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Abstract

Background: Fruit and vegetable consumption reduces chronic disease risk, yet the majority of Americans
consume fewer than recommended. Inadequate access to fruits and vegetables is increasingly recognized as a
significant contributor to low consumption of healthy foods. Emerging evidence shows the effectiveness of
community gardens in increasing access to, and consumption of, fruits and vegetables.

Methods: Two complementary studies explored the association of community garden participation and fruit and
vegetable consumption in rural communities in Missouri. The first was with a convenience sample of participants in a
rural community garden intervention who completed self-administered surveys. The second was a population-based
survey conducted with a random sample of 1,000 residents in the intervention catchment area.

Results: Participation in a community garden was associated with higher fruit and vegetable consumption. The
first study found that individuals who worked in a community garden at least once a week were more likely to
report eating fruits and vegetables because of their community garden work (X2 (125)=7.78, p =.0088).
Population-based survey results show that 5% of rural residents reported participating in a community garden.
Those who reported community garden participation were more likely to report eating fruits 2 or more times per
day and vegetables 3 or more times per day than those who did not report community garden participation, even
after adjusting for covariates (Odds Ratio [OR] = 2.76, 95% Confidence Interval [Cl] = 1.35 to 5.65).

Conclusion: These complementary studies provide evidence that community gardens are a promising strategy for
promoting fruit and vegetable consumption in rural communities.
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Background

Fruit and vegetable consumption reduces chronic disease
risk [1,2], yet the majority of Americans do not meet
current consumption recommendations [3]. Although in-
dividual and interpersonal determinants are important,
there is an increased emphasis on environmental factors
that influence fruit and vegetable consumption. One spe-
cific environmental strategy - community gardens - is
gaining attention for the potential to increase the availabil-
ity of, and access to, fruits and vegetables [4,5].
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Community gardens are associated with increased com-
munity connectedness and civic engagement, but few stud-
ies examine the effect of community garden participation
on fruit and vegetable consumption [6-9]. McCormack and
colleagues identified only 4 cross sectional studies examin-
ing this relationship in the United States [7,8,10-12]. Each
study found a significant association between community
garden participation and fruit and vegetable consumption;
however, methodological issues such as use of non-
validated measures, convenience samples, or lack of pre-
intervention measures limit the findings. A more recent
study in Denver, Colorado addressed some of these meth-
odological issues: using an in-person population-based sur-
vey, the researchers found that those who participated in
an urban community garden consumed more fruits and
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vegetables per day than those who did not participate in a
community garden [6].

The existing data supporting this association is prom-
ising yet limited to urban settings. To the authors’ know-
ledge, there are no published studies examining this
relationship in rural settings in the United States. Rural
settings are of particular interest for several reasons.
Rural residents are less likely to meet recommendations
for fruit and vegetable consumption than suburban and
many urban residents [13]. Rural areas have higher pov-
erty rates than urban and suburban areas [14]. A recent
study found that while the majority of rural residents
live within 10 miles of a grocery store, low-income rural
residents are more likely to live 10 or more miles from a
grocery store than middle and high income rural resi-
dents [15]. High poverty rates coupled with limited ac-
cess to a grocery store may explain why rural residents
are less likely to meet recommendations for fruit and
vegetable consumption. Identifying intervention strat-
egies that increase access to and availability of fruits and
vegetables for low income rural residents is needed. The
purpose of this study is to examine the relationship be-
tween community garden participation and fruit and
vegetable consumption in rural Missouri.

Overview of the intervention
Healthier Missouri Communities (Healthier MO) is a
community-based research project conducted by the
Prevention Research Center in St. Louis (PRC-StL) and
community partners from 12 counties in rural southeast
Missouri. The impetus to work in partnership with
southeast Missouri communities is the high poverty rate
(approximately 20%, nearly double the Missouri rate of
11.8%) and a significantly higher burden of chronic dis-
ease than the rest of the state [16]. Compared to the US
average, fewer Missouri residents eat fruit 2 or more
times a day (27.3% Missouri v. 32.5% US) or vegetables 3
or more times a day (23.0% Missouri v. 26.3% US) [17].
Data suggest that southeast Missouri residents are even
less likely to meet recommendations for fruit and vege-
table consumption than the state as a whole [18].
Healthier MO seeks to implement environmental and
policy interventions to promote healthy eating in this geo-
graphic region. In 2010, community partners participated
in an evidence-based decision-making training in which
they identified community gardens as a feasible and im-
portant option to promote fruit and vegetable consumption
in their communities. This manuscript reports the findings
from two surveys conducted as part of Healthier MO. The
community garden intercept survey assessed the effect of
frequency of community garden participation in Healthier
MO gardens on fruit and vegetable consumption. The
population-based survey assessed general community gar-
den participation in the intervention catchment area and
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the effect of community garden participation on meeting
recommendations for fruit and vegetable consumption.

Methods
This research was approved by the Saint Louis Univer-
sity Institutional Review Board.

Community garden intercept survey

This study included 12 community gardens, representing
seven counties within the 12-county intervention catch-
ment area. As part of the intervention, communities re-
ceived funding for garden equipment, technical assistance,
and access to a regional community garden resource net-
work. The placement of intervention gardens depended
on the interest and commitment of each community. Five
of the 12 gardens were newly developed for this interven-
tion period. Seven gardens existed prior to the interven-
tion and expanded during the intervention period. The
community garden formats varied across the study sites.
Half of the community gardens (n=6) had a single large
plot tended collaboratively by multiple gardeners. The
other half (n = 6) included multiple individual plots within
a larger designated area each tended by individual gar-
deners. Gardens ranged in size from 147" to 132" for the
single plot to 4'x20" for individual plots. Community gar-
dens with individual plots included between six and 40
plots each; 3 of these gardens utilized raised beds as the
individual plots. The number of gardeners per garden
ranged from three to sixteen. The garden season lasted
from approximately May 1st to September 30th.

A quantitative, self-administered, post survey was con-
ducted with a convenience sample of community gar-
deners from each of the 12 intervention gardens during
October of 2011. Gift cards were provided to respondents
in appreciation of their participation. The intercept survey
included questions about demographics, frequency of
working in the community garden, and the self-perceived
impact of working in the community garden on behaviors,
attitudes, knowledge and skills [19]. Frequency of working
in the community garden was dichotomized into “once a
week or more” and “less than once a week.” A five-point
Likert scale that ranged from “Strongly agree” to “Strongly
disagree” was used as response options for questions on
behavior, attitudes, knowledge, and skills. Responses were
dichotomized as “Yes” if response was “Agree” or
“Strongly Agree,” and “No” if response was “Neutral,”
“Disagree,” or “Strongly Disagree.” “Don’t know” and “re-
fused” responses were excluded from analysis.

Population-based telephone survey

The Survey Research Laboratory at Mississippi State
University conducted 1,000 telephone interviews with
adult respondents from the following towns in the 12-
county intervention catchment area: Charleston, Ellington,
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West Plains, Mountain View, and Doniphan. The towns
were chosen because they each have a community garden
within a five mile radius. Household telephone numbers
were selected from a random-digit-dial sample of 16,000
landline numbers within a five-mile radius of the latitude
and longitude coordinates for each town. The sample in-
cluded households with unlisted numbers. The total num-
ber of completed surveys from each location was stratified
according to 2009 population estimates. Interviewers col-
lected data during October and November 2011.

Interviewers asked respondents about demographic
characteristics based on questions from the 2009 Be-
havioral Risk Factors Surveillance Survey (BRESS) ques-
tionnaire [20]. The research team assessed respondents’
perceptions of their social and physical environments
across three domains: sense of belonging, social cohesion,
and food environment. Respondents were asked to answer
questions on social and physical environment using a five-
point Likert scale that ranged from “Strongly agree” to
“Strongly disagree”. The sense of belonging scale included
items such as “my community is a good place for kids to
grow up” and “I expect to live in this community for a
long time [21].” The social cohesion scale included items
such as “people around here are willing to help their
neighbors,” and “this is a close knit community [22].” The
food environment scale assessed ease of buying fresh fruits
and vegetables in their neighborhood, quality of fresh pro-
duce, selection of fresh produce, ease of buying low fat
products, quality of low fat products, and selection of low
fat products [23]. Scores for each scale were summed for
component questions within each domain to produce a
composite domain score, with higher domain scores
reflecting stronger sense of belonging, social cohesion,
and food environment.

The research team assessed community garden partici-
pation based on questions developed by Litt and col-
leagues for measures of garden participation in Denver
[6]. Community garden was defined as a garden where
land is shared by others. Community garden participation
was defined as growing fruits and vegetables in a commu-
nity garden and/or receiving fruits and vegetables from a
community garden in the last six months; all others were
coded as non-participants of community gardens.

Fruit and vegetable consumption was measured using
six items from the 2009 BRFSS [20] that determine the
frequency of consumption of specific fruits and vegeta-
bles per day, week, month, or year. A composite meas-
ure of fruit and vegetable consumption was calculated to
determine the typical number of times participants
consumed fruits and vegetables per day. The composite
measure was dichotomized into those who reported con-
suming “fruit 2 or more times a day and vegetables 3 or
more times a day” (meeting recommendations) and
those who do not meet this recommendation.
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Analysis

The research team performed all analyses using SAS ver-
sion 9.3 (SAS Institute, Cary, NC). Descriptive statistics
were used to examine study population characteristics
for each survey. Both surveys were used to examine the
effect of community garden participation (independent
variable) on fruit and vegetable consumption (dependent
variable).

Community garden intercept survey

Because this survey was conducted on a sample of
known community gardeners, community garden par-
ticipation (independent variable) was based on self-
reported frequency of working in the community garden:
once a week or more vs. less than once a week. Mean-
while, fruit and vegetable consumption was determined
by the response to “Because I work in the community
garden, I eat more fruits and vegetables” (dependent
variable). Responses to other behavior, attitudes, know-
ledge, and skills questions were secondary outcomes.
Chi-square analyses were conducted to estimate the as-
sociation between more frequent participation in a com-
munity garden (once a week or more) with each primary
and secondary outcome.

Population-based survey

For the population-based survey, community garden
participation (independent variable) was based on self-
reported community garden participation (grows fruits
and vegetables in a community garden, or obtained fruits
and vegetables from a community garden in past
6 months) vs. non-participation. Fruit and vegetable con-
sumption (dependent variable) was based on a composite
measure estimating consumption of eating fruits 2 or
more times a day and eating vegetables 3 or more times
per day (reflecting meeting and not meeting the daily fruit
and vegetable recommendations). A series of multivariate
logistic regression models were used to examine the rela-
tionship between community garden participation and
fruit and vegetable consumption with and without adjust-
ment for covariates. Model 1 examines the effect of com-
munity garden participation alone on fruit and vegetable
consumption. Model 2 adds sociodemographic covariates:
gender, race/ethnicity, age, and education. Model 3 adds
sociodemographic covariates as well as social and physical
environment domains: social cohesion, sense of belonging,
and food environment.

Results

Community garden intercept survey

One hundred and forty-one adult community gardeners
completed the survey. Participants in the intercept survey
were mostly women (67.4%) and mostly Non-Hispanic
White (54.6%) or African American (34.8%) (Table 1).
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Table 1 Sociodemographic characteristics of intercept
survey respondents in rural Missouri (N =141)

Characteristic n (%)
Gender Male 40 (284)
Female 95 (67.4)
Missing 6 (4.3)
Age 18-24 4(2.8)
25-44 27 (19.1)
45-64 78 (55.3)
65+ 24 (17.0)
Missing 8 (5.7)
Race/ethnicity Non-Hispanic 49 (34.8)
African American
Non-Hispanic 77 (54.6)
White
All other categories 8 (5.7)
Missing (7) 50
Education More than high 75 (53.2)
school equivalency
High school equivalency 56 (39.7)
or less
Missing 10 (7.1)
Community garden exposure Once a week or more 90 (63.8)
Less than once week 42 (29.8)
Missing 9 (64)

Most were 45 years of age or older (72.3%) and more than
half had more than a high school education (53.2%). Sixty-
four percent of the survey participants reported working
in a community garden once a week or more.

There is a significant relationship between frequency
of community garden participation and perception of
consuming more fruits and vegetables because of their
community garden work (X? (125)=7.78, p=.0088)
(Table 2). Community gardeners reporting participation
once a week or more were more likely to perceive eating
more fruits and vegetables.

Those with more frequent community garden partici-
pation were also more likely to report the following sec-
ondary outcomes as a result of their community garden
work: eating food that is fresher (less packaged food),
spending less money on food, being better able to pro-
vide food for family and self, eating less fast food, caring
more about the environment, and feeling better about
where one’s food comes from (Table 2).

Population-based survey

Participants in the population-based survey were mostly
women (73.4%) and non-Hispanic whites (88.0%) (Table 3).
Most were 45 years of age or older (81.2%) and less than
half had more than a high school education (44.2%).
Forty-two percent of the participants in the population-
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Table 2 Bivariate associations between frequency of
community garden work and changes in behaviors,
attitudes, and skills for intercept survey respondents

Garden frequency

Once a <Once
week or  a week
more
N n (%) n (%) Chisq.
Primary outcome:
| eat more vegetables and fruit 125 82 (65.6) 31 7.78%
(24.8)
Secondary outcome: a
| eat food that is fresher 124 84 (67.7) 27 1538
(less packaged food) (21.8)
I 'am more physically active 121 74 (61.2) 20 14.48
(16.5)
| spend less money on food 112 66 (58.9) 20 10.17
(17.9)
| am better able to provide 120 70 (58.3) 25 7.95
food for my family and myself (20.8)
| care more about the 125 73 (584) 27 574
environment (21.6)
| eat less fast food 120 64 (53.3) 22 5.19
(183)
| feel better about where my 119 81 (68.1) 30 4.52
food comes from (25.2)
| feel more involved in this 124 80 (64.5) 32 445
neighborhood (25.8)
I am teaching my family/friends 123 66 (53.7) 24 3.94
to garden (19.5)
| spend more time with 123 55 (44.7) 19 3.12
my family (154)
| have learned more about 126 78 (61.9) 32 2.82
gardening (25.4)
| have gained new 128 74 (57.8) 30 2.58
gardening skills (23.4)
| am donating/giving extra food 126 77 (61.1) 32 213
to others (25.4)
| know more about the 124 70 (56.5) 28 1.80
environment (22.6)
| eat more foods that are 120 53 (44.2) 20 1.03
traditional for my culture/ (16.7)
family background
| eat new kinds of food 118 58 (49.2) 24 0.54
(20.3)

*25% of the cells for this cross-tabulation have expected counts < 5; chi-square
may not be a valid test. The 2-sided Fisher’s exact p-value is 0.0088.

based survey reported growing fruits and vegetables at
home while 5% of participants reported participation in a
community garden (grows fruits and vegetables in a com-
munity garden, or obtained fruits and vegetables from a
community garden in past 6 months).

Community garden participation was significantly and
positively associated with meeting daily fruit and vege-
table recommendations (consumption of fruit 2 or more
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Table 3 Sociodemographic characteristics of
population-based survey respondents (N = 1,000)

Characteristic %
Gender Male 266
Female 734
Missing 0.0
Age* Mean age =59.7 99.0
Missing 1.0
Race/ethnicity Non-Hispanic White 88.0
All other categories 11.2
Missing 0.8
Education High school 554

equivalency or less
More than high school  43.9

equivalency

Missing 0.7
Social cohesion score* Mean score =9.7 97.6

Missing 24
Sense of belonging score* Mean score =10.1 983

Missing 1.7
Food environment score* Mean score=11.3 98.5

Missing 1.5
Community garden exposure Does not participate 954

Participates 46

Missing 0.0
Meets daily fruit & vegetable Does not meet 728
consumption recommendations recommendations

Meets 139

recommendations

Missing 133

*Continuous variable.

times a day and vegetables 3 or more times a day) in all
three statistical models (ORs ranged from 2.70 to 2.76).
The effect sizes for this association were consistent
across all three models, with community garden partici-
pation associated with a more than two-fold increase in
likelihood for meeting daily fruit and vegetable recom-
mendations in the final fully adjusted model (OR =2.76,
95% CI: 1.35 to 5.65) (Table 4).

Further regression analyses were performed on the
population-based survey disaggregating those who work
in the community garden (2.3%) and those who receive
fruits and vegetables from a community garden (3.9%).
Results show that working in a community garden was
not significantly associated with increased fruit and
vegetable consumption but the three models trended in
the right direction (ORs ranged from 1.56 to 1.78).
Obtaining fruits and vegetables from a community gar-
den was significantly associated with fruit and vegetable
consumption in all three models and odds ratios were
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Table 4 Logistic regression of the association between
community garden exposure and recommended daily
servings of fruits and vegetables in a population-based
survey

Characteristic OR 95%Cl P
Community garden Participates 276 135to 0.0054
participation 5.65
Does not participate 10 - -
Gender Male 067 043to 0.0822
1.05
Female 10 - -
Age
Race/ethnicity Non-Hispanic White 163 080to 0.1765
332
All other categories 10 - -
Education More than high school  1.18 080to 04130
equivalency 1.75
High school 10 - -
equivalency or less
Social cohesion 101 095to 0.1523
1.07
Sense of belonging 100 097to 07976
1.04
Food environment 096 090to 0.8899
1.02

similar to the results for examination of any participa-
tion in a community garden.

Discussion

Together, the findings from our community garden
intercept survey and the population-based survey dem-
onstrate an association between community garden par-
ticipation and fruit and vegetable consumption in rural
settings. The intercept survey was a post evaluation of a
community garden intervention with known community
gardeners. Despite the limitations of the post evaluation
only design, our findings suggest that frequent participa-
tion in a community garden has greater impact on com-
munity gardeners’ perception that they consume more
fruits and vegetables. The population-based survey was a
random sample that allowed us to estimate general com-
munity garden participation in rural settings and com-
pare those who participate in community gardens to
those who do not. The association between community
garden participation and fruit and vegetable consump-
tion in the population-based survey was robust after
adjustment for covariates that reflected both sociodemo-
graphic factors and participants’ perception of the social
and physical environments.

The findings from these studies contribute to the lit-
erature in several ways. To the authors’ knowledge this
is the first study to examine the relationship between
community garden participation and fruit and vegetable
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consumption in rural settings. There is one known pub-
lished study exploring the feasibility and perceived bene-
fit of developing a community garden in a rural African
American community in Virginia [24]. Its findings in-
dicated that participants believe a community garden
would increase fruit and vegetable consumption among
residents and youth and perceived that working in a
community garden would increase one’s willingness to
try new fruits and vegetables [24]. Although this infor-
mation is necessary when considering community inter-
est in an intervention strategy, it does not address
intervention effectiveness. Data from the studies pre-
sented in this article begin to build the evidence.

The studies presented here examined both frequency
and types of community garden participation which differs
from other studies. The intercept survey examined fre-
quency of community garden participation while most
studies compare participation versus non-participation
like the population-based survey [6-8]. Unlike other stud-
ies that define community garden participation as growing
fruits or vegetables in a community garden [6,8], the
population-based survey included those receiving fruits
and vegetables from a community garden. Together, these
studies allow us to consider whether working in a commu-
nity garden and the frequency of doing so affect consump-
tion. The findings are mixed. The intercept survey found
that those who participate more often in a community
garden are more likely to report a connection between eat-
ing more fruits and vegetables and community garden par-
ticipation. Further regression analyses were performed on
the population-based survey disaggregating those who
grow fruits and vegetables in a community garden and
those who simply obtain fruits and vegetables from a com-
munity garden. The results show that working in a com-
munity garden alone was not significantly associated with
increased fruit and vegetable consumption; however, the
models trended in the right direction and may not have
been statistically significant due to small numbers (only
2.3% reported working in a community garden). Obtaining
fruits and vegetables from a community garden was sig-
nificantly associated with fruit and vegetable consumption
after controlling for covariates. This suggests that commu-
nity garden impact on increased fruit and vegetable con-
sumption may be a function of access to produce as much
as it is about having a communal place to grow produce.

Limitations

There are several limitations to note. The intercept sur-
vey was designed to be brief as it “intercepted” commu-
nity gardeners in action. As a result, a single item was
used to assess fruit and vegetable consumption. The
wording of the question could be leading which intro-
duces bias. Participants may have been more likely to re-
port a perception of eating more fruits and vegetables
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due to the wording of the question. The intercept survey
was conducted with a convenience sample which may
introduce selection bias.

The population-based survey collected data using a
random sample of landline telephone numbers. Due to
increased reliance on cell phones the population sam-
pled in the population-based survey may not reflect the
general population of the target area. The population
tended to be older (81.2% of the sample is older than
45 years compared to 43.0% of the catchment area popu-
lation [25]) and may be more or less likely to participate
in community gardens than the general population. De-
scriptive statistics indicated that 13% of data for the
dependent variable were missing due to non-response.
Examination of missing value patterns showed that our
data were not missing completely at random, indicating
the potential for bias if we only included those with
non-missing values in our analysis (complete case ana-
lysis). Without a complete dataset available for compari-
son, it is not possible to test for other patterns of
missing values (missing at random, or MAR, and miss-
ing not at random, or MNAR). Although we were not
able to differentiate between MAR and MNAR, we ex-
plored a multiple imputation approach that assumes
MAR [26]. We specified an imputation model that in-
cluded all the variables used in analysis and also auxil-
iary variables [27,28] (specifically, food security status,
marital status, county of residence, meets/does not meet
physical activity recommendations, and self-rated health
status) in order to generate 10 imputed datasets with
missing values replaced with reasonable estimates. Ana-
lysis was conducted on each imputed dataset and PROC
MIANALYZE was used to generate combined odds ra-
tios and 95% confidence intervals that incorporate the
uncertainty arising from imputation. We performed sen-
sitivity analysis to examine results both without im-
putation (complete case analysis) and after multiple
imputation under the assumption of MAR. Results were
identical in direction and similar in magnitude. We
therefore presented only results from complete case ana-
lysis here because the similarity of results observed in
sensitivity analysis suggest the missing values were not a
source of bias.

We measured fruit and vegetable consumption differ-
ently in each survey and only captured cross sectional
data from a rural area of Missouri. Because we used two
separate measures of fruit and vegetable consumption,
comparisons of the two surveys is limited. Cross sec-
tional data limits the ability to determine causality. It is
plausible that those who participate in community gar-
dens or participate more frequently are already eating
more fruits and vegetables than those who do not par-
ticipate in community gardens. We collected data for
both surveys from a 12 county area in rural southeastern



Barnidge et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:128

http://www.ijbnpa.org/content/10/1/128

Missouri. The results presented here may not reflect as-
sociations in other rural communities.

More information on accessibility and distribution of
community garden produce is needed. Healthier MO
community garden distribution practices varied. Some
gardens allowed relatively open access to produce regard-
less of participation in growing while others restricted
access to only those who grew the produce. Others have
suggested that when community food infrastructure is
designed to accommodate the needs of the poor, such as
open access to community gardens, dietary behavior
change may result [4]. One way to increase the reach of
community gardens is to distribute the produce grown
beyond the gardeners. A second consideration of acces-
sibility of produce grown in community gardens is the
location of the gardens to the population. As noted earlier
low income rural residents are more likely to live further
away from grocery stores. This may be an important limi-
tation of the effectiveness of community gardens in rural
areas as well. The research team for this study did not col-
lect data on distance to a community garden. Community
garden location is an important consideration given trans-
portation needs and barriers for some rural residents. It is
important to note that the focus on community gardens
was chosen by rural residents participating in Healthier
MO who prioritized community gardens as an environ-
mental strategy that was both important and feasible for
their communities.

Conclusions

The findings summarized here suggest that community
gardens may be an effective environmental strategy to
promote fruit and vegetable consumption in rural com-
munities. Public health practitioners should consider par-
ticipants’ level of participation in a community garden as
well as informal policies about who has access to the pro-
duce grown if community gardens are developed as a
community resource. One of the advantages of commu-
nity gardens is that the food grown can be distributed to a
wider population than those immediately involved. It can
therefore reach more people in the community and has
the potential to create a ripple effect. As the evidence for
community gardens as an environmental strategy to pro-
mote fruit and vegetable consumption builds, the next
step is to conduct additional rigorously designed studies,
and if associations are replicated, develop a systematic
approach for scaling up this intervention [29].

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

EB, AE, KD, RB were involved in the concept and study design. EB, AM, KD, and
KB collected the data. EB and PRH conducted data analysis and drafted the
manuscript. AE, KD, KB, and RB critically revised the manuscript. All authors have
read and approved the final version being submitted to the journal.

Page 7 of 8

Acknowledgements

The authors thank our community partners in Butler, Carter, Dunklin, Howell,
Mississippi, Oregon, Pemiscot, Scott, Shannon, Reynolds, Ripley and Wayne
counties for their continued commitment to the health and well-being of their
communities. We thank Sarah Denkler, our University of Missouri Extension
partner, and Freda Motton and Imogene Wiggs, our community-academic
liaisons, for their contributions to the community gardens. Dr. Elizabeth Baker
played an important role in the design and implementation of the Healthier
Missouri Communities project. We are also grateful to John Edwards at
Mississippi State University for his assistance in data collection.

This article was supported by Cooperative Agreement Number U48/
DP001903 from the Centers for Disease Control and Prevention, Prevention
Research Centers Program. The findings and conclusions in this article are
those of the authors and do not necessarily represent the official position of
the Centers for Disease Control and Prevention.

Author details

'Prevention Research Center in St. Louis, Saint Louis University College for
Public Health & Social Justice, 3545 Lafayette Ave, St. Louis, MO 63104, USA.
2Prevention Research Center in St. Louis, Brown School, Washington
University in St. Louis, Campus Box 1006, 621 North Skinker Blvd,, St. Louis,
MO 63130, USA. >Division of Public Health Sciences and Alvin J. Siteman
Cancer Center, Washington University School of Medicine, Washington
University in St. Louis, St. Louis, MO, USA.

Received: 17 June 2013 Accepted: 11 November 2013
Published: 19 November 2013

References

1. Dauchet L, Amouyel P, Hercberg S, Dallongeville J: Fruit and vegetable
consumption and risk of coronary heart disease: a meta-analysis of
cohort studies. J Nutr 2006, 136:2588-2593.

2. Hung HC, Joshipura KJ, Jiang R, Hu FB, Hunter D, Smith-Warner SA: Fruit
and vegetable intake and risk of major chronic disease. J Nat/ Cancer Inst
2004, 96:1577-1584.

3. Grimm KA, Blanck HM, Scanlon KS, Moore LV, Grummer-Strawn LM:
State-Specific Trends in Fruit and Vegetable Consumption Among
Adults — United States, 2000-2009. Atlanta, GA: US Department of Health
and Senior Services, Centers for Disease Control and Prevention; 2010.

4. Kamphuis CB, Giskes K, de Bruijn GJ, Wendel-Vos W, Brug J, van Lenthe FJ:
Environmental determinants of fruit and vegetable consumption among
adults: a systematic review. Br J Nutr 2006, 96:620-635.

5. Ohri-Vachaspati P, Leviton L, Bors P, Brennan LK, Brownson RC, Strunk S:
Strategies proposed by healthy kids, healthy communities partnerships
to prevent childhood obesity. Prev Chronic Dis 2012, 9:100292.

6. Litt JS, Soobader MJ, Turbin MS, Hale JW, Buchenau M, Marshall JA: The
influence of social involvement, neighborhood aesthetics, and
community garden participation on fruit and vegetable consumption.
Am J Public Health 2011, 101:1466-1473.

7. Blair D, Giesecke CC, Sherman S: A dietary, social and economic evaluation of
the Philadelphia urban gardening project. J Nutr Educ 1991, 23:167.

8. Alaimo K, Packnett E, Miles RA, Kruger DJ: Fruit and vegetable intake
among urban community gardeners. J Nutr Educ Behav 2008,
40:94-101.

9.  Patel IC: Gardenings socioeconomic impacts. J Extension 1991, 29:7-8.

10. Smith C, Morton LW: Rural food deserts: low-income perspectives on food
access in Minnesota and lowa. J Nutr Educ Behav 2009, 41:176-187.

11, McCormack LA, Laska MN, Larson NI, Story M: Review of the nutritional
implications of farmers’ markets and community gardens: a call for
evaluation and research efforts. J Am Diet Assoc 2010, 110:399-408.

12. Johnson DB, Smith LT: Testing the recommendations of the Washington
State nutrition and physical activity plan: the moses lake case study.
Prev Chronic Dis 2006, 3:A59.

13. Lutfiyya MN, Chang LF, Lipsky MS: A cross-sectional study of US rural
adults’ consumption of fruits and vegetables: do they consume at least
five servings daily? BMC Public Health 2012, 12:280.

14. Kusmin L: Rural America at a Glance. Washington, DC: USDA ERS; 2010.

15. Ver Ploeg M, Breneman V, Dukto P, Williams R, Snyder S, Dicken C: Access to
Affordable and Nutritious Food: Updated Estimates of Distance to
Supermarkets Using 2010 Data. Washington, DC: USDA ERS; 2012.



Barnidge et al. International Journal of Behavioral Nutrition and Physical Activity 2013, 10:128 Page 8 of 8
http://www.ijbnpa.org/content/10/1/128

16. Missouri Economic Research and Information Center: Missouri Regional
Profiles. 2013. http://www.missourieconomy.org/regional/index.stm] website
Accessed April 30, 2013.

17. Grimm KA, Blanck HM, Scanlon KS, Moore LV, Grummer-Strawn LM:
State-specific trends in fruit and vegetable consumption among
adults —- United States, 2000—2009. MMWR 2010, 59(35):1125-1130.

18. Missouri Department of Health and Senior Services: Behavioral Risk Factor
Surveillance System Regional Data Summary. 2013. http://health.mo.gov/
data/brfss/SEregionreport2005.pdf] website Accessed April 30, 2013.

19.  National Research Center Inc: Community Food Project Evaluation Toolkit.
Boulder, CO: Community Food Security Coalition; 2006.

20.  Centers for Disease Control and Prevention: Behavioral Risk Factor Surveillance
System Survey Questionnaire. Atlanta, GA: US Department of Health and Human
Services, Centers for Disease Control and Prevention; 2009.

21. Parker EA, Lichtenstein R, Schulz A, Israel B, Schork MA, Steinman KJ:
Disentangling measures of individual perceptions of community social
dynamics: results of a community survey. Health Educ 2001, 28:462-486.

22. Sampson RJ, Raudenbush SW, Earls F: Neighborhoods and violent crime: a
multilevel study of collective efficacy. Science 1997, 277:918-924.

23. Echeverria SE, Diez-Roux AV, Link BG: Reliability of self-reported
neighborhood characteristics. J Urban Health 2004, 81:682-701.

24, Zoellner J, Zanko A, Price B, Bonner J, Hill JL: Exploring community
gardens in a health disparate population: findings from a mixed
methods pilot study. Prog Community Health Partnersh 2012, 6:153-165.

25.  United States Census Bureau: American Fact Finder. 2013. [http://factfinder2.
census.gov/faces/nav/jsf/pages/community_factsxhtml] website Accessed
April 30 2013.

26. Sterne J, White |, Carlin J, Spratt M, Royston P, Kenward M, Wood A,
Carpenter J: Multiple imputation for missing data in epidemiological and
clinical research: potential and pitfalls. BMJ 2009, 339:157-160.

27. Raghunathan TE: What do we do with missing data? Some options for
analysis of incomplete data. Annu Rev Public Health 2004, 25:99-117.

28.  Rubin DB: Multiple imputation after 18+ years. J Am Stat Assoc 1996,
91:473-489.

29.  Milat AJ, King L, Bauman AE, Redman S: The concept of scalability: increasing
the scale and potential adoption of health promotion interventions into
policy and practice. Health Promot Int 2012, 28(3):285-298.

doi:10.1186/1479-5868-10-128

Cite this article as: Barnidge et al: Association between community
garden participation and fruit and vegetable consumption in rural
Missouri. International Journal of Behavioral Nutrition and Physical Activity
2013 10:128.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central



http://www.missourieconomy.org/regional/index.stm
http://health.mo.gov/data/brfss/SEregionreport2005.pdf
http://health.mo.gov/data/brfss/SEregionreport2005.pdf
http://factfinder2.census.gov/faces/nav/jsf/pages/community_facts.xhtml
http://factfinder2.census.gov/faces/nav/jsf/pages/community_facts.xhtml

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Overview of the intervention

	Methods
	Community garden intercept survey
	Population-based telephone survey
	Analysis

	Community garden intercept survey
	Population-based survey

	Results
	Community garden intercept survey
	Population-based survey

	Discussion
	Limitations

	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

