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Abstract

Global health policies are promoting increased vegetable intake across all socioeconomic levels. However, the association
between healthy vegetable intake and perception of the food environment has not been well investigated. Consequently,
this study aimed to examine the association between vegetable intake and perceptions of neighborhood food environments.
Participants were 3,137 Japanese adults (1,580 men, 1,557 women), aged 30 to 59 years, who completed an Internet-
based survey. Self-report data were collected: vegetable intake, perceptions of food environment, household income, and
demographic variables. We found that positive perceptions of the food environment (e.g., reasonable prices for foods and
good social capital of food) predicted healthy vegetable intake in all household income groups. Therefore, supporters should
take note of perceptions of the food environments—the findings suggest that the food environment can be altered via

changing perceptions surrounding costs.
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Japan has one of the highest levels of longevity in the world.
Cardiovascular disease risk and obesity are lower than in
other countries (Organisation for Economic Co-operation
and Development [OECD], 2017). This positive health pro-
file may be due in part to Japan’s unique dietary habits,
which are drawing worldwide attention. Nevertheless, indi-
viduals with low socioeconomic status (SES) consume very
few vegetables per day. In Japan, the National Health and
Nutrition Survey (Ministry of Health, Labour and Welfare
[MHLW], 2015) reported that low-income households con-
sumed few vegetables per day (i.e., highest income: men =
322 g, women = 314 g; lowest income: men = 254 g, women
= 282 g) and had a high rate of obesity (i.e., lowest income:
men = 38.8%, women = 26.9%; highest income: men =
25.6%, women = 22.3%). Recently, the evidence indicates
that income disparities are affecting various dietary behav-
iors in Japan (Nakamura et al., 2016), as well as mortality
risk (Kondo, 2012). Several studies have shown that appro-
priate vegetable intake is effective for cancer prevention
(Harnack, Nicodemus, Jacobs, & Folsom, 2002; Takachi
et al., 2008) while also reducing risks for cardiovascular
(Bazzano, Serdula, & Liu, 2003; Gillman et al., 1995), obe-
sity (Mozaffarian, Hao, Rimm, Willet, & Hu, 2011), and
other lifestyle-related diseases. Hence, to help alleviate early
disease risk and further reduce health disparities, promoting

vegetable intake among low-SES individuals is an important
worldwide issue.

Japan’s health policy, called Health Japan 21, focuses in
part on addressing economic and health disparities (MHLW,
2012a). In Japan, people from many different socioeconomic
classes coexist, and to conduct health promotion activities
based on income would be discriminatory. Therefore, popu-
lation-based approaches to health improvement need to be
inclusive of socioeconomically disadvantaged groups
(MHLW, 2012a). The PRECEDE-PROCEED model has
revealed a mutual relationship between health behavior and
the environment (Green & Kreuter, 2005). In the case of
dietary habits, the neighborhood food environment is a key
factor. Previous research has reported that improving not
only the physical food environment but also the perception
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of the food environment plays an important role in creating
positive dietary habits (Blitstein, Snider, & Evans, 2012;
Larson, Story, & Nelson, 2009; Sharkey, Johnson, & Dean,
2010; Zenk et al., 2005). In fact, in Japan, Yoshiba et al.
(2015) reported that healthy eating behavior among elderly
adults has a stronger relationship with the perception of the
food environment than with the actual environment (Yoshiba
et al., 2015). Furthermore, strategies aimed at improving the
perceived environment would be much less costly, at least in
the short term, when compared with trying to change the
physical environment. As environmental perceptions appear
to play an important role in the formation of healthy vegeta-
ble intake, it is important to understand the factors predicting
these perceptions to help devise tailored strategies. Moreover,
it is possible that the association between the perceived
neighborhood food environment and vegetable intake could
differ by household income (Williams, Thornton, Ball, &
Crawford, 2012). To provide support for health promotion
efforts aimed at enhancing vegetable intake across income
groups, we must explore the interrelationships among these
factors.

In Japan, efforts to improve food environments are cur-
rently underway, including the Dietary Reference Intakes for
Japanese, which set habitual target values and dietary guide-
lines that account for consumer dietary styles. There is also
the Japanese Food Guide Spinning Top, which provides ide-
alized eating habits based on dish units. Unfortunately, there
are relatively few reports assessing the Japanese food envi-
ronment, particularly the social capital of food within resi-
dential areas. Shimomitsu (2011) showed that when the
environment such as nonfixed sales shops and information
provision is developed, improved perception of food envi-
ronment such as “availability of meals,” “nutrition labels at
restaurants and grocery store information,” and “daily shop-
ping within walking distance.” However, Shimomitsu inves-
tigated only one city, limiting the generalizability of those
findings. In addition, prior work has been unable to account
for the effect of household income (i.e., SES), and little has
been investigated about whether residents (i.e., the receivers
of the food environment) perceived the food environment.

This study aimed to examine the association between veg-
etable intake and perceptions of neighborhood food environ-
ments by household income category among Japanese to
provide useful knowledge to supporters (i.e., the provider
side) of healthy food intake.

Method
Study Sample

We conducted a cross-sectional study, with a multipurpose
investigation as to the dietary habits of Japanese adults. In
February 2014, an Internet-based survey was administered
among individuals aged 30 to 59 years through an online
research service company (containing data from

approximately 160,000 people). Details of the methodology
were published in a previous report (Nakamura et al., 2016).
Thus, participants were stratified according to age, gender
(Ministry of Internal Affairs and Communications, 2013),
and household income (MHLW, 2013), and sampling was
conducted to match the socioeconomic distributions in
Japan. The survey request was delivered to 8,284 people
(aged 30-59 years and matching the gender and age distribu-
tions of Japan) extracted from the approximately 160,000
registrants in consideration of the response rate (the response
rate is 36% by a Japanese online research service company).
A total of 8,284 adults were received an email inviting them
to participate in the survey. The invitation email contained a
URL for a protected website in which the questionnaire was
located. In fact, a total of 3,269 adults completed the survey
by the deadline, and survey collection was terminated. These
3,269 participants were aged 30 to 59 years. A sample of
adults aged 30 to 59 years (three age groups: 30-39 years,
565 men and 551 women; 40-49 years, 593 men and 567
women; and 50-59 years, 493 men and 500 women). We tar-
geted this age group because the promotion of healthy eat-
ing, and a reduction in health disparities, is particularly
important within this age range. In addition, students in their
20s were excluded because it is difficult to interpret SES
such as household income and education in that group
(Nakamura et al., 2016). Respondents who completed the
survey and clicked the “send” button after reading the online
informed consent form were considered to have consented to
participate. The research service company offered reward
points, valued at 100 JPY (102 JPY = US$1 in February
2014), for participating. This study was approved by the
Ethics Review Committee on Research with Human Subjects
of Waseda University, Japan (2013-249).

SES and Sociodemographic Variables

We were unable to accurately determine individual-level
equivalent incomes, as the questionnaire contained only cat-
egories of household income, as follows: <3,000,000 JPY,
3,000,000-5,000,000 JPY, 5,000,000-7,000,000 JPY,
7,000,000-10,000,000 JPY, 10,000,000-15,000,000 JPY, and
>15,000,000 JPY. We therefore analyzed income at category
level. Overall, 3 million yen may be used as one index (low-
income group) of people with life difficulties, but there is no
strict classification of this evaluation point. More specifi-
cally, these data were extracted at the same rate as the census
distribution. This research was divided into 3 million yen and
7 million yen to better reflect the income division between
socioeconomic classes. Individuals who make less than 3
million yen account for 32% of the population, who make 3
million yen and 7 million yen account for 41%, and those
who make 7 million yen or more account for 27%. Household
income was classified into three equally distributed catego-
ries: <3,000,000 JPY (low), 3,000,000-7,000,000 JPY (mid-
dle), and >7,000,000 JPY (high; MHLW, 2013). Education
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level was classified into three categories: junior high/high
school, 2-year college, and 4-year college/graduate school.
Demographic variables included gender, age group, marital
status, residential status, and employment status.

Vegetable Intake

The questionnaire item concerning vegetable intake (MHLW,
2012b) was prefaced by the following: “The following ques-
tions are about your normal meals.” Participants were then
asked, “Do you eat adequate amounts of vegetables (5 small
dishes/day, or about 350 g)?”” Responses included (1) always,
(2) sometimes, (3) rarely, and (4) never. Those who responded
(1) or (2) had sufficient vegetable intake (yes), while those who
responded (3) or (4) had insufficient vegetable intake (no).

Perception of Neighborhood Food Environment

We used six items to evaluate perception of neighborhood
food environment, including food access, food information
access, and food social capital (Shimomitsu, 2011). The
instructions to participants for these items were as follows:

Here are some questions about the people and where you live in
(elementary school and junior high school area boundaries in the
municipalities). Please choose the most applicable of the
following items: “Nutritionally foods and menus are available at
a nearby restaurant, grocery store, or workplace cafeteria”
(availability of meals); “Nutritionally foods can be purchased at
an reasonable price” (reasonable prices for foods); “Nutrition
labels, such as those containing calorie information, are readily
available and useful at nearby restaurants and grocery stores”
(nutrition labels at restaurants and grocery store information);
“Daily shopping can be done within walking distance of the
home” (daily shopping within walking distance); “My
neighborhood has an atmosphere of cherishing food culture,
traditions, and seasonality” (atmosphere of cherishing the food
culture in my neighborhood); and “My neighborhood has the
atmosphere of feeling free to exchange food with each other,
such as bartering for food” (atmosphere of feeling free to
exchange food with each other in the neighborhood).

Responses to these items were on the following scale: (1)
strongly agree, (2) agree, (3) neutral, (4) disagree, and (5)
strongly disagree. Those who responded (1) or (2) had posi-
tive perceptions of neighborhood food environment (agree);
those who responded (3), (4), or (5) had negative perceptions
of neighborhood food environment (disagree).

Statistical Analyses

Data were analyzed from the 3,137 adults who provided
complete information for all study variables. Respondents
who did not provide information regarding education (other/
unknown, n = 52) or employment status (other/unknown,
n = 80) were not included in the analyses.

A chi-square test was used to compare various character-
istics and vegetable intake levels. Associations between veg-
etable intake and perceptions of neighborhood food
environment were examined using a forced-entry adjusted
logistic regression analysis. The dependent variable was veg-
etable intake, and the independent variables were the percep-
tions of neighborhood food environment. There were no
issues of multicollinearity between our variables. Unadjusted
odds ratios, adjusted odds ratios (AORs), and 95% confi-
dence intervals (CIs) were calculated for each variable.
Multivariate analyses were adjusted for sex, age, marital sta-
tus, residence status, employment status, and educational
states. All statistical analyses were performed with IBM ®
SPSS ® Statistics 21.0, with a p value of .05 taken as the
level of significance.

Results

Participant characteristics and food environment perceptions
are shown in Table 1. Approximately half of the respondents
were women. Individuals who reported sufficient vegetable
intake had the following characteristics: 50 to 59 years old,
married, living together, not employed, 3,000,000 to
7,000,000 or >7,000,000 yen income, and 4-year college/
graduate school. The ratio of perceived positive neighbor-
hood food environment among people with sufficient vege-
table intake was higher than that among individuals with
insufficient vegetable intake (all items p < .001).

Results of the logistic regression analysis on the associa-
tion between perceptions of neighborhood food environment
and vegetable intake are shown in Table 2. After adjusting
for variables, perceptions of neighborhood food environment
(e.g., “availability of meals”) were positively associated with
sufficient vegetable intake for the middle- and high-income
groups (middle: AOR = 1.76, 95% CI = [1.29, 2.40]; high:
AOR = 146, 95% CI = [1.01, 2.11]). There was no signifi-
cant association between “availability of meals” and suffi-
cient vegetable intake for the low-income group (low: AOR
= 1.31,95% CI = [0.87, 1.98], p = .192). Next, perceptions
of neighborhood food environment (e.g., “reasonable prices
for foods”) predicted sufficient vegetable intake for the all of
the income groups (low: AOR = 2.09, 95% CI = [1.47,
2.97]; middle: AOR = 1.63, 95% CI = [1.22, 2.19]; high:
AOR = 1.85;95% CI = [1.28, 2.67]). One of the two items
relating to perceptions of neighborhood food environment
(e.g., social capital of food) was positively associated with
sufficient vegetable intake for all income groups. For exam-
ple, “atmosphere of cherishing the food culture in my neigh-
borhood” (low: AOR = 1.66, 95% CI = [1.11, 2.49]; high:
AOR = 1.82,95% CI = [1.22, 2.72]) or “atmosphere of feel-
ing free to exchange food with each other in the neighbor-
hood” (low: AOR = 2.65, 95% CI = [1.72, 4.08]; middle:
AOR = 1.61, 95% CI = [1.14, 2.28]) were notable findings.
Thus, in the low-income group, there was a positive associa-
tion between social capital and sufficient vegetable intake.
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Table I. Descriptive Characteristics of 3,137 Participants According to Healthy Vegetable Intake.
All
Vegetable intake®
Yes No
n = 1453 n= 1,684
Variable Categories n % n % pf
Sex Men 631 434 949 56.4 <.001
Women 822 56.6 735 43.6
Age 30-39 years 458 315 614 36.5 .003
40-49 years 519 357 598 355
50-59 years 476 32.8 472 28.0
Marital status Married 981 67.5 907 53.9 <.001
Not married® 472 325 777 46.1
Residence status Living together 1,282 88.2 1,300 77.2 <.001
Not living together 171 1.8 384 22.8
Employment status Employed 1,023 70.4 1,285 76.3 <.001
Not employed 430 29.6 399 23.7
Household income <3,000,000 yen 345 23.7 639 37.9 <.001
3,000,000-7,000,000 yen 630 434 663 394
>7,000,000 yen 478 329 382 227
Educational status Junior high/high school 314 21.6 516 30.6 <.001
2-year college 411 283 455 27.0
4-year college/graduate 728 50.1 713 423
school
Availability of meals
Nutritionally foods and menus are available at a Agree® 710 48.9 405 24.0 <.001
nearby restaurant, grocery store, or workplace  Disagree* 743 51.1 1,279 76.0
cafeteria
Reasonable price for foods
Nutritionally foods can be purchased at a Agree 934 64.3 601 35.7 <.001
reasonable price Disagree 519 35.7 1,083 64.3
Nutrition labels at restaurants and grocery stores information
Nutrition labels, such as those containing calorie Agree 630 434 409 243 <.001
information, are readily available and useful at Disagree 823 56.6 1,275 75.7
nearby restaurants and grocery stores
Daily shopping within walking distance
Daily shopping can be done within walking Agree 857 59.0 761 45.2 <.001
distance of the home Disagree 596 410 923 54.8
Atmosphere of cherishing the food culture in my neighborhood
My neighborhood has the atmosphere of Agree 609 41.9 317 18.8 <.001
cherishing the food culture, traditions, and Disagree 844 58.1 1,367 81.2
seasonality
Atmosphere of feeling free to exchange food with each other in the neighborhood
My neighborhood has the atmosphere of feeling Agree 491 33.8 233 13.8 <.001
free to exchange the food with each other, such Disagree 962 66.2 1,451 86.2

as barter of food

*Vegetable intake responses were provided on a scale with four options: (1) always, (2) sometimes, (3) rarely, and (4) never. Subjects who chose (I) or
(2) were considered to have answered positively (I = yes), and those who chose (3) or (4) were considered to have answered negatively (0 = no).

®Not married; single, separated, or divorced.

‘Food environment responses were provided on a scale with five options: (1) strongly agree, (2) agree, (3) neutral, (4) disagree, and (5) strongly disagree.
Subjects who chose (1) or (2) were considered to have answered positively (I = agree), and those who chose (3) to (5) were considered to have

answered negatively (0 = disagree).
fChi-square test.
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Discussion

To our knowledge, this was the first study to examine the asso-
ciation between vegetable intake and perceptions of neighbor-
hood food environments by household income among
Japanese. These perceptions were in part related to differences
in household income, which in turn predicted desirable vege-
table intake. Our results show that the difference by household
income is limited and suggest that it is possible to increase
vegetable intake across a wide population by promoting per-
ceptions of neighborhood food environments.

High vegetable intake (regardless of income) was related
to the perception of “nutritional foods can be purchased at a
reasonable price.” Thus, grocery stores should invest in pro-
motional activities that allow consumers to easily perceive
seasonal vegetables through store events and advertisements.
Flint, Steven, and Stephen (2013) reported that perceived
availability, affordability, and acceptability of one’s neigh-
borhood food environment did not predict fruit and vegetable
consumption when targeting low-income individuals.
However, Darmon, Lacroix, Muller, and Ruffleux (2002)
implemented a food pricing policy that improved dietary
quality for adult women in the low- and middle-income
groups. Several studies worldwide have focused their assess-
ments on low-income individuals (Williams et al., 2014),
with no prior reports examining a wide range of income
groups. Furthermore, mechanisms underlying food distribu-
tion and vegetable acquisition are different in Japan. Japan
has four seasons, allowing for the growing of specific sea-
sonal vegetables with reasonable prices. That is, vegetables
are strongly influenced by seasonal elements and the weather,
which in turn can lead to price fluctuations; thus, consumers
may be affected by temporary price hikes. However, in
Japan, a certain amount of vegetables is distributed through-
out the year to reduce the impact of price fluctuations
(Ministry of Agriculture, Forestry and Fisheries, 2017). A
Japanese public opinion survey (Bureau of Citizens and
Cultural Affairs, 2016) revealed that approximately 64% of
respondents said that “price” was an important element when
purchasing perishables. Taken together, it is evident that
price has an influence on food accessibility. However, a limi-
tation of this research is that we provide little evidence for a
relationship between price and food access, and what infor-
mation is provided is unique to the Japanese context.

Regardless of SES, the perceived “social capital of food,”
which includes “atmosphere of cherishing the food culture in
my neighborhood” and ‘“atmosphere of feeling free to
exchange food with each other in the neighborhood,” appears
to be a predictor of the sufficiency of vegetable intake.
Among the lowest income group in Japan, there is an average
vegetable intake of about 70 g per day (1 SV) less than high-
est income group. Furthermore, the low-SES groups experi-
ence a higher risk of lifestyle-related diseases (MHLW,
2015). Motohashi, Kaneko, Fujita, Motohashi, and Nakamura
(2013) reported that vegetable intake is lower among

individuals who perceive an environment with negative
community social capital. Social capital (Putnam, Leonardi,
& Nanetti, 1994) is defined as a relationship of mutual trust
(social network) between individuals. Health Japan 21 (the
second term) states that reinforcement of social capital is
important for health promotion among the socioeconomi-
cally disadvantaged. Also, if the food environment is exam-
ined each of food access, information access, and social
capital, the principal implementing environmental mainte-
nance can organize the whole what to do. For example, sup-
porters can initiate two major health promotion activities
based on region and organization. First, supporters of munic-
ipalities and organizations could provide information regard-
ing the local food culture and traditions, as well as outline the
importance of sharing foods in the community. This could be
accomplished through public service announcements and
advertisements spearheaded by local governments. Second,
it may be good for local governments, grocery stores, and
restaurants to host events where consumers can experience
positive social capital in regard to the food culture. Increasing
a focus on “social capital” could lead not only to advocating
for vegetable intake but also more holistic community health
promotion. However, it is necessary to note that our findings
were produced using a measure of perception of the food
environment developed within Japan, which means that our
findings may not generalize well to other geographic areas.

The association between desirable vegetable intake and
perceptions of the neighborhood food environment, as it per-
tains to the availability of meals (e.g., in nearby restaurants,
grocery stores, and workplace cafeterias), was only observed
among the middle-income and highest income groups.
Maintenance of nutritional foods and menus within organiza-
tions, local grocery stores, and restaurants is currently under-
way in Japan (MHLW, 2012a). However, the present results
indicate that individuals within the lower income group may
not benefit from this association. Thus, it is necessary to
devise interventions where these individuals become vigilant
toward checking nutritional information on menus and labels.
Each municipality in Japan is implementing a system involv-
ing the use of a “mark” to highlight dishes that include several
vegetables and stores that offer “vegetable supporter” dishes.
In addition, we have created an enlightenment tool, referred
to as the “Everyday Plus One Dish of Vegetables” (MHLW,
2012c), as a national strategy. This initiative has been imple-
mented at grocery stores since 2016. To plan a health promo-
tion strategy that focuses on lower income individuals, it is
necessary to make use of these tools and actively promote
food awareness across a variety of organizational levels.

The present study included a few notable limitations.
First, we could not investigate any objective indices of the
food environment. This prevents us from making any infer-
ences about the relationship between the actual food environ-
ment and the perceived environment. Second, our study does
not cover all aspects of the perceived food environment. We
used only a portion of the items devised in a previous study.
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We measured perception of the food environment using
items from existing research as much as possible
(Shimomitsu, 2011). However, the validity of our measure
has not been determined. Moreover, the perceptions are
Japan centric and may not reflect perceptions in other coun-
tries. Third, we were unable to investigate other factors that
might influence food purchasing, including the types of
stores patronized, food prices, access to and opening hours of
food stores, time (acceptability), location of employment
(accessibility), or other aspects of the food purchasing envi-
ronment (e.g., geographic information system, grocer dis-
plays; Zenk et al., 2005). Fourth, despite our rather large
sample size, we cannot guarantee that our sample is fully
representative of the general Japanese population (i.e., we
only sampled individuals with access to the Internet).
Internet-based survey respondents may be more likely to
have certain characteristics, including being younger, have a
higher level of education, and a higher income (Eysenbach &
Wyatt, 2002; Rhodes, Bowie, & Hergenrather, 2003). The
sample size was estimated according to the study design so
that various relevant factors could be considered based on
the categories of age, gender, and income. The lack of justifi-
able resources is a limitation of this research. Furthermore,
we excluded data that people with incomplete answers from
the main analyses because interpretation of the results would
have been difficult if other/unknown answers were included
in the data. We must interpret this result carefully. However,
participants were randomly selected based on Japanese pop-
ulation data according to demographics, which was an
advantageous aspect of the present study. Moreover, this
strategy helped us avoid issues related to regional character-
istics. Thus, a key strength of this Internet-based survey was
that we utilized a variety of sampling parameters.

The Japanese government has recently recommended an
approach that includes distinct health promotion interven-
tions based on specific income levels (MHLW, 2012a).
However, investigating SES is a delicate issue for low-income
households. The possibility of implementing a health promo-
tion strategy within segmentation of income groups is quite
challenging in reality. In the future, we believe that certain
methods (e.g., the nudge theory) to encourage people to make
healthier choices should be utilized within their food environ-
ments. The nudge theory is the choice that alters people’s
behavior in a predictable way without forbidding any options
or significantly changing their economic incentives. For
example, it is necessary to consider the “nudge” mechanisms
that help people perceive prices as reasonable and select
healthy food. These mechanisms might include price display
patterns, advertisement displays, or the order of line up. In
addition, it is necessary to improve overall health literacy (the
ability to obtain, understand, evaluate, and utilize health
information) and to ensure that residents obtain information
on their preferred food environment. Overall, therefore, it is
necessary to explore how people perceive the existing food
environment to better implement public health promotion.

Conclusion

The study examined the relationship between vegetable
intake and perceptions of neighborhood food environments
by household income among Japanese individuals residing
in Japan. Overall, the results suggest that changes in the food
environment may result from changes in perceptions about
foods (e.g., the perception that vegetables are economically
cheaper). Changes in perceptions may be more important
than changes in the physical environment. Charging reason-
able prices for food, having healthy food available in stores
and restaurants, and changing the social capital of food may
promote increased vegetable intake among low-income
households. Future research would do well to investigate this
work in a longitudinal manner.

Acknowledgment

The authors would like to express their sincere gratitude to the
municipal authorities, officials, and residents who participated for
their cooperation.

Author Contributions

S.N. designed the study, analyzed the data, and drafted the article.
T.I. and T.A. participated in the study design, supervised, and helped
draft the article. K.H. participated in the study design and supervised
writing the article. All authors read and approved the final article.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
research was supported by a Grant-in-Aid for Challenging
Exploratory Research (JSPS KAKENHI Grant No. JP25560357)
from the Ministry of Education, Culture, Sports, Science and
Technology, Japan, and Japan Society for the Promotion of Science
(JSPS KAKENHI Grant No. JP16J02348).

Ethical Approval and Consent to Participate

This study was conducted according to the guidelines laid down in
the Declaration of Helsinki and all procedures involving human
participants and was approved by the Ethics Review Committee on
Research with Human Subjects of Waseda University, Japan (2013-
249). Respondents who completed the questionnaire and clicked
the “send” button at the end of the online informed consent form
were considered to have consented to survey participation.

ORCID iD

Saki Nakamura https://orcid.org/0000-0001-5335-3422

References

Bazzano, L. A., Serdula, M. K., & Liu, S. (2003). Dietary intake
of fruits and vegetables and risk of cardiovascular disease.
Current Atherosclerosis Reports, 5, 492-499.



SAGE Open

Blitstein, J., Snider, J., & Evans, D. (2012). Perceptions of the food
shopping environment are associated with greater consumption
of fruits and vegetables. Public Health Nutrition, 15,1124-1129.

Bureau of Citizens and Cultural Affairs. (2016). Public opinion poll
about the purchasing awareness of the food. Retrieved from
http://www.metro.tokyo.jp/INET/CHOUSA/2016/02/60q291
07.htm

Darmon, N., Lacroix, A., Muller, L., & Ruffleux, B. (2002). Food
price policies improve diet quality while increasing socio-
economic inequalities in nutrition. International Journal of
Behavioral Nutrition and Physical Activity, 11(1), Article 66.

Eysenbach, G., & Wyatt, J. (2002). Using the Internet for surveys and
health research. Journal of Medical Internet Research, 4(2), e13.

Flint, E., Steven, C., & Stephen, M. (2013). Do perceptions of the neigh-
bourhood food environment predict fruit and vegetable intake in
low-income neighbourhoods? Health & Place, 24, 11-15.

Gillman, M. W., Cupples, L. A., Gagnon, D., Posner, B. M., Ellison,
C., Castelli, W. P., & Wolf, P. A. (1995). Protective effect of
fruits and vegetables on development of stroke in men. The
Journal of the American Medical Association, 273, 1113-1117.

Green, L. W., & Kreuter, M. W. (2005). Health program planning:
An educational and ecological approach (4th ed.). New York,
NY: McGraw-Hill.

Harnack, L., Nicodemus, K., Jacobs, D. R., & Folsom, A. R.
(2002). An evaluation of the dietary guidelines for Americans
in relation to cancer occurrence. American Journal of Clinical
Nutrition, 76, 889-896.

Kondo, N. (2012). Socioeconomic disparities and health: Impacts
and pathways. Journal of Epidemiology, 22, 2-6.

Larson, N., Story, M., & Nelson, M. (2009). Neighborhood envi-
ronments: Disparities in access to healthy foods in the U.S.
American Journal of Preventive Medicine, 36, 74-81.

Ministry of Agriculture, Forestry and Fisheries. (2017). Situation
over vegetables. Retrieved from http://www.maff.go.jp/j/sei
san/ryutu/yasai/attach/pdf/index-68.pdf

Ministry of Health, Labour and Welfare. (2012a). Health Japan 21
(the second term): A basic direction for comprehensive imple-
mentation of national health promotion. Tokyo, Japan: Author.
Retrieved from http://www.mhlw.go.jp/file/06-Seisakujouhou-
10900000-Kenkoukyoku/0000047330.pdf

Ministry of Health, Labour and Welfare. (2012b). The national
health and nutrition survey 2009. Tokyo: Author. Retrieved
from http://www.mhlw.go.jp/bunya/kenkou/eiyou/dl/h21-hou
koku-01.pdf

Ministry of Health, Labour and Welfare. (2012c). Smart life proj-
ect. Retrieved from http://www.smartlife.go.jp/

Ministry of Health, Labour and Welfare. (2013). Comprehensive
survey of living conditions. Tokyo, Japan: Author. Retrieved
from  http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyo
sal2/dl/12.pdf

Ministry of Health, Labour and Welfare. (2015). The national
health and nutrition survey 2014. Tokyo, Japan: Author.
Retrieved from http://www.mhlw.go.jp/file/04-Houdouhap-
pyou-10904750-Kenkoukyoku-Gantaisakukenkouzoushi
nka/0000117311.pdf

Ministry of Internal Affairs and Communications. (2013). Statistics
bureau ministry of internal affairs and communications: The

2013 population census of Japan. Tokyo, Japan: Ministry
of Health, Labour and Welfare. Retrieved from http://www.
soumu.go.jp/menu_news/s-news/01gyosei02_02000055.html

Motohashi, K., Kaneko, Y., Fujita, K., Motohashi, Y., & Nakamura,
A. (2013). Interest in dietary pattern, social capital, and psy-
chological distress: A cross-sectional study in a rural Japanese
community. BMC Public Health, 13(1), Article 933.

Mozaffarian, D., Hao, T., Rimm, E. B., Willet, W. C., & Hu, F.
(2011). Changes in diet and lifestyle and long-term weight gain
in women and men. The New England Journal of Medicine,
364, 2392-2404.

Nakamura, S., Inayama, T., Hata, K., Matsushita, M., Takahash,
M., Harada, K., & Arao, T. (2016). Association of household
income and education with eating behaviors in Japanese adults:
A cross-sectional study. BMC Public Health, 16, Article 61.

Organisation for Economic Co-operation and Development. (2017).
Overweight or obese population (indicator). Paris, France:
Author. Retrieved from https://data.oecd.org/healthrisk/over-
weight-or-obese-population.htm

Putnam, R. D., Leonardi, R., & Nanetti, R. Y. (1994). Making
democracy work: Civic traditions in modern Italy. Princeton,
NIJ: Princeton University Press.

Rhodes, S. D., Bowie, D. A., & Hergenrather, K. C. (2003).
Collecting behavioural data using the World Wide Web:
Considerations for researchers. Journal of Epidemiology and
Community Health, 57, 68-73.

Sharkey, J. R., Johnson, C. M., & Dean, W. R. (2010). Food access
and perceptions of the community and household food environ-
ment as correlates of fruit and vegetable intake among rural
seniors. BMC Geriatrics, 10(1), Article 32.

Shimomitsu, K. (2011). Study on the development and goal set-
ting of the food environment: Study on the effective environ-
mental implement of health promotion supported environment
and setting of the policy objective: Comprehensive research
on prevention of cardiovascular diseases and other lifestyle
related diseases (Research Report of Health Labour Sciences
Research Grant). Tokyo, Japan: Ministry of Internal Affairs
and Communications.

Takachi, R., Inoue, M., Ishihara, J., Kurahashi, N., Iwasaki, M.,
Sasazuki, S., . .. Tsugane, S. (2008). Fruit and vegetable
intake and risk of total cancer and cardiovascular disease:
Japan Public Health Center-based prospective study. American
Journal of Epidemiology, 167, 59-70.

Williams, L. K., Abbott, G., Thornton, L. E., Worsley, A., Ball, K.,
& Crawford, D. (2014). Improving perceptions of healthy food
affordability: Results from a pilot intervention. /nternational
Journal of Behavioral Nutrition and Physical Activity, 11(1),
Article 33.

Williams, L. K., Thornton, L., Ball, K., & Crawford, D. (2012). Is
the objective food environment associated with perceptions of
the food environment? Public Health Nutrition, 15,291-298.

Yoshiba, K., Takemi, Y., Ishikawa, M., Yokoyama, T., Nakaya, T.,
& Murayama, N. (2015). Relationship between dietary diver-
sity and food access among elderly living alone in Saitama
Prefecture. Nihon Koshu Eisei Zasshi, 62, 707-718.

Zenk, S. N., Schulz, A.J., Hollis-Neely, T., Campbell, R. T., Holmes,
N., Watkins, G., . . . Odoms-Young, A. (2005). Fruit and


http://www.metro.tokyo.jp/INET/CHOUSA/2016/02/60q29107.htm
http://www.maff.go.jp/j/seisan/ryutu/yasai/attach/pdf/index-68.pdf
http://www.mhlw.go.jp/bunya/kenkou/eiyou/dl/h21-houkoku-01.pdf
http://www.mhlw.go.jp/toukei/saikin/hw/k-tyosa/k-tyosa12/dl/12.pdf
http://www.mhlw.go.jp/file/04-Houdouhappyou-10904750-Kenkoukyoku-Gantaisakukenkouzoushinka/0000117311.pdf
http://www.soumu.go.jp/menu_news/s-news/01gyosei02_02000055.html

Nakamura et al.

vegetable intake in African Americans: Income and store char-
acteristics. American Journal of Preventive Medicine, 29, 1-9.

Author Biographies

Saki Nakamura, center for Health Science and Counseling,
Kyushu University, Fukuoka, Fukuoka, Japan.

Takayo Inayama, faculty of Health and Human Development, The
University of Nagano, Nagano, Nagano, Japan.

Kazuhiro Harada Graduate School of Human Development and
Environment, Kobe University, Kobe, Hyogo, Japan.

Takashi Arao, physical fitness research Institute, Meiji-Yasuda
Life Foundation of Health and Welfare, Hachioji, Tokyo, Japan.



	http://www.mhlw.go.jp/bunya/kenkou/eiyou/dl/h21-houkoku-01.pdf

