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p=0.032) with a 1-SD increase in cereal intake. After
adjusting for education and other confounding variables
(model 3), the OR for a decrease in MMSE score did not
reach statistical significance for this variable. On the other
hand, in men, after adjusting for age and follow-up
period, the adjusted OR for a decline in MMSE score was
0.83 (95% CI, 0.69-0.99; p=0.041) with a 1-SD increase in
green yellow vegetable intake. Though, after adjusting for
education and other confounding variables (model 3), no
significant association of each food intake with MMSE
score decline was observed in men.

In women, multivariate adjusted OR (model 3) for a
decline in MMSE score was 1.43 (95% CI, 1.15-1.77;
p=0.001) with a 1-SD increase in cereal intake and 0.80
(95% CI, 0.65-0.98; p=0.034) with a 1-SD increase in milk
and dairy product intake. The OR for a decrease in
MMSE score in model 3 did not reach statistical
significance for any other food variable.

Discussion

This study provides longitudinal evidence that
increases in cereal intake and decreases in dairy producis
reduce the risk of cognitive decline in community-
dwelling Japanese females aged 60 years and older. This
association remained after controlling for baseline MMSE
score and other variables. This is the first study to
examine the association between food intake amounts
calculated by dietary records and cognitive decline
among Japanese subjects.

In Korean older adults, a “white rice only” dietary
pattern was positively associated with the risk of
cognitive impairment as assessed by the Korean version
of the MMSE (15). In the general Japanese population,
dietary patterns characterized by a low intake of rice and
a high intake of soybeans, vegetables, algae, and milk and
dairy products were reported to be associated with
reduced risk of dementia (9). Although the previous
study examined dietary patterns instead of specific food
intake, these findings may support our results. On the
other hand, in a US study, bread and cereal intake were
inversely associated with cognitive impairment (16). No
other Western studies focused on cereal intake and
cognitive impairment. The biological mechanisms
through which higher cereal intake exerts adverse effects
on cognition may be due to their impact on metabolic
abnormalities such as dyslipidemia or hyperglycemia.
Song et al. reported that a high-carbohydrate diet was
associated with dyslipidemia among adults from the
Korea National Health and Nutrition Examination
Survey (17). High-carbohydrate diets are also linked to
hyperglycemia through an increase in blood glucose
levels (18). Metabolic abnormalities, including type 2
diabetes, dyslipidemia, and obesity, are associated with
declines in cognitive performance in non-demented
populations (19). Higher cereal intake could be a risk

factor for cognitive decline through its resulting
metabolic abnormalities.

We conducted 3-day dietary records and were able to
analyze the effect of each cereal intake (rice, bread,
Chinese instant noodles, Japanese wheat noodles (Udon
and Hiyamugi), Japanese buckwheat noodles (Soba), or
Italian noodles, etc.) on the risk of cognitive decline in
sub-analyses. In the multivariate adjusted GEE model,
higher wheat noodle intake (1 SD: 46 g/day increase)
increased the risk of cognitive decline in women (OR,
1.25; p=0.04). Rice intake did not significantly increase the
risk of cognitive decline (OR, 1.18; p=0.14). Therefore, our
study indicates that wheat noodles, but not rice intake,
could be a risk factor for cognitive decline. In Japanese
meals, wheat noodles are eaten less often than rice with
other dishes, and this result might mean that easily
cooked cereal foods could be a risk factor of cognitive
decline.

Milk and dairy products contain nutrients such as
calcium and vitamins A, B2, and B12, as well as high-
quality proteins and fats. Milk and dairy products or
calcium intake may be a protective factor for metabolic
syndrome among Japanese (20, 21). As for cognitive
function, according to a study based on data from the US
National Health and Nutrition Examination Survey
(NHANES), a significant positive correlation was found
between the intake of dairy products in a group of elderly
individuals {aged =60 years) and cognitive function (5).
Another study of local elderly residents of the state of
Alabama (United States) reported that, of the various
dairy products, the more cheese that was eaten, the lower
the risk for cognitive impairment (16). The above-
mentioned Japanese study also found that elderly
individuals who adhered to a dietary pattern high in
dairy products, legumes, vegetables, and algae had a low
incidence of developing dementia later in life (9). Milk
and dairy products are thought to have favorable effects
on cognition through reducing metabolic risk and
vascular factors linked to detrimental brain changes,
particularly via weight reduction (22). In this study,
females with a 1-SD (128 g/day) increase in milk and
dairy food intake decreased the risk of cognitive decline
by 20%, indicating that a half cup of milk (100 ml) may be
a protective factor against cognitive decline among
Japanese.

Beans and non-green yellow vegetables did not reach
statistical significance, though their intake in women was
negatively associated with cognitive decline.
Neuroprotective effects of phytoestrogen compounds
(found in soy) (23) and anti-oxidant effects (2) in
vegetables could also be a protective factor against
cognitive decline.

To clarify whether cereal or milk and dairy products
are more protective against cognitive decline we adjusted
all food groups in a multivariate adjusted GEE model. As
a result, only cereal intake in women was positively
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associated with cognitive decline (OR, 1.63; 95% CI, 1.21-
2.18; p=0.001). This result means that groups with lower
intake of milk and dairy products eat more cereal; that is,
the intake amount of cereal affects the intake amount of
other foods. Therefore, it could be recommended to
reduce cereal intake and increase intake of other foods
including milk and dairy products, beans, and non-green
yellow vegetables to prevent cognitive decline, especially
among females with high cereal intake.

In this study, after adjusting for age and follow-up
time, intake of green yellow vegetables was negatively
associated with cognitive decline in men (Table 3, model
1); however, the statistically significant association
disappeared after adjustment for other confounding
variables. This result means the effect of confounding
variables rather than each food intake on cognitive
decline was strong in male subjects. Male mice were
reported to be more vulnerable than female mice to the
impact of a high-fat diet on metabolic alterations, deficits
of learning, and hippocampal synaptic plasticity (24). The
precise mechanisms for these findings are not clear,
although the inclusion of male participants might be
more valuable than female participants for understanding
the impact of daily diet on metabolic abnormalities. The
other reason for sex differences in our study is that there
might be confounding variables that we did not adjust
for. The risk of mild cognitive impairment varied by age
and sex in the Sydney Memory and Ageing Study (25).
That study also reported sex differences in terms of
cognitive lifestyle in the elderly, as female participants
had more active current lifestyles (26).

The other reason for the lack of statistically positive
correlations among male subjects might depend on the
validity of the dietary assessment. We assessed
nutritional intake using 3-day dietary records with
photographs. Although the 3-day dietary record is one of
the best ways to assess individual food intake (14), it is
difficult for men to do this. More than half of the male
participants in this study asked a wife, child, or daughter-
in-law to record their dietary intake. Therefore, the
validity of dietary records could be lower among
Japanese male subjects.

Several limitations to the present study warrant
. consideration. First, we assessed dietary factors from one
nutritional assessment at baseline. Food intake is easily
changeable and affected by various factors with aging
(27, 28), though we could not consider these variations
during the follow-up period. Second, we used only one
MMSE cut-off score of <27 (sensitivity and specificity,
0.78) because it has been shown to be better for detecting
cognitive dysfunction compared to the value of <23
(sensitivity, 0.66; specificity, 0.99) among older subjects
with a college education (13). On the basis of this
limitation, we used the other cut-off score of 26/27
(sensitivity, 0.69; specificity, 0.91) (13) in a sub-analysis
after controlling for baseline MMSE score and other
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variables. Significant associations were observed between
cereal or bean intake and cognitive decline in women (OR
of 1 SD cereal intake: 1.46, p=0.004; OR of 1 SD beans
intake: 0.79, p=0.049). Milk and dairy products had no
significant association with cognitive decline in women
(OR of 1 SD intake: 0.79, p=0.065).

The main strengths of the present study are as follows:
1) the longitudinal design of our analyses lends strength
to our inferences; the inclusion of the same individuals
who were followed over 10 years (mean: 8.1 years)
provides evidence of a causal association between food
intake and cognitive decline; 2) the use of an older sample
of randomly selected age- and sex-stratified non-
institutionalized individuals from the community; the
results are therefore applicable to non-institutionalized
Japanese elderly; and 3) the use of the intake amount of
each food assessed by 3-day dietary records with
photographs helps determine how the amount of a
specific food decreases/increases the risk of cognitive
decline in community-dwelling Japanese.

Conclusions

In conclusion, the findings of this study indicate a 1-5D
(108 g/day) decrease in cereal intake and a 1-SD (128
g/day) increase in milk and dairy products may have an
influence of cognitive decline in community-dwelling
Japanese women aged 60 years and older. Further studies
are needed in order to explore the potential causal
relationship.
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