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        Loughborough 12-10-2010 

 

 

Dear Editor, 

 

 

Thank you for allowing us to resubmit the paper Borobudur revisited. We would like to thank both 

reviewers for their useful comments and kind words. We have changed the manuscript according to 

the reviewer’s suggestions as described in more detail in our response to reviewers document  

 

Thank you kindly for this review, again it has further improved our paper 

 

Kind regards 

 

Eef Hogervorst 
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        Loughborough 12-10-2010 

 

 

 

Dear Editor 

This is our response to the reviewer’s comments 

Reviewer’s comments: 

Regarding the title, my initial problem with the title stemmed from the 

lack of clarity in terms used to describe the cohorts and the redundancy of 

"old" and "elderly". Furthermore, terms such as "middle-aged" and "elderly" 

have specific connotations that may not be applicable to this study.  

Taking the reviewer’s comments into account, the title was changed to: Borobudur revisited: soy 

consumption may be associated with better recall in younger, but not in older, rural Indonesian elderly 

Results, Discussion and Methods: 

Figure 1 is not adequately labeled, especially for a non-specialist in the 

field. Although the figure legend describes the axes, there is no y-axis 

label, nor are there units. On the x-axis "tempe" should be capitalized and 

spelled correctly, and there should be some indication that "Tempeh per 

week" refers to consumption. Units should be indicated 

 

Fig 1.  Box plots (with the bottom and top of the box being the 25th and 75th percentile (the lower 

and upper quartiles, respectively), and the band near the middle being the median, with outliers) of 

the total immediate recall performance on the HVLT (‘tot recall’, in number of words recalled over 3 

trials, with a maximum of 36 words recalled in total) and the frequency of tempeh consumed per 

week on the y-axis, with n referring to numbers of participants per boxplot.
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The frequency of tempeh consumed per week (e.g. 21 is 3 

times per day, ‘7’ is daily, ‘2’ is twice a week etc.) 

*Response to Reviewers

http://en.wikipedia.org/wiki/Percentile
http://en.wikipedia.org/wiki/Quartile


1. In the last sentence of the Abstract, last sentence should read, 

"Long-term, controlled-treatment studies.soybean product that also 

contains.". 

We have changed this as suggested 

 
2. On page 5, the abbreviation for television must be capitalized 

(TV). 

We have changed this as suggested 
 

3. On page 6, 3rd paragraph, "well educated" should be hyphenated 

(well-educated). Same paragraph, "Better educated" should also be 

hyphenated. 

We have changed this as suggested 
 

4. On page 9 in the Discussion, I assume that "Jakarta Post" is a 

publication, and the "p" should be capitalized if it is a title. 

This might be due to citation software issues. Later in that 

paragraph, the sentence that begins, "It is also unclear." the 

parentheses and question mark surrounding "still" should be 

removed so that it reads: ".whether laced tofu is still sold.". 

We have changed this as suggested 
 

5. On page 11, 2nd paragraph, the sentence beginning, "Short (but not 

longer) term." as constructed is visually and grammatically 

awkward. I suggest eliminating the parentheses, such that it 

reads, "Short-, but not long-term, treatment studies have shown.". 

We have changed this as suggested 
 

6. On page 11, 2nd paragraph, line 16, the sentence should read, 

"Long-term, well-controlled, large treatment studies.". 

We have changed this as suggested 
 

7. On page 11, 2nd paragraph, line 22, the sentence should read, 

"whom long-term, high-dose, continuous exposure.". 

We have changed this as suggested 
 

8. In the first sentence of page 12, the sentence should read, 

"Rural, community-dwelling elderly." 

We have changed this as suggested 
 

 

Thank you kindly for this review, again it has further improved our paper 

 

Kind regards 

 

Eef Hogervorst 
 

To submit your revision, please upload your revised files, including a 

point-by-point response to the reviewers' comments, to the Elsevier 

Editorial System (http://ees.elsevier.com/bres/). 

 

 

http://ees.elsevier.com/bres/
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Abstract  

 

Previous reports have suggested that high frequent tofu consumption is associated with worse 

cognitive function in East Asian elderly. Some studies also found an increased risk of dementia with 

high tofu consumption in those older than 65 years of age. Tofu and other soy products, such as 

tempeh, contain high levels of plant estrogens or isoflavones. This study revisited a rural Central 

Javanese population (56-97 years of age) who were covered by the Borobudur District Health Centers. 

Data on cognitive performance were available for n=142 participants. Results showed positive linear 

associations of weekly tofu (beta= .22, p<0.05) and tempeh (beta=.23, p<0.01) consumption with 

immediate recall, which were significant in those with an average age of 67 years. In those with an 

average age of 80 years, the earlier reported negative association of tofu with immediate recall was no 

longer significant. Lifestyle changes (reduction of tofu consumption after dissemination of results) or 

‘healthy survivor effects’ may have been responsible for this finding. These findings may be 

reminiscent of the ‘Window of Opportunity’ theory, which suggests that estrogenic compounds can 

exert positive effects on verbal memory, but not in older men and women, when no or negative effects 

of these compounds on brain cells and cognition have been found. Long-term, placebo-controlled 

treatment studies should investigate whether tempeh, a fermented soybean product that also contains 

folate, can maintain cognitive function in middle-aged and elderly participants (231 words). 
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List of abbreviations 

 

 

AD=Alzheimer’s disease 

E2=estradiol 

DR=delayed recall 

IR=immediate recall 

HT=hormone therapy 

HVLT= Hopkins Verbal Learning Test 

MMSE=Mini Mental Status Examination 

SD=standard deviation 

SES=socioeconomic status 

WHIMS =Women’s Health Initiative Memory Study 
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Introduction 

Previous studies investigating the potential of plant estrogens, such as isoflavones, to protect 

the aging brain and cognitive function have found contradicting results (see (Zhao and 

Brinton 2007; Clifford, Yesufu et al. 2009; Hogervorst, Yesufu et al. 2009; Yesufu, Rahardjo 

et al. in press), for reviews). Because of their chemical similarity to estrogens, isoflavones 

can exert estrogenic effects on the brain, particularly when endogenous estrogen levels are 

low (Zhao and Brinton, 2007; (Yesufu, Rahardjo et al. in press). Soy based products, such as 

tofu and tempe, contain high levels of isoflavones (Wang and Murphy 1994). Although some 

observational studies have not found an association between cognition and isoflavone intake 

in persons with low soy consumption (Yesufu, Rahardjo et al. in press), high regular 

consumption of the isoflavone rich tofu paradoxically increased dementia risk in older (> 65 

years of age) East Asian populations (Rice, Graves et al. 2000; White, Petrovitch et al. 2000; 

Hogervorst, Sadjimin et al. 2008). In those older than 68 years of age, we found negative 

linear associations of the potent isoflavone genistein with cognitive function (Hogervorst, 

Yesufu et al. 2009). 

However, we also found curvilinear associations of genistein with better immediate 

recall performance in middle-aged (< 68 years of age) men and women who were closer to 

the age of menopause. This suggests that optimal levels of genistein were associated with 

better memory function in the middle-aged (Hogervorst, Yesufu et al. 2009). Similarly, 

randomised controlled treatment studies mainly found positive effects of soy based 

isoflavones on cognition in women close to the age of menopause, with no or mixed effects 

in the older population (Yesufu, Rahardjo et al. in press). These findings may be reminiscent 

of the ‘Window of Opportunity’ theory, which is supported by animal and observational data 

and suggests that effects of estrogens are most prominent when treatment is given close to the 

age of menopause, when organ systems are still responsive to estrogens’ effect (Henderson, 

Benke et al. 2005).  

However, this theory does not explain negative effects of estrogens and estrogenic 

compounds in older participants. Using assays of sufficient sensitivity, and controlling for 

morbidity and medication use affecting sex steroid levels, several investigators reported that 

women with Alzheimer’s disease (AD), the most common type of dementia in the West 

(Zhao and Brinton 2007), actually had slightly higher levels of estrogens than controls 

(Cunningham, Sinnott et al. 2001; Hogervorst, Williams et al. 2003; Paoletti, Congia et al. 

2004). Longitudinal studies also confirmed increased risk for dementia with higher levels of 

estrogen in elderly women (Geerlings, Strozyk et al. 2006);(Ravaglia, Forti et al. 2007). In 
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addition, high levels of estrogens in elderly women and men (> age 65 years) are not 

necessarily associated with better brain function (Yaffe, Lui et al. 2002; Den Heijer, 

Geerlings et al. 2003; Muller, van den Beld et al. 2009; Hogervorst, Matthews et al. 2010). 

These data may also be in accordance with data of the Women Health Initiative Memory 

Study (WHIMS) which reported negative effects of estrogen treatment on cognitive function 

(Espeland, Rapp et al. 2004) and an increased risk of dementia in women over 65 years of 

age (Shumaker, Legault et al. 2003; Shumaker, Legault et al. 2004). 

These negative associations of estrogens and estrogenic compounds (such as 

genistein, which is abundant in tofu) with brain function in older (> 65 years of age) 

participants may be explained by the ‘Healthy cell bias’ hypothesis (Brinton 2008; Brinton 

2008). This hypothesis is based on cell culture studies which show that brain cells, which are 

undergoing pathological change (which is more likely to be the case in older neurons) do not 

actually benefit from an estrogenic environment and are more likely to show accelerated 

demise in this environment. This is different for healthy neurons, which show benefit from an 

estrogenic environment. This hypothesis both explains positive effects of estrogens on the 

brains of younger, middle-aged women and younger (but not older) ovarietomized animals 

(Gibbs 2009), but also the negative effects of estrogens and estrogenic compounds on 

cognition in older women and men.  

A caveat is that we also found positive effects of tempeh in the Indonesian study, 

when it was entered in the same statistical model, and where it seemed to off-set the negative 

association of high tofu intake with memory (Hogervorst, Sadjimin et al. 2008). Tempeh is a 

fermented whole soybean product which is usually found to contain higher levels of genistein 

and other isoflavones than tofu (Wang and Murphy 1994). In addition, due to fermentation 

with molds, levels of folate are also increased in this food product (Ginting and Arcot 2004). 

In our earlier analyses of the Oxford Project To Investigate Memory and Ageing data, we 

found that older women with higher levels of estrogens had a higher risk of dementia 

(Hogervorst, Williams et al. 2003). However, when women also had high levels of serum 

folate, they did not perform under the cut-off scores for dementia on the Mini-Mental Status 

Examination (MMSE) (Hogervorst and Smith 2002). It may thus be the case that folate or 

other compounds in tempeh protect against potentially negative effects of estrogenic 

compounds in the elderly. 

We revisted rural Central Java where we previously found the strongest negative 

associations of tofu consumption with immediate recall in those over 68 years of age 

(Hogervorst, Sadjimin et al. 2008) to further investigate the association of different soy 
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products with memory function. On the basis of the previous studies done, we hypothesized 

that tempeh (because it contains folate) would show protective associations with immediate 

recall in both the middle-aged (65 years of age and younger) and those who were 66 years of 

age and older. In separate analyses tofu was expected to only show this positive association in 

the middle-aged, but to have a negative association with immediate recall in those older than 

65 years. Immediate recall was previously shown sensitive to dementia (Hogervorst et al, 

2002B), estrogens (Hogervorst et al., 2002C) and soy product consumption (Hogervorst et al, 

2008). We also performed a more in depth socioeconomic assessment to investigate whether 

this mediated the association of soy products with cognition. People of low socioeconomic 

status were hypothesized to eat more soy (as an animal protein substitute, because it is 

cheaper). However, low socioeconomic status in itself is associated with an faster cognitive 

decline and an earlier onset of dementia (Karp, Kareholt et al. 2004) and could thus have 

mediated the association between high soy intake and low memory function.  

 

Results 

 

Cognitive data were available of n=142 rural participants. Almost half had not attended 

school, and most others had only obtained primary schooling. Many (45%) still worked as 

farmers or labourers and  people on average only had 5 household goods or luxuries 

indicating socioeconomic status, of which the most frequent were: electricity (98%), a TV 

(71%), a radio (57%), livestock (56%),  and a bicycle (49%). Socioeconomic status (SES) as 

assessed by these parameters would on average thus be low for the villagers, but data 

distribution was not skewed, showing a good spread in goods available to villagers. 

. 

- insert table 1  around here please 

 

Median and mean tempeh and tofu consumption was daily (i.e. 7 times a week, SD=5), 

ranging from never to three times a day. In comparison, only 18% of this sample ate fruit 

‘regularly’ and of these participants only half did so on a daily basis (n=15). The average 

weekly consumption of fruit was only 2 pieces of fruit  (SD=2.5), despite availability in the 

area. 

 

Spearman’s rank correlations suggested that higher weekly tempeh consumption was 

associated with better immediate recall, as measured using the 3 trials of the Hopkins Verbal 
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Learning Test (HVLT IR, rho=.19, p<0.05), with a similar trend for tofu (rho=.16, p=0.06, 

see figure 1). Regular (but not weekly) fruit consumption was also associated with better 

immediate recall (HVLT IR, rho=.18, p<0.05). Delayed recall as measured by using the 

HVLT was not associated with intake of any of the foods (p>0.28).   

 

Other factors associated with food intake 

Fruit intake, when calculated in consumption per week, was only positively associated with 

total tempeh and tofu intake per week (rho=.30, =.41, p<0.001). Those who ate more tempeh 

also ate more tofu (rho=.82, p<0.001). This suggests dietary patterns (healthy patterns or 

perhaps patterns reflecting abundance). Unfortunately, we did not have data on overall caloric 

intake to calculate the proportionate intake of these healthy foods. 

 

Tempeh and tofu consumption was higher in more educated people (rho=.24 and .19, p<0.05 

resp) and (in contrast to our expectations), tofu was also more likely to be consumed by those 

of higher socioeconomic status (SES), as assessed by number of household goods or luxuries 

(rho=.18, p<0.05). Box plots showed that those who were farmers or laborers had a 

maximum daily median intake of tofu, but also that more than half of the entrepeneurs were 

able to consume more than that and that these ate tofu 2 or 3 times a day. A similar trend 

(p=0.07) existed for tempeh with SES, but this did not exist for fruit consumption. Older 

people were in general less well-educated (rho=-.28, p<0.001) and had fewer household 

goods or luxuries (rho=-.29, p<0.001). Better-educated people also had more household 

goods (rho=.36, p<0.0001).   

  

Other factors associated with immediate recall 

Immediate recall was associated with having had more education (rho=.41, p<0.001) and 

having more household goods (rho=.18, p<0.05). Those who were older had worse 

immediate recall (HVLT IR rho=-.39, p<0.001). There was no gender difference on 

immediate recall performance, perhaps because there was no age difference between men and 

women of this cohort, or because women had received on average less education (p<0.001) 

than men. 
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Using linear regression indicated that there were significant associations of tofu (beta=.22, 

p<0.05) and tempe
1
 (beta=.23, p<0.01, see fig 1) with immediate recall performance (HVLT 

IR total recall, but not DR), which was independent of SES and weekly fruit intake, which 

were both non-significant. However, associations between soy consumption and immediate 

recall were no longer signficant when age, sex and education were also entered in the model. 

A trend remained for weekly tofu consumption (beta=.14, p=.10) to be associated with better 

immediate recall, when the other covariates were entered (age: beta=-.29, p<0.001, education, 

beta=.33, p<0.0001 gender, p=.78, SES, p=.97). In this model, regular fruit consumption 

(beta=.15, p<0.05) was also independently associated with better immediate recall.  

Delayed recall showed no associations with soy product consumption or fruit intake using 

similar analyses 

- insert fig 1 about here please- 

In analyses stratified for median age, in those who were younger than 73 years of age (n=74, 

mean age 67 years), weekly tofu  consumption was a significant predictor of immediate recall 

(beta=.21, p=.05, and a similar trend existed for tempe: beta=.19, p=0.09). This association 

remained significant after addition of the covariates. Of these covariates, only education  

(beta=.47, p<0.001) was an independent predictor of better performance. Age, SES and 

gender were non significant contributors to this model. There was also a trend for regular (but 

not weekly) fruit consumption (beta=.18, p=.09) to be associated with better performance in 

those younger than 73 years.  

However, these associations were not replicated in those who were older than 73 years of age 

(n=68, mean age 80 years), where age was the only significant predictor of low immediate 

recall (beta=-.40, p=0.006). However, in this group, the direction of the association between 

tofu and immediate recall was negative (but this did not reach significance).  

Using a different stratification by investigating those participants who were younger than 66 

years of age (which included 20% of the sample, and who were considered to be ‘middle-

aged’ to investigate the ‘Window of Opportunity’ hypothesis) versus those who were older, 

tempeh (beta=.47, p<0.05) and tofu (beta=.49, p<0.05) both had a significant association with 

immediate recall in unadjusted models, but again only in those younger than 66 years of age, 

                                                 
1
 Tempeh and tofu were entered separately, as there was significant co-linearity 
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and not in the older participants or when analyses were adjusted for covariates. Entering 

curvilinear terms did not not result in better fits within the models, indicating no optimal 

levels of soy consumption for optimal immediate recall. Delayed recall again showed no 

associations with soy product consumption using similar analyses. 

 

Discussion  

 

Results reflect earlier findings of regular consumption of soy products and fruit having 

positive associations with immediate recall in those with an average age of 67 years of age (< 

73 years of age), but not in those with an average age of 80 years of age. In this study, we 

further investigated whether low socioeconomic status mediated the negative associations 

found in earlier studies between frequent tofu consumption and cognition. However, the 

opposite was found, with rural elderly who had more household goods and luxuries as 

indicators of socioeconomic status eating more soy products than those who had less. 

Socioeconomic status also did not mediate the associations found.  

Delayed recall, which is considered by some to be a more sensitive measure of 

impeding dementia, was in the present and earlier studies not associated with soy 

consumption. With an average of 5 words recalled, resolution was low for these analyses. In 

our earlier work, the total immediate recall showed similar sensitivity and specificity for 

dementia as the delayed recall (Hogervorst, Combrinck et al. 2002) but immediate recall has 

a wider spread of data, creating better resolution for data analyses. Similar test sensitivity 

issues were also seen for estrogenic compounds, where not all verbal memory tests are 

equally affected (Sherwin 1994); and meta-analyses indicated that immediate recall of word 

lists seemed most sensitive to effects of estrogen treatment than delayed recall (Hogervorst, 

Yaffe et al. 2002).  

This study thus extends and confirms our earlier work suggesting that tempeh had 

protective associations with immediate recall, although the earlier reported negative 

associations of high tofu consumption with immediate recall were not significant in the 

present study. This was possibly because of a smaller sample size in this cohort as compared 

to that the previous study (n=214) (Hogervorst, Sadjimin et al. 2008). Alternatively, lifestyle 

changes may be responsible for this findings, as all participants had been briefed about the 

negative associations of tofu and memory found after data analyses. Post hoc analyses 

showed that, of those investigated and followed up in this paper, only 21% ate tofu more than 

once a day, whereas at baseline testing this was almost double (38%), suggesting that more 
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people had cut down on tofu consumption (or alternatively, that more of those with high 

consumption had died earlier). In 2009, more people ate tofu just once a day (48%) compared 

to 30% at baseline in 2007.  

Another hypothesis from our earlier work (Hogervorst, Sadjimin et al. 2008) was that 

negative associations of tofu with immediate recall and dementia risk in those over 68 years 

(in that paper) were found because of addition of formaldehyde to tofu to preserve its 

freshness. Several factories in Jakarta had apparently sold tofu laced with this highly 

neurotoxic compound to traditional markets (see Jakarta Post 07/31/2009 and 09/11/2008) 

and according to the Department of Public Health this practice was widespread. However, 

when we tested for this in 2009 in various tofu samples of shops and vendours around 

Jakarta, we could not find evidence of addition of formaldehyde to tofu (Aryani, 2009, PhD 

thesis Universitas Indonesia). It is also unclear whether laced tofu is still sold in rural Central 

Java and more research needs to be done to investigate this association. This practice does not 

occur in tempeh, which can be kept fresh for longer due to fermentation of this product. 

Using curvilinear terms, we did not find optimal levels of soy consumption in those 

with an average age of 67 years, although in this age group we earlier had reported optimal 

levels of salivary genistein, the most active estrogenic compound (Hogervorst et al., 2009A). 

The Study of Women’s Health Across the Nation (SWAN) did not find optimal calculated 

levels of genistein and daidizein in their East Asian middle-aged women (Huang, Luetters. C. 

et al. 2006). However, in this study isoflavone levels were inferred from Food Frequency 

Questionnaires, and so these were not measured directly, similar to the present study where 

we only included Food Frequency data. The authors also used tertiles to investigate optimal 

genistein and daidizein levels, rather than using continuous variables as we did earlier. The 

SWAN also did not report weekly soy intake as was done in the other and present studies 

reporting significant associations with cognitive function. For instance, in the Honolulu 

Aging Asian Study, Japanese-American men and women who consumed tofu more than 

twice a week in midlife and in old age had a higher risk for dementia, lower brain weight and 

more ventricular enlargement (White, Petrovitch et al. 2000). In the Kame project (Rice, 

Graves et al. 2000), Japanese-American women over age 65 years who consumed tofu more 

than three days a week had lower cognitive performance. In stratified analyses, this remained 

significant only for those women taking hormone therapy, suggesting a cumulative negative 

effect of estrogenic compounds on cognition. In the present Javanese cohort studied, none of 

the women took hormone therapy, but 5 reported to have not undergone menopause yet. 

However, post hoc analyses of soy product consumption and its association with immediate 
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recall performance excluding these participants were not substantially different from those 

currently presented in the results section. Lastly, in the Kame project (Rice, Graves et al. 

2000), at 2 year follow-up, all those who had moderate tofu consumption had most cognitive 

improvement over time. Where optimal soy intake lies at what age for maintenance of 

cognitive performance over time and how this is associated with other dietary intakes and 

possibly genetic profiles relating to sex steroid metabolism and synthesis (Hogervorst and 

Bandelow 2007) remains to be further investigated. Other studies including elderly women 

with Western diets with low average soy intake have not found any associations with 

cognition (Yesufu, Rahardjo et al. in press), which may further suggest that dosage and age 

play an important role rather than consumption per se.   

As there were also positive associations of both soy products with higher fruit 

consumption, healthy dietary patterns may have confounded the positive associations 

reported in the present study. However, positive associations of regular fruit consumption 

with immediate recall were independent of those of tofu, and in separate analyses, also of 

tempeh consumption. On the other hand, weekly consumption of fruit had no significant 

association. This may be because of low resolution in these data, as of the total cohort only 

15 elderly ate fruit daily, which had previously been found to be a protective factor against 

dementia (Hogervorst, Sadjimin et al. 2008). There may be a further role here for public 

health messages promoting higher fruit intake. 

Limitations of the present study are that we did not include medical examination data 

in this study and could therefore not control for medication use and morbidity (including 

dementia), which could have affected results. This could be a reason why no associations 

were found of food intake in those with an average age of 80 years in this study who may 

have been more at risk for morbidity (e.g. chronic infectious disease), which could have 

potentially overruled smaller protective effects of nutrition on cognitive function. However, 

all participants were community dwelling and fit enough to travel by car without apparent 

acute systemic morbidity. Survivor effects, with only the very healthy surviving to an old 

age, limit generalisation of results and this will be investigated in detail using the follow-up 

data. Soy products are thought to protect against many age related morbidities, such as cancer 

and heart disease, which may have also explained positive associations with immediate recall 

function, rather than through the reported positive effects of isoflavones on brain cells 

directly (Zhao, Chen et al. 2002; Zhao and Brinton 2007). Other limitations in the present 
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study are the reliance on self report which could confound associations. Those with memory 

issues would be more likely to underreport soy consumption, similar to data found for 

hormone treatment (Petitti, Buckwalter et al. 2002). However, all carers were present and 

confirmed answers given by participants. Where there was discrepancy, the answer of the 

carer was used. In addition, positive associations were mainly found in those with an average 

age of 67 years, where recall issues would not be considered to be a major confounding issue, 

as dementia prevalence starts to increase mainly after age 65 years.  

Data may reflect findings from estrogen treatment where positive effects were most 

apparent in those who are middle-aged, but where no or negative effects were seen in those 

over 65 years of age (Hogervorst, Bandelow, 2009B). Using isoflavone supplements after the 

menopause has become more popular as an alternative to combat menopausal symptoms 

(such as hot flashes, night sweats and cognitive complaints). Short-, but not long-term, 

treatment studies have shown positive effects of isoflavones on cognitive function (File, 

Hartley et al. 2005; Gleason, Carlsson et al. 2009); but see (Maki, Rubin et al. 2009). These 

data may have a similar pattern to that of estrogen treatment, which probably only has a 

limited duration positive effect on cognition. Meta-analyses showed positive effects of 

estrogen treatment on some cognitive tests, but only up to 2 to 3 months (Hogervorst, Yaffe 

et al. 2002; Hogervorst, Yaffe et al. 2009). It may be that different estrogen or soy treatment 

regimes with intermittent exposure to limit desensitisation to continuous treatment could 

prolong positive effects (Hogervorst, Yaffe et al. 2002C). Alternatively, genetic subgroups 

could exist for whom estrogen treatment is not indicated as it increases dementia risk due to 

formation and accumulation of toxic estrogenic metabolites (Hogervorst, Bandelow et al. 

2009). Long-term, well-controlled, large treatment studies into the effects of soy products on 

the brain are thus necessary. One relatively recent treatment study showed some positive 

effects of a high dose 6 month treatment with 100 mg soy isoflavones, but also some of 

placebo in older men and women over 62 years of age  (Gleason, Carlsson et al. 2009). In 

sum, despite not finding significant negative associations in this study, it should be noted that 

not all that is ‘natural’ is a priori more healthy, especially for those over 65 years of age, for 

whom long-term, high-dose, continuous exposure to estrogenic compounds may not be 

indicated to preserve brain integrity.  
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Methods 

Rural, community-dwelling elderly of Central Java were included in this survey. Participants 

had to be over 56 years of age to be included and the villages they resided in had to be 

covered by the local community health districts of rural Borobudur and Salaam (a 2 hour 

drive from Yogyakarta). 54% (n=115) of those included could be cognitively assessed for 

follow-up assessment in April 2009 (of n=214 assessed at baseline in 2006, see Hogervorst, 

2008). This paper concerns the cross sectional data of the total rolling cohort collected in 

April 2009, which also included novel participants (n=33) who had reached the age of 56 

years in 2009. Data on tofu consumption were available for n=151. Ethical approval from 

Loughborough University and the University of Indonesia, governmental permits and 

informed consent were obtained before data collection. Participants had been informed of the 

research during their visits to the health clinics in the weeks before testing. They had been 

made aware that non participation would in no way affect their treatment at the health center 

and that this was not obligatory. However, because of the excellent relationship between 

health center staff and the elderly, the willingness to participate in research was high. 

Participants were collected by car to travel to the research setting at an agreed date with their 

carer (only 2 came alone) who also signed the informed consent. This approach had a 96% 

response rate of those contacted, as only 7 participants of those contacted refused to be tested 

because of fatigue or frailty on the test day. All others consented to participate. The research 

was carried out in one day in 5 rooms of the home of one of the administrators of the 

integrated health unit (Pos Pelayanan Terpadu/Posyandu), which was quiet and which had no 

distractions. Assessments included cognitive testing and a survey consisting of standardized 

interview questions, which were carried out by trained researchers. 

 

Demographics and lifestyle variables 

The survey consisted of questions about demographics (e.g. age, education, occupation), 

including an 18 item household goods and luxury questionnaire (electronics, transportation, 

luxury items), as an indicator of socioeconomic status; and lifestyle variables (e.g. activity, 

diet and health). Diet was assessed using a Food Frequency Questionnaire (see Hogervorst, 

Sadjim et al, 2008; Frankenfeld, 2004), which included questions about ‘regular’ 

consumption of products (yes or no), which were followed by questions on the frequency of 

daily, weekly, or monthly consumption of these products, such as tempeh and tofu. These 

questions were all transformed into weekly consumption (e.g. eating tofu once daily was 

calculated as 7 times a week, eating tofu 3 times a day for 7 days a week was calculated as 
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tofu consumption 21 times a week, whereas once a month was calculated as 0.25 times a 

week etc.). 

 

Medical examination and cognitive assessments 

A medical examination and a health resume including a carers report were based on the 

Cambridge Mental Disorder of the Elderly Examination (CAMDEX, (Roth, Huppert et al. 

1988). This also included a psychiatric assessment and a depression scale. Depression was 

not considered to be severe enough to interfere with cognitive function in any of the 

participants. None of the participants displayed symptoms of anxiety or other psychiatric 

morbidity, but one participant with psychosis was excluded. Alcohol was not consumed by 

any of the participants, all of whom were Muslim.  

 

The modified Hopkins Verbal Learning Test (HVLT, Brandt, 1991; Hogervorst, Sadjim, 

2008) was administered by trained research assistants. The HVLT is a short (5-10 min) test 

that is well tolerated. It is a memory test consisting of 12 words which belong to 3 categories 

(human shelter, precious stones and animals for list A). The modified test was adapted to 

local knowledge (e.g. some of the semi precious stones were not known by the local 

population in a pilot study). It had been translated into Bahasa Indonesia and Javanese and 

was then back translated to English by an independent party successfully. Outcomes include 

the total Immediate Recall (IR, which assesses learning ability over 3 trials) and the Delayed 

Recall (DR), which is done after a 20-30 min interval during which other tests are done or 

questionnaires are filled in. Memory is one of the earliest functions to decline in dementia 

(McKhann, Drachmann et al. 1984; Association 1994). The total immediate recall of the 

HVLT had high sensitivity and specificity for dementia when assessed in different cohorts in 

the US and UK (Brandt, 1991; (Hogervorst, Combrinck et al. 2002; De Jager, Hogervorst et 

al. 2003). Immediate recall of word lists is also sensitive to effects of estrogenic compounds 

(Hogervorst, Yaffe et al. 2002) and therefore was the main outcome parameter we reported 

on in this paper. Test performance distribution in rural Java was normal and was similar to 

that of a similar aged population in Oxfordshire (Hogervorst, Combrinck et al. 2002).  

 

Statistical analyses  

All data were checked for missing values and potential outliers. Non-parametric Spearman's 

correlation analyses were performed to assess associations between variables. Linear 

regression analyses was carried out to investigate whether tofu and tempeh intake was 
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associated with immediate recall function, independent of socioeconomic status (as assessed 

by household goods) and regular intake of fruits (to control for having an overall healthier 

dietary pattern) in a first step, and age, education and gender in a second step. We stratified 

analyses for age using two different methods. One used a median split, the other investigated 

the subgroup of middle-aged participants who were younger than 66 years of age (who were 

considered to be ‘middle-aged’) versus the other group who were older to test the ‘Window 

of Opportunity’ hypothesis. All analyses were performed in SPSS 17.0 using a p-value of 

0.05. 

 

 

Table 1.  Demographic characteristics of rural Central Javanese participants 

           

Variable   percentage or mean (SD) range 

 

Sex (% Women)   61% 

Ethnicity (Javanese)   100%    

Religion (Muslim)   100% 

Age (mean and median)  73 (SD=8)      56-97 

Household goods (#, SES)         4.6 (SD=2.7)                 0-15 of 18            

Occupation  

 

Not working/retired                    38%             
Famers                                      30.3% 
Laborers                                    14.8% 
Business/entrepreneur              12% 
Other                                          5% 

Education 

 

No education                              48%             
Part of primary school                25% 
Primary School finished             14% 
Secondary School                     8.5% 
High School                               3.5% 
 

 

 HVLT total immediate recall  14 word (SD=7.12)   0- 33 

  delayed recall  (max 12) 5 words (SD=2.92).   0- 12 
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Fig 1.  Box plots (with the bottom and top of the box being the 25
th

 and 75
th

 percentile (the 

lower and upper quartiles, respectively), and the band near the middle being the median, with 

outliers) of the total immediate recall performance on the HVLT (‘tot recall’, in number of words 

recalled over 3 trials, with a maximum of 36 words recalled in total) and the frequency of tempeh 

consumed per week on the y-axis, with n referring to numbers of participants per boxplot. 
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