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Introduction

Daily eating is one of the most basic activities and is carried
out several times a day throughout one’s life. Daily eating not
only provides the nutrients necessary for brain function but
also stimulates the senses (such as sight, smell, and taste), pro-
vides physical and mental satisfaction, and enables us to com-
municate with others through food, for example by enjoying
conversation and interaction with others. Regardless of age,
ethnicity, or cognitive function, even if a person is unable to
consume food orally and uses a gastric tube for feeding, they
can still see and smell the food and connect with the surround-

ing world.

A variety of nutritional factors are thought to be involved in
cognitive function. In Western studies, a number of dietary pat-
terns such as the Mediterranean diet, the Dietary approaches to
stop hypertention diet (DASH diet) and the Mediterranean-
DASH Intervention for Neurodegenerative Delay diet (MIND
diet), have been shown to have dementia-preventive effects.'?
However, the Japanese diet is unique among the world’s diets,
and a review of the evidence among the Japanese population is

needed.

This narrative review of longitudinal studies in Japan dis-
cusses the relationship between nutrition and the brain, evi-
dence from nutritional epidemiological studies in the Japanese
population, and best diet for the lifelong maintenance of cogni-

tive function.

In aging societies, the number of older people with cognitive decline and dementia is increas-
ing. Proper nutrition is a key factor that can help in the prevention of these age-related
impairments. This narrative review of longitudinal studies in Japan outlines the relationship
between nutrition and the brain and focuses on Japanese nutritional epidemiologic studies.
The results of Japanese cohort studies suggest that rather than a single food or nutrient, a
nutritionally balanced diet that integrates a variety of foods and nutrients can contribute to
the maintenance of brain function and be effective in preventing dementia. In addition, this
review considers a nutritional approach to reducing the severity of cognitive decline in indi-
viduals with mild cognitive impairment and dementia, and suggests lifelong strategies for the
prevention of cognitive decline. It is important that we consider the practice of eating not only
as a way to obtain nutrients, but also as an important lifestyle habit to maintain our physical
and mental health. Geriatr Gerontol Int 2022; 22: 825-831.

Keywords: cognitive dysfunction, dementia, diet, Japanese, lifestyle.

Nutrition for the brain

Nutrition and the brain have a deep relationship. Our brain
weighs approximately 1400 g. Although the brain accounts for
only approximately 2% of our body weight, it consumes a large
amount of glucose, equivalent to 20%-25% of our total daily
energy intake (Figure 1). Nutrition not only is an important energy
source for the brain, but also plays a role from metabolic and
structural perspectives.

For example, vitamin B, folic acid, calcium, zinc, and other
trace elements are important for metabolism in the brain, such as
in the regulation of neurotransmitters.®> In terms of the brain
structure, fatty acids, phospholipids and amino acids are impor-
tant elements, and they act as neurotransmitters.* Approximately
half of the dry weight of the brain is composed of lipids,” includ-
ing large amounts of phospholipids, glycolipids and cholesterol,
because the neurons and glial cells that constitute the brain have
long and complex protrusions, and cell membrane components
account for a large proportion of the brain’s composition. Among
the various fatty acids that constitute phospholipids, the brain
contains large amounts of polyunsaturated fatty acids such as
docosahexaenoic acid (DHA, C22:6n-3) and arachidonic acid
(ARA, C20:4n-6). Approximately 60% of the polyunsaturated fatty
acids within the brain are DHA, and the percentage of DHA is
higher than that of other n-3 fatty acids, such as alpha-linolenic
acid (0.2%) and eicosapentaenoic acid (EPA, C20:5n-3) (less than
0.1%). The hippocampus, which is involved in memory, is
reported to contain considerably more DHA and ARA than white
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matter.® DHA and ARA, which are also known to be essential for
nerve development, are present in large amounts in breast milk
and are added to infant formulas. Infants who suffer from a lack
of DHA and ARA subsequently show signs of immature neural
development compared with infants who do not. Reports have
shown that infants who lack DHA and ARA have reduced
information-processing capability.” In fact, patients with Alzheimer’s
disease reportedly have lower concentrations of DHA in the brain
than healthy individuals.®

The blood-brain barrier regulates the entry of substances
into the brain by restricting the entry of some substances
and allowing the entry of others. Although a limited number
of small molecules, such as sugars, amino acids and vitamins,
can pass through the blood-brain barrier, large biomolecules,
such as lipoproteins and peptides, can be transported into
the brain only selectively by receptor-mediated transport.
Receptors for various nutrients are present in the blood-
brain barrier, and their regulatory mechanisms are being
studied.®

In addition, the gut-brain axis is the relationship between
the gut and the brain mediated by the immune system, endo-
crine system and enteric nervous system after the digestion and
absorption of food.* Diet significantly modifies the composition
and function of the host’s gut microbiota. At the same time,
however, the gut microbiota determines what the host can
extract from their diet, including nutrients contributing to bio-
active signaling molecules such as neurometabolites, vitamins
and short-chain fatty acids.” Many of these molecules, such as
serotonin and gamma-aminobutyric acid, have neuroactive
functions because they can regulate nerve signals in the enteric
nervous system, thereby affecting brain function and behav-
ior.'® Large macronutrient alterations, which can result from
following Western-style diets, have been shown to induce
microbial dysbiosis, which has been linked to impaired
cognition.!!

Goémez-Pinilla conducted a review of various nutrients such as
omega-3 fatty acid, saturated fatty acid, curcumin, flavonoids,
vitamins B, D and E, choline, calcium, zinc, selenium, copper and
iron, which are thought to affect cognitive function.* Hence, it is
thought that our daily diet is closely related to the composition
and function of the brain.

Findings of overseas nutritional
epidemiological studies

Dementia onset has been linked to several factors, including
genetic and lifestyle habits and factors such as decreased physical
activity, depression, diabetes and obesity in middle age.'* More-
over, the maintenance of good lifestyle habits may reduce the risk
of cognitive decline even when genetic risk is high.'> Thus, the
maintenance of a healthy diet and good exercise habits is required
for the prevention of dementia.

A pro-oxidant, pro-inflammatory state is characteristic of aging
and age-related degenerative diseases, and it results in harmful
damage to cellular components.'* Therefore, foods and nutrients
that have an anti-inflammatory effect or antioxidants may be effec-
tive in the prevention of dementia onset. This possibility is based
on the fact that patients with Alzheimer’s disease show increased
levels of oxidative modification products in their brains and cerebro-
spinal fluid, and patients with central nervous system disease show
neuroinflammation in the brain.'>'® However, randomized compar-
ative trials in which vitamins E'7 and C were administered,'® as well
as a meta-analysis that examined the neuropsychological benefit of
n-3 polyunsaturated fatty acids in randomized double-blind placebo-
controlled studies, found that these substances did not significantly
improve cognitive function.'” Thus, there is no strong evidence to
support the use of nutritional supplements or the implementation of
dietary interventions to improve cognitive function.

The main reasons why interventional studies have failed to
produce clear evidence are as follows. (i) Our daily diet fluctuates
greatly. As a result, there is a great variation in nutrient intake,
even for the same person, which makes it difficult to identify the
effect of any specific nutrient on cognitive function. (ii) While the
implementation of nutritional supplements and dietary interven-
tions may be effective for undernourished individuals, the inter-
vention effect may be small in well-nourished individuals because
they already have sufficient nutrients to maintain cognitive function.
(iii) Because cognitive function gradually declines over time, it is diffi-
cult to assess changes in cognitive function that are attributable to a
long-term nutritional intervention. (iv) Considering that there are a
wide variety of confounding factors in the relationship between diet
and cognitive function, it is impossible to control all these factors in
a study design. Therefore, when using a study design that requires

Brain's energy source:

The brain consumes about 420 kcal of glucose
(20%—25% of total energy intake).

Brain metabolism and signaling molecules:

Gut-brain axis

Vitamin B, folic acid, calcium, zinc, and other trace elements
act as brain metabolizers and information transmitters.?

Brain structure and neurotransmitter materials:

composed of lipids.*>

60% of polyunsaturated fatty acids in the brain are DHA
DHA(C22:6n-3): 11% of total fatty acid

+ alinolenic acid (C18:3n-3) : 0.2%
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Approximately 50%-60% of the brain's dry weight is

Figure 1 Nutrition for the
brain. Nutrition and the
brain have a deep
relationship. Nutrition not
only is an important energy
source for the brain, but also
plays a role from metabolic
and structural perspectives.
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human intervention, it is difficult to observe the causal relationship
between diet and cognitive function change or the causal relationship
with respect to the onset of dementia. However, this does not mean
that dietary interventions are ineffective.

In previous longitudinal observational studies, nutrients and
dietary factors considered effective in the prevention of dementia
included fish-derived n-3 polyunsaturated fatty acids, DHA,
eicosatetraenoic acid, folic acid, vitamin E, and antioxidants such
as polyphenols and carotenoids.?® These nutrients are found in
large quantities in fish and shellfish, green and yellow vegetables,
and fruit. Several studies conducted outside of Japan have
reported that the so-called “Mediterranean diet,” which contains
an abundance of these foods, is effective in preventing cognitive
decline.?! In addition to the Mediterranean diet, the DASH diet,**
developed to prevent hypertension, and the MIND diet,* devel-
oped based on the Mediterranean and DASH diets, have also been
shown to prevent dementia (Table 1). The MIND diet was devel-
oped primarily for dementia prevention and is considered to have
strong dementia-preventive effects.’

Findings of Japanese nutritional
epidemiological studies

Compared with the diets of people worldwide, the Japanese diet
contains large amounts of fish and shellfish. Although the amount
of fat that Japanese people consume has increased in recent years,
the amount of fat in the Japanese diet remains low compared with
that in other diets worldwide.?*** The Japanese diet has a unique
pattern, with rice as the staple food, miso-soup and fish or meat
as the main dish, and vegetables as the main side dish. Healthy
diets include Mediterranean, DASH, and MIND diets, which are
considered to be more effective in preventing dementia than the
traditional “Western diet” (consisting of large amounts of red meat
and fats and small amounts of vegetables and fish).! Whether the
research findings obtained in a non-Japanese population or in a
non-Japanese context are applicable to Japanese people remains
unknown. The preferred diet for the prevention of dementia in
Japan remains unclear.

Therefore, it is necessary to obtain evidence from nutritional
epidemiological research in the Japanese population and to con-
firm the reproducibility of these findings to elucidate the nutri-
tional protective factors that prevent cognitive decline in Japan.

To discuss the nutritional epidemiological findings on diet and
cognitive function among Japanese population, this narrative
review was conducted using the following search terms in
PubMed (National Center for Biotechnology Information [NCBI]
at the US National Library of Medicine [NLM]).

Search terms: ((Japanese) AND (((dementia[Title/
Abstract]) OR (cognitive function[Title/Abstract])) AND
(((dietary pattern[Title/Abstract]) OR (diet[Title/
Abstract])) OR (nutrition[Title/Abstract])))) NOT
(cross sectional) Filters: Full text, Published until
February 19, 2022.

The original database search yielded 100 records. After
selecting Japanese cohort studies, and excluding pilot or cross-
sectional studies and studies that focused on a single nutrient or
food, the four articles shown in Table 2 met the full inclusion
criteria.**° Three cohort studies were selected because two of
the four studies were from the same cohort study.

Three representative Japanese longitudinal epidemiological
studies revealed that older Japanese people “(i) who consumed a
wide variety of foods (diverse food intake: National Institute for
Longevity Sciences-Longitudinal Study of Aging [NILS-LSA]
cohort)?®; (ii) who had high adherence to a dietary pattern that
included high intakes of beans, soybean products, vegetables, sea-
weed, milk and dairy products and low intakes of rice (the
Hisayama cohort)?’; and (iii) who followed a ‘Japanese’ dietary
pattern consisting of high intakes of fish, vegetables, mushrooms,
seaweed, pickles, soybean products, and green tea (the Ohsaki
cohort)**?%” would have a lower risk of cognitive decline or inci-
dent dementia. A recent study that conducted brain magnetic res-
onance imaging in individuals in the NILS-LSA cohort also
observed that high dietary diversity suppressed hippocampal vol-
ume loss over 2 years.*

The results of these studies suggest that rather than a single
food or nutrient, a nutritionally balanced diet that integrates a
variety of foods and nutrients contributes to the maintenance of
brain function and is effective in preventing dementia. A variety
of nutrients are required for healthy brain development and
brain function maintenance, yet it is almost impossible to deter-
mine to what degree each nutrient is required. However, as
indicated in the Dietary Reference Intakes for Japanese and die-
tary balance guidelines,“ from the current point of view, the
consumption of a balanced diet that contains a variety of desir-
able nutrients is believed to be the best strategy to avoid the risk
of undernutrition.

Prevention with a lifelong strategy

In young adulthood, it is rare for individuals to make dietary
choices with future dementia prevention in mind. However, binge
drinking and unbalanced nutrition in youth increase the risk of

Table 1 The three representative dietary patterns for dementia prevention overseas

Dietary DASH diet (Dietary approaches to Mediterranean diet*! MIND diet (Mediterranean-DASH
patterns stop hypertension diet)* intervention for neurodegenerative
delay diet)®®
Development Developed by the National Institutes Traditional food eaten by people in Based on the Mediterranean diet and
of Health (NIH) to prevent Mediterranean countries the DASH diet, developed to
hypertension prevent dementia
Characteristics ~ Recommended: Recommended: Olive oil and red Recommended: Whole grains,
Low-fat dairy products wine, whole grains and other vegetables, berries, and nuts
Restricted: unrefined grains, and fish Restricted:
Salt and alcohol Restricted: Red meat, butter, cheese, and
Dairy products and meat confectionery

Summarized based on references.?'>
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dementia in the future by increasing the risk of lifestyle-related
diseases such as diabetes, obesity and hypertension. Over-
nutrition, including obesity, is also known as a risk factor for
dementia.®?

From middle age to old age, adherence to a well-balanced diet
that includes a variety of desirable nutrients can help in the pre-
vention of cognitive decline. The “low-sodium Japanese diet™*? is
considered a good diet from the perspective of the prevention of
lifestyle-related diseases, and a highly diverse diet with a moderate
salt content will not only contribute to the prevention of lifestyle-
related diseases in young and middle age but also help in the pre-
vention of dementia in old age. In old age, excessive salt intake
should be avoided for the prevention of hypertension and stroke.
However, excessive salt reduction may cause a decrease in appe-
tite, which may lead to an increased risk of undernutrition owing
to reduced food intake, and thus flexible salt reduction guidance
is needed in old age.’!

From early to late old age, it is necessary to consciously pre-
vent undernutrition. In particular, during the period when cogni-
tive functions decline or mild cognitive impairment (MCI) is
identified, food intake may decrease owing to the decline in physi-
cal functions and activities, and the probability of suffering from
undernutrition may increase.

No exact cure for MCI exists, although it is believed that MCI
treatment requires healthy lifestyle choices that take into account
diet, physical activity, and sleep.** From a medical point of view,
the recommended diet of patients with MCI and dementia should
focus on improving undernutrition and nutritional deficiencies,
but from a social and psychological perspective, the diet can be
seen as a valuable opportunity to bring enjoyment and social
interaction to people with cognitive decline by improving their
mental wellbeing,®®

More older adults with MCI and early-stage Alzheimer’s dis-
ease than cognitively healthy participants were at risk for malnutri-
tion, and nutritional problems may be associated with individual
behavioral psychiatric symptoms of dementia.*® It is well known
that nutritional status can deteriorate as a result of many factors,
including but not limited to dysphagia, apraxia and spatial cogni-
tion impairment, a bad eating posture and concentration prob-
lems, preference changes, depression, and medication side effects.
Older people with MCI also reportedly have higher rates of under-
nutrition and experience weight loss and dietary changes before
the onset of dementia.>”*® Therefore, the prevention of undernu-
trition is a top priority. Further, medical professionals and care-
givers should realize that diet is also a way to build social
connections, provide nutritional support for patients with MCI,
and thereby improve their quality of life.>” As patients’ cognitive
function declines, their daily life rhythm may easily be disrupted.
Eating meals at a fixed time and in a familiar environment (at a
dining table and with tableware and people) as much as possible
can help patients with MCI to feel safe and is useful for helping
them obtain a daily rhythm.

Eating disturbances appear early in the onset of dementia,*
and as dementia progresses, eating behavior itself often becomes
difficult. Changes in food preferences and eating habits differ by
dementia type,*® with semantic dementia causing changes in food
preferences, followed by increased appetite and eating habits,
other oral behaviors, and finally dysphagia. In frontal variant
frontotemporal dementia, changes in eating habits and increased
appetite are the first symptoms. In Alzheimer’s disease, dysphagia
develops relatively early, but the pattern is unclear.”! The preva-
lence of dysphagia in older ages ranges from 7% to 22%, with a
reported dramatic increase to 40% to 50% in older residents in
long-term care facilities.** Dehydration, malnutrition, weight loss,
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and aspiration pneumonia can occur as a result of dysphagia in
older adults, neurologically ill patients, and patients with demen-
tia. Caregivers could help their patients in many ways throughout
the dementia disease process to optimize food intake, increase
safety during meals, minimize the risk of aspiration, and enhance
mealtimes.**™** Because dementia is mostly a progressive disease,
the focus should extend from cure to care, and should include
assistance and support, rather than emphasizing training and
functional recovery. It is necessary to correct the posture to make
it easier for the patient to eat, minimize distractions, and ensure
that the patient can eat safely, depending on an individual
patient’s condition. In addition, during this period, the burden on
caregivers is also expected to increase. Therefore, it is necessary to
provide dietary support that considers not only the patient’s con-
dition and living environment but also the caregiver’s own eating
habits and living environment.

Summary: Daily diet for cognitive function

During the coronavirus disease 2019 pandemic, people with cog-
nitive decline, those who lived alone, those who were frail, and
especially older people who had two or more of the above condi-
tions, were greatly affected, particularly in terms of dietary habits,
and their nutritional status may have deteriorated.*®

Our lives are maintained through the nourishment obtained
from the food in our daily diets. Although the level of our cogni-
tive and physical functions may vary, it is important that we con-
sider the practice of eating not only as a way to obtain nutrients,
but also as an important lifestyle habit to maintain our physical
and mental health. Even if it is difficult to pay attention to every
meal, a good strategy to prevent cognitive decline and dementia is
to take small steps to improve and support people and ourselves
in our daily situations.
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