detail in Clifford, Yesufu Udechuku, Edwards, Bandelow et al., 2009), but many in our sample had low cognitive scores at baseline. So, any relationship between the variables may be diminished due to existing impairments. Also, PA may need to be sustained for some time in order to provide long-term rather than short-term effects and we had not included follow-up PA data to investigate this. 
Table 3 
Baseline regression analysis information for significant PA predictors 
	
	Unstand. β
	SE
	Stand. β
	t
	p
	R2 change*
	p
	F of model
	df
	p

	Dependent variable – HVLT (women)

	Gardening
	-3.007
	1.216
	-.084
	-2.473
	.014
	.007
	.014
	82.243
	6, 407
	.000

	Sport
	3.087
	.933
	.136
	3.308
	.001
	.012
	.001
	83.997
	4, 407
	.000

	Dependent variable – MMSE (women)

	Sport
	1.990
	.469
	.174
	4.248
	.000
	.020
	.000
	82.038
	6,425
	.000


*R2 change from model 1 (covariates) to model 2 (covariates + PA predictor)

Another explanation for these findings is that all PA variables were based on self-report, which can be unreliable as those with existing cognitive impairment can find it difficult to accurately report things that they have done. In addition, some PA frequencies were measured on scales which depend upon each respondent’s own interpretation of each level (e.g. seldom, often). Thus, this research highlights the need to use more objective measures of PA (e.g. daily caloric expenditure, cardiovascular fitness, muscle strength, balance, grip strength) to improve reliability of the independent variable.  It should be noted however that the relationship between sport and cognition could not be explained by poor physical health as this was controlled for (ADL).
This study found that the positive associations between PA and cognition were only significant in women which is in line with previous research in Western cohorts. It is not clear why these differences exist, although there is evidence that estrogen and PA individually increase BDNF, a protein that helps to promote brain health and efficiency (Zhao, Deng & Gage, 2008). When estrogen and PA co-exist, they may interact such that the benefit on cognition is increased incrementally or additively compared to when they exist alone (Berchtold, Kesslak, Pike, Adlard et al., 2001). These differences have particular implications as they may influence healthcare advice for men and women, but they also have theoretical implications as they can tell us more about the biological mechanisms by which PA influences cognition.
In sum, we provide evidence that engaging in sport is associated with higher cognitive ability in elderly Indonesian women. Indonesia’s population has a fast growing number of elderly (Wibowo et al., 2004) and thus these results may have important implications for lifestyle behaviours in the middle- to older-age groups. However, being a cross-sectional study, these results may simply reflect lower exercise adherence in those with existing cognitive problems. Thus, controlled studies that use objective measures of PA need to be conducted in this region to determine causal direction. Methodological improvements may also help to determine if level of PA is related to future cognitive ability as this may also have implications for healthcare advice for this area. 
Table 4 

Logistic regression analysis information for models with sport and gardening (women only)
	
	B
	S.E.
	Wald
	df
	p
	Exp(B)
	95% CI

	
	
	
	
	
	
	
	Lower
	Upper

	Model 1

	Age
	.098
	.033
	8.541
	1
	.003
	1.102
	1.033
	1.177

	Education
	-1.299
	.188
	47.723
	1
	.000
	.273
	.189
	.394

	Smoking
	-.150
	.988
	.023
	1
	.879
	.861
	.124
	5.970

	ADL
	-.065
	.231
	.079
	1
	.779
	.937
	.596
	1.473

	IADL
	-.213
	.124
	2.971
	1
	.085
	.808
	.634
	1.030

	Sport
	-.800
	.452
	3.142
	1
	.076
	.449
	.185
	1.088

	Constant
	2.072
	4.549
	.207
	1
	.649
	7.939
	
	

	Model 2

	Age
	.106
	.034
	9.801
	1
	.002
	1.112
	1.041
	1.189

	Education
	-1.440
	.185
	60.439
	1
	.000
	.237
	.165
	.341

	Smoking
	-.363
	1.044
	.121
	1
	.728
	.696
	.090
	5.378

	ADL
	-.040
	.261
	.023
	1
	.878
	.961
	.576
	1.603

	IADL
	-.277
	.129
	4.603
	1
	.032
	.758
	.589
	.976

	Gardening
	1.477
	.732
	4.066
	1
	.044
	4.380
	1.042
	18.404

	Constant
	1.759
	5.119
	.118
	1
	.731
	5.805
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