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Abstract

Background—Engaging in health-promoting behaviors (e.g., healthy fruit- and vegetable-rich 

diet, physical activity) and living in supportive social and built environments are consistently and 

significantly associated with reductions in cancer, heart disease, diabetes, and other chronic 

diseases. Interventions to change diet and physical activity behaviors should aim to educate 

individuals, change the environments in which people live, work and recreate, improve access, 

availability, and affordability of healthy foods, and create safe places the facilitate active lifestyles. 

This trial will assess whether community gardening increases fruit and vegetable consumption and 

physical activity, improves social support and mental health, and reduces age-associated weight 

gain and sedentary time among a multi-ethnic, mixed-income population.

Methods/design—A randomized controlled trial of community gardening began in Denver, 

Colorado in January 2017. Over 3 years, we will recruit 312 consenting participants on Denver 

Urban Gardens’ waitlists and randomize them to garden or remain on the waitlist. At baseline 

(pre-gardening), harvest time, and post-intervention, study participants will complete three 24-

hour dietary recalls, a 7-day activity monitoring period using accelerometry, a health interview and 

physical anthropometry.

Discussion—This project addresses health-promoting behaviors among a multi-ethnic, mixed-

income adult population in a large metropolitan area. If successful, this trial will provide evidence 
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that community gardening supports and sustains healthy and active lifestyles, which can reduce 

risk of cancer and other chronic diseases.

Trial registration—ClinicalTrials.gov, ID: NCT03089177: Registered on 03/17/17.
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1. Background

Improving diets, increasing physical activity, and reducing sedentary time are critical for the 

primary and secondary prevention of chronic diseases such as obesity, cancer, heart disease, 

and diabetes, and promoting health more generally [1,2]. Moreover, half of adults in the 

United States have at least one chronic condition and over a quarter of Americans adults 

have two or more conditions [3]. Consequently, these chronic conditions are the main drivers 

of disease, disability, and health care costs in the United States. The American Cancer 

Society and others consistently report that, in addition to smoking cessation, socioeconomic 

disadvantage, access to fruits and vegetables, and access to supportive environments for 

physical activity are critical areas for reducing cancer risk [4] and for improving survival [5–

14]. People of color living in communities with higher levels of poverty (> 30%) experience 

neighborhood conditions that can negatively affect their likelihood to engage in health 

promoting behaviors and overall health status [15,16]. This is due, in part, to exposure to 

health-compromising conditions such as lack of access to healthy food and outdoor activity 

spaces [16–24]. Additionally, people who perceive their neighborhoods as unsafe and 

aesthetically unpleasing report greater levels of stress [25] and poorer sleep quality [26]. In 

turn, individuals who report high stress are less likely to engage in healthy behaviors such as 

physical activity and healthy eating [27].

Given the burden of cancer and other chronic diseases and the costs that could be prevented 

by changes in health-promoting behaviors, a primary goal in chronic disease prevention is to 

identify interventions that are sensitive to social, cultural, and economic factors and 

encourage all people to make healthy lifestyle choices that reduce their risk of chronic 

disease [28–30]. Addressing health behavior change require theory-informed, socio-

ecological approaches that are sensitive to cultural preferences and diverse social contexts 

[29].

Community gardens, defined as green spaces where individuals from more than one family 

grow food communally or side-by-side, are an example of an environmental and social 

intervention at the neighborhood level. Across North America and beyond, municipalities 

are experiencing a renewed interest from residents to grow food themselves in their own 

communities. Yet, in an era of increasingly constrained budgets for public amenities, local 

governments are weighing the costs and benefits of such an investment with other 

community priorities. Current evidence about the effectiveness of gardens in promoting 

health and wellbeing among adults is based largely on results from qualitative and cross-

sectional studies [31,32]. Past studies have shown that community gardeners eat fruits and 

vegetables more often [33,34] and report lower body mass index (BMI) [35,36]. Gardeners 
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engage in more physical activity than non-gardeners [37,38]. The effect on fruit and 

vegetable consumption is partially explained by the finding that gardeners are more socially 

involved and feel more social support than non-gardeners [33,34,39,40].

The aim of this report is to describe the design of a randomized controlled trial to test the 

effects of community gardening on diet and physical activity behaviors, weight status, waist 

circumference, and the mechanisms by which these changes may occur. We hypothesize that 

community gardens represent a place-based social and environmental strategy for reducing 

cancer risk through increasing health-promoting behaviors. Our randomized controlled trial 

of community gardening takes advantage of a community setting to rigorously test our 

hypothesis. This trial will allow us to study cancer and chronic disease risk reduction 

strategies in mixed income, multi-ethnic populations.

2. Methods/design

2.1. Study design and objectives

A randomized controlled trial of community gardening began in January 2017 at the 

University of Colorado (ClinicalTrials.gov, ID: NCT03089177) in partnership with 

Michigan State University, the University of South Carolina, and Colorado State University. 

The study protocol was reviewed and approved by the University of Colorado Boulder 

Human Subjects Institutional Review Board (Protocol # 16-0644). The purpose of this study 

is to evaluate whether community gardening increases fruit and vegetable consumption, 

physical activity and social support, and reduces age-associated weight gain, and sedentary 

time among a multi-ethnic, low-income population of adults from before gardening to two 

follow-up time points: harvest and nine-month follow up. The secondary outcomes of 

interest include anxiety, perceived stress, and general well-being. We will conduct mediation 

analyses in order to assess how factors, such as self-efficacy, perceived barriers, social 

involvement, and social support, affect the relationships between community gardening and 

our study outcomes.

In total, this study will enroll 312 participants over 3 years who will be randomized to 

receive a community garden plot (156 participants) or remain on a garden plot waitlist (156 

participants). The recruitment effort involves three waves of data collection to recruit 104 

residents per year for three years (one wave per year). Each participant completes three 

assessments surrounding the garden season at baseline pre-gardening (T1), mid-season/

harvest (T2), and at nine-month follow up (T3). At these assessments, we collect diet, 

sedentary time, physical activity, and anthropometric data and conduct a health survey. 

Participants receive three monetary incentives following the completion of each assessment, 

7-day physical activity monitoring and diet recalls ($25 (T1), $50 (T2), and $75 (T3). Fig. 1 

illustrates the geographic area of Denver and Aurora counties, percent living at or below 

poverty population, and the overlay of gardens across these census block groups.

2.2. Recruitment and eligibility

The Denver Urban Gardens (DUG) network includes over 165 community gardens. Phase 1 

of the recruitment process involves the engagement of and commitment from garden leaders 
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from DUG-sponsored gardens to participate in the study. Using Census data, attention will 

be made to recruit community gardens in a range of neighborhoods along income and socio-

demographic characteristics to achieve a mixed-income multi-ethnic sample. Garden leaders, 

who represent individuals who volunteer to oversee garden membership, assign plots, 

manage garden fees, and liaise with DUG, are asked to commit 2–6 plots to the study. In 

return for their cooperation, gardens received payments for plot fees ($25–$65 per plot) and 

plot commitments ($50 per plot, up to 6 plots). Once a garden agrees to participate, garden 

leaders provide the study coordinator access to the garden waitlist. Staff canvass in 

neighborhoods, attend community meetings and health fairs, and distribute fliers at homes 

within 1 mile from the garden and at recreation centers and churches to encourage residents 

to join garden waitlists. Once the waitlist is populated, the study coordinator and staff recruit 

study participants and obtain written consent at the beginning of the first assessment.

All participants are screened for initial study eligibility by study personnel. Eligibility 

criteria require the participant to be at least 18 years or older, able to give consent in English 

or Spanish, currently on the waitlist for a garden in the Denver Urban Gardens network, and 

not have gardened in the past two gardening seasons. Only one person per household is 

eligible to participate.

If a person meets eligibility requirements, the study personnel provide a brief description of 

the study, and asks the prospective gardener if he or she wants to participate. During this 

process, study personnel explain the intervention and randomization protocols as well as the 

data collection procedures, risks, and benefits of participating in the study. Informed consent 

forms are available both in Spanish and in English and are administered at the first 

assessment. A study design flow diagram is displayed in Fig. 2.

2.3. Allocation

Participants are randomized to two groups: gardening and waitlist. Individuals randomized 

to the garden group receive a garden resource package modeled on existing resources 

provided by DUG, which includes the following:

1. A garden plot: Intervention participants are assigned a plot in a DUG garden

2. Seeds and plant seedling starts: Intervention participants select vegetable seeds 

and plant starts provided by DUG’s Grow a Garden program

3. Introductory gardening workshop: DUG offers beginner gardening classes

4. Social events: Participants are invited to garden-based social events, and one-to-

one and one-to-many garden mentoring available through DUG’s Master 

Community Gardener Program

The non-gardening group remains on DUG waitlists and does not receive these resources 

during the trial. As recompense for not being randomized to a garden, and for remaining a 

non-gardener for the year of the trial, DUG staff and garden leaders have promised to make 

efforts to place non-gardening participants in DUG community gardens the following year, 

when they have completed the study. As part of the compensation offered to the non-

gardening group, the study covers plot fees and provides seeds and transplants to non-
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gardening participants who decide to garden the following season. Those who participate in 

the trial as part of the non-gardening group are excluded from the trial for any subsequent 

waves of the study.

2.4. Randomization

The team statistician uses a pseudo random-number generator (RANUNI, SAS Version 9.4, 

SAS Institute, Cary North Carolina) with a fixed seed to choose participant assignments. 

The randomization is stratified by garden. That means that participants are randomized using 

a a one-to-one allocation within each garden waitlist, so an an equal number of participants 

from each waitlist are either randomized to garden or not to garden. The approach involves a 

permuted block randomization with varying block sizes. The goal of the permuted 

randomization is to prevent study personnel or gardeners from guessing what the next 

treatment assignment would be, thus breaking the blind for study staff. Given the size of 

each garden waitlist, the algorithm randomly selects blocks of size 2, 4 or 6, so that the total 

number of participants in all blocks is equal to the number of the people on the waitlist for 

the garden. Within each block, there is equal allocation to the gardening and not gardening 

arm. Following randomization, participants receive a phone call from the project coordinator 

to notify them of their allocation assignment.

2.5. Blinding

Health surveys, accelerometry, and dietary interviews are conducted at T1 before random 

allocation. An analyst with sole access to a unique study identification number and a code 

for the strata implements the randomization assignment. Once the treatment group is 

assigned, only data collectors who are blinded to treatment assignment can administer 

questionnaires or collect participant data. All health visits will be conducted at either Denver 

Urban Garden’s central office or at a community center near the participant homes. No 

interviews will be done at the community gardens. Upon treatment assignment, participants 

are strongly reminded not to disclose their allocation status to the data collector at follow up 

assessments. To minimize bias at T2 and T3, the study coordinator assigns staff members to 

specific participants whose allocation assignment is unknown. For each interview, the 

participants are welcomed into their health visit room by the study coordinator or staff not 

blinded to the allocation assignment. They will welcome the participant and answer any 

questions they may have. After allowing the participant to settle in and ask questions 

specific to the trial, the staff member will remind the participant to refrain from mentioning 

the allocation assignment. At this point, the blinded study assistant is able to complete the 

health visit.

In the event data collectors become aware of the participant’s treatment assignment, they are 

asked to record the point in the evaluation when the blind was broken. Study data are stored 

in a separate database from other identifying information with treatment group recorded as 

A or B. The statistician is blinded to the allocation assignment. A data analyst blinded to the 

allocation assignment performs data checks and prepares data reports for the research team 

to evaluate. A data quality committee blinded to allocation assignment conducts periodic 

reviews of data completeness and quality.
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2.6. Measures

To assess outcomes, all participants undergo 1.5-hour assessments performed by trained 

study personnel blinded to allocation assignment. The outcome assessor collects data on 

primary and secondary outcome variables and mediators.

2.6.1. Anthropometric measurement—Participant height is measured with a portable 

stadiometer to the nearest 0.1 cm (Seca 213 Portable Stadiometer; Seca). Weight is 

measured with a digital platform scale to the nearest 0.23 kg (0.5 lb) (Seca 876 Digital 

Scale; Seca). Waist circumference measurements are measured to the nearest 0.1 cm 

following the method detailed by the Diabetes Prevention Program (DPP) [41]. Two 

measurements for each anthropometric variable are taken and the average of the 

measurements are used for the analysis.

2.7. Primary outcomes

2.7.1. Physical activity—Estimates of sedentary time and physical activity are measured 

objectively using thigh-mounted activPAL™ accelerometers (PAL Technologies) [42,43], 

which has been validated for quantifying physical activity when worn on the thigh [44]. 

During the health survey, participants complete a self-report questionnaire and an activity 

log during the week that accelerometers are worn. Accelerometry has become an objective 

means for monitoring activity in free-living conditions and can be worn on the wrist, hip or 

leg. Thigh-mounted accelerometers have similar accuracy compared to the hip [44–46] and 

result in excellent compliance [47–49]. Acceleration data can provide an objective measure 

of the types of activity (e.g. sit vs. walk), as well as the intensity, duration and frequency of 

activity throughout the day [49,50]. Participants wear the accelerometer for seven 

consecutive days, except when engaging in water activities that submerge the body in water 

such as swimming and bathing. Participants can wear the device while showering. Self-

report physical activity and sedentary time data are collected using the validated Global 

Physical Activity Questionnaire (GPAQ) [51,52]. The GPAQ collects participants’ activity 

and time spent sitting over the previous 7 days across 4 domains, including occupation, 

transportation, home and recreation/leisure-time. Finally, participants are asked to maintain a 

log of physical activity during the period in which they are wearing the accelerometer. The 

log collects sleep and wear time for all participants and additionally, time spent in garden for 

those in the intervention group.

2.7.2. Diet—Nutrient and food intake data are collected using 3 telephone-administered 24-

hour recall interviews, which, although not devoid of measurement error, are considered the 

“gold standard” for evaluating a nutrition intervention and generate a reliable estimation of 

macro-nutrient and food group intake [53] [54,55]. The University of South Carolina’s 

Arnold School of Public Health conducts the 24-hour recalls. The Nutrient Data System for 

Research software licensed from the Nutrition Coordinating Center at the University of 

Minnesota is employed to conduct the dietary interviews. Interviewers are bilingual 

(English/Spanish) experienced registered dietitians specifically trained in using the multi-

pass approach to conduct telephone interviews. Portion estimation is facilitated by the use of 

a validated, 2-dimensional, food portion visual [56].
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Prior to data collection, study participants undergo a brief training (10 min) on how to use 

the FPV to estimate portion sizes of commonly eaten foods at the T1 assessment when 

accelerometers are mounted on the thigh and when height and weight are measured. The 

training incorporates life-sized plates, glasses and utensils and food models, in a hands-on 

experiential interchange [57]. Interviews are scheduled such that information is collected on 

2 weekdays and 1 weekend day to help balance known cyclical differences in intake patterns 

[58]. Interviews are assigned on randomly selected days, and cold calls are made to the 

study subject to minimize preparation that could bias recall [53]. The sampling window is 

adequately large (2 weeks in length) to allow multiple attempts on multiple days to contact 

participants for interviews, which maximizes the likelihood of completing an interview.

2.8. Secondary outcomes

Perceived Stress Scale is widely used for measuring psychological distress because it is 

linked to cancer and a variety of other chronic diseases [59] [60]. The Perceived Stress Scale 

(PSS) is a self-reported questionnaire designed to measure how individuals appraise 

situations in their lives as stressful. The PSS-10 represents a valid and reliable shortened 

version of the original 14-item instrument [61,62].

General anxiety disorder (GAD) is the most common anxiety disorder observed in general 

medical practice. The GAD-7 is a valid and reliable self-report scale (score scale range from 

0 to 21) used to identify probable cases of GAD [63].

2.9. General well being

The Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS) is used to measure the 

impact of gardening on mental wellbeing. It is a 14-item scale with 5 response categories, 

summed to provide a single score ranging from 14 to 70. The items are worded positively 

and cover feeling and functional aspects of mental wellbeing. It has been shown to be 

sensitive to change in general lifestyle interventions [64].

2.10. Intrapersonal and interpersonal mediators

Mediators of interest include measures of self-efficacy, social support and perceived barriers 

to fruit and vegetable intake and vegetable preferences [65]; self-efficacy, social support and 

perceived barriers to physical activity [66,67]; and intrinsic motivation for physical activity 

[68], nature relatedness [69].

2.10.1. Process evaluation—The goals of the quality control protocol will be to 1) 

standardize the measurement techniques, 2) monitor the quality of measurements and 

intervention delivery over the course of the study, and 3) to document the validity and 

precision of the measurements. Interviews, surveys and audits of garden and surrounding 

neighborhood environments are used to assess the intervention across three levels of 

participation: gardeners, garden leaders (i.e. leaders at each community garden) and garden 

organizations (i.e. Denver Urban Gardens). The evaluation components, informed by Linnan 

and others, are described below [70–74].
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2.10.1.1. Reach, dose and fidelity: Intervention delivery is assessed through 1) reach (e.g. 

percent eligible who enroll, who drops out and why, percent who completed the T1-T3 

assessments); 2) dose delivered and received (e.g. intensity of garden use, and uptake of 

garden programming including new gardener workshops, leadership training frequency); and 

3) fidelity (percent of people assigned to each arm who did not cross over to the other arm 

and whether the intervention was delivered in the way it was intended). Through interviews 

with Denver Urban Gardens staff and garden leaders, we assess whether new gardener 

workshops are offered, whether seeds and plant starts are available, the level of 

communication with gardeners, garden leaders, and DUG staff, whether social events are 

scheduled, and the range of barriers and supports related to garden participation. Garden 

participant interviews assess level of satisfaction and actual participation in gardening as 

well as garden-specific workshops, tactics deployed by gardeners, and activities for 

gardeners. Additionally, the interviews assess likelihood of participants integrating 

gardening into their future lifestyle. Semi-structured interviews, which are conducted on a 

subset of participants, elicit more in-depth knowledge about participants’ perceptions of the 

quality of the garden experience and their level of satisfaction from the perspective of people 

new to gardening as well as any potential perceived shortcomings of the intervention and 

potential ways to strengthen future community garden trials. Direct observations assess plot 

use and productivity, using previously developed audit instruments of garden plots and 

amenities [75].

2.10.1.2. Attrition: Study results could be adversely affected by poor adherence to the study 

protocol and could threaten the internal validity (e.g. differential attrition across intervention 

and control groups), although perfect compliance is not likely to be necessary to establish 

benefit. We recognize a few areas where poor adherence may be an issue. Participants 

randomized to remain on waitlist may decide to garden elsewhere. Before randomization, 

staff will share expectations with participants about study conditions. Participants are asked 

whether they believe they can refrain from gardening elsewhere. For this study, if individuals 

do not think they can keep this commitment, they will be excluded; if they respond 

positively, they are enrolled.

2.10.1.3. Retention program: Once randomization occurs, the study personnel maintains 

contact with both intervention and control participants through scheduled assessment 

periods (T1-T3) and interim phone calls (e.g., July, October, January) to minimize dropout 

and loss to follow-up.

2.11. Sample size

The total planned sample size for the study is 312 people in 30 neighborhood gardens. This 

estimate reflects an adjustment for a potential 30% loss to follow-up. The sample size was 

chosen by conducting a separate power analysis for each of the three primary outcomes: 

physical activity, fruit and vegetable intake, and body mass index. The final sample size 

chosen for the study was the maximum of the three sample sizes found to provide power of 

at least 80% for each outcome. Power and sample size estimates for the fruit and vegetable 

and physical activity outcomes were performed using the method of Muller and others 
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(glimmpse.samplesizeshop.org) [76] and for the psychosocial mediators using Monte Carlo 

simulation in Mplus [77–79].

Secondary outcomes of perceived stress, anxiety, and general well-being are included in this 

study but are included as exploratory components of the study. Thus, a formal power 

analysis was not conducted.

2.12. Analysis plan

We will assess balance between randomization arms by comparing the arms for gender, 

socio-economic status, race/ethnicity and age.

For the outcomes of physical activity and fruit and vegetable intake, we will use similar 

analyses. We describe the analysis for fruit and vegetable intake as an exemplar. Using an 

intent to treat analysis and a general linear mixed model to allow for missing data, we will fit 

the 3-day average recall measurements of fruit and vegetable intake as the outcome. The 

modeling approach will use garden as the independent sampling unit, and account for 

correlation between gardeners within garden. For fixed predictors, we will use time of 

measurement, an indicator variable for gardening, and the time by treatment interaction. We 

will evaluate the distribution of the jackknifed, studentized residuals of fruit and vegetable 

intake measures for normality. If the distribution is significantly skewed, an appropriate 

Box-Cox transformation will be applied. We will test for year by effect homogeneity, and 

combine responses across years if, as we expect, little difference occurs year by year. The 

model will include random effects terms for neighborhood, which allows the model to 

account for differential, unmeasured differences for each neighborhood, which may include 

race, socio-economic status, language and culture. We will compare study participants with 

no missing data to those with missing data in an effort to see if differential response rates 

may have biased the study.

Because gardeners may see each other in the garden each day, their dietary intake may show 

a higher correlation than that of wait-listers. Thus, two possible nested variance models 

include the model with a neighborhood random effect only, and a model with an extra 

random term for garden effect. We will compare the fit of two models using a chi-squared 

log likelihood test, and by comparing the Akaike information criteria.

In the model with the most appropriate variance, we will conduct hypothesis testing using 

the Kenward-Roger test. We will use sensitivity analysis to examine the potential 

confounding, mediating, or moderating activity of variables such as age, BMI, gender, 

language, race, and socio-economic status. We will provide group means, confidence 

intervals, and graphical descriptions of the data.

Both within-participant and between-participant effects are of interest. The within-

participant effect is the effect of time. The between-participant effects are due to the 

gardening intervention. The planned sequence of hypothesis tests is as follows: 1) Test the 

time-by-treatment interaction at a Type I error rate of 0.04; 2) If there is no time-by-

treatment interaction, then we will test the main effect of gardening at a Type I error rate 

equal 0.005. If the main effect of gardening is significant, we will stop testing; 3) If there is 
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no main effect of treatment, then we will test the main effect of time using orthogonal 

polynomials to examine the linear and quadratic trends each at a Type I error rate of 0.0025. 

The hypothesis testing uses an alpha spending approach to assure a total experiment-wise 

error rate of 0.05.

Psychosocial outcomes will be analyzed using Mplus [78] following well-established 

statistical methods for testing mediation [80], particularly in a multilevel framework where 

individuals are nested within gardens/neighborhoods [81]. The potential mediators will be 

examined individually, as well as together in a multiple mediator model to account for 

relationships among mediators. The regression of the potential mediators on community 

gardening will be estimated simultaneously with tests of the effect of the mediators on 

dietary intake and physical activity, controlling for gardening. Multilevel mediation analysis 

is feasible in Mplus [81]; depending on the magnitude of the garden-level interclass 

coefficients (ICCs) observed in this study, the between and within components will either be 

modeled explicitly, or at least the standard errors will be corrected for the non-zero ICCs. 

Effects are expected to be mediated by changes to the theoretical constructs from baseline to 

the first follow-up assessment.

3. Discussion

Health behavior changes, such as improved diets, increased physical activity, and reduced 

sedentary time, are critical for the primary and secondary prevention of chronic diseases 

such as cancer, heart disease, and diabetes, and promoting health more generally. Despite 

this recognition about impacting chronic disease and promoting health, few Americans 

participate in regular physical activity and consume recommended levels of fruits and 

vegetables [7], too many Americans engage in unhealthy levels of sedentary behavior 

[82,83], and many experience poor mental health. Supportive physical and social 

environments where people live, work and recreate are necessary for achieving and 

sustaining these changes [84].

Community gardens represent one neighborhood-based strategy through which we can 

examine the ways in which behaviorally based interventions impact health. The trial 

described in this report, to the investigators’ knowledge, is the first randomized controlled 

blinded study on health behaviors and weight outcomes as a result of participating in a 

community garden and the mediating factors that may influence these changes. Moreover, 

this study aims to explore a community-level intervention that is available and accessible to 

people across different social and economic groups and from different cultural backgrounds.

This study will help provide the highest level of scientific evidence about whether 

community gardening improves and sustains health-promoting behaviors in a mixed-income, 

multi-ethnic adult population. If successful, the evidence generated through this project will 

inform ways in which planning, housing and public health professionals, and non-profit 

leaders can create, increase and sustain access to beautiful, social places that promote health, 

particularly in disadvantaged areas.
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Trial status

The study began in March 2017. Data collection for T1 and T2 are complete. Planning for 

wave 2 recruitment is underway.
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Fig. 1. 
Community gardens and socioeconomic measures (Denver and Aurora by Block Group) 

Percent of population living at or below poverty 2007–2011 American Community Survey 

Estimates.
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Fig. 2. 
Study design flow diagram.
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