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Abstract: The nutritional components of brown rice have been reported to be effective against
diabetes mellitus. Recent animal studies have suggested that it is also effective in maintaining
cognitive function. Therefore, in this study, we examined the effect of a brown rice diet on cognitive
function in individuals aged over 60 years. The study participants were recruited from a pool of
individuals aged >60 years who were using elderly care facilities. The participants were provided
with four servings of brown or white rice per week for 6 months, and their cognitive function was
measured before and after the intervention period. Prior to the intervention, participants tasted the
white and brown rice to determine which type they would like to be offered over the 6-month period.
Since rice is the staple food of the participants in this study, they were allowed to decide whether
they wanted to eat white or brown rice.

Keywords: brown rice; cognitive function; elderly; Japanese

1. Introduction

Rice is commonly consumed as a staple food by approximately 60% of the world’s
population [1]. Rice is cultivated in more than 100 countries, with Asia accounting for
approximately 90% of the world’s total production and consumption [2]. Rice also plays a
major role in global food security because it is the staple food for over half of the world’s
population [2]. It could be said that Asia, with more than half of the world’s population and
one-third of global poverty, is the center of global food security [3]. Therefore, especially in
Asia, attention should be paid not only to the amount but also to the nutrients of rice.

Rice is an excellent source of magnesium, phosphorus, manganese, selenium, iron,
folic acid, thiamine, and niacin, and nutrients vary depending on varieties, cultivation
methods, and processing methods [4,5]. Rice is classified as white or brown depending
on the post-harvest processing, and brown rice is specifically considered to be rich in
nutrients with health benefits, and the benefits of each nutrient have been studied. In
experiments with mice, gamma oryzanol (GORZ), a nutrient found only in brown rice
that enhances insulin secretion and inhibits glucagon hypersecretion, benefitted those with
diabetes [6], improved obesity due to high lipid intake [7] and islet dysfunction associated
with lipotoxicity [8], and mitigated animal fat overconsumption by reducing endoplasmic
reticulum (ER) stress in the hypothalamus [9]. Therefore, GORZ in brown rice is considered
to be effective in alleviating the symptoms of diabetes and obesity in humans [10]. In
support, in studies of humans, the benefits of brown rice on diabetes [11], obesity [12],
and cardiovascular disease [13] were reported, which were consistent with predictions
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from studies that focused on the specific nutrients found in brown rice. Brown rice is also
known for its high phenolic content that promotes human health by reducing oxidative
damage, such as phenolic acids and flavonoids [14]. Higher intake of phenolic acids and
flavonoids has been associated with cognitive status and function in observational studies
of humans [15-20]. Specifically, among phenolic acids, ferulic acid, though also found
in cereals other than brown rice, is abundantly present in brown rice, and there have
been numerous studies on its benefits (see review [1]). Ferulic acid has been shown to
have anti-inflammatory [21], antioxidant [22], and anti-diabetic [23] effects and inhibit the
accumulation of amyloid-{ in the brain [24] in laboratory animal studies. On the other
hand, white rice is not a healthy food compared to brown rice because it does not contain
bioactive compounds such as minerals and vitamins due to milling and blood sugar level
rises quickly after eating. Nevertheless, white rice is consumed more than brown rice
because of its ease of cooking and eating [25].

Dietary habits linked to diabetes and obesity are considered to be risk factors for
dementia, and the link between dietary habits and dementia has been actively discussed
(see review [26]). In recent years, a large cohort study by the UK Biobank suggested
that even if people carry genes resulting in high risk factors for dementia, their risk for
dementia may be reduced if their diet does not lead to diabetes or obesity [27]. In other
words, diet may be important for the prevention of dementia, either indirectly or even
directly. Therefore, the present study was designed to investigate the effect of brown rice
consumption on the maintenance of cognitive function in the elderly. For that purpose,
there is a study on laboratory animals that we should refer to. In mice from the senescence-
accelerated mice prone 8 (SAMPS8) line, powdered brown rice mixed with a normal diet
for 2 months has been shown to reduce the decline in working memory compared to the
SAMPS8 mice that were fed a diet of white rice powder [28].

On one hand, at the time of writing this manuscript, there were no active intervention
studies on human subjects on cognitive ability, except for a few studies [29,30]. For instance,
in the study by Uenobe et al. (2019), elderly people living in an elderly welfare facility
were divided into two groups, and brown rice or white rice was ingested three meals a
day for six months. As a result, brown rice intake improved cognitive function in subjects
with low cognitive function at the baseline, suggesting that long-term brown rice intake
may help prevent cognitive decline in the elderly [29]. However, since the total number of
participants was only 31 and there was only one evaluation scale used for the experiment
(Hasegawa Dementia Scale), we thought it is worth testing whether the results could
be reproduced when the number of people was increased and another test method was
used. Furthermore, given that improvement was seen only in subjects with low cognitive
function, we thought it would be valuable to examine how effective it is for elderly people
whose cognitive function is maintained at a certain level.

There are also some studies that show white rice is more negatively related to human
health than brown rice [31-33]. For instance, in an intervention experiment by Saika
and Yonei (2021), companies that had newly introduced the brown rice diet decreased
medical expenses by 39-40%, indicating that the ingestion of brown rice improved health
conditions, decreased disease incident rates, and consequently reduced public medical
care expenditures [31]. However, there are also inconsistent reports. A study of Japanese
people aged 70 and over found that there was no correlation between a rice-based diet
and cognitive function [34]. Moreover, a study of Japanese middle-aged and elderly
individuals has shown that a diet centered on rice leads to improved health indicators [35].
These suggest that the nutritional deficiency of white rice can be supplemented by taking
nutritious side dishes together, and it is expected that the effect is even greater if nutritious
brown rice is ingested in exchange for white rice.

Therefore, in this study, we aimed to clarify the changes in the cognitive function
of healthy elderly people by the intake of brown rice, hypothesizing that the brown rice,
which contains a large amount of phenolic content and fiber content, helped maintain a
higher level of cognitive function than the white rice. The reason for focusing on rice is that
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it has a great impact on society as it accounts for 20% of the total calorie intake in the world
as a staple food [36]. In other words, if the effect of ingesting brown rice, which has more
nutrients than white rice, on cognitive function can be clarified, it will promote the spread
of dishes centered on brown rice, and will contribute to the health of elderly people around
the world, especially those who live in Asia and eat rice as their staple food. However,
one of the difficulties associated with the long-term consumption of brown rice diets is the
difficulty in digestion [25]. Therefore, in this intervention study, we decided to use brown
rice with the outermost wax layer removed. The intervention period was set at 6 months,
with measurements of cognitive and psychological functioning primarily conducted before
and after the intervention. To control for the effect of nutrient balance from elements other
than brown or white rice, we decided to recruit elderly individuals in aged care facilities
and elderly day-care facilities where a menu prepared by a dietician was provided.

2. Methods and Analysis
2.1. Study Design and Objectives

The study was a non-randomized controlled trial; it had a between-subjects design that
compared cognitive function before and after the intervention in a group of older adults
who consumed brown rice and a group of older adults who consumed white rice, both at
four servings per week over a 6-month period. The purpose of this study was to investigate
whether long-term consumption of brown rice was more likely to preserve cognitive
function than long-term consumption of white rice. Cognitive functioning was assessed
using the examination tools of mental state, frontal lobe functioning, daily conversation,
and creativity, etc.

2.2. Criteria for Inclusion/Exclusion

Participants were recruited from a pool of individuals aged >60 years in homes
for the elderly and in day-care facilities for the elderly in Japan. Amongst the criteria
for participation was the absence of dementia, and written consent was obtained from
each participant. In addition, participants had to agree to consume one meal of brown
or white rice 4 days a week for 6 months during the study period. Three exclusion
criteria were established: (1) participants with scores less than 23 on the Mini-Mental State
Examination (MMSE) [37] (suspicion of dementia and Alzheimer’s disease); (2) participants
with severe visual or hearing impairments; and (3) participants who had consumed brown
rice continuously during the year before the study. On the other hand, people with
chronic diseases and /or abnormal weight were not excluded, and these data were used as
covariates in the analysis. Although it was not clear whether these covariates eliminate all
the complicated effects that can have on the relationship between rice intake and cognitive
function, we took larger inclusion criteria following the previous brown/white rice [29,30]
and other dietary [38,39] intervention studies of elderly subjects to measure the effect on
the diverse population who ingest rice as a staple food.

2.3. Rice Used for the Intervention

Brown rice with the wax layer removed and white rice milled from brown rice of the
same origin and variety in Japan were used in this study. The rice used in this study was
cultivated by “conventional cultivation”, a commonly used cultivation method that uses
ordinary amounts of pesticides and fertilizers, for both brown and white rice. In this study,
because we focus on the difference in the effect of brown and white rice, and because the
cultivation method is known to affect the nutrients of rice [4,5], we adopted a very general
cultivation method. The nutritional composition of each rice sample is presented in Table 1.
The nutrient analysis was conducted by Japan Food Research Laboratories.



Methods Protoc. 2021, 4,78 40f 10

Table 1. Nutritional composition of white rice, wax-cut brown rice, and brown rice.

White Rice Wax-Cu.t Brown Rice Method
Brown Rice
Protein (g) 1 5.1 5.8 6.1 Combustion method
Lipids (g) 0.8 2.6 29 Acid decomposition method
Ash (g) 0.3 1.1 1.2 Direct ashing method
Carbohydrate (g) 2 78.5 75.3 74.8
Vitamin B1 (mg) E 0.09 0.39 0.44 High performance liquid chromatography
Vitamin B2 (mg) 0.01 0.03 0.03 High performance liquid chromatography
Vitamin B6 (mg) 4 0.058 0.410 0.517 Microbioassay
Folic acid (pg) 5 18 30 29 Microbioassay
Soluble fiber (g) - 0.2 0.2 Enzymatic-gravimetric method
Insoluble fiber (g) 0.3 2.3 2.5 Enzymatic-gravimetric method
Monounsaturated fatty acid (g) 0.14 0.76 0.90 Gas chromatography
Polyunsaturated fatty acid (g) 0.25 0.81 0.87 Gas chromatography
Oryzanol (mg) 1.2 30.1 414 High performance liquid chromatography
Ferulic acid (mg) 8.1 39 50 High performance liquid chromatography

Note(s): The number is the content per 100 g, calculated by Japan Food Research Laboratories. 1 Nitrogen/protein conversion factor: 5.95; 2
Calculation formula: 100 — (water + protein + lipid + ash); 3 As thiamine acidate;  Strain used: Saccharomyces cerevisiae (S. uvarum) ATCC
9080; 5 Strain used: Lactobacillus rhamnosus (L. casei) ATCC 7469.

3. Protocol

The flow chart of this study is shown in Figure 1. The purpose and design of the
study were explained to the participants, and their written consent was obtained. The
participants were then asked to taste the low-cut brown rice and choose whether they
wanted to follow the 6-month white or brown rice intervention.

| Recruitment (n =) I Excluded (n =)
i * Not meeting inclusion criteria (n =)
Brown rice tasting * Declined to participate (n =)

and group selection

| Screening with MMSE |
Excluded (n=)
l i l " - Less than 23 points on the MMSE
White rice group (n=) Brown rice group (n=)
Received pre test Received pre test
! |
Discontinued intervention Discontinued intervention
(n=) (n=)
I !
‘ Received post test (n=) ‘ ‘ Received post test (n =)
l !

Analysis (n=)
Excluded from analysis (n =)

Figure 1. Flowchart of the brown rice intervention study.

The participants were then subjected to MMSE [37] testing, and participants with a
score below 23 were excluded from the study. Participants with an MMSE score of 23 or
higher underwent the Frontal Assessment Battery (FAB) [40] and S-A Creativity Test [41]
to assess their cognitive functions. In addition, regarding mental health, the participants
completed the General Health Questionnaire 12 (GHQ12) [42] and the visual analog scale
questionnaire on current well-being, health, and sleep. Finally, the participant’s fingertip
volume pulse wave was recorded in an autonomic test. A staff member who frequently
spoke with the participants in the facility was asked to respond to the Conversational
Assessment of Neurocognitive Dysfunction (CANDYy) [43] to assess the participants’ daily
conversation skills. Thereafter, the intervention with the participants by providing the
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designated brown or white rice was commenced. After 6 months, we performed the same
tests as described above. At the end of the study, the participants in the white rice group
were asked if they wanted to eat brown rice, and those who agreed were provided with the
same amount of brown rice as the brown rice group for 6 months.

4. Measurement Items
4.1. Mini-Mental State Examination (MMSE)

The MMSE [37] is a 30-point test that assesses the overall cognitive function in the
elderly; scores lower than 23 indicate suspected dementia and, together with other test
results, medical doctors confirm the diagnosis of dementia. The higher the score, the higher
the cognitive function. The test was conducted by a tester in person.

4.2. Frontal Assessment Battery (FAB)

The FAB [40] is an 18-point test that measures executive function, i.e., the cognitive
function of the frontal lobe, measured by a tester in a face-to-face manner. The higher the
score, the higher the cognitive function. The test was also conducted by a tester in person.

4.3. S-A Creativity Test

The S-A Creativity Test [41] measures the creativity of how many responses one can
give to six open questions. The first two questions asked the participants to answer what
an object could be used for, other than general use (e.g., “How do you use a milk bottle?”).
The next two questions asked the participants to imagine how a product that exists today
will be used in the future (e.g., “What kind of shoes will be used in the future?”). The last
two questions were about what would happen if an improbable event occurred (e.g., “What
would happen if every human face on Earth was the same?”). Since the writing speed
was likely to vary among participants, a tester asked them to answer orally and recorded
participants’ responses. For scoring, the scores for the number of responses were added.

4.4. Conversational Assessment of Neurocognitive Dysfunction (CANDy)

CANDy [43] is a 15-question scale based on which others rate the characteristics of
the daily conversation of the elderly with dementia. This scale has a maximum score of
30 points, with high scores indicating the presence of a variety of conversational features.
This score is known to negatively correlate with MMSE scores. Grading was conducted by
the staff of the elderly facilities.

4.5. General Health Questionnaire 12 (GHQ12)

The GHQ12 [42] is a questionnaire that measures the mental health on a 12-point
scale, with high scores indicating poor mental health. The participants completed the
questionnaires themselves.

4.6. Visual Analog Scale (VAS) on Happiness, Health, and Sleep

The participants were asked to respond to questions about happiness, health, and
sleep on the 100-point VAS. The participants completed the questionnaires themselves.

4.7. Fingertip Volume Pulse Wave

The fingertip volume pulse wave was measured for 5 min using PowerLab (ADInstru-
ments, Dunedin, New Zealand) with a pulse transducer wrapped around the finger. The
measurement was conducted by a tester in person.

4.8. Questionnaire on Specific Health Examination (QSHE) and Dietary Variety Score (DVS)

Previous studies have shown that some diseases [44—46], overweight [47], physical
activities [48-50], sleep [51], dietary contents [52,53], supplementation [54], smoking [55],
alcohol [56,57] and caffeine [58] consumption, and others [59,60] have a relationship with
the cognitive abilities of elderly people. Therefore, information of participants’ past medi-
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cal/psychiatric history, healthy practices, dietary content other than white and brown rice,
etc. was obtained from the person in charge of the facility. For the past medical/psychiatric
history and healthy practices including exercise, sleep, drinking, smoking, medicine, etc.,
we used the questionnaire on specific health examination (QSHE) [61]. QSHE is commonly
used in examinations aimed at preventing lifestyle-related diseases and metabolic syn-
drome in Japan. For the dietary content, we used the questionnaire of dietary variety
score (DVS) developed by Kumagai et al. [62]. The DVS is a food-based composite score
that is determined by calculating consumption frequencies for 10 food groups, namely,
meat, fish/shellfish, eggs, milk, soybean products, green/yellow vegetables, potatoes, fruit,
seaweed, and fats/oils, which as a whole constitute a large part of Japanese daily main and
side dishes. A score of 1 was given if a food item was consumed every day, otherwise the
score was zero. In addition to these, we requested the submission of medical certificates
for study participants.

The information obtained from these questionnaires and medical certificates was
treated as covariates to control for the effects of past medical/psychiatric history, healthy
practices, foods, etc. on cognitive function. Furthermore, there were no particular restric-
tions on the amount that cannot be measured by these questionnaires, such as the amount
of rice, dietary fiber, and polyphenols ingested to prevent the stress felt by the participants
by setting restrictions from affecting the research results. In exchange, the related infor-
mation was obtained from the person in charge of the facility and used as the covariate
during analysis. Since the facilities participating in the current study keep a record of the
daily meals of the study participants, there is an advantage that such information can be
obtained relatively easily. Another strength of this study is that it is unlikely that major
nutritional differences will occur among the study participants in a facility because they
are served meals using a common menu.

5. Sample Size

This study included 76 participants (38 in the brown rice group and 38 in the white
rice group). Setting the significance level (x) at 5%, the effect size at 0.6, and the test power
(1 — B) at 80%, which are all the “moderate” levels according to Cohen [63], the number
of people needed was 34 each for brown and white rice. Assuming a 10% drop rate, we
determined that 76 recruits would be needed. However, in this study, the participants chose
brown or white rice, so bias may have occurred in the number of people between groups.
If a bias occurred, additional recruitment was conducted so that the number difference
between the two groups was less than twice as large to prevent the loss of normality in
the data.

6. Statistical Considerations

We planned to conduct a two-factor analysis of variance between the type of rice
(brown rice and white rice) consumed and intervention (before and after) to examine
the relationship between cognitive function and scores of each measurement item in the
brown rice and white rice groups. In addition, we planned to conduct an exploratory
analysis using path analysis to investigate the relationship between each measurement
item. However, if there was a statistically significant bias in the MMSE scores between the
brown rice and white rice groups at the pretest, we would have considered conducting an
analysis of covariance with pre-and post-intervention differential scores for each measure as
the dependent variable and with pre-intervention MMSE scores, sex, and age as adjustment
factors. Furthermore, considering that the current research is a non-randomized controlled
study, we planned to use the information of participants’” past medical/psychiatric history,
healthy practices, dietary content other than white and brown rice, etc. as confounding
factors in the analysis.
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7. Discussions

In this intervention study, we planned to clarify the change in cognitive function,
measured by several questionnaires, of the elderly by ingesting brown rice. From the results
of previous studies using several types of foods including brown rice, we hypothesized
that the brown rice, which contains a large amount of phenolic content and fiber content,
helped maintain a higher level of cognitive function than the white rice. Normally, a
random selection design is used for the intervention studies. However, it was not chosen
for this study because there was no placebo material for brown rice, as the participants
could easily distinguish between white and brown rice visually. In addition, considering
that eating is the main activity in the daily lives of elderly people’s home residents and
that rice is a staple food for Japanese people, we allowed the participants to choose their
own rice diet. We assumed that this would prevent the loss of motivation that comes from
being forced to be assigned to a group they did not want to be in or dropping out because
their food preferences were not met. We believed that if this study could detect a cognitive
maintenance effect of brown rice, it would be beneficial to examine it more closely in a
future study using a randomized sampling design. Therefore, it is important to discuss the
ethical considerations of staple food interventions in the future. Furthermore, considering
that the intervention period of the current study is only 6 months and that the intervention
method is based on only two groups of brown and white rice, in future studies, it may
be worth lengthening the intervention period to measure the persistence of the effect and
diversifying the food pattern to measure the synergistic effect of various nutritions.
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