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Food intake factors related to weight loss and weight gain

in the working population

Introduction

1.1 International trends in obesity and food intake

According to a report by the World Health Organization (WHO), the number of obese
individuals has tripled worldwide since 1975, reaching around 1.9 billion in 2018.V
Obesity is typically accompanied by hypertension, and stroke and heart disease account
for half of all deaths globally. One-third of these deaths are reportedly caused by
hypertension. Obesity and other lifestyle-related diseases are reported to be associated
with diet.”) A 2003 report by the WHO? identified the excessive consumption of
high-calorie foods, saturated fatty acids, beverages with added sugar, and other foods as
factors responsible for the worldwide increase in obesity. Conversely, the report also
identified the consumption of foods high in dietary fiber, fruit, and vegetable as factors
that reduce obesity. A recent WHO report recommended increasing the consumption of
whole grains, beans, and nuts, in addition to consuming more fruits and vegetable and

restricting the intake of energy from fats and sugars.”

Recommendations for increasing the intake of vegetable and whole grains are presented
in every country’s dietary guidelines. In recent years, in addition to recommending the
consumption of vegetable and fruits, the United States government’s guidelines also
recommend that whole grains make up at least half of all of the cereal grains

consumed.?



1.2 Domestic trends in obesity and food intake

The number of obese individuals in Japan (those with a body mass index [BMI] of 25 or
higher) has recently increased and now makes up approximately 30% of the population.
Trends over the past 10 years have plateaued, but the percentage of obese people was
found to have increased more in 2016 than it did in 2015. Obesity is particularly
common among men aged 40-60 years, and it is important to prevent obesity and
metabolic syndrome among the working generation. Furthermore, in terms of nutrient
intake, 40% of men and 50% of women in this age group have a fat-to-energy ratio in
excess of 25%. In Japan, people of working age also have other problems, including the
lowest vegetable intake found in the population. The diet of the Japanese working
population is therefore a major problem. According to a 2007 investigation of the food
intake and eating behavior of employees of a food manufacturing company with a
factory in the Kanto region, the mean vegetable intake among these workers was 154
g/day for men and 178 g/day for women.® This falls far short of the target intake of 350
g/day recommended in Health Japan 21. Knowledge about the appropriate consumption

of vegetable (350 g/day) was also found to be lacking.®

A study examining the relationship between vegetable consumption and lifestyle-related
diseases suggested that those with a high consumption of vegetable had a lower
incidence of hypertension than did those with a low consumption of vegetable.”
Furthermore, increasing one’s daily vegetable consumption (cruciferous vegetable or
green leafy vegetable) by about one serving has been reported to be associated with a

reduced risk of ischemic stroke.®’ Furthermore, according to a 2010 meta-analysis, the



consumption of green leafy vegetable can prevent type 2 diabetes.” Despite multiple
studies reporting similar evidence, the mean vegetable intake of the entire Japanese
population remains inadequate.” Therefore, dietary support and preventive measures for

lifestyle-related diseases are urgently needed, especially in the working population.

The 2016 Japanese guidelines for healthy dietary habits'® recommend consuming fruits
and vegetable in combination with other foods. However, the advice with regard to
cereals is limited to the phrase “Eat enough grains such as rice and other cereals,” and
cereals with different degrees of refinement are not currently specifically distinguished.

11)

However, according to recent studies,™ people in Japan need to increase their intake of

vegetable and whole grains to approach the recommended consumption levels.

1.3 Dietary intake factors related to weight gain

In response to these circumstances, specific medical checkups and health guidance
began in April 2008 for adults aged 40 years or older to whom the concept of metabolic
syndrome had been introduced.®*® This year will mark 10 years since the launch of
these measures, and awareness and interest have grown in this time. An established
standard questionnaire form*® is used during the specific checkups to aid in the
prevention and improvement of metabolic syndrome. During the checkups, the 22
questions on this form™ can assist in assessing an individual’s risk of developing bad
lifestyle habits. The questions are sufficiently targeted for use in offering advice on the
prevention of obesity and metabolic syndrome, future diet choices, and other lifestyle
habits. One of these question asks about “any weight changes of at least + 3 kg in the

past year.”™ Understanding weight gain of 3 kg or more over one year and the food



intake factors contributing to this situation could provide meaningful evidence to use
when offering health guidance and dietary support and when setting assessment and
behavioral goals following an individual’s checkup. However, to the best of my
knowledge, there is little evidence of a verified relationship between a one-year weight

gain of > 3 kg and food intake.

1.4 Purpose of this study
The present study aimed to investigate food intake factors related to a weight gain of 3
kg or more in one year in the working population to build evidence for the effective

promotion of future health guidance, dietary support, and nutritional education.

The first chapter of this thesis, “Cohort study examining the association between
vegetable consumption and weight gain in a single year among Japanese employees at a
manufacturing company,” describes an investigation of the risk of a one-year weight
gain of at least 3 kg among individuals from the working population by vegetable
consumption quartile. This chapter examines the risk that weight will increase by 3 kg

or more in one year, with an emphasis on vegetable consumption as a food intake factor.

The second chapter, “Relationship between rice consumption and weight gain in
Japanese workers: white versus brown rice/multigrain rice,” details an investigation into
the risk of a weight gain of 3 kg or more occurring in one year, based on differences in
the consumption of milled rice, including brown rice and multigrain rice, as a food
intake factor. “Cooked rice,” which is a staple for most Japanese people, is a major

source of carbohydrates and is highly likely to be consumed several times a day, almost



every day, in Japan. The amount of energy associated with the intake volume of cooked
rice also accounts for a major proportion of a person’s daily energy ratio. The generally
recommended carbohydrate energy ratio is between 50% and 60%,® which means that
the amount of energy obtained from rice accounts for the largest proportion of a
person’s daily energy ratio. This led to the hypothesis that the amount of rice consumed
iIs a major factor contributing to body weight fluctuations. Rice consumption was
therefore divided into three categories based on differences in the quantity of the rice to

investigate the degree of risk that weight will increase.

1.5 Study design and population

This study was a one-year cohort study of male and female Japanese employees aged
19-60 years at the time of a 2007 health check (the start of the study period). The target
company was a food manufacturing company in Musashino City, Tokyo, with 1,250
employees. Of these workers, 815 participants were recruited in June 2007, and 843
participants were followed up in June 2008. | limited my analysis to participants who
received annual health checkups and completed the questionnaires in both years.
Information for the study was sent by interoffice mail before the annual health check in
both years, and consent forms were collected from the participants using
self-administered questionnaires. These questionnaire forms were collected at the
annual health checkups. Responses were received from 88% of the participants in 2007
and from 84% of the participants in 2008. Three investigators independently checked
each survey for missing data and then solicited the information necessary to complete
the questionnaires. Again, the present analyses included those participants who

responded in both 2007 and 2008 (n = 478).



Chapter 1.
Cohort study examining the association between vegetable consumption and
weight gain in a single year among Japanese employees at a manufacturing

company

1.1 Background

The Japanese National Health and Nutrition Examination Survey reported that 31.7%
of Japanese adult men (aged 20—69 years) were overweight or obese.” Overweight and
obesity increase the risk of hypertension, type 2 diabetes, and other metabolic disorders.
Many health insurance associations and clinics have recently implemented health
guidance issued by Japan’s Ministry of Health, Labour and Welfare for people over the
age of 40 with metabolic syndrome, including specific weight loss goals set at yearly
checkups. *? One prominent risk factor for metabolic syndrome is a weight gain of more
than 3 kg in a single year. Japanese physicians include this item in medical interviews
conducted at all health centers, as recommended by “Health Guidance and

Checkups,”*? a national campaign promoted by health care insurers.

With regard to possible causation, several prospective studies have suggested that
high vegetable intake is inversely associated with weight gain.***® Examples include an
association between vegetable intake and weight gain over 12 years among middle-aged
women*® and over 4 years among women and men in the United States,'® and an

association between high vegetable intake and the suppression of a weight gain of more



than 3.14 kg over 10 years in Spanish adults.” To date, however, no evidence has been
published on the association between vegetable consumption and weight gain in
Japanese workers.

Moreover, most existing evidence has been obtained using a follow-up of more than
one year.>?? Assessment of weight gain over short periods is important in Japan,
however, because questionnaires used in health checkups nationwide to collect
information on the prevention of metabolic syndrome assess “the presence or absence of
a weight gain of 3 kg or more in one year.” To my knowledge, the question of whether
low vegetable intake is a risk factor for a weight gain of 3 kg or more in one year has
not been investigated. Furthermore, most existing studies have been conducted in
Western countries, and few studies have addressed the association between vegetable
intake and weight gain in Asian populations. Vegetable intake in Japan has declined in
recent years across all generations, from teens to the elderly, and, unlike the situation in
other countries, the decline in Japan has been particularly pronounced in men. ®
Increasing obesity rates have also been greatest for men. That is, vegetable consumption
has decreased as obesity rates have increased in Japan.® To support the efforts of
obesity prevention workers, evidence on the association between diet or dietary

behaviors and obesity is urgently required.

Here, to determine whether vegetable consumption among Japanese workers is
associated with a weight gain of more than 3 kg in a single year, | examined the
association between vegetable intake and weight gain in a population of Japanese
workers using brief diet and lifestyle questionnaires and data from a yearly health

examination.



1.2 Methodology of the study

1.2.1 Study population

The study was a one-year cohort study based on data obtained from the control group
for a previous study. >" This sample has been described in detail above in Section 1.5

(“Study design and population”).

1.2.2 Questionnaires

We distributed a self-administered lifestyle questionnaire and a brief-type
self-administered diet history questionnaire (BDHQ). The lifestyle questionnaire
collected information on demographic factors, including sex, age, marital status, job
type, attitudes and behaviors regarding food and quality of life, and knowledge of food
preparation and nutritional requirements. Job type was characterized as management,
supervisor, or regular employee. The BDHQ was derived from a previously validated
self-administered diet history questionnaire (DHQ).???® Energy-adjusted food
consumption, which is presented in the present study as grams of foods consumed per
4,184 kJ (1000 kilocalories), was validated against a 16-day weighed dietary record as a
gold standard in a previous report.?® This previous report found that differences in
mean intakes were minimal, and the correlation coefficients between the two
measurement methods were acceptable. Vegetable intake was assessed by asking
respondents to note the frequency with which they consumed green and yellow
vegetable, other vegetable, pickled vegetable, mushrooms, and seaweed. Responses
were validated against the gold standard and found to have a Spearman correlation

coefficient of 0.62 for men and women, signifying a moderate correlation.



1.2.3 Health checkup data

Body weight was measured in kilograms using electronic weight scales with direct
digital reading. Height was measured in centimeters with the person standing without
shoes. Body mass index (BMI; weight [kg]/height [m]?) was calculated from the weight
and height measurements. All participants were measured at the same clinic using the

same measurement equipment.

1.2.4 Ethical considerations

For the present analyses, we included those participants who responded in both 2007
and 2008 (n = 478). Written informed consent was obtained from all subjects/patients.
This study was conducted in accordance with the guidelines of the Declaration of
Helsinki, and all procedures involving human subjects/patients were approved by the

Human Research Ethical Committee of the University of Kagawa (approval no. 257).

1.2.5 Statistical analysis

Questionnaires with incomplete or implausible information (total daily energy intake
< 1/3 of the energy requirement for each age and sex class, assuming a low level of
physical activity or > 2/3 of the energy requirement for each age and sex class,
assuming a high level of physical activity; n = 41) were excluded based on the exclusion
criteria described in the preceding study.?® After exclusion, a total of 437 respondents
who provided information in both 2007 and 2008 remained in the analysis. We
conducted a cross-sectional analysis of the associations between baseline covariates and

the intake of vegetable. Vegetable intake was categorized into quartiles, and mean food



consumption was calculated (g/4,184 kJ). Other categories were expressed as
percentages. Participants were divided into quartiles based on their vegetable
consumption adjusted for energy using the density method, where energy-adjusted
values were calculated using the amount of each food group consumed daily per 4,184
kJ of daily energy intake. We performed binomial logistic multiple regression analysis
to examine the association between vegetable consumption and the risk of a weight gain
of 3 kg or more in one year, adjusting for sex, age, weight, marital status, and intake of
food with the potential to cause weight gain. Statistical tests were conducted using
calorie-adjusted values. All statistical analyses were performed using SPSS version 20.0
(SPSS Inc., Chicago, IL, USA). P-values were two—tailed, and p < 0.05 was considered

significant.

1.3 Results

1.3.1 Characteristics

The characteristics of participants, stratified by quartile of vegetable consumption,
are shown in Table 1. The mean energy-adjusted consumption of vegetable ranged from
57.2 9/4,184 kJ in the lowest quartile to more than 143.7 g/4,184 kJ in the highest
quartile at baseline. Participants in the highest quartile of vegetable consumption were
significantly older, more likely to be women, and more often married. Baseline and
one-year body weight decreased in parallel with vegetable consumption. Weight change
over a single year was 0.6 kg less among participants in the highest quartile of vegetable
intake than among participants in the lowest quartile (p for trend = 0.029). BMI
measured at both baseline and after one year did not differ by quartile (p for trend =

0.816).
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1.3.2  Participants’ intake of nutrients and foods

Participants with a higher consumption of vegetable also consumed the greatest
amounts of fish, milk and milk products, salad dressing, and Japanese sweets, but these
participants consumed smaller amounts of cereals, sweet beverages, sugar, and alcohol,
compared with participants in the lowest quartile of vegetable consumption (Table 2).
The one-year increase in vegetable consumption was 1.2 (+ 56.5) g/4,184 kJ (108.7 +

73.7 /4,184 kJ in 2007, 109.9 + 69.7 g/4,184 kJ in 2008) (not shown in the table).

1.3.3 Main outcomes

Higher vegetable consumption was associated with a reduced risk of rapid weight
gain (Table 3). Compared with participants in the lowest quartile, the crude odds of
weight gain > 3 kg in a single year for participants in the second, third, and fourth
quartiles were 0.73, 0.46, and 0.35, respectively (Model 1; p for trend = 0.016) after
adjustment for sex, age, marital status, baseline weight, and consumption of fish, cereals,
fruits, milk, Japanese sweets, sweetened beverages, sugar, salad dressing, and alcohol
(Model 4; p for trend = 0.028). Compared with participants in the lowest quartile of
vegetable consumption (< 57.2g/4,184 kJ), participants in the highest quartile (> 143.7
2/4,184 kJ) had a 73% lower risk of gaining > 3 kg of weight in a single year (adjusted
OR =0.27, 95% CI: 0.08-0.99). However, participants in the second (57.2-93.6 g/4,184
kJ) and third (93.6-143.7 g/4,184 kJ) quartiles did not have a significantly lower risk of
rapid weight gain, with risk reductions of 31% (OR = 0.69, 95% CI: 0.29-1.68) and

63% (OR =0.37, 95% CI: 0.13-1.07), respectively.
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1.4 Discussion

1.4.1 The association between vegetable consumption and weight gain

In this study, we confirmed that vegetable intake was inversely associated with the
risk of a body weight increase of 3 kg or more over one year among Japanese
employees. This association was not modified by adjustment for baseline body weight
or intake of foods other than vegetable.

Our findings of an association between the risk of body weight increase and
vegetable intake support the belief that high vegetable intake reduces the risk of obesity.
Vioque et al.” reported an association between vegetable intake and weight gain over a
period of 10 years. They found that, as vegetable intake increased, the risk of gaining
more than 3.41 kg over 10 years was reduced, with an odds ratio of a weight gain of >
3.41 kg over 10 years for the group consuming the most vegetable (vs. the group
consuming the least vegetable) of 0.18 (95% CI: 0.05-0.73). In a long-term cohort study
that followed middle-aged women for 12 years, He et al.® reported that the risk of a
weight gain of 25 kg or more in the group consuming the most vegetable was 0.76 times
that in the group consuming the least vegetable. Although these studies examined the
long-term and gradual association between a reduced risk of weight gain and high
vegetable intake, the present study focused on weight gain in the much shorter period of
one year. Although the mechanism by which vegetable consumption might prevent
weight gain has not been clarified, because fruits and vegetable are rich in vitamins,
minerals, and dietary fiber, they have attracted considerable attention in recent years,
and many studies have assessed the association of combinations of fruits and vegetable
with weight gain.*®?*%) However, fruits are mostly consumed raw and without the use

of oil, and this type of consumption seems very different from that of vegetable, which

12



are often fried or otherwise cooked and dressed with sauces.?” In addition, whereas
vegetable are generally a side dish of a meal, fruits are often eaten as snacks (but not as
substitutes for meals); although fruits and vegetable might belong to the same group at
the nutrient level, they should be classified as separate groups from the perspective of
meals and eating habits.?” In previous studies, in cases where only vegetable or only
fruits were investigated, or where fruits and vegetable were distinguished as separate
groups, the results were not always the same as when fruits and vegetable were
considered as a single food group.*®*® Therefore, we focused only on vegetable intake
in the present study. In previous studies that showed an association between vegetable
intake and weight gain over a long-term follow-up,">*"® significant decreases in the
risk of body weight gain were observed in the group consuming the most vegetable
(approximately 140 g/4,184 kJ) in comparison with the group consuming the least
vegetable, but no significantly reduced risk was observed in comparison with the other
groups. In the present study, after multivariate data adjustment, the results showed no
significant difference in the risk of weight gain in the second- or third-quartile intake
groups in comparison with the first-quartile intake group. That is, the risk of body
weight increase in the groups consuming 93.6 to 143.7 g of vegetable per 4,184 kJ was
not reduced, compared with the group consuming the least amount of vegetable.
Vergnaud et al.>” found no correlation between a vegetable intake of 100 g and body
weight gain in persons other than those who had quit smoking. In our study, no
significant effect was observed in the second- or third-quartile intake groups. This
finding suggests that the protective effect of high vegetable intake on short-term body
weight gain may require an intake of more than 143.7 g/4,184 kJ. However, it is also

possible that the sample size was too small to detect significant differences between the

13



intake groups. Many recent intervention studies have assessed the benefit of high
vegetable intake; however, most of these studies have investigated vegetable intake of
less than one serving.?® %) To be effective, obesity prevention programs must be based
on components that reliable evidence has shown to be beneficial. Our study suggests
that persons with relatively low vegetable intake (< 57.2 g/4,184 kJ) should be targeted

and that daily vegetable intake should be increased to 143.7 g/4,184 kJ or more.

The rate of decrease in BMI from baseline was not as large as the decline in body
weight. As the amount of vegetable intake increases, body weight decreases, and,
accordingly, BMI is expected to be reduced as well. However, this was not shown in the
results of this research. Although it is not clearly understood, one unit of BMI (1 kg/m?)
is less variable than the unit of body weight (1 kg), so it is more difficult for change in

BMI to appear.

1.4.2 Limitations and strengths

Our study has a limitation that warrants mention. Previous studies of the association
between vegetable intake and long-term weight gain adjusted for exercise and smoking
in their analyses.?® 2" For participants who stopped smoking, vegetable intake was
greater, and the risk of weight gain was lower.?® 2” However, we did not collect
exercise or smoking data and were therefore unable to adjust for these factors.

Despite this limitation, the present study provides important data regarding the
association between vegetable intake and a weight gain of 3 kg or more in a single year.
Because the tested association corresponds to the question used by physicians to assess

the risk of metabolic syndrome in health checks throughout Japan, our research is more

14



directly applicable to the development of programs to prevent metabolic syndrome in
Japan, compared with previous research on the association between vegetable intake
and long-term weight gain. However, future longitudinal studies examining the
potential association between increasing vegetable consumption and weight gain are

needed to confirm these findings.

1.5 Financial support:

This study was partially funded by the Japan Society for the Promotion of Science
(JSPS) Kakenhi (Grants-in-Aid for Scientific Research) (No. 15K00882) for fiscal years
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Japanese Ministry of Health, Labour and Welfare by the research leader (Dr. Ishida) in

the fiscal years 2006—-2008.
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Chapter 2
Relationship between rice consumption and weight gain in Japanese workers:

white versus brown rice/multigrain rice

2.1 Background

The percentage of people who are overweight or obese is increasing worldwide
(OECD 2014).% In Japan, approximately 30% of male workers are overweight or obese,
with a body mass index (BMI) > 25 kg/m?.”

Obesity is the major risk factor for metabolic syndrome and is considered to be
related to many lifestyle-related and other types of diseases.®**® The WHO states that a
balanced diet is effective for preventing heart disease and lifestyle disease and
recommends the increased consumption of whole grains, fruits, vegetable, and beans.?
Many reports have described the relationship between whole grain consumption and
disease. Based on the results of systematic reviews, meta-analyses, and dose—response
meta-analyses, Aune et al. reported that whole grain consumption is effective for
reducing the risk of type 2 diabetes®” and the incidence and mortality from

cardiovascular disease, coronary heart disease, and stroke.*®

A 12-year cohort study on obesity conducted among 74,091 women aged 38 to 63
years reported a greater increase in BMI over time in the low whole grain consumption
group than in the high whole grain consumption group, and in the high refined grain
consumption group than in the low refined grain consumption group.®® Another cohort
study conducted over eight years among American men aged 40 to 75 years suggested

that whole grain flour consumption is negatively correlated with long-term body weight
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gain and that an increase in whole grain flour consumption of 40 g/day would decrease

body weight by 0.49 kg.>”

The associations of whole grain consumption with both disease and body weight
change have been investigated. Japanese people eat considerably more rice than bread
or other cereals. To our knowledge, however, the relationship between body weight
control for obesity prevention and the consumption of white rice or brown
rice/multigrain rice (which differ in the degree of rice refinement and milling) has not
been well investigated among Japanese people. Body weight control is important for the
prevention of lifestyle diseases. In Japan, as part of specific medical checkups and

health guidance for the prevention of metabolic syndrome,?

people receiving these
checkups are asked whether their body weight has changed in either direction by 3 kg or

more in the past year.™®

The accumulation of data on the relationship between body weight change and
differences in the degree of rice refinement is important for promoting the prevention of
metabolic syndrome. The present study aimed to investigate the relationship between
the consumption of white rice or brown rice/multigrain rice and a one-year body weight

gain of 3 kg or more among Japanese workers.
2.2 Methodology of the study

2.2.1 Study population

The study population was the same as described in Chapter 1.

17



2.2.2 Questionnaires

A lifestyle questionnaire and brief-type self-administered diet history questionnaire
(BDHQ) were used. The lifestyle questionnaire consisted of questions about sex, age,
marital status, occupation, dietary habits/behaviors, quality of life, and other items.® In
the present analysis, we used data on sex, age, and other participant characteristics. The
BDHQ was a brief version of the self-administered diet history questionnaire consisting
of 58 questions about daily nutrient intake during the past month and other dietary
habit-related items.??*® The BDHQ has been validated for assessing nutrient and food
intake in a comparison with 16-day weighed diet records. The statistical validity for rice

consumption was 0.63 in men and 0.55 in women.?

2.2.3 Assessment of body indices

Body weight was measured using an electronic scale, and height was measured in the
standing position without shoes. BMI (kg/m?) was calculated from body weight and
height. To ensure accuracy, all weight and height measurements were taken in the same

room of the same medical institution using the same measurement devices.

2.2.4 Ethical considerations

All participants completed an informed consent document that was submitted with
the questionnaire during the routine medical checkups. This study was reviewed and
approved by the ethics committee of Kagawa Nutrition University (Joshi Eiyo Daigaku,

review number: 199).

2.2.5 Statistical analysis

18



In accordance with the exclusion criteria used in previous studies,*” 41 workers who
had insufficient or dubious information (total daily energy intake less than one-third of
the energy requirement for the relevant age and sex class, assuming a low level of
physical activity, or > 1.5 times the energy requirement for the relevant age and sex
class, assuming a high level of physical activity) were excluded. A total of 437 workers
were subject to analysis. They were classified into rice consumption tertiles. The means
and standard deviations of body weight, blood pressure at baseline, and food
consumption were calculated using the density method. Other categorical variables were
expressed as percentages. To compare the baseline characteristics of the groups, linear
fraction tests were performed for continuous variables and chi-square tests were
performed for categorical variables. Binomial logistic regression analyses were
conducted to calculate the odds ratios of a one-year body weight gain of 3 kg or more.
Model I was adjusted for sex, age, and weight, and Model 11 was additionally adjusted
for consumption of fish, meat, vegetable, fruits, milk and milk products, Western sweets,
Japanese sweets, salad dressing, and alcohol. Odds ratios and 95% confidence intervals
(95% CI) for the second and third tertiles were calculated using dummy variables.
Two-sided tests were performed to calculate p-values, and significance was set at p <

0.05. SPSS Statistics (Version 20, IBM Japan, Ltd.) was used for all analyses.

2.3 Results

The percentages of those who ate brown rice/multigrain rice in the three intake
frequency tertiles are shown in Table 4, and the baseline characteristics of those who ate
white rice or brown rice/multigrain rice are shown by intake frequency tertile in Table 5.

In both consumption groups, the percentage of men was greater in the third tertile (high

19



rice consumption) than in the first tertile (low rice consumption). In the white rice
consumption group, the number of young participants increased with increasing rice
consumption. The mean energy-adjusted rice consumption in the brown rice/multigrain
rice consumption group was 82.3 g/4,184 kJ in the first tertile and 232.8 g/4,184 kJ in
the third tertile. The mean energy-adjusted rice consumption in the white rice
consumption group was 88.3 g/4,184 kJ in the first tertile and 251.3 g/4,184 kJ in the
third tertile (Table 6). In both groups, the consumption of meat, fish, vegetable, Western
sweets, and Japanese sweets was significantly lower in the third tertile. In the white rice
consumption group, the consumption of salad dressing and alcohol was significantly
lower in the third tertile. In the brown rice/multigrain rice consumption group, the
consumption of milk and dairy products was significantly lower in the third tertile.
Logistic regression analyses were conducted to investigate relationships between the
risk of a one-year body weight gain of 3 kg or more and rice consumption (Table 7). In
the white rice consumption group, without adjustment, the number of subjects with a
one-year body weight gain of 3 kg or more was significantly greater in the third tertile
(p = 0.045). The odds of a one-year body weight gain of 3 kg or more for those in the
third tertile were 3.45 times (95% CI: 1.11-10.76) higher than for those in the first
tertile and 1.92 times (95% CI. 0.56-6.66) higher than for those in the second tertile.
After adjusting for sex, age, and body weight at baseline, the odds of a one-year body
weight gain of 3 kg or more for those in the third tertile were 3.36 times (95% CI: 1.05-
10.82) higher than for those in the first tertile (p = 0.048). After multivariate adjustment
(intake of meat, fish, vegetable, fruits, milk, dairy products, Western sweets, Japanese
sweets, salad dressing, and alcohol), the odds of a one-year body weight gain of 3 kg or

more for those in the third tertile were 4.86 times (95% CI: 1.02-23.06) higher than for
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those in the first tertile (p = 0.034). In the brown rice/multigrain rice consumption group,
the odds of a one-year body weight gain of 3 kg or more were no greater in the second
or third tertiles, compared with the first tertile (odds ratio = 2.19, 95% CI: 0.47-10.30)
(p = 0.322). This was maintained even after multivariate adjustment (p = 0.42 in Model

I and 0.387 in Model I1).

2.4 Discussion

2.4.1 The association between rice consumption and weight gain

This study aimed to investigate the relationship between rice consumption and the
risk of a one-year body weight gain of 3 kg or more. This was accomplished by
examining people’s consumption of white or brown rice/multigrain rice. In the white
rice consumption group, high rice consumption was positively associated with the risk
of weight gain. In the brown rice/multigrain rice consumption group, in contrast, the
level of rice consumption was not significantly associated with the risk of weight gain,
even after adjusting for risk factors for body weight gain. These findings suggest that
high white rice consumption is related to body weight gain and that brown
rice/multigrain rice consumption contributes to body weight control and the prevention

of metabolic syndrome.

Pol et al. reported the results of systematic reviews and meta-analyses of a set of data
obtained in a randomized clinical trial on the effects of brown rice/multigrain rice
consumption on body weight. Their findings suggested that brown rice/multigrain rice
consumption does not suppress body weight gain.>® However, they also reported that

the results of sub-analyses suggested that, although the consumption of whole grain
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wheat, barley, or rye did not significantly suppress body weight gain, whole grain rice
consumption did significantly suppress body weight gain in some populations. Because
the data for the sub-analyses were obtained from 483 Chinese®® and Korean people®®

participating in two studies, it is possible that brown rice/multigrain rice consumption

might suppress body weight gain in Asian people.

In a randomized comparative clinical study among Vietnamese women,*” brown
rice/multigrain rice consumption, in contrast to white rice consumption, was
significantly associated with body weight loss. This finding supports the above
hypothesis. Because brown rice and multigrain rice are rich sources of vitamins,
minerals, and plant fiber and have high glycemic index values, many clinical studies
have investigated the effects of brown rice/multigrain rice consumption on type 2
diabetes. Clinical studies with Japanese or Chinese participants have also suggested that

brown rice/multigrain rice consumption suppresses type 2 diabetes.*?

Because patients with metabolic syndrome or obesity generally have difficulty
reducing their food consumption, they should instead consider consuming alternative
foods. Especially for people who consume high levels of white rice, consuming more
than 188.8 g/1814k J of brown rice/multigrain rice instead of white rice will be effective
in preventing weight gain. These results indicate that medical providers should
recommend the consumption of brown rice or multigrain rice in place of white rice for
body weight control. This health promotion approach can be applied at the worksite

cafeteria, which can offer brown or multigrain rice at every lunch.
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2.4.2 Limitations and strengths

There are many types of rice, including brown rice, rice with germ, and
semi-polished rice. However, because there are no items related to many specific types
of rice in BDHQ, it is unclear exactly which grains the participants consumed.
Additionally, the present research into rice consumption was carried out using a
questionnaire rather than the “gold standard” of the 24-hour recording method. However,
for this study, the BDHQ was more suitable than the 24-hour recording method because
the objective of the study was to understand participants’ habitual diets.

Japanese and other Asian people eat rice almost every day, and occasionally several
times a day. Considering this frequency and amount of consumption, rice is likely to
have a major influence on health—either beneficial or harmful. Here, we found that
white rice consumption was positively associated with the risk of a one-year weight
gain of 3 kg or more, whereas brown rice/multigrain rice consumption was not. This
finding suggests that brown rice/multigrain rice consumption is useful for body weight

control in Japanese workers.

2.5 Financial support:

This study was partially funded by the Japan Society for the Promotion of Science
(JSPS) Kakenhi (Grants-in-Aid for Scientific Research) (No. 15K00882) for fiscal years
2015-2017. This study was conducted as a part of the scientific research program of the
Japanese Ministry of Health, Labour and Welfare by the research leader (Dr. Ishida) in

the fiscal years 2006—2008.
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Summary

Chapter 1 introduces the association between vegetable consumption and weight gain
over a single year among Japanese employees at a manufacturing company. Overweight
and obesity increase the risk of hypertension, type 2 diabetes, and other metabolic
disorders and are increasing in Japan, particularly among men. Several prospective
studies have suggested that high vegetable intake is inversely associated with weight
gain. Here, the association between vegetable consumption and weight gain over the
course of one year in a group of food manufacturing workers was investigated.
The study was a one-year cohort study using data from a nutrition and lifestyle survey.
The study population consisted of Japanese employees aged 19-60 years working at a
manufacturing company located in Musashino City, Tokyo, Japan. The same validated
brief self-administered diet history and dietary lifestyle questionnaire was administered
to 815 workers in 2007 and 843 workers in 2008. Clinical assessments of body weight
were also performed to measure changes in weight. We analyzed participants who
responded in both 2007 and 2008 (n = 478). The risk of a weight gain of more than 3 kg
was significantly lower in the group consuming the most vegetable than in the group
consuming the least vegetable, and this difference remained significant after adjustment
for baseline age, sex, and consumption of other foods (p for trend = 0.028). Thus,
weight gain was inversely associated with high vegetable consumption. Encouraging
Japanese employees to consume more vegetable may be an important strategy for

controlling weight gain and preventing metabolic syndrome.
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Chapter 2 introduces the relationship between white versus brown rice/multigrain rice
consumption and body weight gain in Japanese workers. The desire for dietary support
for successful body weight control has led to increased research interest in metabolic
syndrome. However, the questionnaire used in metabolic syndrome-specific medical
checkups at medical institutions in Japan only asks whether body weight has increased
or decreased by at least 3 kg in the past year. We investigated the relationship between
white or brown/multigrain rice consumption and a one-year body weight gain of 3 kg or
more. A secondary analysis was conducted using data from a one-year cohort study
using a nutrition and lifestyle survey as part of routine medical checkups for Japanese
workers at a food factory in Tokyo (n = 478). These research participants were divided
into white rice and brown/multigrain rice consumption groups. They were then further
classified by tertile of rice consumption. Multiple logistic regression analyses were
conducted by tertile to predict a one-year weight gain of > 3 kg. For the white rice
consumption group, the risk of a one-year body weight gain of 3 kg or more was
significantly greater in the third tertile (high white rice consumption) than in the first
tertile (low white rice consumption). This was maintained after adjustment for age, sex,
and consumption of other foods related to body weight change (p = 0.034). In the
brown/multigrain rice consumption group, however, there was no significant difference
in the risk of weight gain between the first and third tertiles, even after multivariate
adjustment (p = 0.387). White rice consumption is significantly and positively

associated with a one-year body weight gain of at least 3 kg.
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Other limitations and strengths of the full study

Limitations

Although this research was only carried out in a one-year cohort, it is usually desirable
to conduct a survey over a longer time period. Future work should verify the results
with tracking over time. Furthermore, because the present study was conducted at a
single factory in Tokyo, the data obtained may not be applicable to all adults.
Additionally, regarding the assessment of weight gain and food intake, weight gain and
food factors should have first been analyzed and confirmed as a whole, and food intake
should have been verified, including intake of vegetable, brown rice, and other types of
foods. There is a possibility that factors may exist other than those examined. In this
study, as mentioned above, it was not sufficient to approach Japanese food intake using
the methods used in previous studies. Rather, this study focused on the consumption of
vegetable and whole grains, which has gained attention and been recommended in
recent years. However, it cannot be denied that there may be other food-related factors
that are relevant for our outcome of interest.
Furthermore, because we did not have data on individual characteristics such as
educational history or income, we were unable to adjust for or examine the relevance of
these factors. When this survey was conducted, it was not yet common to ask these
types of questions in Japan. However, in recent years, educational history and income
have been reported to be associated with food intake. Therefore, although it is possible
that adding these questions may affect the response rate, we would like to consider

doing this in future research. In addition, because the number of participants was
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insufficient to stratify the analysis by sex, we performed multiple regression analyses
using sex as a confounding factor. Finally, the use of a self-report questionnaire instead
of direct assessment of consumed food carries the risk of introducing response biases,

including social desirability bias and recall bias.

Strengths

The main strength of this study was that all of the participants were Asian people
(Japanese), excluding the possibility of race as a confounding factor. The initial sample
did include a very small number of non-Japanese workers, but these participants were
excluded from the present research.

Additionally, weight measurements, which were thought to be the most susceptible to
self-report bias, were taken at the health checkups by medical staff using the same scale
for both checkups. These measures were also taken at a similar date (in June in both
years). However, the time of day was not consistent. Therefore, instructions on fasting
for 5 hours or more were distributed, but these instructions were not always strictly
followed. Furthermore, the nutrition data collected were considered to be of high quality
because the data were checked in triplicate by trained dieticians, and there were no
missing data. The response rates were also good, with more than 80% of the participants
responding to the questionnaires. In the present study, the error found after energy
adjustment was 4.6% in 2007 and 4.9% in 2008. This is lower than the exclusion rate of
10% (excluding 2 people from 21 subjects) in other studies of elderly people.*®
However, because the rate of underestimation significantly affects BMI and age,** it
cannot be determined whether the error for men and women aged 19 to 60 years is

generally high or low. It would be desirable to see many additional reports on error by
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gender and age.

Conclusions

This study investigated the association of consumption of vegetable and cooked rice
(including white, brown, and multigrain rice) with a weight gain of 3 kg or more over
one year. The aim of this investigation was to examine dietary intake factors related to
weight loss and weight gain in the working population.

Chapter 1 focused on vegetable consumption and examined the presence or absence
of a one-year weight gain of 3 kg or more among individuals from the working
population sorted into quartiles by quantity of vegetable consumption. Being in the
groups with higher consumption of vegetable instead of the group with the lowest
vegetable consumption was associated with a one-year weight gain of 3 kg or more.

Chapter 2 examined the risk of a weight increase of 3 kg or more in one year by
white vs. brown/multigrain rice consumption and rice consumption levels. Among those
who ate white rice, an association was seen between higher levels of rice consumption
(compared with the lowest level of consumption) and a one-year weight gain of 3 kg or
more. However, among those who consumed brown or multigrain rice, no association
was seen between rice consumption and a one-year weight gain of 3 kg or more.

These results provide effective evidence for professionals in terms of specific health
guidance and nutritional education, as they advise their clients to increase their
vegetable consumption and replace white rice with less-refined staples such as brown
rice or multigrain rice, with the ultimate goal of controlling weight gain in the working

population.

28



Acknowledgments
I would like to express my sincere gratitude to Professor Yukari Takemi for his guidance
and encouragement. | would also like to thank Professor Nobuko Murayama and

Professor Hiromi Ishida for providing opportunities to promote this research.

I thank Dr. Satoshi Sasaki for providing the BDHQ for use in this study. | wish to thank

this company for cooperation.

29



References

1)

2)

3)

4)

5)

6)

7)

World Health Organization (WHO). Obesity and overweight fact sheet. Geneva:
WHO, 2018. [cited 2018/2/10]. Available from:

http://www.who.int/mediacentre/_factsheets/fs311/en/

World Health Organization (WHO). Diet, nutrition and the prevention of chronic
diseases: report of a joint WHO/FAO expert consultation. WHO Technical Report
Series No. 916. Geneva: WHO, 2003.

World Health Organization (WHO). Fiscal policies for diet and prevention of
noncommunicable diseases: technical meeting report. Geneva: WHO, 2015.

U.S. Department of Health and Human Services and U.S. Department of
Agriculture. 2015-2020 Dietary guidelines for Americans (8th Edition).
Washington, DC: U.S. Department of Agriculture, 2015. [cited 2018/2/10].

Available from: https://health.gov/dietaryquidelines/2015/quidelines/

Office of Nutrition Cancer Measures and Health Promotion Division, Health
Service Bureau, Ministry of Health, Labour and Welfare, Japan. Annual report of
the National Health and Nutrition Survey in 2016. Tokyo: Ministry of Health,
Labour and Welfare, 2017 (in Japanese).

Sawada K, Murayama N, Sasaki S, Ishida H, Takemi Y. Food and nutrient intakes
and dietary behavior among the employees of a food manufacturing company:
problems to be solved. The Journal of Kagawa Nutrition University, 38, 37-52
(2007).

Alonso A, de la Fuente C, Martin-Arnau AM, et al. Fruit and vegetable
consumption is inversely associated with blood pressure in a Mediterranean

population with a high vegetable-fat intake: the Seguimiento Universidad de

30


http://www.who.int/mediacentre/
https://health.gov/dietaryguidelines/2015/guidelines/

8)

9)

10)

11)

12)

13)

Navarra (SUN) Study. Br. J. Nutr., 92, 311-319 (2004).

Joshipura KJ, Ascherio A, Manson JE. Fruit and vegetable intake in relation to risk
of ischemic stroke. JAMA, 282, 1233-1239 (1999).

Carter P, Gray LJ, Troughton J, et al. Fruit and vegetable intake and incidence of
type 2 diabetes mellitus: systematic review and meta-analysis. BMJ. 34, c4229v
(2010). doi: 10.136/bmj.C4229

Main points of the revision of “Dietary guidelines for Japanese.” Tokyo: Ministry
of Health, Labour and Welfare, Ministry of Agriculture, Forestry and Fisheries,
Ministry of Education, Culture, Sports, Science and Technology), 2016. [cited
2018/2/5]. Available from:
http://www.maff.go.jp/j/syokuiku/attach/pdf/shishinn-3.pdf

Okubo H, Sasaki S, Murakami K, et al. Designing optimal food intake patterns to
achieve nutritional goals for Japanese adults through the use of linear programming
optimization models. Nutr J. 14, 57 (2015). doi: 10.1186/s12937-015-0047-7
Ministry of Health, Labour and Welfare. Specific medical examination health
guidance. Tokyo: Ministry of Health, Labour and Welfare, 2013 [cited 2018/2/5].
Available from: http://www.mhlw.go.jp/english/wp/wp- hw3/d1/2-007.
pdf#search=%27http%3A%2F%2Fwww.mhlw.go.jp%2Fenglish%2Fwp%2Fwphw
3%2Fd1%2F2007.pdf%27

Ministry of Health, Labour and Welfare. Specific medical examination health
guidance. Standard questionnaire. Tokyo: Ministry of Health, Labour and Welfare,
2008 [cited 2018/2/5]. Available from:
http://www.mhlw.go.jp/seisakunitsuite/bunya/kenkou_iryou/kenkou/seikatsu/dl/hok

en-program2_02.pdf#search=%27%E6%A8%99%E6%BA%96%E7%9A%84%E3

31



14)

15)

16)

17)

18)

19)

%81%AA%NE8%B3%AAYES%I5%8FIET7%ASYNABUNEEY%EB%B1%ES%NAA%I

E%27
Ministry of Health, Labour and Welfare. Overview of Dietary Reference Intakes for

Japanese. Tokyo: Ministry of Health, Labour and Welfare, 2015. [cited 2017/11/22].
Auvailable from:

http://www.mhlw.go.jp/file/06-Seisakujouhou-10900000-Kenkoukyoku/Overview.p

df

He K, Hu FB, Colditz GA, Manson JE, Willett WC, Liu S. Changes in intake of
fruits and vegetables in relation to risk of obesity and weight gain among
middle-aged women. Int. J. Obes. Relat. Metab. Disord., 28, 1569-1574 (2004).
doi: 10.1038/sj.ij0.0802795

Mozaffarian D, Hao T, Rimm EB, Willett WC, Hu FB. Changes in diet and lifestyle
and long-term weight gain in women and men. N. Engl. J. Med., 364, 2392-2404
(2011). doi: 10.1056/NEIM0a1014296

Vioque J, Weinbrenner T, Castellg A, Asensio L, Garcia de la Hera M. Intake of
fruits and vegetables in relation to 10-year weight gain among Spanish adults.
Obesity (Silver Spring), 16, 664-670 (2008). doi:10.1038 /oby.2007.121
Fogelholm M, Anderssen S, Gunnarsdottir I, Lahti-Koski M. Dietary
macronutrients and food consumption as determinants of long-term weight change
in adult populations: a systematic literature review. Food Nutr. Res., 56 (2012).
doi:10.3402/fnr.v56i0.19103

Bes-Rastrollo M, Martinez-Gonzélez MA, Sanchez-Villegas A, de la Fuente AC,
Martinez JA. Association of fiber intake and fruit/vegetable consumption with

weight gain in a Mediterranean population. Nutrition, 22, 504-511 (2006). doi:

32


http://www.mhlw.go.jp/

20)

21)

22)

23)

24)

25)

26)

10.1016/j.nut.2005.12.006

Schulz M, Kroke A, Liese AD, Hoffmann K, Bergmann MM, Boeing H. Food
groups as predictors for short-term weight changes in men and women of the
EPIC-Potsdam cohort. J. Nutr., 132, 1335-1340 (2002).

Sawada K, Takemi Y, Murayama N, Sasaki S, Ishida H. Changes in vegetable
consumption following intervention of a food environment intervention program in
the employee cafeteria. Jap. J. of Nutr. Diet., 71, 253-263 (2013).

Kobayashi S, Honda S, Murakami K, Sasaki S, Okubo H, Hirota N, Notsu A, Fukui
M, Date C. Both comprehensive and brief self-administered diet history
questionnaires satisfactorily rank nutrient intakes in Japanese adults. J. Epidemiol.,
22,151-159 (2012). doi: 10.2188/jea.JE20110075

Kobayashi S, Murakami K, Sasaki S, Okubo H, Hirota N, Notsu A, Fukui M, Date
C. Comparison of relative validity of food group intakes estimated by
comprehensive and brief-type self-administered diet history questionnaires against
16 d dietary records in Japanese adults. Public Health Nutr., 14, 1200-1211 (2011).
doi: 10.1017/S1368980011000504

Okubo H, Sasaki S. Underreporting of energy intake among Japanese women aged
18-20 years and its association with reported nutrient and food group intakes.
Public Health Nutr., 7, 911-917 (2004). doi: 10.1079/PHN2004635

Buijsse B, Feskens EJ, Schulze MB, Forouhi NG, Wareham NJ, Sharp S, et al. Fruit
and vegetable intakes and subsequent changes in body weight in European
populations: results from the project on Diet, Obesity, and Genes (DiOGenes). Am.
J. Clin. Nutr., 90, 202-209 (2009). doi: 10.3945/ajcn.2008.27 394

Sammel MD, Grisso JA, Freeman EW, Hollander L, Liu L, Liu S, Nelson DB,

33



Battistini M. Weight gain among women in the late reproductive years. Fam. Pract.,
20, 401-409 (2003). doi: 10.1093/fampra/cmg411

27) Vergnaud AC, Norat T, Romaguera D, Mouw T, May AM, Romieu I, et al. Fruit and
vegetable consumption and prospective weight change in participants of the
European Prospective Investigation into Cancer and Nutrition-Physical Activity,
Nutrition, Alcohol, Cessation of Smoking, Eating Out of Home, and Obesity study.
Am. J. Clin. Nutr., 95, 184-193 (2012). doi: 10.3945/ajcn.111.019968

28) Beresford SA, Thompson B, Feng Z, Christianson A, McLerran D, Patrick DL.
Seattle 5 a Day worksite program to increase fruit and vegetable consumption. Prev.
Med., 32, 230238 (2001). doi: 10.1006/pmed.2000.0806

29) Tilley BC, Glanz K, Kristal AR, Hirst K, Li S, Vernon SW, Myers R. Nutrition
intervention for high-risk auto workers: results of the Next Step Trial. Prev. Med.,
28, 284-92 (1999).

30) Buller DB, Morrill C, Taren D, Aickin M, Buller MK, Larkey L, Alatorre C,
Wentzel TM. Randomized trial testing the effect of peer education at increasing
fruit and vegetable intake. J. Natl. Cancer., 91, 1491-1500 (1999). doi:
10.1093/jnci/ 91.17.1491

31) OECD. Overweight and obesity. In: OECD. OECD Fact Book 2014 Economic,
Environmental and Social Statistics. Paris: OECD, 2014. pp. 246-247. [cited
2018/3/4]. Available from: http://dx.doi.org/10.1787/factbook-2014-102-en

32) Flegal KM, Kit BK, Orpana H, Graubard BI. Association of all-cause mortality
with overweight and obesity using standard body mass index categories: a
systematic review and meta-analysis. JAMA, 309, 71-82 (2013).

33) Franz MJ, Boucher JL, Rutten-Ramos S, VanWormer JJ. Lifestyle weight-loss

34



34)

35)

36)

37)

38)

39)

intervention outcomes in overweight and obese adults with type 2 diabetes: a
systematic review and meta-analysis of randomized clinical trials. J. Acad. Nultr.
Diet., 115, 1447-1463 (2015).

Aune D, Norat T, Romundstad P, Vatten LJ. Whole grain and refined grain
consumption and the risk of type 2 diabetes: a systematic review and dose—response
meta-analysis of cohort studies. Eur. J. Epidemiol., 28, 845-858 (2013).

Aune D, Keum N, Giovannucci E, Fadnes LT, Boffetta P, Greenwood DC, Tonstad
S, Vatten LJ, Riboli E, Norat T. Whole grain consumption and risk of
cardiovascular disease, cancer, and all cause and cause specific mortality:
systematic review and dose—response meta-analysis of prospective studies. BMJ,
353, 12716 (2016). doi: 10.1136/bmj.i2716

Liu S, Willett WC, Manson JE, Hu FB, Rosner B, Colditz G. Relation between
changes in intakes of dietary fiber and grain products and changes in weight and
development of obesity among middle-aged women. Am. J. Clin. Nutr., 78, 920—
927 (2003).

Koh-Banerjee P, Franz M, Sampson L, Liu S, Jacobs DR Jr, Spiegelman D, Willett
W, Rimm E. Changes in whole-grain, bran, and cereal fiber consumption in relation
to 8-y weight gain among men. Am. J. Clin. Nutr., 80, 1237-1245 (2003).

Pol K, Christensen R, Bartels EM, Raben A, Tetens I, Kristensen M. Whole grain
and body weight changes in apparently healthy adults: a systematic review and
meta-analysis of randomized controlled studies. Am. J. Clin. Nutr., 98, 872-884
(2013).

Zhang G, Pan A, Zong G, Yu Z, Wu H, Chen X, et al. Substituting white rice with

brown rice for 16 weeks does not substantially affect metabolic risk factors in

35



40)

41)

42)

43)

44)

middle-aged Chinese men and women with diabetes or a high risk for diabetes. J.
Nutr., 141, 1685-1690 (2011).

Kim JY, Kim JH, Lee DH, Kim SH, Lee SS. Meal replacement with mixed rice is
more effective than white rice in weight control, while improving antioxidant
enzyme activity in obese women. Nutr. Res., 28, 6671 (2008).

Bui TN, Le TH, Nguyen do H, Tran QB, Nguyen TL, Le DT, et al. Pre-germinated
brown rice reduced both blood glucose concentration and body weight in
Vietnamese women with impaired glucose tolerance. Nutr. Sci. Vitaminol. (Tokyo),
60, 183-187 (2014).

Hu EA, Pan A, Malik V, Sun Q. White rice consumption and risk of type 2 diabetes:
meta-analysis and systematic review. BMJ, 344, e1454 (2012).
doi:10.1136/bmj.e1454

Kawabata T, Takemi Y, Murayama H, Nishi M, Shimizu Y, Narita M, Kim MJ,
Shinkai S. Effects of an intervention program for community-dwelling elderly to
improve frailty and dietary habits. Nihon Koshu Eisei Zasshi, 62, 169-181 (2015).
Okubo H, Sasaki S, Hirota N, Notsu A, Todoriki H, Miura A, Fukui M, Date C.
The influence of age and body mass index on relative accuracy of energy intake

among Japanese adults. Public. Health Nutr., 9, 651-657 (2006).

36



Table 1. Characteristics of the study population (n = 437) by quartile of vegetable intake/day at baseline

Characteristic Q1 (n=110) Q2 (h=108) Qs (n=109) Q4 (n=109) p value2 p for trend?

Mean (SD)
Age (y) 31.0 (9.7) 33.6 (10.3) 39.0 (11.3) 44.3 (12.7)  <0.001 <0.001
Weight (kg) 63.0 (10.8) 62.5 (11.1) 60.4 (10.3) 57.6 (10.9) 0.001 <0.001
1-year weight gain (kg) 0.6 (2.3) 0.4 (2.5) 0.1(2.2) 0.0 (2.2) 0.171 0.029
BMI (kg/m?2) 22.1(3.4) 22.0 (3.6) 22.2 (3.2) 22.0 (3.5) 0.943 0.893
BMI after 1 year (kg/m2?)  22.4 (3.4) 22.2 (3.6) 22.4 (3.3) 22.2 (3.5) 0.968 0.816
SBP (mmHg) 123.6 (13.3)  120.5(12.4) 123.7 (13.5) 121.2 (13.00 0.148 0.465
DBP (mmHg) 70.2 (11.3) 69.5 (11.6) 71.4 (11.5) 70.8 (10.5) 0.617 0.420

Proportion (%)
Weight gain >3 kg 14.5 11.1 7.3 5.6 0.107 0.015
Male 85.5 78.7 66.4 39.4 <0.001 <0.001
Unmarried 72.7 63.0 50.0 47.2 <0.001 <0.001
Regular employeec 94.5 95.4 96.4 97.2 0.961 0.080

Qi: < 57.2 g/4184 kJ; Qq: 57.2-93.6 g/4184 kJ; Qz: 93.6-143.7 g/4184 kJ; Q4: > 143.7 g/4184 kJ
DBP: diastolic blood pressure; SBP: systolic blood pressure

aContinuous data: one-way analysis of variance; Categorical data: y2 test

bContinuous data: test of general linear trend; Categorical data: Kruskal-Wallis test

‘Regular employee: indicates an employee in a non-managerial position

37



Table 2. Nutrients and foods consumed by participants (n = 437) by quartile of vegetable intake/day at baseline

Nutrient/food type Q1 (n=110) Q2 (n=108) Qs (n=110) Qs+ (n=109)  pvalue? Pfor trend¢
Mean (SD)

Energy (kcal) 1884 (557) 1969 (613) 1971 (574) 1878 (536) 0.444 0.952
Food type (g/4184 kJ )

Vegetables 33.4 (15.9) 74.7 (9.8) 111.7 (14.0) 215.1 (55.1) <0.001  <0.001
Cereals 246.9 (83.4) 248.3 (64.3) 217.5 (63.4) 182.9 (67.1) <0.001  <0.001
Meat 39.1 (25.4) 35.9 (17.0) 39.5 (17.4) 35.9 (20.4) 0.366 0.489

Fish 25.8 (27.0) 29.9 (17.6) 36.9 (18.7) 45.2 (24.2) <0.001  <0.001
Milk/dairy products 48.4 (55.3) 46.0 (46.1) 55.1 (55.6) 71.7 (58.5) 0.002 0.001
Fruits 12.3 (12.8) 13.5 (12.6) 20.8 (18.8) 32.1 (27.6) <0.001  <0.001
Western sweets 25.2 (25.9) 26.0 (19.7) 22.8 (20.1) 15.1 (15.9) 0.520 0.157
Japanese sweets 2.5 (4.1) 3.0 (3.7) 3.6 (4.3) 3.5 (4.8) 0.194 <0.001
Sweetened beverages? 125.4(135.9) 77.8(87.4) 49.3 (56.5) 30.4 (50.4) <0.001  0.045
Sugar 2.9(3.7) 2.7 (3.1) 2.5 (3.1) 1.8 (2.6) 0.053 0.009
Salad dressing 2.3(2.7) 3.1(2.2) 4.1 (2.4) 4.2 (3.6) <0.001  <0.001
Alcohol 7.0 (10.4) 5.8 (8.0) 5.0 (7.0) 3.2 (6.5) 0.005 <0.001

Qi1 < 57.2 g/4184 kJ; Q2 57.2-93.6 g/4184 kJ; Qs: 93.6-143.7 g/4184 kJ; Q4 > 143.7 g/4184 kJ

aSweetened beverages: includes carbonated sodas or coffee, such as colas, soft drinks, canned coffees, etc. 2Continuous

data: one-way analysis of variance
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Table 3. Odds ratios for a one-year weight gain of > 3 kg by energy-adjusted quartile of vegetable intake/day

Q1 (n=110) Q2 (n=108) Qs (n=110) Qs (n=109) p for trende
Weight gain of >3 kg (n) 16 12 8 6
Model 12 1 (ref.) 0.73(0.33,1.64) 0.46(0.19,1.13)  0.35(0.13, 0.92) 0.016
Model 2b 1 (ref.) 0.73(0.33,1.63) 0.45(0.18,1.11)  0.33(0.12, 0.93) 0.018
Model 3¢ 1 (ref.) 0.72 (0.32,1.62)  0.44 (0.19, 1.13)  0.34(0.12, 1.01) 0.036
Model 44 1 (ref.) 0.69 (0.29,1.68) 0.37(0.13,1.07)  0.27 (0.08, 0.99) 0.028

Q1: <57.2 g/4184 kd; Qo- 57.2-93.6 g/4184 kd; Q3: 93.6—-143.7 g/4184 kd; Q- > 143.7 g/4184 kdJ

Results are presented as odds ratios and 95% confidence intervals.

ref.: reference category

aModel 1: unadjusted

bModel 2: gender adjusted

Model 3: Model 2 + adjustment for age

dModel 4:Model 3+ adjustment for all cofounding factors (marital status, weight at baseline, and energy-adjusted
intake of fish, cereals, fruits, milk, Japanese sweets, sweetened beverages, sugar, salad dressing, and alcohol)

ep for trend: The median intake values for each quartile were assigned and treated as a continuous variable.
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Table 4. Percentage of participants who ate brown rice/multigrain rice by frequency tertile of rice intake/day

Q1 Q2 Q3 pvalue2  pfor trend?
(£125.4g/4184 (125.5g/4184 kd — (=188.8g/4184
kd) 188.7g/4184 kJ ) kd )
n=146 n=146 n=145
Always 6.2 4.1 2.8
Often 16.4 13.0 15.2
0.844 0.282

Sometimes 17.8 20.5 19.3
Not at all 59.6 62.3 62.8

Qi: =125.4g /4184 kJ; Qo 125.4-188.8g/4184 kJ; Qs: = 188.8 g/4184 kJ

4Tertile data: one-way analysis of variance

UTertile data: test of general linear trends
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Table 5. Baseline characteristics of the study population (n = 437) by white rice vs. brown/multigrain rice consumption and tertile of rice intake

Tertile of rice with brown /multigrain intake at baseline

Tertile of white rice intake at baseline

(= ?215 4g/ (125 56-%88 7 Q - value® p for trend” (= ?215 4g / (125 5(??88 7 Q3 - value” p for trend ”
T184k;1)g /4184kJ)' £ (Z188.8g/4184ky)  FTHEE IHER T184k;1)g /4'1184kJ). ¢ (z188.8g/4184ky) P IHER
Number of subjects n=59 n=55 n=54 n=87 n=91 n=91
Mean+ SD Mean+ SD
Weigth (ke) 57.8 ( 10.7) 60.1 (  10.1) 62.6 ( 10.7) 0.055 0.016 61.1 ( 11.2) 612 ( 9.6) 61.6 ( 12.6) 0.943 0.738
Body mass index:BMI 22.2 ( 3.6) 22.1 ( 3.3) 22.6 ( 3.8) 0.760 0.583 224 ( 34) 21.7 ( 3.0) 21.9 ( 3.5) 0.345 0.358
Systolic blood pressure: SBP 1191 ( 140) 1210 ( 149) 1224 ( 111) 0.428 0.195 122.0 ( 11.7) 1239 ( 13.7) 1236 ( 12.8) 0.553 0.395
(mmHg)
Diastolic blood pressure: DBP 69.2 ( 11.6) 69.9 ( 13.0) 69.7 ( 9.6) 0.949 0.813 715 (1 9.7) 71.6 ( 11.8) 701 ( 11.6) 0.600 0.406
(mmHg)
Proportion (%) Proportion (%)
1 year weight gain =3k (%) 6.8 5.5 13.0 0.317 0.246 5.7 10.0 15.4 0.108 0.036
1 year weight gain = 1kg (%) 25.4 21.8 38.9 0.115 0.123 24.1 37.8 41.8 0.036 0.014
Sex :men (%) 39.0 65.5 72.2 0.001 <0.0001 60.9 78.0 80.2 0.007 0.004
Age : 29 (%) 35.6 47.3 315 28.7 30.8 41.8
30-39 (%) 23.7 16.4 40.7 25.3 29.7 27.5
40-49 (%) 16.9 16.4 9.3 0.135 0.658 17.2 20.9 14.3 0.227 0.030
50-59 (%) 20.3 16.4 11.1 27.6 17.6 13.2
>60 (%) 3.4 3.6 7.4 11 11 3.3
Marriage status: Unmarried (%) 62.7 60.0 57.4 0.847 0.566 59.3 48.4 63.7 0.098 0.530
Occupation: General staff(%) 100.0 96.4 96.3 0.696 0.216 95.4 93.4 95.6 0.370 0.845
Sift: day and night work (%) 30.5 52.7 33.3 36.8 50.5 48.4
only day work (%) 49.2 29.1 38.9 36.8 34.1 23.1
0.148 0.792 0.170 0.550
16.9 12.7 24.1 19.5 11.0 20.9
others (%) 3.4 5.5 3.7 6.9 4.4 7.7

“Tertile data: one-way analysis of variance
*Tertile data: test of the general linear trend
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Table 6. Baseline food intake of the study population (n = 437) by white rice vs. brown/multigrain rice consumption and tertile of rice intake

Tertile of rice with brown /multigrain intake at baseline

Tertile of white rice intake at baseline

(= ?2154 / (125 59?1887 a8 - value” p for trend” (= ?2154 I (125 593887 Qs - value” p for trend ”

z184k;1)g 14184kJ) ° Gussgdisdg) LT PO T184k;l)g 141841J) ° (Zsssgatsa) PV PETES
Number of participants n=59 n=55 n=54 n=87 n=91 n=91

Mean+ SD Mean+ SD

Total enagy (keal) 1947.6 ( 648.6) 20515 ( 589.3) 1766.0 ( 516.4) 0.040 0.115 19114 ( 518.2) 19984 ( 527.0) 1869.3 ( 608.6) 0.278 0.598
Rice (g/4184kJ) 823 ( 280) 1582 ( 17.3)  232.8 38.8 <0.0001  <0.0001 883 ( 251) 1570 ( 170) 2513 ( 528) <0.0001  <0.0001
Meat (g/4184kJ) 40.0 ( 21.3) 39.7 ( 21.7) 306 ( 13.5) 0.016 0.012 424 ( 23.7) 39.7 (1 183) 324 ( 19.0) 0.004 0.001
Fish (g/4184kJ) 459 ( 34.8) 381 ( 19.0) 27.8 ( 133) 0.001 <0.0001 414 ( 25.7) 315 ( 183) 25.0 ( 17.6) 0.001 <0.0001
Vegetables (g/4184kJ) 1456 ( 853) 1134 ( 526) 1127 (  170.8) 0.020 0.014 126.8 ( 89.9) 952 ( 60.2) 75.6 ( 56.4) <0.0001 <0.0001
Fruits (g/4184kJ) 253 (1 23.7) 255 (1 24.6) 204 ( 23.0) 0.444 0.281 236 ( 22.0) 146 ( 144) 134 ( 141) <0.0001 <0.0001
Milk & milk products
(g/4184kJ) 67.8 ( 49.9) 61.1 ( 50.1) 445 ( 485) 0.041 0.014 61.6 ( 63.1) 50.5 ( 56.0) 49.0 ( 534) 0.284 0.148
western sweets (g/4184kJ) 323 (1 24.8) 208 ( 17.1) 168 ( 16.4) <0.0001  <0.0001 27.3 ( 254) 221 (1 21.7) 151 ( 133) 0.001 <0.0001
Japanese sweets (g/4184kJ) 134 (. 100) 85 ( 83) 59 ( 57) <0.0001  <0.0001 104 ( 94) 85 ( 19) 44 (. 47) <0.0001  <0.0001
(ng;’:f;ﬁf}frage (kola ete.) 677 ( 985) 553 ( 71.8) 650 ( 934) 0.739 0.858 679 ( 111.0) 8.9 ( 91.0)  77.2 ( 98.7) 0.641 0.545
Green tea (g/4184kJ) 1215 ( 110.6) 100.1 ( 83.4) 1474 ( 136.7) 0.091 0.240 122.8 ( 122.8) 107.4 ( 122.8) 110.6 ( 129.2) 0.688 0.521
Sugar(g/4184kJ) 19 ( 22) 19 ( 24) 1.8 (1 24) 0.963 0.942 27 (. 32) 33 ( 36) 2.7 ( 38) 0.392 0.954
Salad dressing (g/4184kJ) 39 (. 32) 42 (. 30) 31 (. 32) 0.169 0.200 37 (. 32) 32 (1 24) 2.7 (. 23) 0.047 0.013

4.6 ( 94) 58 ( 76) 32 ( 63) 0.227 0.338 6.9 ( 103) 63 ( 175) 3.9 ( 68) 0.046 0.019

Alcohol (g/4184kJ)

7 Tertile data: one-way analysis of variance
% Tertile data: test of the general linear trend
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Table 7. Odds ratios” for a one-year weight gain of > 3 kg by white rice vs. brown/multigrain rice consumption and
energy-adjusted tertile of rice intake

Tertile of rice with brown /multigrain intake at baseline

Tertile of white rice intake at baseline

(= ?;54 / (125 5(?21887 Q3 (< ?2154 / Q2 Q3
4=184k;])g /4184%kJ) & (2188.8 g/4184kJ) 18 4kj)g (125.5 - 188.7 g/4184kJ) (2188.8 g/4184kJ)
n=59 n=54 n=55 n=87 n=91 n=91
Clued OR 1 (ref) 2.93 2.19 1 (ref.) 1.92 3.45
(95% CI) ( 072 , 11.89) ( 047 , 10.30 ) 056 6.66 ) ( 111 , 10.76 )
p-value 0.133 0.322 0.302 0.045
Model I OR 1 (ref) 2.81 1.91 1 (ref) 1.93 3.36
(95% CI) ( 068 , 1167) ( 040 , 920) 055 , 674) ( 105 , 10.82)
p-value 0.154 0.42 0.305 0.048
Model T OR 1 (ref) 3.883 2.773 1 (vef) 2.54 4.86
(95% CI) ( 068 , 2205) ( 027 , 2802) 064 , 10.15) ( 1.02 , 23.06)
p-value 0.126 0.387 0.187 0.034

CI: confidence interval; OR: odds ratio; Q: tertile; ref.: reference category
Statistical test; non-conditional logistic regression

Model I: Adjusted for sex, age (5 category), weight
Model II: Model I + adjustment for energy-adjusted intake of fish, meat, vegetables, fruits, milk & milk products, western sweets, japanese sweets, salad

dressing, and alcohol
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