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Abstract

Background: Adults and children in the U.S. consume inadequate quantities of fruit and vegetables (FV), in part,
due to poor access among households with lower socioeconomic status. One approach to improving access to FV
is community supported agriculture (CSA) in which households purchase a ‘share’ of local farm produce throughout
the growing season. This study examined the effects of cost-offset (half-price) CSA plus tailored nutrition education
for low-income households with children.

Methods: The Farm Fresh Foods for Healthy Kids (F3HK) randomized controlled trial in New York, North Carolina,
Vermont, and Washington (2016-2018) assigned caregiver-child dyads (n = 305) into cost-offset CSA plus education
intervention or control (delayed intervention) groups. Following one growing season of CSA participation, changes
in children’s diet quality, body mass index (BMI), and physical activity; caregivers' nutrition knowledge, attitudes,
behaviors, and diet quality; and household food access and security were examined using multiple linear or logistic
regression, with adjustment for baseline value within an intent-to-treat (ITT) framework in which missing data were
multiply imputed.

Results: No significant net effects on children’s dietary intake, BMI, or physical activity were observed. Statistically
significant net improvements were observed after one growing season for caregivers' cooking attitudes, skills, and
self-efficacy; FV intake and skin carotenoid levels; and household food security. Changes in attitudes and self-
efficacy remained one-year after baseline, but improvements in caregiver diet and household food security did not.
The number of weeks that participants picked up a CSA share (but not number of education sessions attended)
was associated with improvements in caregiver FV intake and household food security.
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improve year-round dietary behavior and food security.

Conclusions: Cost-offset CSA plus tailored nutrition education for low-income households improved important
caregiver and household outcomes within just one season of participation; most notably, both self-reported and
objectively measured caregiver FV intake and household food security improved. Households that picked up more
shares also reported larger improvements. However, these changes were not maintained after the CSA season
ended. These results suggest that cost-offset CSA is a viable approach to improving adult, but not child, FV intake
and household food security for low-income families, but the seasonality of most CSAs may limit their potential to

Trial registration: ClinicalTrials.gov. NCT02770196. Registered 5 April 2016. Retrospectively registered.

Keywords: Community supported agriculture, Cost-offset, Subsidized, Low income populations, Skin carotenoids,
Food security, Attitudes, Fruit and vegetable eating behaviors

Background

Despite the benefits of adequate fruit and vegetable
(FV) intake [1], most individuals in the U.S. do not
eat recommended amounts [2], with lower intake
among individuals with lower socioeconomic status
[3, 4]. Findings suggesting that greater FV access is
related to higher intake underpin ongoing public
health efforts to increase FV intake [5, 6]. One strat-
egy to reduce disparities in FV access and intake is to
leverage direct-to-consumer marketing of fresh pro-
duce - such as community supported agriculture
(CSA) — to reach more low-income households (7, 8].

In the traditional CSA model, members pay for a
‘share’ of a farm’s produce upfront, and then have con-
sistent access to fresh produce throughout the growing
season. Most studies have shown the purchase of full-
priced CSA to be positively associated with FV intake:
CSA members consumed more FV [9, 10], had greater
increases in FV intake than non-members [11, 12], and
ate more fruits and/or vegetables during the CSA season
than before [13—16]. However, some studies did not ob-
serve a positive effect [17, 18] or had mixed results [19—
22]. Prior research has also found positive associations
between CSA purchase and diet quality [14, 15, 17, 19,
23] and healthy eating behaviors [10, 11, 13, 15, 21, 24,
25]. For example, compared to non-members, CSA
members reported eating more salads [10], home-
cooked meals [11], and family meals [21]; fewer proc-
essed snacks [10]; and eating in restaurants less often
[21]. CSA participation also may have implications for
body mass index (BMI); one study showed a beneficial
association between CSA and BMI [23] and another
showed none [21].

Among the studies that examined associations be-
tween purchase of full-priced CSA and FV intake, diet
quality, and healthy eating behaviors, some had small
samples (e.g. 50 or fewer participants) [14, 18, 20], did
not use a comparison group [13-20, 24, 25], and/or in-
cluded only data from during or after the CSA season
(i.e. no baseline or pre-test) [9, 13, 15, 16, 23-25].

Further, none randomized participants to CSA or exam-
ined objectively-assessed FV intake and, as such,
intervention-related bias may have influenced results.
Two studies of CSA purchasers focused on low-income
families [15, 22], but most included primarily middle-
and upper-income participants.

A persistent critique of the CSA model is that pay-
ment is generally required in advance of the growing
season, which may limit participation by low-income
families [26, 27]. CSA that provides a cost-offset to low-
income households (CO-CSA) removes this financial
barrier by subsidizing a portion of the share price, elim-
inating up-front payments, and offering flexible payment
plans. Descriptive studies have suggested that CO-CSA
participation may positively impact FV access [28, 29]
and intake [30, 31]. A pilot study reported that all CO-
CSA participants increased the variety of vegetables con-
sumed, learned new ways to prepare vegetables, and
liked a new vegetable after CSA participation, but there
were no changes in other outcomes [29]. Longitudinal
studies of cost-offset (or free) CSA programs more often
reported increases in fruit and/or vegetable intake [32—
36] than reported no changes [29, 37]. A recent random-
ized trial comparing CO-CSA with unconditional cash
transfer reported improvements in overall diet quality;
diet quality subscores for total vegetables, total fruit,
whole fruit, and empty calories; and food security status
[36].

Similar to studies of full-priced CSAs, many studies of
CO-CSA had small samples [27, 29, 31, 37], no compari-
son group [27, 29, 31, 34, 37], included only data from
during/after the CSA season [30, 31, 33], and/or re-
cruited samples not limited to low-income participants
[33, 34]. Only two studies used a randomized study de-
sign [36, 37] and none examined effect based upon
objectively-assessed FV intake. Three of the CO-CSA
programs provided FV at no cost to the participants [27,
32, 37], and one provided home-delivered shares [32],
both of which may limit their generalizability. Only two
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studies incorporated nutrition education for participants
beyond general CSA tip sheets or newsletters [35, 37].

This study aims to fill gaps in the understanding of the
effects of CO-CSAs on food security, dietary intake, and
related outcomes. The overall aim of the Farm Fresh
Foods for Healthy Kids (F3HK) randomized controlled
trial was to assess the effect of CO-CSA participation
coupled with tailored nutrition education for low-
income families with children living in rural and micro-
politan communities [38]. The primary aim of this trial
report is to assess the short-term net effect of CO-CSA
plus nutrition education on children’s diet quality, par-
ticularly FV intake. Secondary aims are to examine net
effects of CO-CSA plus nutrition education on children’s
BMI, physical activity, and sedentary behavior, as well as
on caregivers’ food and nutrition skills, knowledge, atti-
tudes, beliefs, and diet quality, as well as household food
security. Tertiary aims are to test whether any observed
short-term effects were durable after the CSA season
ended (i.e. lasted into the next spring), and to estimate
the role of intervention dose in understanding observed
intervention effects.

Methods

Intervention

Development of the F3HK intervention was informed by
formative interviews conducted with caregivers and chil-
dren from low-income households in target communi-
ties [39, 40], CSA members and farmers [41], and
cooperative extension nutrition educators [42], as well as
analysis of observational data [30, 31]. The focus of the
F3HK intervention was a summer CSA membership of
15-24 weeks length (mean =21 weeks) plus nutrition
education [43]. Nine farms offered multiple CSA share
sizes from which caregivers could select the option that
best suited their needs and preferences (mean=7.5
items/week) [43]. Shares were offered at half-price and
caregivers paid weekly, on average $13, with money or
Supplemental Nutrition Assistance Program (SNAP)
benefits throughout the season [43]; research funds paid
the other half of the price to the farm before the CSA
summer season began. SNAP benefits are provided by
the U.S. federal government to eligible low-income indi-
viduals and families (household income at or below
130% of the poverty line and a maximum of $2250 in fi-
nancial assets) [44]. The average monthly benefit per
person in 2018 was $124.50 [45]. If paying with their
monthly SNAP benefits, families were choosing to use
their SNAP funds to pay for the CSA share instead of
any type of food from other authorized venues (e.g. gro-
cery stores). Fidelity of the CSA was high with respect to
produce quality and pick-up site functionality as ob-
served and recorded by local research coordinators [43].
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Participation level was high; on average, caregivers
picked up their CSA share 88% of weeks enrolled [43].

Families in the CO-CSA plus nutrition education
group were offered kitchen tools and education classes.
Caregivers selected 2—4 larger kitchen tools from among
the following: food processor, crockpot, stockpot, large
cutting board, chef’s knife, salad spinner, and reusable
grocery bag. Selected items were shipped to their home
at the beginning of the CSA season [38]. Adults and
children also were invited, but not required, to attend
nine in-person CSA-tailored education classes offered
locally [38]. Social Cognitive Theory [46], the Dietary
Guidelines for Americans [47], the Physical Activity
Guidelines for Americans [48], and agricultural calen-
dars in each state [49-54] guided the design of the CO-
CSA tailored curriculum [38]. Classes featured seasonal
produce via food tasting, demonstrations, hands-on
cooking activities, handouts, and recipes; two of the les-
sons involved field-based learning via grocery store and
farm tours; and three lessons taught the use of a vege-
table peeler, vegetable scrub brush, or paring knife which
participants were allowed to keep [38]. Adherence to the
curriculum was high as reported by educators and as ob-
served and recorded by state research coordinators [43].
Most caregivers (77%) and children (54%) attended at
least one class, but almost no one attended all classes
[43].

Study design

The F3HK study (protocol published elsewhere [38])
used a randomized controlled trial with one-way cross-
over of control to intervention after 1 year. Participants
enrolled in wave one (2016) were assigned to a two-year
CO-CSA plus nutrition education intervention and in
wave two (2017) were assigned to a one-year CO-CSA
plus nutrition education intervention. One-to-one ran-
dom assignment occurred following baseline assess-
ments and was generated by Qualtrics in blocks of four
within each of the 12 farm communities in New York,
North Carolina, Vermont, and Washington. Multiple
staff members reported assignments to participants,
thereby reducing the likelihood of assignment prediction
by study staff. Once assigned, neither participants nor
staff were blinded to assignment for logistical reasons.
Our study was approved by the University of Vermont
(protocol ID: CHRBSS 16-393) and Cornell University
(protocol ID: 1501005266) Institutional Review Boards.

Sample

Flyers, newspapers, and social media were used to adver-
tise the study opportunity, and study staff directly re-
cruited at schools, churches, libraries, community
service organizations, and at local events from January
through June 2016 and 2017. Participants were also
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identified via “word of mouth.” Caregivers completed a
brief electronic screening tool on a tablet or were later
screened over the telephone. Households were eligible if
they resided in a participating community, included a
child aged 2-12 years old who was willing to participate,
met guidelines for low income (< 185% federal poverty
level), and had not participated in CSA for at least 3
years [38]. This last criteria was included because we
wanted to recruit participants who were ‘naive’ to CSA
programs. A total of 685 caregivers were screened for
eligibility and 542 (79.1%) were determined to be eli-
gible; see Fig. 1.

Once determined eligible, caregivers had to agree to
spend their own money or SNAP benefits on weekly
CSA payments and complete the baseline survey, and an
age-eligible child had to be willing to participate as well.
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Of 542 eligible caregiver-child dyads, 305 (56.3%) en-
rolled. The first dyad was enrolled on March 4, 2016
and the last on June 20, 2017. The target sample size of
300 was designed to detect a difference of one-third
serving of vegetables between groups (power = 0.80, p =
0.05, two-sided test), a targeted effect size slightly
smaller than those reported in a systematic review of the
effect of nutrition education on FV intake among low-
income adults [55].

Data collection

Data collection included online surveys that were com-
pleted by caregivers with input from children for chil-
dren’s diet measures, as well as physical measurements
of skin carotenoids and children’s height and body
weight, which were obtained by research staff. Caregivers

Assessed for eligibility (n=685)

Excluded (n=380)

[ Enrollment ]

A\ 4

+ Did not meet inclusion criteria (n=143)
¢ Declined to participate (n=237)

Randomized within farm
(n=305)

!

v

[ Allocation ]

A 4

Allocated to intervention (n=148)
+ Received allocated intervention (n=148)

Allocated to control (n=157)

+ Received allocated intervention (n=155)

+ Did not receive allocated intervention (withdrew
from study) (n=2)

l [ One-season Follow-Up ] l

¢ Lost to follow-up (no contact achieved) (n=23)
+ No response at this time (n=6)
¢ Analysed (n=119)

+ Withdrew from study (n=1)

+ Lost to follow-up (no contact achieved) (n=29)
+ No response at this time (n=18)

¢ Analysed (n=107)

[ One-year Follow-Up ]

+ Withdrew from study (n=2)
¢ Analysed (n=123)

Fig. 1 Consolidated Standards of Reporting Trials Statement diagram showing study flow for Farm Fresh Foods for Healthy Kids (F3HK)

+ Withdrew from study (n=4)
¢ Lost to follow-up (no contact achieved) (n=10)
¢ Analysed (n=111)
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also completed three 24-h recalls for, or with, their child.
Because 24-h recalls can be time consuming, we ex-
pected fewer recall responses, presented this activity as
optional, and provided separate compensation specific-
ally tied to this activity completion. Data analyzed here
were collected at baseline (spring), one-season follow-up
(fall;, mean =+ 5.02 months, SD =0.77) and survey data
only at one-year follow-up (spring; mean =+ 9.69
months, SD =0.81). Caregiver compensation included:
$25 for each online survey completed, $50 each time
three 24-h recalls were completed, and $10 for skin ca-
rotenoid measures. Caregivers who completed surveys at
all three time points also earned a $25 bonus. Children
were compensated $10 for skin scanning and $10 for
height and weight measurements. Most participants
(76.7%) were retained through one-year follow-up
measures.

Primary outcomes

Primary outcomes of children’s dietary intake were mea-
sured using validated tools: online survey measures of
FV intake and frequency of intake of sweets, salty
snacks, and sugar sweetened beverages (SSBs); physical
measurement of skin carotenoids; and online completion
of 24-h dietary recall data for children. Survey items
were completed by the caregiver with 70.0% of children
age six or older assisting. FV intake with and without
juice (cups/day) was measured using the National Can-
cer Institute’s (NCI) All-Day Fruit and Vegetable
Screener (FVS) [56]. Sweets, salty snacks, and SSB con-
sumption were measured using the Beverage and Snack
Questionnaire, version 2 (BSQ2) [57, 58]. The BSQ2 was
adapted to remove questions regarding FV and 100%
juice intake to avoid overlap with the FVS, and to omit
distinctions in response options for consumption that
occurred in-school and out-of-school. Monthly intake
frequency of five items of candy, sweet baked goods, and
ice cream were summed into “sweets”; three salty snacks
items into “salty snacks”; and six items including regular
sodas, sweetened coffee/tea and drinks, and flavored
milks into “SSBs.”

Caregivers completed two or three online dietary re-
calls for, or with, the child through the NCI Automated
Self-Administered 24-h recall system [59]. At baseline,
10.6% of those who completed dietary recalls completed
only two recalls and at one-season follow up 3.2% only
completed two recalls. Recalls provided additional mea-
sures of the child’s FV intake with and without juice
(cups/day), as well as solid fat (g), sodium (mg), and
added sugar (tsp) intake. From 24-h recall data, the
child’s overall diet quality was assessed by the total
Healthy Eating Index-2015 (HEI) [60, 61], and mean
total energy intake as a percentage of child’s estimated
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energy requirements (EER) given sex, age, and reported
days of physical activity (described below) [47].

Skin carotenoids were assessed in-person with the
Pharmanex® Biophotonic Scanner S3 (NuSkin Enter-
prises, Provo, UT, USA) via resonance Raman spectros-
copy (RRS) by trained research staff. Assessment of skin
carotenoid score using RRS is a valid method to approxi-
mate FV intake in children [62—-64] and is sensitive to
increases in FV intake among youth [65]. The mean of
two or three RRS measurements were used as an object-
ive biomarker of children’s FV intake.

Secondary outcomes

Secondary outcomes included child’s body weight and
activity levels; caregiver’s skills, knowledge, attitudes, be-
haviors, and dietary intake; and household food security.
Trained research staff measured the height and weight
[66] of each child from which we calculated BMI per-
centile [67]. Each child’s physical activity was reported
by caregivers as days of physical activity (>60 min) in the
past week [68]. Sedentary activity was reported as hours
per school day the child spent watching TV and hours
per school day spent playing video games [68].

Caregivers’ ability to select, store, and prepare CSA
produce was measured using the 14-item Cooking Tech-
niques and Meal Preparation Self-efficacy Scale (range 1
to 5) [69]. Seven additional questions about specific
skills included in the F3HK curriculum were added to
create an expanded 21-item scale [38]. Caregivers’ ability
to substitute FV for energy-dense foods was assessed
using questions about monthly frequency of preparing
nine different FV snacks for children, which were
highlighted in the F3HK curriculum [38]. Responses
were summed to create measures of the monthly fre-
quency of preparing fruit, vegetable, and total FV snacks.
Data also were collected to measure caregivers’ ability to
prepare foods to minimize added solid fat and sugar but
were not analyzed due to low response.

Caregivers’ knowledge, attitudes, and beliefs (KAB)
about FV were collected via the online survey. Know-
ledge of FV recommendations was assessed with ordinal
response options subsequently combined into indicators
of >5 cups FV or less, and FV covering half or more of a
dinner plate or less. The four-item Negative Cooking At-
titude Scale [69] was used to measure caregivers’ atti-
tudes towards cooking (range 1 to 5); higher scores
indicate greater dislike of cooking. The 11-item General
Nutrition Knowledge Belief Score collected beliefs about
the importance of a healthy diet and other eating behav-
iors (range 1 to 4) [70]. Self-efficacy was collected via
the 4-item Self-Efficacy for Eating/Cooking Fruits and
Vegetables Scale (range 1 to 5) [69].

Caregiver’s diet was assessed via the survey using the
NCI-FVS and BSQ2 as described above. Skin
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carotenoids were measured for caregivers using RRS
technology, which has been validated in adults [71-74]
and responds to a high-carotenoid diet [75]. Home FV
availability and accessibility were assessed using multi-
item scales (range 1 to 4) [76]. Affordability and physical
accessibility of FV were each assessed using one Likert-
type question (range 1 to 5). Household food security
was measured using the 6-item Short Form of the US
Department of Agriculture Food Security Survey Module
[77]. Households were classified as food secure if they
experienced none or one of the indicators of insuffi-
ciency in the past 30 days.

Participation level

Participation level was measured as the number of
weeks that participants picked-up the CSA share
based on logs kept by farm staff, and as the number
of CSA-tailored classes attended by the caregiver
based on attendance logs kept by the educators. At
both follow-up time points, caregivers reported
whether or not they participated in a CSA outside of
the intervention (e.g. a winter CSA), which was ex-
plored as a potential source of bias.

Analyses

Normality of continuous outcomes was checked by
examining histograms and checking skewness and
kurtosis statistics. Single time-point measures with
skewness > 1.0 were transformed to approximate nor-
mality (e.g. Ln FV intake; cube-root sweets, salty
snacks, and SSBs; Ln added sugar; square-root solid
fat; cube-root sodium; Ln sedentary hours; Ln FV
snack preparation frequency). Baseline (spring) data
were available for almost all participants for almost
all variables: only 1.6% of data were missing for any
of the survey outcomes. Skin carotenoid status was
missing for 13.8% of participants at baseline, largely
due to unforeseeable delays in the shipping of equip-
ment. As expected, fewer participants (80.7%) pro-
vided at least two 24-h recalls at baseline.

Follow-up (fall) data were available for the majority
of participants. Fifty-five participants (18.0%) with-
drew or were lost to follow-up and another 24 (7.9%)
did not provide data at that time but were responsive
later in the study. The primary concern was that data
may not be missing at random (MAR) and, in the
context of a health behavior intervention trial, that
participants with worse baseline health behaviors
might be most likely to drop-out or not report. To
explore this potential bias, we compared baseline
values for all outcomes for respondents and non-
respondents at one-season (fall) follow-up. For eight
of 38 outcomes (21.1%), cases missing follow-up data
were significantly different from those not missing
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data, but there was no consistent direction to the as-
sociations -- missing follow-up data was associated
with two healthier behaviors and six less healthy be-
haviors at baseline, and unrelated for the other 30
outcomes. These findings do not provide strong evi-
dence that systematic bias resulted from missing data.

Multiple imputation was used because it is the
most accurate approach to estimating missing data
and standard errors that account for both variability
due to sampling and to imputation itself [78]. Impu-
tations followed standardized, rigorous procedures
[79], included auxiliary variables [80], used 30 impu-
tations [78], and employed both standard and hier-
archical approaches. Baseline and one-season follow-
up data were imputed using a fully conditional speci-
fication (FCS) standard approach, which is considered
an unbiased and robust approach to imputation of
missing dichotomous and continuous data [81]. Lo-
gistic and linear regression were used for categorical
and continuous variables, respectively [PROC MI,
SAS software (SAS Institute Inc., Cary, NC, USA;
version 9.4)]. Due to computational limitations, data
were multiply imputed in four groups: 1) survey mea-
sures of diet and physical activity for children and
caregivers; 2) survey measures of caregivers’ KAB and
behaviors, and household food access, availability,
and security; 3) objective measures with survey mea-
sures of diet and physical activity as additional auxil-
iary variables; and 4) outcome measures derived from
24-h recalls, also with survey measures of diet and
physical activity as auxiliary variables. Participants
who never provided any 24-h recalls (n=59, 19.3%)
were excluded from imputation and analysis of these
outcomes. All models also included key characteris-
tics as auxiliary variables [78]: random assignment
group, state; caregiver race (white or not), age, edu-
cation (college degree or not), and health status; and
age, sex, and health of the child. Data for the three
time points were similarly imputed using a FCS
linear mixed-effects latent normal approach, which
performs well for the estimation of regression model
parameters in longitudinal data [78] and Blimp
version 2 [82].

Analysis of change scores from baseline was the pri-
mary method of net effect estimation for continuous
outcomes given high correlation between baseline and
follow-up outcomes [83]. Changes in continuous out-
comes were confirmed to approximate normality based
on a skewness statistic under 2.0, or visual examination
of residuals against the predicted means to confirm sym-
metry and even distribution. Change scores could not be
calculated for binary outcomes and were modeled as the
observed value at the time-point of interest. Regression
estimates were considered significant at p < 0.05.
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One-season effects

Estimates of changes from baseline (spring) to one-
season follow-up (fall) for intervention group relative to
control were examined for all complete cases (n varies)
using multiple linear or logistic regression (for continu-
ous and binomial variables, respectively), with adjust-
ment for baseline value. These net one-season effects
also were estimated using an intent-to-treat (ITT)
framework, multiply imputed data (n =305 survey and
objective measures, and # = 264 24-h recalls), and PROC
MIANALYZE in SAS.

Durability and participation level

Net effects from baseline (spring) through one-year
follow-up (spring) were examined similarly using multi-
ply imputed longitudinal data and multi-level linear or
logistic regression. An interaction between intervention
and season (spring vs. fall) was included in models to
test for differences in the intervention net effect at one-
season compared to one-year follow-up. Number of
weeks of CSA pick-up and number of lessons attended
were used to predict short-term change in outcomes
within the intervention group.

Sensitivity analyses

The ITT analysis to assess one-year net intervention effect
was conducted two more times to control for potential
bias due to enrollment in a CSA outside the intervention:
once assuming that the 77 missing responses got an out-
side CSA and once assuming they did not.

Results

Table 1 presents baseline characteristics of caregivers,
children, and households. Overall, there were no notable
differences in baseline characteristics across random as-
signment groups.

Complete case analysis revealed improvement in chil-
dren’s FV intake without juice as measured by 24-h re-
calls (+0.35 cups/day, p <0.05) (Supplemental Table 1,
Additional File 1). In the ITT analyses with multiply im-
puted data, no significant net effects on children’s diet-
ary intake remained (Table 2). Likewise, no net effects of
F3HK participation were observed on the secondary out-
comes of children’s BMI, physical activity, or sedentary
time in ITT analyses.

There were, however, significant one-season changes
observed among secondary outcomes related to care-
givers and households in both complete case and ITT
analyses. All five measures of caregivers’ skills improved
significantly by the end of the summer CSA season. Both
of the scales measuring cooking techniques and meal
preparation self-efficacy improved in the intervention
group relative to control (+ 0.20, p < 0.01 [14-item scale]
and + 0.29, p<0.001 [21-item scale]). There were also
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statistically significant positive net effects on caregiver
behaviors such as preparing FV as snacks for children
(+19.22, p<0.01), as well as preparation of fruit (+ 7.92,
p<0.01) and vegetables alone (+12.09, p <0.05). F3HK
showed no net effect on caregivers’ knowledge of FV
recommendations and general nutrition, but negative
cooking attitudes (- 0.35, p <0.001) and self-efficacy for
eating and cooking FV (+0.38, p<0.001) improved.
Caregivers’ FV intake also improved in the F3HK inter-
vention group relative to control, assessed by self-
reported FV intake with and without juice (+1.10, p<
0.05 and + 1.01, p<0.05), and supported by net effects
on objective measures of skin carotenoids (+3312.16,
p<0.05). There were no observed effects on caregivers’
consumption of sweets, salty snacks, or SSBs.

We also observed a positive one-season net effect of
F3HK on two of the four measures of FV availability and
access: the availability of FV in the home (+0.11, p<
0.05) and ease of access to FV (+0.23, p <0.05). Add-
itionally, household food security (OR 1.67, p<0.01)
showed net improvement.

Some one-season net effects on secondary outcomes
were maintained into the following spring (when no
CSA FV were being received; Table 3). Net one-season
intervention effects were maintained at one-year follow-
up for scales of cooking techniques and meal prepar-
ation self-efficacy (+ 0.28 <p <0.01 and + 0.34, p <0.01),
as well as negative cooking attitudes (- 0.25, p <0.01)
and self-efficacy for eating and cooking FV (+0.33, p<
0.01). One-year net intervention effects were not ob-
served for self-reported or objective measure of care-
givers’ FV intake. One net effect on the household—
availability of FV in the home (+0.15, p<0.01)—was
maintained, but the positive net effect on household
food security did not continue into the spring (OR 1.27,
p=0.133). At one-year follow-up, 29 caregivers (9.5%)
reported purchasing a winter CSA; both sensitivity ana-
lyses to explore this source of potential bias produced
results consistent with the tabled data.

Within the intervention group, the number of weeks
that the CSA share was picked-up was associated with
three positive one-season changes: one additional week
of CSA share pick-up was associated with a decrease in
child’s salty snack intake (-0.60, p<0.05) and an in-
crease in adult’s FV intake without juice (+ 0.12, p < 0.01;
Table 4). In addition, one additional week of CSA pick
up was associated with improved household food secur-
ity (+0.09 Ln odds, p<0.05); for example, households
that picked up their share 21 weeks (75th percentile)
were 3.73 times as likely to be food secure as households
that picked up only 7 weeks (25th percentile). An in-
crease in number of lessons attended was associated
with short-term reduction in accessibility of FV in the
home (- 0.03, p < 0.05).
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Table 1 Baseline characteristics of enrollees in the F3HK intervention trial in four U.S. states, 2016-2017

Intervention Control
n Count (Mean) % n Count (Mean) %
(SD) (SD)
CAREGIVER CHARACTERISTICS
Age 148 (35.7) (7.5 157 (36.5) 84)
Sex Male 148 5 34 157 3 1.9
Female 143 96.6 154 98.1
General health Excellent - very good 148 51 345 157 54 344
Good 69 46.6 57 363
Fair — poor 28 189 46 293
Marital status Married 148 63 426 157 69 439
Separated, divorced, or widowed 42 284 34 21.7
Never married 31 209 37 236
A member of an unmarried couple 12 8.1 17 108
Highest year of school High school or less 148 24 16.2 157 36 229
Technical or vocational school 7 4.7 7 4.5
Some college 41 27.7 41 26.1
College graduate 56 37.8 61 389
Graduate or professional degree 20 135 12 76
Employment status Employed 148 69 46.6 157 71 452
Out of work 15 101 22 14.0
A homemaker 55 372 53 338
Student/retired 9 6.1 11 7.0
Race American Indian/ 148 1 0.7 157 3 19
Alaskan Native
Asian/Pacific Islander 2 14 2 13
Black 23 15.5 19 121
White 12 75.7 120 764
Multiracial 7 47 9 57
Not one of the above 3 20 4 25
Hispanic Yes 148 9 6.1 157 10 64
No 139 939 147 936
CHILD CHARACTERISTICS
Age 148 6.1) (3.0) 157 (6.2) (3.0)
Gender Male 148 65 439 157 81 516
Female 83 56.1 76 484
General health Excellent - very good 148 119 804 157 124 790
Good 23 155 25 159
Fair — poor 6 4.1 8 51
HOUSEHOLD CHARACTERISTICS
State New York 148 45 304 157 48 306
North Carolina 37 250 40 255
Vermont 34 230 37 236
Washington 32 216 32 204
# Adults in household 1 adult 148 48 324 157 54 344
2 adults 87 588 85 54.1
3 or more adults 13 838 18 115
# Children in household 1 child 148 43 29.1 157 45 28.7

2 children 53 358 61 389
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Table 1 Baseline characteristics of enrollees in the F3HK intervention trial in four U.S. states, 2016-2017 (Continued)
Intervention Control
n Count (Mean) % n Count (Mean) %
(SD) (SD)
3 children 30 203 34 217
4 or more children 22 149 17 108
Annual household income Less than $9,999 147 22 150 155 34 219
$10,000 - $14,999 19 129 11 7.1
$15,000 - $19,999 16 109 14 90
$20,000 - $24,999 18 122 25 16.1
$25,000 - $34,999 34 231 28 18.1
$35,000 - $49,999 31 211 30 194
$49,999 - $74,999 7 48 13 84
Household receive WIC in the past month? No 148 87 588 157 100 63.7
Yes 61 412 57 363
Household receive SNAP in the past month? No 147 77 524 155 74 47.7
Yes 70 476 81 523

Aforementioned, participants who received monthly
SNAP benefits were able to use them to pay for their
portion of the CSA share price, and 24% of participants
used SNAP benefits all or most weeks. Of the 62% who
never used SNAP benefits to make a weekly CSA pay-
ment, 77% indicated this was because they did not re-
ceive SNAP benefits.

Discussion

The F3HK trial addressed gaps in our understanding of
how CO-CSA affects dietary intake and related practices
in low-income households with children, and strength-
ened the methodology used in examining CSA impacts.
Overall, we found that CO-CSA plus nutrition education
modestly improved caregivers’ FV intake across one sea-
son of participation and had no effect on children’s FV
intake. Almost one-half (47%) of enrolled children and
almost one-third (30%) of caregivers met FV intake rec-
ommendations at baseline; those levels are higher than
the U.S. population overall in which less than 10% of
children and adults meet vegetable recommendations,
and somewhat more meet fruit recommendations (40%
of children and 12% of adults) [2, 84]. Enrolled care-
givers also were more likely to have a college education
or graduate degree than the low-income population
overall in the target counties (48.9% vs 17.8%) [85].
Given education and the fact that enrolled caregivers
had to agree to use their own cash or SNAP benefits to
purchase the CO-CSA every week throughout the grow-
ing season, the program may have attracted families that
were atypical in their orientation toward health. There is
other evidence that suggests CO-CSA programs attract a
subset of the population, low-income or otherwise, for
whom FV access and intake is atypically positive. For

example, a descriptive study with low-income families
found that CO-CSA members reported significantly
higher FV intake for themselves and their children than
US averages, and they and their children more often met
recommendations for vegetable intake than the overall
US population [31]. Two studies reported that house-
holds participating in CO-CSA had greater access to or
availability of FV at baseline [29, 37]: one of these tar-
geted low-income participants [37] and the other did
not [29]. A third study reported that CO-CSA applicants
had greater access to and availability of FV relative to a
no-CSA comparison sample regardless of whether the
applicants actually participated [30]. Although a greater
percent of participants in this study met FV guidelines
than the general public, the majority of study partici-
pants and the general US adult population are not meet-
ing FV intake guidelines [2]. People with lower incomes
are even less likely to meet FV recommendations [2]. Fu-
ture research is needed to determine ways to attract any
individuals who are at-risk of low FV intake to CSA, and
to make CSA more inclusive and acceptable to house-
holds with the greatest financial need.

The sample’s atypical baseline FV intake may help to
explain why the intervention had no effect on children’s
FV intake and only a modest effect on caregivers’ FV in-
take, although two-thirds of children and three-quarters
of caregivers did not meet FV recommendations at base-
line, suggesting that increases in FV intake were still
needed to support health. An additional explanation
may be that intervention-targeted behaviors may shift
first among caregivers, who were more active in inter-
vention activities, and that their behavioral modeling of
FV intake and other related outcomes may take longer
to manifest in measurable behavior change among their
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Table 4 Associations between one-season change in outcomes and participation dose among F3HK intervention group members,

2016-2017
Weeks of CSA Share Pick-up Number of Lessons
Attended
n  Adjusted Sig. n  Adjusted Sig.
Estimate Estimate
PRIMARY OUTCOMES
Child’s FV Intake (cups/day)
Total, NCI-FVS 99  +0.02 071 116 +0.07 040
Total without Juice, NCI-FVS 99  +0.01 086 116 +0.00 0.94
Total, ASA24 89 +0.00 0.85 108 +0.02 0.53
Total without Juice, ASA24 89 -0.01 070 108 +0.03 044
Child’s Mean Skin Carotenoid RRS Score 79 +41.04 080 100 -150.26 0.59
Child’s Intake of SSBs and Processed Snacks
Sweets (times/month), BSQ2 100 +0.11 0.80 119 +1.39 0.08
Salty Snacks (times/month), BSQ2 100 -0.60 0.02 119 -074 0.15
SSBs (times/month), BSQ2 100 +0.63 039 119 +1.28 0.33
Solid Fat Intake (g), ASA24 89 -0.13 059 108 4030 048
Sodium Intake (mg), ASA24 89 -1.80 090 108 +33.93 0.15
Added Sugar Intake (tsp), ASA24 89 -0.11 027 108 +0.02 091
Child’s Overall Diet Quality
Total HEI Score, ASA24 89 -065 0.15 108 +0.06 0.94
Energy as %EER®, ASA24 89 +0.15 039 108 +0.14 0.66
SECONDARY OUTCOMES
Child’s BMI-for-age (percentile) 98 -0.25 0.25 119 +063 0.10
Child’s Physical Activity (days/week) 100 -0.01 069 118 -007 0.20
Child’s Sedentary Behavior (hours/day)
Time Watching TV on a School Day 100 +0.00 084 119 +0.03 0.12
Time Playing Video Games on a School Day 100 -0.02 015 119 +0.00 0.99
Caregiver’'s Ability to Select, Store, and Prepare CSA Produce
Coc))king Techniques and Meal Preparation Self-Efficacy, original 14-item (scale 100 +0.01 027 119 4002 0.1
1-5
Cooking Techniques and Meal Preparation Self-Efficacy, expanded 21-item 100 +0.01 024 119 +0.02 0.08
(scale 1-5)
Caregiver's Ability to Substitute FV for Energy-Dense Foods (times/month)
Preparing FV as Snacks for Children 100 -0.05 094 119 -1.03 033
Preparing Fruit as Snacks for Children 100 +0.07 080 119 -053 0.30
Preparing Vegetables as Snacks for Children 100 -0.07 086 119 -053 049
Caregiver's Knowledge, Attitudes, and Beliefs About FV
Knew Adult FV Recommendation Was 5+ Cups/Day 100 +0.06 0.10 119 +0.09 0.15%
Knew FV Recommendation Was = Half of Dinner Plate 100 +0.07 012 117 4012 0.24
General Nutrition Knowledge Belief (scale 1-4) 99  +0.00 035 118 +001 0.10
Negative Cooking Attitudes (scale 1-5) 100 +0.00 0.71 119 -0.01 0.51
Self-Efficacy for Eating and Cooking Fruits and Vegetables (scale 1-5) 100 +0.00 073 119 4001 0.78

Caregiver’'s FV Intake (cups/day)
Total, NCI-FVS 98 +0.08 0.10 116 +0.02 0.80
Total without Juice, NCI-FVS 98 +0.12 <0.01 116 +0.06 049
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Table 4 Associations between one-season change in outcomes and participation dose among F3HK intervention group members,

2016-2017 (Continued)

Weeks of CSA Share Pick-up  Number of Lessons

Attended
n  Adjusted Sig. n  Adjusted Sig.
Estimate Estimate
Caregiver’'s Mean Skin Carotenoid RRS Score 81 +287.68 010 102 -71.16 0.81
Caregiver’s Intake of SSBs and Processed Snacks (times/month)
Sweets, BSQ2 100 -0.96 0.15 118 -142 0.23
Salty Snacks, BSQ2 100 -0.02 094 118 -033 040
SSBs, BSQ2 100 -0.04 096 118 -0.22 0.85
Availability and Accessibility of FV in the Home
Availability of FV in the Home (scale 1-4) 99  +0.00 056 118 -0.00 087
Accessibility of FV in the Home (scale 1-4) 98 -001 041 117 -0.03 0.04
How Easy to Afford FV (Likert-type 1-5) 100 +0.02 007 119 -0.00 098
How Easy to Access FV (Likert-type 1-5) 100 +0.01 025 119 +0.02 0.35
Household is Food Secure, FFSM (In odds) 99  +0.09 0.04 117 -004 0.63

Significance of dose effect on change in outcome from baseline was tested using multiple linear regression for continuous variables and multiple logistic
regression for dichotomous variables, adjusted for baseline value of the dependent variable

children [86]. This is an important avenue for future
research.

F3HK was successful in improving caregivers’ cooking
attitudes, self-efficacy related to preparing meals and FV
specifically, and the frequency with which caregivers pre-
pared FV as snacks for their children. Notably, most of
these improvements were maintained into the following
spring, well after the summer CSA season had ended.
These findings are in contrast with a pilot study (n=9)
that found no change in self-efficacy to eat FV or atti-
tudes toward food preparation after CSA participation
[29]. The success of the current intervention may be
due, in part, to the incorporation of educational mate-
rials (available in group classes or online). However,
lesson attendance was not found to be associated with
positive change in outcomes among the intervention
group. Participants were invited, but not required, to at-
tend the nine in-person, CSA-tailored nutrition educa-
tion classes. Although 77% of caregivers and 54% of
children attended at least one class [43], overall attend-
ance rates were low. Conversely, the number of weeks
that the CSA share was picked-up was associated with a
few positive, one-season changes within the intervention
group (decrease in child’s salty snack intake and increase
in adult’s FV intake without juice).

F3HK was also successful in improving household food
security status, which is notable given that more than
half of the families in this study reported food insecurity
or participation in a federal food benefit program (WIC
and/or SNAP) in the month prior to study enrollment.
However, this change was not maintained into the fol-
lowing spring; that is, after the CSA ended, household
food security reverted to levels observed before the

intervention. This suggests that the modest monetary
subsidy for the CSA had a meaningful effect on food se-
curity during the active intervention period. Two other
studies examined CO-CSA participation in association
with food security status; both reported little to no asso-
ciation [22, 27].

The present study successfully addressed some of the
limitations of prior CO-CSA studies which had small
samples [27, 29, 31, 37], no comparison group [27, 29,
31, 34], included only data from during/after the CSA
season [30, 31, 33], and/or recruited samples that did
not prioritize low-income participants [33, 34]. F3HK
had a sufficiently-powered sample, employed a
randomized-controlled trial design with longitudinal
data collection, and prioritized recruitment of low-
income families in four geographically distinct parts of
the U.S. In addition, we uniquely report on CO-CSA ef-
fects on the diet quality of more than one household
member. Finally, we included an objective measure of
FV intake to support self-reported data.

Despite these strengths, three limitations of this study
deserve note. First, low participation in the CSA-tailored
education diluted intervention fidelity and may have hin-
dered effectiveness. Second, self-selection into this
lengthy intervention trial that required on-going expend-
iture of cash or benefits resulted in selection bias. As
previously mentioned, enrolled caregivers were more ed-
ucated, and both adults and children had higher than ex-
pected FV intake at baseline. Participants were
representative of the racial distribution of the communi-
ties in which they lived [87] yet were predominantly
white. As such, households enrolled in this trial share
characteristics with the middle- and upper-income
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households included in most other CSA studies [9-14,
16, 17, 20, 21, 23-25, 33], and may not be generalizable
to the population at large. However, the findings are
useful for understanding the impact of this intervention
on families motivated to commit to a CSA but without
the financial resources needed to participate. Third, the
net effects of the intervention were estimated largely
from self-reported outcome data. Self-reported data, and
particularly dietary intake, are prone to recall bias [88,
89] and social desirability bias [90] which may have
skewed results. However, positive effects on caregivers’
FV intake were corroborated by corresponding effects
on their objectively-assessed skin carotenoids thereby re-
ducing concerns about reporting bias.

Rigorously examining participation in CO-CSA plus
nutrition education and its impact in real-world settings
is timely and necessary given interest in interventions
like CO-CSA to address access to healthy foods as a so-
cial determinant of health. In a recent survey of Medic-
aid Medical Director Network members, the most
commonly reported screening topics were housing in-
stability and food insecurity [91], suggesting that cost-
effective and impactful interventions will be needed to
address such social determinants of health. Future stud-
ies of CO-CSAs should employ pragmatic trials to com-
pare the effectiveness of CO-CSA to other promising
interventions for improving FV intake, reducing food in-
security, and addressing health disparities.

Conclusion

Our study suggests that subsidized CSA memberships
plus nutrition education are a viable approach to improve
caregiver FV intake, caregiver behaviors and confidence
around serving FV, and household food security for low-
income families, although seasonality of most CSAs may
limit their potential to improve year-round food security.
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