
Detailed methods of two home-based vegetable gardening 
intervention trials to improve diet, physical activity, and quality 
of life in two different populations of cancer survivors

Mallory G. Cases, M.P.H.1, Andrew D. Frugé, Ph.D., R.D.2, Jennifer F. De Los Santos, M.D.3, 
Julie L. Locher, Ph.D.4, Alan B. Cantor, Ph.D.5, Kerry P. Smith6, Tony A. Glover6, Harvey J. 
Cohen, M.D.7, Michael Daniel, B.S.8, Casey D. Morrow, Ph.D.9, Douglas R. Moellering, Ph.D.
2,10, and Wendy Demark-Wahnefried, Ph.D., R.D.2

1Department of Health Behavior, School of Public Health, University of Alabama at Birmingham, 
1675 University Boulevard, Webb Building 346, Birmingham, AL 35294, United States

2Department of Nutrition Sciences, School of Health Professions, University of Alabama at 
Birmingham, 1675 University Boulevard, Webb Building 346, Birmingham, AL 35294, United 
States

3Department of Radiation Oncology, School of Medicine, University of Alabama at Birmingham, 
The Kirklin Clinic at Acton Road, 2145 Bonner Way, Birmingham, Alabama 35243, United States

4Department of Health Care Organization and Policy, School of Public Health, University of 
Alabama at Birmingham, 1530 3rd Avenue South; CH19-Room 218F; Birmingham, Alabama 
35294, United States

5Department of Biostatistics, School of Public Health, University of Alabama at Birmingham, 1665 
University Boulevard, Ryals Public Health Building, Room 327, Birmingham, AL 35294, United 
States

6Alabama Cooperative Extension System, Alabama A&M University and Auburn University, 101 
Funchess Hall, Auburn University, AL 36849, United States

7Center for the Study of Aging, Duke University, Room 3502 Blue Zone, Duke University Medical 
Center Box 3003, Durham, NC 27710, United States

8Department of Biology, College of Arts & Sciences, University of Alabama at Birmingham, 1675 
University Boulevard, Webb Building 346, Birmingham, AL 35294, United States

9Department of Cell, Developmental, and Integrative Biology, School of Medicine, University of 
Alabama at Birmingham, 1720 2ndAvenue South, THT 926, Birmingham, AL 35294, United States

Corresponding Author: Mallory G. Cases, mgcases@uab.edu, Phone: (205) 975-3917. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Disclosure statement
The authors declare that they have no competing interests.

HHS Public Access
Author manuscript
Contemp Clin Trials. Author manuscript; available in PMC 2017 September 01.

Published in final edited form as:
Contemp Clin Trials. 2016 September ; 50: 201–212. doi:10.1016/j.cct.2016.08.014.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



10UAB Diabetes Research Center, Bioanalytical Redox Biology Core, University of Alabama at 
Birmingham, 1670 University Boulevard, VH G004, Birmingham, AL 35294, United States

Abstract

Background—Cancer survivors suffer from long-term adverse effects that reduce health-related 

quality of life (QOL) and physical functioning, creating an urgent need to develop effective, 

durable, and disseminable interventions. Harvest for Health, a home-based vegetable gardening 

intervention, holds promise for these domains.

Methods—This report describes the methods and recruitment experiences from two randomized 

controlled feasibility trials that employ a waitlist-controlled design. Delivered in partnership with 

Cooperative Extension Master Gardeners, this intervention provides one-on-one mentorship of 

cancer survivors in planning and maintaining three seasonal vegetable gardens over 12 months. 

The primary aim is to determine intervention feasibility and acceptability; secondary aims are to 

explore effects on objective and subjective measures of diet, physical activity and function, and 

QOL and examine participant factors associated with potential effects. One trial is conducted 

exclusively among 82 female breast cancer survivors residing in the Birmingham, AL metropolitan 

area (BBCS); another broadly throughout Alabama among 46 older cancer survivors aged ≥60 

(ASCS).

Results—Response rates were 32.6% (BBCS) and 52.3% (ASCS). Both trials exceeded 80% of 

their accrual target. Leading reasons for ineligibility were removal of >10 lymph nodes 

(lymphedema risk factor), lack of physician approval, and unwillingness to be randomized to the 

waitlist.

Conclusion—To date, recruitment and implementation of Harvest for Health appears feasible.

Discussion—Although both studies encountered recruitment challenges, lessons learned can 

inform future larger-scale studies. Vegetable gardening interventions are of interest to cancer 

survivors and may provide opportunities to gain life skills leading to improvements in overall 

health and QOL.
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Introduction

Currently, there are nearly 14.5 million cancer survivors in the United States [1]. The largest 

subsets of these survivors are breast cancer survivors (approximately 22% of survivors) 

and/or survivors over the age of 60 years (72% of survivors) [1]. While more individuals are 

surviving cancer, the disease and adverse treatment sequelae are contributing to the 

increased burden of illness, decreased length and quality of survival, and greater healthcare 

costs [2]. In women diagnosed with breast cancer, physical function decreases post-

diagnosis and remains lower than pre-cancer physical function levels 10 years later [3]. 

Similarly, those diagnosed at an older age (i.e., ≥60 years old), often experience greater 

declines in physical functioning with impaired recovery [4, 5].
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Increasing physical activity (PA), even light intensity, reduces functional decline in cancer 

survivors [6]. While numerous intensive diet and exercise interventions have proven 

beneficial to cancer survivors, these results are often short-term. Without sustained support, 

long-term adherence is problematic in many behavioral interventions. To have lasting health 

benefits, permanent lifestyle changes are needed. Gardening interventions have the potential 

for sustainability since gardening 1) involves a variety of activities which prevent satiation 

common with other forms of exercise; 2) provides a sense of accomplishment and zest for 

life that come from nurturing and observing new life and growth [6, 7], and 3) imparts 

natural prompts since plants require regular care (watering, weeding, pest control) and 

attention (pruning, harvesting) and serve as continual and dynamic behavioral cues. As the 

vast majority of cancer survivors are seeking complementary and alternative medical 

therapies to maintain or improve their health [8], gardening interventions may be widely 

acceptable and sustainable.

The current Harvest for Health initiative includes two randomized controlled trials, using a 

home-based vegetable gardening approach to improve PA, dietary intake, and physical 

functioning of two survivor groups: 1) survivors of breast cancer, and 2) older survivors of 

cancers with five-year relative survival rates of 60% or greater. Survivors are individually 

paired with Master Gardeners (MG) who have undergone 100 hours of training through the 

Alabama Cooperative Extension System (ACES). These MGs interface bimonthly with the 

survivors to mentor in the planting and maintenance of three home-based vegetable gardens 

over the course of a year.

Undertaken as feasibility studies, both are currently in progress. The purpose of this paper is 

to report the design, methodology, and challenges encountered during implementation of 

these two similar feasibility studies in two unique cancer survivor populations.

Methods

Study Population and Overview

Intervention Development—Harvest for Health was first conducted as a single-arm pilot 

study with 12 adult and child cancer survivors [7]. Results suggested that the vegetable 

gardening intervention was associated with promising benefit, not only on improving the 

diet, but also on physical functioning, and physical activity. The potential impact on physical 

activity was not associated solely with the activity of gardening, but rather the garden 

appeared to serve as a “cue to action,” that drew survivors outside and incited more activity 

through extra yard work and walking [7]. Two studies are currently underway to build 

capacity with the ACES and test the feasibility of delivering the yearlong vegetable 

gardening intervention to adult cancer survivors. In 2013, the Birmingham Breast Cancer 

Survivors study (BBCS), funded by the Women’s Breast Health Fund of the Community 

Foundation of Greater Birmingham, began enrolling female breast cancer survivors within 

the five-county region defining the Birmingham metropolitan area (i.e., Jefferson, Shelby, 

Blount, St. Clair, and Walker counties). All participants are to be assessed over a two-year 

period using a waitlist control design with the waitlist control group receiving the 

intervention in the second year. Target accrual for the BBCS was 100 participants. In 2014, 

the Alabama Senior Cancer Survivors study (ASCS), funded by the National Cancer 
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Institute (R21 CA182508/NCT02150148), began enrolling male and female cancer survivors 

aged 60 years and older throughout the state of Alabama with a target accrual of 46. In the 

ASCS, participants are assessed throughout one year, and the control group receives the 

intervention after final assessment. The primary aim of both studies is to determine 

intervention feasibility and acceptability; secondary aims are to explore effects on objective 

and subjective measures of diet, physical activity and function, and QOL and examine 

participant factors associated with potential effects.

Eligibility Criteria—See Table 1.

Screening and Randomization—In the BBCS, the screening and evaluation process 

took place from August 2013 through May 2014. Consent forms and screeners were mailed 

to interested, eligible survivors and were reviewed on the telephone. After undergoing the 

distance-based screening and informed consent process, eligible survivors deciding to 

participate signed the consent form and returned it to the study office using a pre-addressed, 

postage-paid mailer. An additional consent form was provided for them to keep. 

Randomization was performed off-site following the completion of the baseline assessment 

by the use of a randomization list created by the study statistician and was stratified by 

county and number of physical function limitations based on permuted blocks. Participants 

were randomized to either the gardening intervention immediately or to a wait-listed control 

group (who would receive the intervention after a 1-year delay).

In the ASCS, the screening and evaluation process took place from June 2014 through 

August 2014. Informed consent, screening, and randomization were conducted in the same 

manner as the BBCS though stratification variables only included physical functioning (one 

limitation or more than one limitation).

The Intervention—Both Harvest for Health interventions are guided primarily by the 

Social Cognitive Theory (SCT) [9] to emphasize the fundamental concepts of self-efficacy 

and skills development to mediate behavior change (gardening). MGs are trained to promote 

self-efficacy by serving as role models, encouraging incremental goal setting, providing 

reinforcement and encouragement as appropriate, strategizing to overcome barriers, creating 

expectancy that gardening will result in desired outcomes, and skills training for high-risk 

situations to enhance behavioral capability. Participants also are asked to keep a gardening 

journal (self-monitoring).

The Harvest for Health intervention also draws upon the Social Ecological Model (SEM) 

[10], since effects on physical function, F&V intake, and PA are influenced by interactive 

relationships between the survivor and his/her social/physical environment. Vegetable 

gardening, in practice, has multiple levels of influence such as individual factors (e.g., 

demographics), interpersonal factors (e.g., social support), and community factors (e.g., 

availability of gardening supplies/support).

For both studies, MGs assist and mentor study participants. MG programs are overseen and 

certified by the Cooperative Extension within land grant universities in all 50 United States. 
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ACES supports 44 county and regional Master Gardener Associations with approximately 

1,800 new and veteran volunteers reporting 209,974 volunteer hours statewide in 2013.

MGs are individually matched with survivors based primarily on geographic proximity (<15 

miles between residences) and are initially introduced at Meet n’ Greet events at the launch 

of each regional cohort. These events are essential to the program’s success as they 1) 

provide UAB staff an opportunity to explain the study purpose and goals; 2) provide ACES 

staff an opportunity to teach the basics of vegetable gardening to study participants and 

provide them with tools, seeds, and starter plants for their first garden; 3) provide ACES 

staff an opportunity to train MGs and outline expectations for MGs and participants with 

regards to planting and maintaining their gardens over the next year; 4) allow MGs and 

survivors a chance to meet, interact, and start planning their first garden; and 5) allow UAB 

and ACES staff to solve potential logistic or planning problems in real time so that the 

intervention would be initiated promptly.

In both studies, the MG works with their assigned cancer survivor to plan, plant, tend, and 

harvest three gardens over the course of a year (Fall: September-December; Spring: January-

April; and Summer: May-August). Survivors choose either a 4’×8’ raised bed (homeowners) 

or four EarthBoxes (EarthBox® by Novelty Manufacturing Co., Lancaster, PA) (apartment 

or townhome dwellers, renters, those with limited sunlight) which provide comparable 

square footage. Supplies (Table 2) are either distributed at the Meet n’ Greet meetings or 

delivered to survivors’ homes. Survivors were able to keep all supplies, an estimated value 

of $500.00 per participant covered by the respective grants. MGs assist survivors in 

assembling gardens and attaining any additional supplies at local nurseries or Extension 

offices (e.g., soil mix, seeds, plants). MGs teach survivors how to select healthy plants and 

upon completion of garden setup, check in bi-weekly, alternating between home visits and 

contact via telephone or email. All contact between MGs and survivors is tracked by UAB 

and ACES study staff.

The notebook that each survivor receives includes general information on gardening, 

addresses cancer-specific concerns (e.g., importance of wearing gardening gloves, proper 

lifting to reduce the risk of lymphedema, back injury, sun protection), and lists contact 

information for the MGs and study personnel. In addition to these resources, survivors are 

encouraged to participate in a private Facebook® group, allowing participants to interact 

with other survivors and MGs on the project.

Waitlist Control Group—In the BBCS, those randomized to the waitlist control group are 

followed during year 1 of the study while not receiving the intervention. At the start of year 

2, these participants are paired with MGs, given all intervention materials, and monitored for 

the duration of year 2. Those randomized to the immediate intervention are not intervened 

upon in year 2 but are assessed again at the end of year 2 (Figure 1).

In ASCS, those randomized to the waitlist control group are followed during year 1 of the 

study while not receiving the intervention (Figure 2). At the end of year 1, these participants 

are given all intervention materials and participate in local Meet n’ Greets where they are 

introduced to ACES staff and MGs who help them start their garden, but are not expected to 
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maintain contact. Additionally, they are invited to the private Facebook page and informed 

they will no longer be followed as study participants.

Measures

Both the BBCS and the ASCS are feasibility studies; thus, the most salient outcomes are 

feasibility and acceptability. Feasibility is assessed via process data and acceptability 

through debriefings either at time of drop-out or at completion of the intervention.

Process Data—Accrual benchmarks for both studies were set to achieve at least 80% of 

the accrual target within 6-months. Likewise, a benchmark of 80% was set to evaluate 

retention over the course of both studies. These benchmarks were assessed using process 

data. In addition, participants in both studies are encouraged (in cover letters, as well as in 

the study notebook) to report any serious health events as soon as practical to the study 

office, whereupon they are logged to determine their nature and cause, and brought 

immediately to the attention of the principal investigator. To assess fidelity, photographs of 

the garden taken at MG monthly visits are collected, as well as data from participants’ 

gardening journals. Additionally, survivors report MG contact monthly with study staff and 

MGs report survivor contact monthly with ACES staff. Moreover, at the time of follow-up, 

the garden is assessed to determine if it is actively being tended.

Debriefing—In both studies, all participants who complete the 12-month gardening 

intervention are interviewed via telephone. Questions of acceptability are asked of 

participants (i.e., “How would you rate your experience?” “Based on your experience, would 

you do it again?”). The debriefing includes questions regarding intentions of future 

gardening and plans to expand gardening spaces (i.e., “Do you plan to continue to garden 

and plant on your own?” “Do you plan to expand your garden?”), in addition to soliciting 

feedback on the most and least helpful components of the intervention (e.g., “How helpful 

was the notebook…spade…hoe…gardening hose”…etc.), participants also are asked, “Did 

your garden motivate you to…eat a healthier diet, …eat more vegetables,…try new 

vegetables, and …be more physically active.” Most items employed a 10-point Likert scale.

In both studies, a variety of secondary outcomes were assessed for the primary purpose of 

assessing effect size and variation. The experience of collecting these data, as well as their 

analyses, are considered important for informing power calculations in future studies.

Mailed Questionnaires—In BBCS, participants are mailed questionnaires at all time 

points prior to home visits. Completed questionnaires are collected at home visits.

In the ASCS, participants are mailed questionnaires at all time points as well. At baseline 

and 12-month home visits, completed questionnaires are collected. Also, at 4- and 8-months, 

a subset of items related to health-related quality of life, PA, diet, stress, sleep, and 

mindfulness are assessed, and participants are provided with a pre-addressed, postage-paid 

mailer to submit their completed materials (Table 3).

Home Visit Assessments—In BBCS, participants are visited in their homes at three 

time points: Baseline, 12 months, and 24 months (Figure 1). In the ASCS, participants are 
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visited in their homes at two time points: Baseline, and 12 months (Figure 2). At these visits, 

biospecimens are obtained and physical functioning is assessed. At baseline, available space 

to situate either a raised bed or 4 Earthboxes evaluated and at follow-up, gardens are 

examined in those receiving the intervention to assess whether they are being actively 

tended, a measure of fidelity to the intervention (Table 3).

Physical Functioning—In the BBCS, participants’ physical functioning is assessed using 

the 30-Second Chair Stand (number of times participant can stand and sit in 30 seconds), 

Arm Curl (number of times participant can curl and uncurl arm in 30 seconds), Chair Sit and 

Reach and Back Scratch (measures of flexibility), 8-Foot Get Up and Go, Hand Grip 

Strength (measured using a dynamometer, (Creative Health Products, Inc., Ann Arbor, MI), 

and 2-Minute Step Test (measure of endurance) [11–13]. In addition to the above measures, 

ASCS participants perform the Timed 8-Foot Walk and balance testing [14].

Anthropometrics—Height, weight, and waist circumference are measured in survivors 

using a portable stadiometer, calibrated scale, and non-stretch tape measure. Measures are 

taken in light clothing and without shoes to the nearest tenth of a centimeter or kilogram 

using methods outlined in the Anthropometric Standardization Manual [15].

Biological Measures—In both studies, blood is drawn to examine interleukin-6 (IL-6, 

biomarker of inflammation) [16], soluble vascular cell adhesion molecule (s-VCAM, marker 

of endothelial activation related to function and mortality in community-dwelling older 

adults) [17], D-dimer (predictor of functional decline) [17], and telomerase (biomarker of 

successful aging) [18–22], all of which have been shown responsive to diet and PA and 

related functional status and aging [23]. While selected biomarkers are not influenced by 

fasting [24], some diurnal variation may occur. Thus, time of the draw along with wake time 

are recorded. Baseline and follow-up visits are scheduled at similar times of day (+2 hours) 

for each participant to reduce intra-individual variation. Blood is drawn in three vacutainers: 

one serum separator tube (SST), one sodium citrate-treated tube, and one EDTA-treated 

vacutainer. Samples are centrifuged immediately after the draw (exception: SST, which is 

allowed to clot prior to spinning) using portable centrifuges [25, 26]. Serum and plasma are 

aliquoted from their respective tubes; sera, plasma, and buffy coat/peripheral blood 

mononuclear cells (peripheral blood mononuclear cells [PBMC]) are stored on dry ice, the 

latter of which undergoes RNA extraction. Upon return to the laboratory, samples are stored 

at −80°C until batch analysis at study end.

Plasma IL-6 and s-VCAM are assessed via electrochemiluminescence. Plasma D-dimer is 

assayed using enzyme-linked immunoassays (ELISA; Dimertest Tripwell EIA kit, American 

Diagnostica, Greenwich, CT). Telomerase activity is measured in PBMCs using the 

Telomerase PCR ELISA assay [27]. Assays are performed in duplicate, and reruns are 

carried out on samples providing discrepant readings (>25%).

To assess the potential impact of the gardening intervention on the microbiome (gut flora 

have been associated with health outcomes and are impacted by diet, physical activity and 

environmental change) [28], sterile wipes in sealed plastic bags are mailed to participants 

before home visits. Participants are instructed to wipe themselves with the sterile wipe after 
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a bowel movement, place the used wipe back into the plastic bag, and then immediately 

store the sample in their freezer, noting the date and time of collection, until the time of their 

home visit. Samples are kept on ice and then stored at −80°C until analyzed [29]. Microbe 

DNA is extracted using a ZR Fecal DNA Miniprep, and the V4 region of the 16S rRNA gene 

will be PCR-amplified for sequencing on the Illumina Miseq [29, 30]. The Quantitative 

Insight into Microbial Ecology (QIIME) suite, version 1.7 [31] is used to perform analysis 

with the addition of a wrapper for QIIME (i.e., QWRAP) [30]. Operational taxonomic units 

(OTUs) are generated using filtered sequences, which will be clustered at 97% identity and 

rarified at minimum depth. The Ribosomal Database Project classifier [32] is used to 

perform the assignment of OTUs, which is informed by the May 2013 version of the 

Greengenes 16S database [33]. Multiple sequence alignment of OTUs is carried out with 

PyNAST [34]. Within-sample (alpha) diversity measures are calculated with Shannon and 

Phylogenetic Diversity [35], and beta diversity calculated using Bray Curtis and weighted 

and unweighted Unifrac clustering [36]. Principal coordinates analysis (PCoA) is performed 

by QIIME to visualize the dissimilarity matrix (beta-diversity) among the samples.

Saliva is obtained during the home visit. Prior to the visit, the participant is instructed not to 

consume alcohol, caffeine, or nicotine for 12 hours and not to brush their teeth within 45 

minutes. At the time of the visit, the participant rinses their mouth with water 10 minutes 

prior to collection and is then asked about adherence to abstaining from the above. The 

saliva sample is frozen at −80°C until analysis.

Nails are clipped by the participant and placed in a plastic sealable bag. Data regarding nail 

polish and artificial nails are gathered. The nail samples are kept at room temperature until 

analysis. For cortisol analysis, fingernails and toenails are processed using a slightly 

modified procedure as described by Warnock et al. [37] and Meyer et al. [38]. Briefly, nail 

samples are washed twice with 2ml isopropanol and dried overnight. The dried nail samples 

are added to a pre-weighed tube containing three 5mm steel grinding balls (Retsch, Haan, 

Germany) and ground using a TissueLyser II (Qiagen Venlo, Netherlands) at 30 Hz for 9 

minutes. The speeds and times for the nails’ grinding are optimized (data not shown). 

Methanol (1 ml) is added per 50mg of powdered nail (w/v) and placed on a rotator for 18 

hours at room temperature to extract the cortisol. Samples are then centrifuged at 10,000 × g 

for 5 minutes. The supernatant (800 µl) is transferred to a clean tube and evaporated under 

nitrogen gas in a certified fume hood. The evaporated sample is resuspended in 400 µl of 

phosphate buffered saline (pH 7.4) per 50 mg of ground sample (w/v). Cortisol (hormone 

indicative of inflammation and stress) [39] is assayed using 25 µl of sample according to the 

manufacturer’s protocol (Salimetrics, Salivary Cortisol Enzyme Immunoassay Kit, 1–3002, 

State College, PA). If cortisol readings are outside the range for the standard curve, the 

samples are either diluted or concentrated and rerun using the same 25 µl volume and within 

the standard curve. The inter-assay coefficient of variation is 4.7% for the high standard, 

14% for the low standard, less than 12% for control biological replicates (n=5), and within 

the manufacturers recommendations. Preparation and assay of saliva samples are done in 

accordance with manufacture’s instruction using SalivaBio Oral Swab for collection 

(Salimetrics, Salivary Cortisol Enzyme Immunoassay Kit, 1–3002, State College, PA). Data 

are analyzed using StatLIA Enterprise 2.2 software, are represented as nmol/gram for 

fingernails and toenails and µg/dL for salivary cortisol levels.

Cases et al. Page 8

Contemp Clin Trials. Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Diet and Physical Activity Measurements—In the BBCS, dietary intake is measured 

via self-report using the NCI Diet History Questionnaire (DHQ-1) [40]. The DHQ is a food 

frequency questionnaire consisting of 144 food items and supplements and includes portion 

size questions. In the ASCS, dietary intake is measured via self-report using the Eating at 

America’s Table (EATS) dietary screener [41] and the DHQ. EATS provides data on F&V 

intake [41].

PA is measured using the Godin Leisure-Time Exercise Questionnaire (Godin) and 

accelerometry. The Godin is self-administered and measures usual leisure-time PA during a 

7-day period. Frequency is measured in 15-minute increments [42]. Programmed 

accelerometry units (Actigraph, Inc. Pensacola, FL) objectively measure PA [43, 44]. These 

accelerometry units are mailed to participants with instructions for 7-day collection and 

collected by staff during home visits. In the ASCS, PA is measured using the Community 

Healthy Activities Model Program for Seniors (CHAMPS) Physical Activity Questionnaire 

for Older Adults [45], the Godin, and accelerometry.

Health-Related Quality of Life (HRQOL)—In both the BBCS and ASCS, the SF-36 

HRQOL Index is administered. This instrument provides a global measure of health-related 

quality of life as well as specific data on eight distinct subscales (vitality, physical 

functioning, bodily pain, general health perceptions, physical role functioning, emotional 

role functioning, social role functioning, and mental health) [46, 47].

Comorbidities—In both the BBCS and ASCS, the Older American Resources and 

Services (OARS) Comorbidity Index is administered to assess the number of chronic 

medical conditions/symptoms and their functional impact [48]. An additional item assessing 

falls in the previous year also is included [49].

Psychosocial Measures—In both studies, the Social Provisions Scale (SPS), Perceived 

Stress Scale (PSS), and Functional Assessment of Chronic Illness Therapy – Spiritual Well-

being (FACIT-Sp) are administered. In the revised SPS, one of the six subscales assesses the 

psychosocial benefits of gardening [50, 51]. The PSS is used to measure the degree to which 

situations in an individual’s life are appraised with stress [52]. The FACIT-Sp is a measure 

of spiritual well-being in people with cancer [53].

In addition to the above scales, the ASCS also administers the Social Readjustment Scale 

(SRS), Super-Utilizer Scale (SUS), Pittsburgh Sleep Quality Index (PSQI), and Mindfulness 

Attention Awareness Scale (MAAS). The SRS is a 43-item measure for identifying 

significant stressful life events [54]. The SUS is a 2-item measure of hospital and emergency 

room admittance in the past four months. The PSQI assesses sleep quality and disturbances 

within the previous month [55]. These instruments are administered at baseline, 4- 8- and 

12-months.

Mediators—In both the BBCS and ASCS, community support, social support, and self-

efficacy are measured as mediators. To measure community support, participants 

independently assess their local environment for support of vegetable gardening considering 

factors of availability of garden stores, presence of pests, neighborhood covenants that 
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impose landscaping restrictions, and a sense of belonging with other gardeners in the local 

community on a 7-point Likert scale with one being ‘environment is extremely unsupportive 

for gardening’ and seven being ‘environment is extremely supportive for gardening.’ To 

measure social support and self-efficacy, the Social Support and Eating Habits and Exercise 

Surveys [56] have been adapted for gardening using identical anchors.

Demographic and Health-Related Characteristics—In both studies, demographic 

data are gathered (age, race, ethnicity, education level, occupation, marital status, income, 

and smoking status) at baseline. Also, cancer-related data are obtained at this time, e.g., 

cancer site and stage, diagnosis year and treatment (i.e., surgery, radiotherapy, 

chemotherapy, hormone therapy); cancer site, stage, and year of diagnosis was obtained 

from registries or oncologists whereas cancer treatment is self-reported.

Power and Statistical Considerations—The accrual target for the BBCS was 100 

participants and was based solely on building MG capacity in the greater Birmingham 

metropolitan area (i.e., establishing a critical mass of trained MGs who could sustain the 

intervention long-term). The sample size of 46 in the ASCS trial is based on power analysis 

which assumed an improvement of 5 points or more in the SF-36 physical function subscale 

in 55% of the immediate intervention arm as compared to 15% of the waitlist arm using a 

Fisher’s exact test at an alpha level of .05. One-sided testing (considered appropriate for 

feasibility trials) provides 79% power assuming an ultimate sample size of 20 per arm after 

13% attrition. Both trials are aimed at established basic metrics of feasibility (i.e., achieving 

at least 80% of the targeted accrual within a 6-month period and retaining at least 80% of 

participants over the course of each study). Moreover, a safety benchmark of observing no 

serious adverse events directly associated with the intervention also is assessed. In addition, 

process data are to be analyzed to determine differences between refusers and enrollees, and 

dropouts versus completers using chi-square (for categorical variables such as race and arm 

assignment) and t-tests (for continuous variables such as age). Frequencies related to study 

satisfaction are summed and reported. Between group differences in baseline and 1-year 

change in physical performance tests, biomarkers of physical function and aging, F&V 

intake, diet quality, PA, and QOL are to be quantified using means and stand deviations and 

compared using pooled t-tests. Logistic regression will be used to evaluate subject 

characteristics (e.g., age, education, number of morbidities, sex) associated with adherence 

to gardening and with improvements in F&V intake, PA, and improvement of physical 

function of 5 points or more on the SF-36 physical function subscale.

Results

Figure 3 depicts recruitment for BBCS, starting with a potential pool of 1,650 breast cancer 

survivors. A positive response is determined by a completed screener and signed consent 

form (n=367, 32.6% response rate). No significant differences were observed in age, cancer 

stage, or time since diagnosis in those who enrolled versus those who did not. This study did 

not have complete data in regards to race comparing those enrolled versus those not.

Figure 4 describes the ASCS participant pool (n=871). Again, a positive response is 

determined by a completed screener and signed consent form (n=324, 52.3% response rate). 
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One participant did not receive the intervention as planned due to an unrelated physical 

injury immediately after randomization. No significant differences were detected in age, 

gender, cancer site, or time since diagnosis in those who enrolled versus those who did not; 

however, we saw a larger proportion of lower stage cancers in the enrolled group as 

compared to those not enrolled. We also observed a disparity in those identifying as Black 

(2.2% of those enrolled versus 17.0% of those not enrolled, p=.02), with the main reasons 

being a lack of response, refusal, and ineligibility.

The BBCS had a dead letter rate of 67.4% while the ASCS had a dead letter rate of 47.7%. 

In both studies, online search engines were used to locate addresses of survivors whose 

initial letters were returned due to inactive addresses.

In the BBCS, we reached 82% accrual within a 9-month period. Time was a limiting factor 

in achieving 100% accrual, and initially, our goal was to recruit 20 participants from each of 

five area counties. The most densely populated and adjacent counties were easily filled in 

the recruitment windows; however, the more rural counties were predominantly farming 

communities, with many cancer survivors already vegetable gardening and, therefore, 

ineligible. When this theme became apparent, we recruited more participants from the more 

populous counties but had to close recruitment to allow for completion of the intervention 

that encompassed three full growing seasons.

In the ASCS, a similar challenge arose in recruitment with one of the target counties being a 

farming community. We were able to collaborate with several statewide cancer centers and 

hospitals to assist with recruitment, which allowed us to have a larger footprint in the state. 

This collaboration was beneficial in exposing more MGs and Extension offices to the study 

and adapting the intervention to the unique growing conditions in the different regions of the 

state. We had 100% accrual in ASCS within the 6-month recruitment period. Eligibility was 

also expanded in the ASCS from those ≥65 years old, cancer sites with 5-year relative 

survival rates of ≥80%, and a maximum of five years since diagnosis to ≥60 years old, 

cancer sites with 5-year relative survival rates of ≥60%, and no maximum time since 

diagnosis.

Baseline demographics of each study’s participants can be seen in Table 4. Both Harvest for 

Health studies were made up of participants that were mostly white with at least some 

college education, married, overweight or obese, reporting three or more physical 

functioning limitations, eating less than two servings of F&V daily, and getting less than one 

hour weekly of PA. The BBCS had exclusively female breast cancer survivors while the 

ASCS had a majority of female breast cancer survivors. The BBCS accrued a racially 

representative sample whereas the ASCS was low in the representation of the Black 

population.

Discussion

To our knowledge, these two investigations plus the initial pilot study of 12 subjects [7], are 

the first home-based vegetable gardening intervention trials among cancer survivors or any 

patient population. Both BBCS and ASCS provide cancer survivors with the opportunity to 
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gain skills that promote lifelong changes in their lifestyle behaviors and may ultimately 

improve their overall health and quality of life.

Challenges Encountered and Overcome

Initial contact with cancer survivors proved to be quite a challenge. Despite using first class 

postage, which provides forwarding of mail and correction of addresses, many potential 

participants did not have known addresses or had moved recently. Often, long-term survivors 

do not maintain contact with their oncologist or are not followed long-term by cancer 

registries [57–60]. Therefore, new recruitment strategies are needed that are not reliant on 

oncology offices and networks. Fortunately, we were able to locate many cancer survivors 

using available search engines, which would be less feasible in a sufficiently powered study 

[61].

Recruitment in the BBCS changed from a five-county approach to a mostly two-county 

approach as three of the counties were largely reliant on farming, and many of the survivors 

already garden. The ASCS also had to change recruitment areas from a two-city approach to 

a statewide approach for the same reason. Eligibility criteria in ASCS were expanded during 

recruitment as mentioned previously, allowing for a more diverse group of cancer survivors.

Two participants from each trial withdrew after being randomized to the waitlist. While all 

participants, immediate intervention and wait-listed, are promised gardening supplies, this 

proved not enough for all participants. Future studies of this kind will have to find a way to 

keep those wait-listed engaged while not tampering with potential study results.

The lessons learned in implementing this RCT may be useful in the design of other holistic 

and sustainable lifestyle intervention studies in cancer survivors. Data from BBCS and 

ASCS may assist future research dedicated to this purpose and guide design and 

implementation of such studies.

Strengths

The cancer survivors in both the ASCS and BBCS had insufficient PA and F&V 

consumption at baseline (Table 4) which increased in participants enrolled in our first pilot 

study [7]. Additionally, cancer survivors are at a heightened risk for many health conditions 

that are influenced by health behaviors (e.g., second cancers, cardiovascular disease, and 

diabetes) [24, 61–76]. Accelerated functional decline is an acknowledged concern among 

cancer survivors [77, 78]. Findings suggest that a gardening intervention may hold particular 

promise for this population as it addresses all these aspects.

The BBCS accrued 80% of its goal with a mean age of 60.2 years and the ASCS accrued 

100% of its goal with a mean age of 70.3 years. As older adults, particularly those 65 years 

and older, are underrepresented in research [79], this is a strength of this intervention.

As most people live in more heavily populated areas, the ability to execute this approach in 

an urban or suburban setting is a strength. The flexibility of this gardening intervention 

applies to more people than those in rural areas.
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Limitations

The majority of those enrolled in both studies were older female breast cancer survivors. 

While breast is one of the most commonly diagnosed sites, we had hoped for more diversity 

in cancer diagnoses in the ASCS. In addition, the ASCS lacked racial diversity. Per the 

grant, we had forecasted that our sample would represent the state of Alabama which is 

currently 26.7% African American [80]. However, among these older survivors, we accrued 

just one African-American participant (2.2% of our sample). This lack of minority 

representation was due mostly to lack of response and refusal to participate from potential 

participants in this population. While data are scant, of those who refused, comments 

emerged to the effect, “My ancestors were slaves, and I was raised on a farm - working in 

the dirt and sweating. Why would I want to go back to that?” Furthermore, it is important to 

note, Birmingham, AL (where both of these studies originated) has a long history of civil 

rights unrest and is a mere two hours from Tuskegee, AL, (home of the Tuskegee Syphilis 

Study, leading in part to the Belmont Report and Office for Human Research Protections) 

[81]. This history has created a mistrust of medical research in the African-American 

community [82]. It is speculated that there may be somewhat of a cohort effect manifest 

among older minority survivors who are more sentinel to these events. This cohort effect 

may be diminishing over time, since there was no problem in accruing a racially 

representative sample in the BBCS cohort who were on average 10 years younger.

At the time of recruitment, the Alabama State Cancer Registry was at capacity and unable to 

take on any new studies. This problem has since been solved. This will allow more uniform 

population-based accrual across the state and a more cost- and resource-efficient means of 

identifying potential study participants. It also will allow us a more accurate means of 

assessing the uptake of the intervention and whether potential bias exists. Recruitment of a 

more diverse sample, in both cancer site and race, will be important to assess the 

implications of the intervention across different populations.

Research suggests individuals who garden, and especially those who grow their own fruits 

and vegetables, are more physically active [83, 84], and tend to have healthier diets [85, 86], 

body weight status [87] and better mental health and acuity [88–96]. The Harvest for Health 

gardening intervention espouses all these potential benefits, not only in cancer survivors but 

in other populations as well. The novelty of the Harvest for Health RCTs and the wealth of 

objective and subjective measures related to quality of life and physical function will be 

beneficial to future lifestyle intervention study design. Benefits of these studies hold even 

more promise with the analyses of biological specimens not previously reported 

longitudinally in relation to an intervention. The greatest promise in Harvest for Health is 

that it holds the potential to be self-sustaining, a benefit that participants completing the 

program have repeatedly valued as “priceless.”
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Figure 1. 
BBCS timeline
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Figure 2. 
ASCS timeline
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Figure 3. 
Recruitment and accrual diagram (BBCS)
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Figure 4. 
Recruitment and accrual diagram (ASCS)
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Table 1

Inclusion criteria for the Harvest for Health studies

BBCS ASCS

Female breast cancer survivor; no limitation on stage, age, or treatment status. X

Adults ≥60 years of age diagnosed with a loco-regionally staged cancer associated with an 60% or
greater 5-year relative survival rate including, but not limited to the following: in situ bladder;
localized and regional: breast (female), Hodgkin Lymphoma, prostate, and thyroid; localized:
cervix, colon and rectum, corpus and uterus, kidney/renal pelvis, Non-Hodgkin Lymphoma, oral
cavity/pharynx, ovary, small intestine, and soft tissues.

X

Household has ready access to water and does not currently tend a vegetable garden. X X

Residence can accommodate 4 EarthBoxes or a 4’×8’ raised bed with ample sunshine (i.e., >6
hours/day). X X

English speaking/writing at 5th-grade level or higher and able to understand verbal/written
instruction. X X

At higher risk for functional decline (≥1 physical function (PF) limitation as defined by the SF-36 PF
subscale). X X

Not currently eating at least 5 servings of fruits and vegetables (F&V)/day nor exercising at least
150 minutes/week. X X

Community-dwelling and residence within 15 miles of a MG volunteering in the study. X X

Willingness to be randomized to either study arm and participate in all assessments. X X

Not told by a physician to limit PA and no pre-existing medical condition(s) that preclude(s) (A)
increased consumption of F&V, e.g., pharmacologic doses of warfarin or (B) gardening, e.g.,
paralysis, severe orthopedic conditions, impending hip or knee replacement (within 6 months), end-
stage renal disease, dementia, blindness, unstable angina, untreated stage 3 hypertension, or
recent history of myocardial infarction, congestive heart failure, or pulmonary conditions that
required oxygen or hospitalization within 6 months.

X X

Contemp Clin Trials. Author manuscript; available in PMC 2017 September 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cases et al. Page 25

Table 2

Supplies provided to all BBCS and ASCS study participants unless otherwise noted

• 4′ × 8′ raised bed or 4 EarthBoxes

• Garden hose

• Watering can

• Trowel

• Cultivator

• Hoe

• Bamboo for trellis

• Frost cover

• Garden soil mix

• Seeds

• Transplants

• Notebook

• Diary

• Soaker hose (only those with raised beds)

• Fertilizer (organic fertilizer by request)
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Table 4

Participant baseline demographics

Characteristic Subgroup BBCS
(n=82)

ASCS
(n=46)

Gender
Female 82 (100%) 32 (69.6%)

Male - 14 (30.4%)

Race
Black 22 (26.8%) 1 (2.2%)

White 60 (73.2%) 45 (97.8%)

Mean Age (SD) 60.2 (11.1) 70.3 (8.0)

Education

<High school degree 5 (6.1%) 4 (8.7%)

High school degree 7 (8.5%) 5 (10.9%)

Some college 25 (30.5%) 12 (26.1%)

College graduate 19 (23.2%) 9 (19.6%)

Post-college 24 (29.3%) 12 (26.1%)

Marital Status

Married or stable union 48 (58.5%) 26 (56.5%)

Widowed 6 (7.3%) 13 (28.3%)

Separated 5 (6.1%) -

Single 5 (6.1%) 2 (4.3%)

Divorced 16 (19.5%) 3 (6.5%)

Other - 2 (4.3%)

Mean BMI (SD) 30.7 (6.9) 28.3 (4.8)

Physical Functioning Limitations

One 19 (23.2%) 5 (10.9%)

Two 15 (18.3%) 9 (19.6%)

Three or more 48 (58.5%) 32 (69.6%)

Mean F&V Consumption (SD) 1.7 (1.2) 1.7 (1.1)

Mean Minutes of PA (SD)
Moderate 33.9 (57.7) 34.5 (60.4)

Vigorous 3.8 (16.8) 11.1 (34.3)

Cancer Type

Breast 82 (100%) 27 (58.7%)

Bladder - 1 (2.2%)

Colon - 2 (4.3%)

Kidney - 2 (4.3%)

Lung - 1 (2.2%)

Lymphoma - 2 (4.3%)

Multiple Myeloma - 1 (2.2%)

Pancreas - 3 (6.5%)

Prostate - 4 (8.7%)

Thyroid - 1 (2.2%)

Tongue - 1 (2.2%)

Multiple Sites - 1 (2.2%)
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