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Summary  Cognitive impairment is a common neurodegenerative disease in the elderly. 
Dietary factors have an important role in cognitive dysfunction. Soy has many benefits, and 
consumption of  soy-based foods is general in East Asian countries. In this study, we want 
to investigate the association between cognitive function decline and soy-based food intake 
among the elderly in Taiwan. This cross-sectional study was based on data obtained from 
the 2005–2008 Nutrition and Health Survey in Taiwan (NAHSIT). Subjects aged less than 
65 y or with missing data were excluded. There was a total of  1,105 participants aged 65 
and over who completed Short Portable Mental Status Questionnaire (SPMSQ). Eighty-five-
point-six percent of  participants consumed soy-based foods every day. After adjustment for 
potential variables, the logistic regression model showed significant associations for age, 
gender, education, soy-based foods intake and physical component summary (PCS). Age and 
female gender were both positively correlated with cognitive impairment (odds ratios: 1.1 
and 4.43, respectively). Furthermore, there were negative correlations for education, soy-
based foods intake and PCS (odds ratios: 0.25, 0.45 and 0.97, respectively). In this study, 
we found that soy-based foods were negatively associated with cognitive function decline 
among Taiwanese elderly. This result may be used as a reference for dietary advice for the 
elderly.
Key Words  cognitive impairment, cross-sectional, elderly, Short Portable Mental Status 
Questionnaire, soy-based foods

Due to the aging of  the population, there have been 
increases in the prevalence and incidence of  cognitive 
impairment. Age-related cognitive decline has various 
mechanisms, including oxidative stress (1), endocrine 
(2), and neurochemical changes (3). Each year, about 
10 to 15% of  elderly people with mild cognitive impair-
ment (MCI) develop dementia, and MCI is a strong risk 
factor for early dementia (4). In 2015, the World Health 
Organization (WHO) predicted that dementia will be a 
major cause of  disability among the elderly worldwide.

Nutritional status is strongly associated with MCI and 
quality of  life in the elderly (5). Chen et al., found that 
a low dietary diversity score (DDS) leads to increases 
in MCI and mortality rate among Taiwanese elderly 
based on data collected from the National Nutrition and 
Health Survey in Taiwan (NAHSIT), 1999–2000 (6). 
Consumption of  soy-based foods such as soy milk, tofu, 
miso, and natto is more generalized in East Asian coun-
tries than in Western countries. In addition, preven-
tion of  cardiovascular disease (7), osteoporosis (8), and 

neurodegeneration (9) is powerful evidence to suggest 
that soy has many benefits. These effects of  soy could 
be related to the endocrine system. In recent years, soy-
derived supplements already have been widely used in 
menopausal women. Soy-based foods are rich in soy 
isoflavones, especially in genistein and daidzein (10). 
A meta-analysis study indicated soy isoflavones supple-
mentation can improve cognitive function in meno-
pausal women (11).

Moreover, the quality of  life of  elderly people is an 
important issue, and is influenced by both aging and 
cognitive impairment. Past research had indicated that 
cognitive impairment not only decreases the quality 
of  life among the elderly, but also increases the cost of  
health care (12). For these reasons, we hypothesize that 
incrementation of  soy-based food consumption may 
improve cognitive function in Taiwan’s elderly popula-
tion. Hence, we want to investigate the association of  
soy-based foods consumption and cognitive function via 
NAHSIT in this study.

MATERIALS AND METHODS

Study design and participants.  This cross-sectional 
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study was based on data from 2005–2008 NAHSIT. 
Subjects less than 65 y or with missing data were 
excluded. The demographic characteristics of  subjects 
included age, gender, education, drinking and smoking 
habits, and medical history. NAHSIT dietary question-
naire included questions regarding 24-h dietary recall, 
food frequency, dietary habits, and dietary supplements 
(13). Cognitive function was assessed by the Short Por-
table Mental Status Questionnaire (SPMSQ) (14). Qual-
ity of  life was measured by the Short Form 36 Health 
Survey (SF-36) (15). This study was approved by the 
Institutional Review Board of  Chung Shan Medical Uni-
versity Hospital (CS13071).

Dietary assessment.  The dietary questionnaire 
included 24-h dietary recall and a simplified food fre-
quency questionnaire (SFFQ). Daily intake and servings 
of  six food groups (such as cereals, legumes/eggs/fish/
meat, milk, vegetables, fruit, and oil) were measured, 
based on 24-h dietary recall. The SFFQ contained 28 
items related to foods and frequencies of  intake (times 
per day/week/month).

Cognitive status.  Cognitive assessment was deter-
mined by the validated Short Portable Mental Status 
Questionnaire (SPMSQ) because previous research indi-
cated that SPMSQ can be accurately applied to people 
without formal nervous system training (16). Further-
more, Mini-Mental State Examination (MMSE) scores 
are susceptible to intelligence, education, and cerebral 
vascular accident (CVA) even if  MMSE is more sensitive 
and specific (17). And the SPMSQ has been established 
in patients with organic brain syndrome in Taiwan (18). 
There were ten validated questions on the SPMSQ, with 
score ranging from 0 to 10. Cognitive impairment was 
defined as a score of  less than 8 (6, 19).

Quality of  life.  SF-36 is a general survey of  health-
related quality of  life used worldwide (20), and includes 
questions related to physical health (Physical Compo-
nent Summary, PCS) and mental health (Mental Com-
ponent Summary, MCS) (21). There are 36 items for 
assessing physical function, vitality, and mental and 
general health (22).

Statistical analysis.  Stata version 11.0 software 
was used for data analyses. Data are presented as the 
mean6standard deviation. The logistic regression 
model was used to evaluate the influence of  cognitive 
impairment. A p value less than 0.05 was considered 
statistically significant.

RESULTS

The demographic data for the subjects are presented 
in Table 1. There was a total of  1,105 participants aged 
more than 65 y with a complete SPMSQ (73.366.0 y). 
As shown in Table 1, 85.6% of  all subjects consumed 
soy-based foods and the average SPMSQ score was 
8.961.6. Moreover, mean physical component sum-
mary (PCS) and mental component summary (MCS) 
scores were 47.0610.7 and 55.168.9, respectively.

After being adjusted for all variables, the results of  
the logistic regression model showed significant asso-
ciations between cognitive impairment and age, gender, 

education, soy-based food intake and PCS (Table 2). In 
addition, this model was adjusted for potential variables. 
As shown in Table 2, our results showed that among the  
elderly in Taiwan, age and female gender are strongly 
related to cognitive impairment (odds ratio (OR): 1.1 
and 4.43, respectively). Conversely, education, soy-

Table  1.  Demographic data for Taiwan’s elderly popula-
tion (n51,105).

Unweighted 
sample

Weighted 
percentage (%)

Age, mean6SD 73.366.0
  65–80 976 87.9
  .80 129 12.2
Gender
  Male 563 50.6
  Female 542 49.4
Education
  Elementary school 828 71.3
  .Elementary school 277 28.7
Smoking
  Never 717 66.2
  Formerly 225 20.1
  Currently 163 13.7
Drinking
  Never 736 68.9
  Moderate 254 22.1
  Heavy 115 9.0
Betel chewing
  Never 986 92.5
  Formerly 64 5.5
  Currently 55 2.1
Soybean
  None 190 14.4
  ,1 time/d 626 57.5
  1 time/d 289 28.1
Fruit
  None 90 6.8
  ,1 time/d 461 39.0
  1 time/d 554 54.2
Coffee
  None 930 81.1
  ,1 time/d 134 14.8
  1 time/d 41 4.1
Tea
  None 567 49.05
  ,1 time/d 235 20.28
  1 time/d 303 30.67
Diabetes 198 17.98
Dyslipidemia 136 13.36
Hypertension 512 44.15
Heart disease 161 13.84
Stroke 65 4.79
PCS 47.0610.7
MCS 55.168.9

SPMSQ, mean6SD 8.961.6
  Normal (8–10) 893 84.1
  Mild (6–7) 148 10.2
  Moderate (3–5) 57 5.1
  Severe (0–2) 7 0.7
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based food intake and PCS were negatively correlated 
with cognitive impairment (OR: 0.25, 0.45 and 0.97, 
respectively). Furthermore, elderly physical health may 
be less relevant to cognitive impairment.

Age, gender and educational status were important 
factors. Therefore, it was further confirmed whether 
soy-based food intake affected these factors (Table 3). 
The results showed that soy-based foods had differ-
ent effects on cognitive risk in different age groups and 
educational levels. In particular, soy-based food intake 
significantly reduced cognitive impairment from 65 to 

80 y of  age and low education level (OR 0.55 and 0.56, 
respectively).

DISCUSSION

Among the elderly, cognitive impairment is a com-
mon neurodegenerative disorder and often affects qual-
ity of  life. Age, gender, and educational level are strong 
risk factors for cognitive dysfunction (23). These results 
of  our study were consistent with a previous cohort 
study (23).

Besides the above risk factors affecting cognitive 

Table  2.  Odds ratio of  cognitive impairment in Taiwan’s elderly population.

Crude 
OR

95% CI
Adjusted 

OR

95% CI

Lower Upper Lower Upper

Age 1.10** 1.05 1.14 1.10** 1.04 1.15
Gender
  Male 1 1
  Female 5.65** 2.75 11.64 4.43** 1.75 11.26
Education
  Elementary school 1 1
  .Elementary school 0.11** 0.05 0.26 0.25** 0.12 0.51
Smoking
  Never 1 1
  Formerly 0.41* 0.17 0.97 1.28 0.53 3.09
  Currently 0.31** 0.18 0.54 0.98 0.41 2.32
Drinking
  Never 1 1
  Moderate 0.32** 0.17 0.61 0.94 0.50 1.77
  Heavy 0.46 0.16 1.30 1.43 0.40 5.04
Betel chewing
  Never 1 1
  Formerly 0.40* 0.17 0.96 0.87 0.17 4.37
  Currently 1.06 0.34 3.32 2.72 0.93 7.97
Soybean
  None 1 1
  ,1 time/d 0.54** 0.35 0.82 0.57 0.32 1.03
  1 time/d 0.48* 0.27 0.85 0.45** 0.25 0.81
Fruit
  None 1 1
  ,1 time/d 0.56* 0.33 0.95 0.58 0.32 1.04
  1 time/d 0.33** 0.19 0.58 0.59 0.30 1.16
Coffee
  None 1 1
  ,1 time/d 0.43* 0.21 0.88 0.72 0.30 1.74
  1 time/d 0.20* 0.04 0.98 0.50 0.11 2.39
Tea
  None 1 1
  ,1 time/d 0.55* 0.33 0.90 1.00 0.51 1.95
  1 time/d 0.33** 0.19 0.57 0.58 0.29 1.17
Diabetes 0.95 0.55 1.64 0.99 0.44 2.22
Dyslipidemia 1.22 0.68 2.19 1.07 0.59 1.95
Hypertension 1.33 0.88 2.01 1.27 0.73 2.22
Heart disease 1.48 0.87 2.53 1.37 0.67 2.80
Stroke 1.21 0.53 2.74 0.99 0.36 2.73
PCS 0.95** 0.93 0.97 0.97* 0.95 0.997
MCS 1.00 0.97 1.03 1.00 0.97 1.03

Adjusted for all variables.
* p,0.05, ** p,0.01.
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decline, diet also improves cognitive function in healthy 
elderly people (24). A Japanese study has demonstrated 
that the Mediterranean diet is helpful for cognitive func-
tion in Japanese elderly (25). As shown in Table 1, more 
than 80% of  Taiwanese elderly consume soy-based 
foods. Dietary soy is one of  the characteristics of  the 
Mediterranean diet.

Recent study has indicated that among soy isofla-
vones genistein and daidzein have estrogen-like effects 
which can improve premenopausal symptoms, osteopo-
rosis, cardiovascular disease, and cognitive disease (26). 
The major finding of  the present study is that cognitive 
impairment is negatively associated with consumption 
of  soy-based foods. It is confirmed that soy isoflavones 
could enhance cognitive function, particularly visual 
memory and summary cognitive function (11) via bind-
ing to an estrogen receptor. Another study indicated that 
soy isoflavones have a nonestrogenic effect to improve 
cognitive function, including antioxidation, and regu-
lation of  cerebral blood flow and the neurotransmitter 
system (27).

In 2010, Patisaul and Jefferson indicated that estro-
gen can decrease the risk of  cognitive disorders, leading 
to increased quality of  life (26). Table 2 also shows a 
negative correlation between PCS and cognitive impair-
ment. Based on these beneficial effects, our study can 
be used as a reference for making dietary recommenda-
tions for the elderly population in Taiwan.

Data for this study was from a nationwide nutritional 
survey. The advantage of  this study is that the results 
are representative of  the current situation in Taiwan. 
However, there are some limitations in terms of  research 
methods and diet. First of  all, this was a cross-sectional 
study; therefore, only a general correlation between soy-
based food consumption and cognitive function is pre-
sented. We were also unable to track or to quantify soy-
based food consumption. Secondly, further examination 

will be necessary for the verification of  MCI because the 
SPMSQ is only for general population screening.

In summary, the major finding of  the present study is 
that cognitive impairment is negatively associated with 
consumption of  soy-based foods. The result of  this study 
can be used as a reference for making dietary recom-
mendations for the elderly population.
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