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Abstract
Objective: To evaluate the secondary impact of a multilevel, child-focused, obesity
intervention on food-related behaviours (acquisition, preparation, fruit and
vegetable (FV) consumption) on youths’ primary caregivers.
Design: B’More Healthy Communities for Kids (BHCK) group-randomized
controlled trial promoted access to healthy foods and food-related behaviours
through wholesaler and small store strategies, peer mentor-led nutrition education
aimed at youths, and social media and text messaging targeting their adult
caregivers. Measures included caregivers’ (n 516) self-reported household food
acquisition frequency for FV, snacks and grocery items over 30 d, and usual FV
consumption in a sub-sample of 226 caregivers via the NCI FV Screener.
Hierarchical models assessed average treatment effects (ATE). Treatment-on-the-
treated-effect (TTE) analyses evaluated correlation between behavioural change
and exposure to BHCK. Exposure scores at post-assessment were based on self-
reported viewing of BHCK materials and participating in activities.
Setting: Thirty Baltimore City low-income neighbourhoods, USA.
Participants: Adult caregivers of youths aged 9–15 years.
Results: Of caregivers, 90·89% were female; mean age 39·31 (SD 9·31) years.
Baseline mean (SD) intake (servings/d) was 1·30 (1·69) fruits and 1·35 (1·05)
vegetables. In ATE, no significant intervention effect was found on caregivers’
food-related behaviours. In TTE, each point increase in BHCK exposure score
(range: 0–6·9) increased caregivers’ daily fruit consumption by 0·2 servings (0·24
(SE 0·11); 95% CI 0·04, 0·47). Caregivers reporting greater social media exposure
tripled their daily fruit intake (3·16 (SE 0·92); 95% CI 1·33, 4·99) and increased their
frequency of unhealthy food purchasing v. baseline.
Conclusions: Child-focused community-based nutrition interventions may also
benefit family members’ fruit intake. Child-focused interventions should involve
adult caregivers and intervention effects on family members should be assessed.
Future multilevel studies should consider using social media to improve reach and
engage caregiver participants.
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Dietary consumption leading to an energy imbalance is
among the most proximal drivers of obesity(1). Diets today,
especially in low-income, urban communities of colour,
are often characterized by high intakes of refined carbo-
hydrates, added sugars, fats and salt due to high con-
sumption of energy-dense, processed foods(2,3). Analyses

of nationally representative surveys have demonstrated
increased intake of high-energy-dense foods, such as
sugar-sweetened beverages(4) and snacks(5), in the past
three decades among US adults. Despite recent findings
showing improvement in dietary quality from 1999 to 2012
among the overall adult population(6), African-American
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and Hispanic adults continue to have the lowest dietary
quality in the country(7). These disparities in diet quality
are likely influenced by racial and ethnic residential seg-
regations and inequalities in availability, access and
affordability of nutrient-dense foods and resources(8–11).

In view of the multifactorial aetiology of weight gain,
efforts that simultaneously address multiple levels of the
food system are recommended(12). One example of such
efforts are multilevel multicomponent community-based
interventions, in which different levels of influence are
targeted to change the food environment surrounding the
individual and to promote behavioural change(13). Despite
recognizing the importance of the various levels of influ-
ence outlined in socio-ecological models (i.e. individual,
household, organizational, community, policy)(14), most
multilevel childhood obesity prevention interventions
have primarily delivered nutrition education in school
settings, yielding mixed results(15,16), with limited activities
to modify the out-of-school environment and for engaging
families(17). Furthermore, insufficient evaluation of the
impact of multilevel community-based childhood obesity
prevention trials on diet and food behaviours in children
and their caregivers exists(18).

Childhood obesity prevention interventions that also
engaged adult caregivers have shown more positive child-
related outcomes than child-only interventions(19,20).
However, few child-focused interventions have reported
impacts on caregiver behavioural outcomes(21), due to
limited assessment of nutrition behaviours among this
group(22). Understanding the impact of childhood obesity
prevention on caregivers is important because families’
eating practices, rules and support influence children to
initiate and sustain positive dietary changes, while pro-
viding opportunities for social learning(23). Therefore, we
evaluated the secondary impact of a child-focused com-
munity intervention on youths’ adult caregivers’ food
acquisition, preparation, and fruit and vegetable (FV)
consumption.

B’More Healthy Communities for Kids (BHCK) was a
community-based multilevel multicomponent childhood
obesity prevention intervention that sought to modify the
food environment outside of school for low-income 9–15-
year-old youths in Baltimore, MD, USA(24). We hypothe-
sized that caregivers would have improved food-related
behaviours in part due to the environmental changes of
the BHCK intervention and educational activities through
social media and texting. For instance, BHCK improved
availability and promotion of healthful foods and bev-
erages in small food stores (i.e. corner stores/carry-out
restaurants) that were frequented by youths outside school
hours and located in the neighbourhoods where BHCK
families lived(25). Caregivers may also have been exposed
to or attended community nutrition education sessions
given that intervention activities in intervention neigh-
bourhoods were public and available to all community
members(26). In addition, caregivers could have also been

exposed to flyers and giveaways that were brought home
by youths attending BHCK activities in the after-school
nutrition education sessions for youths. Lastly, BHCK
social media and text-message intervention components
targeted adult caregivers, in which the content aimed to
reinforce health-related messages utilized at other BHCK
intervention components.

Multilevel multicomponent interventions are imple-
mented as synergistic interventions with components
reinforcing one another at different levels(27); however,
this limits the researcher’s ability to identify which specific
component was more successful in influencing behaviour
change. Another consideration for multilevel multi-
component community-based interventions concerns the
extent to which intervention components are imple-
mented with sufficient intensity(28). One approach to
identifying the intervention component that led to beha-
viour change in multilevel multicomponent interventions
is to conduct treatment-on-the-treated effect (TTE) as a
secondary impact analysis, in which study participants are
analysed according to the treatment received, instead of
the original treatment assigned (i.e. average treatment
effects (ATE))(26). Although causality cannot be inferred,
this analysis may provide information about the dose–
response relationship between level of exposure to the
intervention and behavioural change, and may identify
specific intervention components that are more likely to
influence the outcomes(29).

Therefore, the present paper aimed to answer the fol-
lowing questions:

1. What was the impact of the multilevel BHCK interven-
tion on food-related behaviours (purchasing of heal-
thier and unhealthier food items, food preparation and
FV consumption) among adult caregivers?

2. Was the change in food-related behaviours associated
with caregivers’ exposure level (‘dose received’) to the
BHCK intervention?

3. What component of the multilevel BHCK intervention
was correlated with changes in food-related behaviours
among caregivers?

Methods

Study design
BHCK employed a group-randomized controlled trial
design with two intervention arms (random allocation to
treatment on a 1:1 basis), implemented in two rounds
(waves). A detailed description of the formative research,
trial design and sample size calculation has been pub-
lished elsewhere(24).

The intervention integrated different levels of an eco-
logical model and multiple intervention components into a
food systems approach from wholesalers, to small food
stores and to families that promoted access to nutritious
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foods and balanced diets. Using a socio-ecological model
for health promotion, the BHCK intervention tapped into
the dynamic interplay among individual, behavioural,
household, environmental and policy levels(14).
Individual-level components were based in community
recreation centres, using youth leaders (college and high-
school trained mentors) to provide education and nutrition
skills to youths (9–15 years old). The family level included
social media and texting. Social media (Facebook and
Instagram) were used to integrate the different levels of
BHCK to inform family-level nutrition behaviours. Recipes,
news and BHCK-specific activities were featured in these
communication channels. Text messages (sent three times
per week) and social media platforms also targeted mainly
youths’ caregivers by guiding them to set and achieve
goals to healthier behaviours for themselves and their
families, as well as promoting BHCK community activities.
An example of a goal setting text message was as follows:
‘Does your child have a sweet tooth? Try offering them
granola bars or fruit as an alternative to candy 1 time this
week.’ Intervention flyers and promotion of the interven-
tion were mailed to caregivers and youths twice per month
at the end of Wave 2 only. An overview of the intervention
is presented in Table 1.

The BHCK intervention promoted healthful foods/bev-
erages and behaviours in three sequential phases, each
lasting two months: (i) healthier beverages (i.e. lower-
sugar fruit drinks (25–75% less sugar than the original
version), sugar-free drink mixes, zero-calorie flavoured
water, diet or low-sugar soda, and water); (ii) healthier
snacks (i.e. low-fat yoghurt, low-fat popcorn, fresh fruits,
fresh vegetables, low-sugar granola bars, and mixed fruits
in 100% fruit juice); and (iii) healthier cooking methods
(i.e. cooking ingredients, such as low-sugar cereals, low-
fat milk, 100% whole-wheat bread, fresh/canned/frozen
vegetables). A fourth phase, intended to review main
messages covered in the previous phases, was imple-
mented in Wave 2 only.

Setting
The trial took place in thirty low-income, predominantly
African-American neighbourhood zones in Baltimore, with
low access to healthy foods. Zones were defined as an
area of radius 2·4 km (1·5 mile) around a recreation centre
(nucleus). Eligibility criteria for BHCK zones were: (i)
predominantly African-American (>50%); (ii) low-income
(>20% of residents living below the poverty line); (iii) ≥5
small (<3 aisles, no seating) food sources (e.g. corner
stores and carry-out restaurants); and (iv) having a
recreation centre more than 0·8 km (0·5 miles) away from
a supermarket(30). The thirty zones were randomized into
intervention (n 14) and comparison (n 16) groups, with
recreation centres as the main unit of randomization.
Wave 1 was implemented from July 2014 to February 2015
(seven intervention and seven comparison zones) and

Wave 2 from December 2015 to July 2016 (seven inter-
vention and nine comparison zones).

Participants
After randomly selecting BHCK zones, a sample of adult
caregivers and their children was recruited in the recrea-
tion centres and around the stores within the 2·4 km (1·5
mile) buffer zone. Eligibility for the adult caregiver and
child participants was determined at the household level.
Household eligibility criteria were as follows: (i) being a
caregiver (>18 years old) of at least one child aged 9–15
years; (ii) living in the same location for at least one
month; and (iii) not anticipating a move in the next two
years. Children and caregivers received $US 30 and $US 20
gift cards, respectively, after each of the pre- and post-
intervention interviews.

Training of interventionists and data collectors
BHCK interventionists were graduate students, public
health educators, dietitians or youth leaders trained in
nutrition and health education, and were not masked to
the group (zone) assignment. Data collectors were grad-
uate students and staff who were intensively trained,
including through role plays and observations. They were
masked after assignment to intervention to reduce
information bias.

Measures

Caregiver data collection
Baseline data were collected from June 2013 to June 2014
(Wave 1) in a total of 298 adult caregivers, and from April
to November 2015 (Wave 2) in 235 caregivers. A post-
evaluation was conducted from March 2015 to March 2016
(Wave 1) and from August 2016 to January 2017 (Wave 2),
taking place immediately after implementation of the
intervention to one year (Wave 1) or up to six months
(Wave 2). We did not analyse participants who reported
living in unstable housing arrangements such as in shelters
or transitional housing (n 2), lived more than 2·4 km (1·5
miles) away from a BHCK recreation centre (n 5), had
incomplete dietary intake data (n 14) or were considered
an outlier (>10 servings/d, or >99·5th percentile) for fruit
and vegetable intake (n 7), yielding a total of 373 parti-
cipants with complete baseline and follow-up information
for the analytical sample (Fig. 1).

Fruit and vegetable consumption
The National Cancer Institute’s (NCI) FV Screener was used
to collect usual consumption of ten categories of FV intake
in adult caregivers over the past month. It is a short dietary
assessment instrument consisting of fourteen questions and
is a modified version of the FV screener from the Eating at
America’s Table Study(31). The screener inquired about
frequency of intake of fruits, 100% fruit juice and vegetables
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Table 1 Description of the B’More Healthy Communities for Kids (BHCK) intervention as implemented

BHCK
intervention
components Goal Materials Delivery Duration Implementation†

Wholesaler(40)

(n 3)
Ensure stocking of BHCK-

promoted food items
∙ In-store signage (shelf-labels) of promoted items
∙ Provision of $US 50 gift cards from wholesalers to
BHCK intervention stores

∙ Wholesaler circulars with BHCK logo highlighting
promoted foods

1 × /month in-person visit by a BHCK
interventionist to maintain shelf-label position
and monitor availability of promoted items

Wave 1: Jul 2014 to Feb 2015
Wave 2: Dec 2015 to Jul 2016
Total no. visits/wholesaler per
wave: 6

Length of visits to wholesalers:
1–4 h

Reach: high
Dose delivered:
high

Fidelity: high

Small corner
stores(40) and
carry-out
restaurants(41)

(n 50)

Improve supply and demand
for healthier options of
foods/beverages in low-
income areas

∙ Gift cards from wholesalers for initial stocking
∙ Stocking sheet with promoted items/intervention
phase

∙ Online training modules for store owners
∙ Store supplies as a reward for watching training
modules (ranging from produce baskets to
refrigerators)

∙ Point-of-purchasing promotions and giveaways to
customers

∙ Poster and handouts promoting BHCK items
∙ In-store taste tests

BHCK interventionists conducted in-store taste
testing, put up communication materials,
maintained shelf-label position and
monitored availability of promoted items

Wave 1: Jul 2014 to Feb 2015
Total no. sessions/store: 12
Wave 2: Dec 2015 to Jul 2016
Total no. sessions/store: 15
In-store educational sessions
were implemented every
other week in each
intervention store

Length of in-store promotion
sessions: 2 h

Reach: medium
Dose delivered:
medium

Fidelity:
medium–high

Youth-led (n 18)
nutrition
education in
recreation
centres(42)

(n 14)

Hands-on nutrition education
activities delivered by youth
leaders (Baltimore college
and high-school students) to
children in the 9–15-year
age range attending the
after-school programme at
the time of the intervention

∙ BHCK youth leaders were trained by BHCK
interventionist (35 h)

∙ Nutrition sessions followed the themes of each
BHCK phase: (i) healthful beverages, (ii) healthful
snacks and (iii) healthful cooking methods

∙ Giveaways and taste tests with children at the end
of each session

∙ Posters put up in centres
∙ Handouts distributed to children

Trained youth leaders were involved in the
delivery of the intervention based on the
perspectives of social cognitive theory, to
encourage mentees to model mentors’ health
behaviour

Average of two youth leaders/session per
centre

Two BHCK interventionists oversaw execution
of sessions to monitor quality of
implementation of the intervention

Wave 1: Jul 2014 to Feb 2015
Total no. sessions/centre: 14
Wave 2: Dec 2015 to Jul 2016
Total no. sessions/centre: 14
Nutrition sessions were
implemented every other
week by youth leaders

Session length: 1 h

Reach: medium
Dose delivered:
medium

Fidelity: high

Social media and
texting(43)

Integrate all components of
intervention and promoted
nutrition knowledge, goal
setting and BHCK activities
to adult caregivers

∙ Two social media platforms (Facebook &
Instagram) featured recipes, news and BHCK-
specific activities related to promoted items and
behaviours

∙ Adult caregivers enrolled in the BHCK study
(intervention group only) received a text message
related to healthier eating behaviour

∙ Intervention households received weekly mailings
with intervention flyers and promotional materials

Social medias posts were delivered daily
BHCK interventionists monitored posts daily
Bidirectional text messages were sent
3–5× /week

BHCK interventionists sent weekly mailings,
alternating child- and caregiver-targeted
contents

Social media:
Wave 1 and 2: Jun 2014 to Jan
2017

Text message:
Wave 1: Jul 2014 to Feb 2015
Wave 2: Dec 2015 to Jul 2016
Mailing:
Wave 2 only: Apr to Jul 2016
Nine mailings to caregivers
and seven directed at youth

Reach: high
Dose delivered:
high

Fidelity: high

Policy(44) Work with city stakeholders to
support policies for a
healthier food environment
in Baltimore and to sustain
BHCK activities

∙ Evidence-based information to support the
development of policies at the city level using
agent-based models to simulate impact to aid
stakeholder decision making (e.g. urban farm tax
credit)

BHCK policy working group formed by BHCK
interventionists and research group, city
councilmen, food policy director, wholesaler
manager, Recreation and Parks Department,
Health Department

Jul 2013 to Jul 2016
Ten meetings (2 h) with
stakeholders (every
4 months)

Reach: high
Dose delivered:
medium

Fidelity: medium

†Implementation (process evaluation) definitions: Reach= number of people in the target audience participating in each intervention activity. Dose delivered=units of intervention materials/activities (e.g. nutrition sessions,
posters, flyers) provided by BHCK interventionists. Fidelity= quality of intervention component implementation, based on reactions to or engagement with the programme. High (≥100%),medium (50–99·9 %) or low
(<50%) refers to a priori set standards.
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(lettuce, greens, potatoes and legumes) consumed on a
monthly, weekly or daily basis. The amount of each food
item was estimated as cups or servings and self-reported by
the participant. We calculated the total number of both fruit
servings and vegetable servings consumed daily using the
2005 MyPyramid definition of cup equivalents. For each
food group, we multiplied the average frequency (daily) by
the cup equivalent. The instrument has been validated,
presents high correlations with 24 h dietary recall and is less
burdensome compared with other instruments(32). Food
models were used to improve accuracy of serving size
information. The NCI FV Screener was added to the data
collection protocol after the Wave 1 intervention had begun
and was first administered during Wave 1 post-intervention.
Therefore, the effect of the intervention on FV intake of
adults was calculated only using the BHCK Wave 2 sample
with pre- and post-evaluation data (n 196), as this instru-
ment was not used during Wave 1 baseline data collection.

Household food preparation
Adult caregivers reported their frequency of meal pre-
paration (cooking methods) for the household in the
previous 30 d from the interview(33). In addition, respon-
dents ranked the top three most common cooking meth-
ods used when they prepared chicken, turkey (including
ground turkey and turkey bacon), pork (including bacon),
ground beef, fish, eggs, greens (excluding lettuce) and

potatoes. The survey was adapted form an instrument
used in a similar study(33) and on the basis of formative
research(34).

We created a healthful cooking score using similar
methods previously reported in the literature(35). Cooking
methods were assigned values based on the amount of fat
used, as follows: deep fry or pan-fried with oil (−2); pan-
fried, drained or use of cooking spray (−1); not prepared
in the last 30 d (0); pan-fried, drained and rinsed with hot
water (+1); broiled/baked, or grilled, or steamed, or
boiled, or raw, or microwaved (+2). The scores were
separately calculated for each food, weighted according to
the most commonly reported method to estimate the
healthiness of the cooking preparation: 60% (first method
most commonly used), 30% (second method) and 10%
(third method). For example, if chicken was most com-
monly pan-fried, second most commonly grilled and third
most commonly cooked with cooking spray, the score was
calculated as (0·60× −2) + (0·30× 2) + (0·1× −1) as an
indicator of the overall healthiness of chicken preparation.
Then, the scores for all eight foods were summed to obtain
the overall household food preparation score (mean −0·07
(SE 0·88; range: −1 to 2·1).

Frequency of food acquisition
Caregivers reported the number of times they acquired
foods from different food sources in the previous 30 d

Assessed for eligibility: recreation centre zones (n 41)

Not meeting inclusion criteria
(n 11)

Chosen at random: 30 BHCK zones

Allocated to intervention group (14  BHCK zones)
Recruited and screened (n 467)

Excluded: unreachable,
declined, did not meet
inclusion criteria (n 185)

Lost to follow-up (n 75)

Baseline information on
sociodemographic, food-related behaviors
(n 282) and diet (n 133)

Follow-up assessment on
sociodemographic, food-related behaviors
(n 207) and diet (n 205)

Excluded  from analysis:
• Lived > 2.4 km (1.5 miles) away from BHCK
  zone (n 3)
• Incomplete dietary intake data (n 11)
• Outlier for FV intake (n 3)
  (complete data n 193)

Allocated to comparison group (16 BHCK zones)
Recruited and screened (n 422)

Excluded: unreachble,
declined, did not meet
inclusion criteria (n 171)

Lost to follow-up (n 59)

Baseline information on
sociodemographic, food-related dehaviours
(n 251) and diet (n 101)

Follow-up assessment on
sociodemographic, food-related behaviors
(n 192) and diet (n 189)

Excluded from analysis:
• Lived in a shelter (n 2)
• Lived > 2.4 km (1.5 miles) away from BHCK
  zone (n 2)
• Incomplete dietary intake data (n 3)
• Outlier for FV intake (n 4)
  (complete data n 180)

Enrolment

Randomization

Recruited and
screened

Total adults n 899

Enrolled
Total adults n 533

Assessed at follow-up
Total adults n 399

Exclusion analysis
Total adults n 373*

Imputation: IPW
Total adults n 516*

Fig. 1 (colour online) CONSORT (Consolidated Standards of Reporting Trials) flowchart of the randomization and course of the
B’More Healthy Communities for Kids (BHCK) intervention. *Analyses accounted for missing data and selection bias using the
inverse probability weighted (IPW) method, with the probability of being observed at follow-up a function of the characteristics of the
caregiver (age, sex and income) and study wave; final imputed sample size in the multilevel analysis, n 516 (FV, fruit and
vegetables)
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from the interview date (e.g. ‘How many times did you get
these foods?’). Food acquisition included all the following:
foods/beverages that were purchased with cash pur-
chased with food safety net programme benefits (SNAP,
WIC) and food that was obtained for free (i.e. from pan-
tries or donated by family/friends)(36).

A list of thirty-three BHCK-promoted healthier foods
and beverages and twenty-one less healthful foods and
beverages was provided, and respondents reported the
number of times they had acquired each food in the
specified time frame. Prepared foods acquired from delis,
vendors or restaurants were not included, as this instru-
ment was designed to measure foods purchased for con-
sumption in the home environment rather than for
immediate consumption. The list was designed on the
basis of formative research conducted with the commu-
nity(33) and reflected foods promoted during the BHCK
intervention. Face and content validity of the ques-
tionnaire were assessed on fifteen randomly selected adult
caregivers during the pilot phase(33). The healthful and
less healthful food acquisition variables were additive
items based on the acquisition frequency of thirty-three
healthful and twenty-one less healthful foods for each
respondent and divided by 30 to yield a daily frequency
score, respectively. Additive daily healthful food acquisi-
tion frequency ranged from 0·6 to 4·8 with a mean of 0·9
(SD 0·6), and less healthful food acquisition frequency from
0·1 to 10·2 with a mean of 1·3 (SD 1·1).

Exposure score
The key variables for assessing exposure (‘dose received’)
were obtained using the twenty-nine-item Intervention
Exposure Questionnaire (IEQ) collected as part of the
post-intervention assessment for intervention and com-
parison groups. The IEQ measured participants’ self-
reported viewing of BHCK communication materials
(posters, handouts, giveaway), participation in food
environment intervention activities (i.e. taste tests, seeing
educational displays, redesigned carry-out restaurants’
menus, store promotional shelf-labels), enrolment in social
media/viewing of media posts and receiving the text
messaging programme(26). In addition, eight red herring
questions were used to address response bias, and inclu-
ded materials used in previous studies conducted at other
sites. We classified individuals into tertiles of red herring
responses, where selecting 0–2 red herring answers was
considered truthful, 3–5 moderate and 6–8 untruthful
responses, and kept only individuals in the tertile with the
least number of red herring responses. No respondent
answered positively to >3 (one-third or more) of the red
herring questions; thus, none of the caregivers with com-
plete responses were excluded from the analysis.

We calculated exposure scores for each component of
the BHCK intervention to which adults could be exposed
(communication materials, food environment intervention,
social media, texting) and an overall BHCK exposure

score. Detailed description of the formation of the expo-
sure score is presented in Table 2 and published else-
where(26). For each intervention component, points were
assigned for exposure to study materials/activities and
then scaled into proportions (0–1 range), yielding an
overall BHCK exposure score of 11 points (possible
highest score). A total of 370 adult caregivers had com-
plete exposure data information.

Covariates
Caregivers were assessed on demographics and house-
hold socio-economic information, namely age, sex, care-
giver education level (categorized into <high school,
completed high school and > high school), employment
status, household income ($US 0–10 000, $US 10 001–
20 000, $US 20 001–30 000, > $US 30 000), housing
arrangement (owned, rent, shared with family or other
arrangement (group housing, transitional housing)) and
household participation in food assistance programmes.
These included receiving the Special Supplemental Nutri-
tion Program for Women, Infants, and Children (WIC) or
Supplemental Nutrition Assistance Program (SNAP) ben-
efits in the past year. Caregivers also had their anthropo-
metric measures taken (height using a stadiometer and
weight using a portable scale) after removing shoes and
heavy clothing. BMI was calculated as weight divided by
height squared (kg/m2).

Data analysis
All analyses were conducted using the statistical software
package Stata version 13.1. Descriptive statistics were
performed to characterize the study sample at baseline by
study group assignment. Continuous variables were tested
for differences between intervention and comparison
groups with independent two-tailed t tests. The χ2 test for
proportions was used for categorical variables. Variable
and model residual distributions were examined for
normality and extreme values (outliers) using quantile–
quantile plots and goodness-of-fit tests (Kolmogorov–
Smirnov).

The ATE on the change in diet, food preparation and
food acquisition behaviours among adult caregivers were
assessed by the difference between the mean change of
the outcome in the intervention group compared with the
control group. We tested the intervention effect on adult
caregivers’ food-related behaviours using a multilevel lin-
ear mixed-effect model fit by maximum likelihood. Ran-
dom effects accounted for variation at the BHCK zone and
at the caregiver level (repeated measures).

Due to the 24·9% attrition rate, we used inverse prob-
ability weighting to address potential bias due to loss to
follow-up and to correct for the effects of missing data(37).
Using all available data, we estimated weights for every
missing outcome of interest fitting a logistic regression
model. We treated the categorical indicator of response at
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follow-up as the outcome variable and performed the
regression v. the baseline response for intake, preparation
or acquisition, with age, sex, income and wave (predictive

of dropout) as covariates. Once the weights were deter-
mined, they were incorporated in the multilevel linear
mixed-effect analysis using the pweight option for the

Table 2 Formation of exposure scores by B’More Healthy Communities for Kids (BHCK) intervention

Observed mean scores

Intervention component Intervention material or activity Coding of exposure score Intervention SE Comparison SE P value†

Communication Seeing BHCK logo in different‡ None= 0 0·86 0·05 0·27 0·03 <0·001
materials places (stores, recreation

centres, carry-out restaurants,
social media)‡

1–2 places=1·5
3–5 places=4
6 or more=6

Range: 0–3·2 Range: 0–2

Posters (10 questions) For each poster:
Yes= 1
Maybe=0·5
No=0

Handouts (9 questions) For each handout:
Yes= 1
Maybe=0·5
No=0

Giveaways (17 questions) For each giveaway:
Yes= 1
Maybe=0·5
No=0

Food Seeing shelf-label in different stores None= 0 0·42 0·03 0·23 0·04 <0·001
environment (BHCK corner stores and

carry-outs)‡
1–2 places=1·5
3–5 places=4
6 or more=6

Range: 0–2·9 Range: 0–2

Taste tests (10 questions) (and 4
cooking demos at recreation
centre, applied to child only)

For each taste test:
Yes= 1
Maybe=0·5
No=0

Educational display (5 questions) For each display:
Yes= 1
Maybe=0·5
No=0

Seeing redesigned menu (8
questions)

For each menu:
Yes= 1
Maybe=0·5
No=0

Purchased in a BHCK corner store in
the past 7 d

Continuous variable:
total frequency of
purchase summed for
all stores (n 21)

Social media Follow or enrolled in BHCK social For each account: 0·08 0·01 0·04 0·01 0·06
media (Facebook, Instagram) Yes =1

No=0
Range: 0–1 Range: 0–2

Seeing BHCK posts (Facebook or
Instagram) (8 questions)

For each post:
Yes= 1
No=0

Text message Weekly frequency of receiving a None= 0 0·55 0·02 0·26 0·02 <0·001
BHCK text message 1/week= 1

2/week= 2
3 or more/week=3

Range: 0–1 Range: 0–1

Overall BHCK 1. Added points within each 1·92 0·08 0·82 0·07 <0·001
exposure score intervention material/activity

according to number of questions
2. Re-scaled exposure to material/

activity to 0–1 range
3.Summed all re-scaled exposure

scores by intervention components

Range: 0–6·4 Range: 0–6·7

†P value based on two-tailed t test comparing mean scores between intervention and comparison groups.
‡We asked participants the number of places where they saw the BHCK logo or saw a BHCK shelf-label at a corner store with four possible answers (none; 1–2
places; 3–5 places; 6 or more). When coding, we chose the average number in the range of places they reported seeing the intervention materials (i.e. 0, 1·5, 4
and 6, respectively). Then, we re-scaled the points to range from 0 to 1 to make all the intervention materials exposure score equivalent before summing by
exposure components (communication materials, food environment, social media and text messages).
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mixed command in Stata. Results of the ATE analysis using
only completed cases without the inverse probability
weighting method are shown in the online supplementary
material, Supplemental Table 1.

We also conducted a TTE analysis, in which study
participants were analysed according to the treatment
received(29), as estimated by their exposure scores. We
conducted multiple linear regression models to analyse
the association between the change in caregivers’ food
behaviours (intake, preparation and acquisition) and
caregivers’ exposure levels (total exposure score and by
exposure to intervention components), adjusted for age,
sex, income and household size. We used a bootstrap
method with 2000 repetitions and bias-corrected CI to
account for the within-individual correlation of the data,
clustered on the BHCK zone(38,39). For the significant
results, we estimated the proportion of variability
explained (effect size) with ω2 after fitting the multivariate
models. A sensitivity analysis using multiple logistic
regression on the correlation between the categorical
change in food-related behaviour (no change v. positive
change) and the exposure scores (low (if 0) v. high (if
above 0)) was also conducted to estimate the standardized
effect size given by the OR. Given the time frame for
follow-up data collection differed by wave, we conducted
tests of homogeneity to explore if the effect of exposure
was moderated by the two BHCK waves.

For all analyses, we reported the 95% CI. Statistical
significance was defined by a P value of < 0·05.

Results

Implementation of each component of the BHCK inter-
vention was evaluated through detailed process evalua-
tion reported elsewhere(40–44). Table 1 illustrates
implementation quality of each BHCK component. The
intervention was implemented with overall moderate-to-
high reach, dose delivered and fidelity(45).

On average, caregivers presented an overall BHCK
exposure score mean of 1·38 (SD 1·2) points (range: 0–6·9),
a BHCK communication materials exposure score mean of
0·6 (observed range: 0·0–3·1; highest possible score: 4), a
food environment exposure score mean of 0·3 (observed
range: 0·0–3·1; highest possible score: 5), a social media
exposure score mean of 0·2 (observed range: 0·0–2;
highest possible score: 2); and a text messaging exposure
score mean (based on the frequency of BHCK text mes-
sages received per week) of 1·10 (observed range: 0–3).

When comparing the overall exposure scores between
the groups, adult caregivers in the intervention group
demonstrated significantly higher mean exposure scores
than adult caregivers in the comparison group (interven-
tion: mean 1·90 (SD 0·08); comparison: mean 0·82 (SD 0·07),
P< 0·001; Table 2). Even though the comparison group
was exposed to the BHCK intervention components, the

intervention group had significantly higher exposure
scores than the comparison group for the communication
materials, food environment and text message compo-
nents (P< 0·001). Social media exposure scores were not
statistically significantly different when comparing group
means (P= 0·06). Reported exposure level to the BHCK
intervention was low among caregivers.

Characteristics of the baseline BHCK evaluation
sample
The vast majority of our study sample self-identified as
African-American (96·6%), and 49·0% of caregivers were
either overweight or obese (Table 3). Most caregivers
were female (93·2%) and from a household that received
SNAP (70·8%). Significant differences were found
between treatment groups with respect to caregiver’s age
(P= 0·01), being higher in the comparison group.

Impact of BHCK intervention on food-related
behaviours of caregivers
In the ATE analysis, we did not find a significant effect of
the intervention on the food acquisition, home food pre-
paration and daily consumption of FV among intervention
adult caregivers compared with their counterparts
(Table 4).

Associations between food-related behaviours and
exposure to the BHCK intervention
The results of the TTE analysis are presented in Table 5
(overall exposure score) and Table 6 (BHCK components
exposure scores). For each one-point increase in exposure
score, there was a 0·24 increase in mean daily fruit serving
intake over time (0·24 (SE 0·11); 95 % CI 0·04, 0·47). There
was no statistical difference in the effect of exposure
moderated by the two BHCK waves (see online supple-
mentary material, Supplemental Table 2).

When exploring the exposure score by intervention
component, we found a positive change in food-related
behaviours among adult caregivers correlated with a
greater exposure to the BHCK social media component.
For each one-point increase in social media exposure
score (e.g. following an additional social media account or
seeing an additional post online), there was an increased
three servings of daily fruit intake (3·16 (SE 0·92); 95% CI
1·33, 4·99) and daily FV intake (2·94 (SE 1·01); 95% CI 0·96,
4·93). A higher social media exposure score was also
associated with increased unhealthful daily food acquisi-
tion score (0·47 (SE 0·23); 95% CI 0·02, 0·93). Effect sizes
estimated by ω2 showed a higher proportion of the var-
iance in fruit intake explained by the variance in the social
media exposure score (ω2= 0·04) than the effect size of
unhealthful food acquisition (ω2= 0·0005; Table 6 and
online supplementary material, Supplemental Table 3).
Our sensitivity analysis conducted with multivariate
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logistic regression models showed that the direction of the
association and the estimated effect sizes given by stan-
dardized OR were similar to those from the linear regres-
sion models (Supplemental Table 3).

Discussion

BHCK tested a 6- to 8-month community-based interven-
tion designed for low-income African-American families to
improve access to and consumption of healthful foods.
The ATE analysis did not show evidence of significant
improvement in food acquisition, preparation and FV
consumption among adult caregivers. However, the TTE
analysis (‘dose received’) showed a statistically significant
increase in daily intake of fruits among participants who
reported higher exposure to the intervention. In addition,
we used the exposure score to partition out the change in
food-related behaviours influenced by different BHCK
intervention components and found that the social media

component had a positive correlation with improved daily
fruit intake, daily FV intake, and unexpectedly with higher
frequency of unhealthful food acquisition.

Mixed results have been observed among the few
childhood obesity interventions that assessed behavioural
change at the caregiver level, mainly due to differences in
level of caregiver participation in the intervention, varied
quality of outcome measurements and quality of inter-
vention implementation. The Screen-Time Weight-loss
Intervention, delivered face-to-face in households by
community workers to youths (9–12 years old) and their
caregivers, did not find an impact on BMI nor physical
activity levels of primary caregivers(46). Authors attributed
the null effects due to low adherence to the fidelity of the
initial implementation protocol(46,47). The Shape Up
Somerville community-based participatory research
reported decreases in BMI among intervention caregivers;
however, height and weight were self-reported, and no
behavioural outcome was assessed(21).

Table 3 Baseline characteristics of the B’More Healthy Communities for Kids adult caregiver sample (n 516)

Intervention
(n 280)

Comparison
(n 247)

Baseline characteristic n %, mean or SD %, mean or SD P

Caregiver
Gender, female (%) 469 53·30 46·70 0·39
Age (years), mean 515 38·20 40·60 0·01*

SD 8·63 9·87
African-American (%) 478 48·84 43·80 0·99
Education level (%)

<High school 90 58·89 41·11 0·43
High school 207 52·17 47·83
>High school 218 50·92 49·08

BMI (kg/m2), mean 512 34·18 33·04 0·09
SD 8·05 7·31

Normal weight (%) 65 55·38 44·62 0·82
Overweight (%) 99 50·51 49·49
Obesity (%) 344 52·62 47·38

Household
Individuals in the household, mean 516 4·63 4·53 0·49

SD 1·66 1·62
Annual income ($US) (%)
0–10000 120 13·76 9·50 0·13
10001–20000 117 10·08 12·60
20001–30000 93 10·08 7·95
>30000 186 18·80 17·25

Food security (%)†
Food secure 302 55·88 61·48 0·19
Food insecure 214 44·12 38·52

Food assistance participation (%)
SNAP 516 75·00 70·49 0·25
WIC 516 21·69 22·13 0·90

Housing arrangement (%)
Living with family or other 53 8·46 12·30 0·34
Rented 353 70·22 66·39
Owned 110 21·32 21·31

SNAP, Supplemental Nutrition Assistance Program; WIC, The Special Supplemental Nutrition Program for Women, Infants, and
Children.
*Intervention and comparison groups are statistically different (P< 0·05) when comparing the proportion of adult characteristics
using the χ2 test or means with the two-tailed t test.
†Food security classified according to the measure of the US Department of Agriculture, Economic Research Service. Food-
secure households encompassed high food security and marginal food security. Food-insecure households were either low food
secure or very low food secure.
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Table 4 Impact of the B’More Healthy Communities for Kids (BHCK) intervention on food-related behaviours among low-income African-American adult caregivers: average-treatment-effects
analysis

Predicted baseline Predicted post-intervention

Intervention Comparison Intervention Comparison Pre–post change: difference§

Caregiver food-related behaviours†,‡ Mean SE Mean SE Mean SE Mean SE Effect 95% CI P

Acquisition (frequency/d)║
Healthful food score 1·48 0·07 1·49 0·06 1·37 0·07 1·43 0·06 −0·05 −0·22, 0·12 0·57
Unhealthful food score 1·29 0·06 1·40 0·07 1·21 0·06 1·34 0·10 −0·01 −0·23, 0·19 0·87

Home meal preparation
Frequency of meal preparation (monthly) 33·82 2·24 36·79 1·87 32·69 1·34 38·82 2·36 −3·12 −9·11, 2·81 0·30
Healthful cooking score −0·01 0·04 −0·11 0·06 0·02 0·07 −0·06 0·07 −0·01 −0·24, 0·20 0·88

Daily consumption (servings/d)¶
Total fruits 1·10 0·07 1·46 0·25 0·96 0·14 1·78 0·16 0·15 −0·36, 0·66 0·55
Total vegetables 1·23 0·04 1·44 0·11 0·94 0·02 1·29 0·17 −0·13 −0·54, 0·25 0·51
Total fruit and vegetables 2·33 0·08 2·92 0·29 1·90 0·14 2·44 0·23 0·07 −0·42, 0·53 0·78

†Multilevel models were conducted using the Stata version 13.1 statistical software package with the maximum likelihood option and corrected missing data using the inverse probability weighted method (n 516 for
purchasing and n 226 for consumption). Multilevel models are good approach to be used under the missing-at-random assumption, as they model both the means and the random effect jointly.
‡In all models: treatment group was coded as comparison (0) and intervention (1); time was coded as baseline (0) and post-intervention (1); standard errors were corrected for clustering for repeated measures from the
same individual and BHCK neighbourhood (from 1 to 30).
§Mean difference in change over time for intervention compared with control adult caregiver.
║Food acquisition frequency (daily) was estimated via a predefined list containing 100% fruit juice, apples, bananas, oranges, other fresh fruits, frozen fruits, canned fruits, fresh vegetables, frozen vegetables, and canned
vegetables (excluding potatoes). Adults reported frequency of purchasing these items in the previous 30 d.
¶Fruit and vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the National Cancer Institute’s Eating at America’s Table Study. Sample size, n 226.
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The null impact of BHCK on caregivers’ behaviour may
be attributed to: (i) the low intervention exposure
experienced by caregivers; and/or (ii) the contamination
of the intervention activities among comparison care-
givers, thus attenuating the average effect towards the null
in the ATE analysis(48). Other community-based interven-
tions have also attributed limited effects resulting from an
ATE approach to the low level of engagement informed by
TTE analysis. The Switch what you Do, View, and Chew
intervention observed greater change in weekly FV intake
among youth who were more involved in the intervention,
compared with those who were less involved(49). Another
community-based childhood obesity prevention interven-
tion – The Healthy Families Study – found positive health-
related outcomes among families with higher exposure to
the intervention (TTE) and null results with ATE ana-
lyses(48). Authors attributed the null effects from the pri-
mary impact analysis to low participation in community
classes(48).

In our study, low exposure might be explained by the
fact that the BHCK study sample was not required to
attend community-based activities (i.e. taste tests, point-of-
purchase promotions and nutrition education sessions in
corner stores, carry-out restaurants and recreation cen-
tres). Furthermore, we did not expect the intervention
study sample to receive the same dose of the intervention
across all components. Conversely, only adult caregivers
in the intervention arm were asked to join the text mes-
saging programme at study enrolment and were given
directions on how to follow BHCK social media platforms.
However, both social media platforms were public,
meaning that any individual could follow the social media
accounts (Facebook and Instagram), which increased the
likelihood of exposure contamination among participants
in the control group, and that may have attenuated dif-
ferences between study arms. On the other hand, the usage
of a tailored approach may help explain behaviour changes

observed among only those with higher levels of exposure
to the social media component. The social media and text
messaging component employed goal-setting bidirectional
communication strategies. Social media pages were public
accounts with daily posts that mirrored the content of text
messaging and other BHCK components, and participants
were encouraged to share online achievement, barriers, tips
and resources. The higher reach and intensity of the social
media component may help explain the positive correlation
with food-related behaviours, compared with the other
intervention components.

The increase in fruit intake was driven by a one-point
increase in social media exposure, which corresponds to
following at least one of the study social media accounts
or seeing four or more posts. Similar to our findings, The
Food Hero study – a social media campaign targeted at
SNAP-eligible families with children – found increased
positive beliefs about FV among participants(50). Although
previous studies have tested social media approaches for
behavioural interventions(51–54), to our knowledge, BHCK
was the first study to combine these strategies into a
multilevel multicomponent community-based nutrition
intervention. The use of social media to provide a platform
for actionable information and social support for families
with children has been recommended in the obesity pre-
vention literature(54–56) and is being further tested in
ongoing community-based trials(57,58).

Given the low consumption of FV among the US
population(59), especially among low-income African-
American individuals(60,61), it is necessary to explore
innovative strategies to promote healthier dietary intake.
Although we found a positive association between self-
reported exposure to the BHCK social media component
and FV, the main increase in intake was in fruits, and not
vegetables. Fruits are sweeter, often do not require any
preparation (consumed raw), and generally are consumed
and accepted as a snack, drink and dessert(62), whereas

Table 5 Association between exposure to the B’More Healthy Communities for Kids (BHCK) intervention and
change in food-related behaviours and fruit and vegetable consumption among low-income African-American
adult caregivers: treatment-on-the-treated-effect analysis

Total exposure score§

Change in food-related behaviours and fruit and vegetable intake†,‡ Mean SE 95% CI

Healthful food acquisition score (daily frequency) 0·01 0·03 −0·07, 0·07
Unhealthful food acquisition score (daily frequency) 0·06 0·06 −0·06, 0·17
Frequency of home food preparation (d) 1·13 1·50 −1·69, 4·21
Healthful cooking methods score −0·02 0·05 −0·11, 0·09
Daily total fruit consumption (servings)║ 0·24* 0·11 0·04, 0·47
Daily total vegetable consumption (servings)║ −0·81 0·07 −0·22, 0·06
Daily total fruit and vegetable consumption (servings)║ 0·16 0·10 −0·11, 0·33

SE, bootstrapped standard error; CI, bias-corrected confidence interval.
*Statistically significant at P< 0·05.
†Change from pre- to post-intervention evaluation, n 370.
‡Multiple linear regression models with bootstrap variance (2000 replications) and clustered by BHCK zone, controlled for adult
caregiver’s age, sex, income and household size.
§Mean exposure score= 1·1 (observed range: 0–6·7).
║Fruit and vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the National Cancer Institute’s
Eating at America’s Table Study. Sample size, n 184.
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Table 6 Association between exposure to B’More Healthy Communities for Kids (BHCK) intervention components and change in food-related behaviours and fruit and vegetable consumption
among low-income African-American adult caregivers: treatment-on-the-treated-effect analysis

Communication materials
exposure score§

Food environment exposure
score║ Social media exposure score¶

Text messaging exposure
score**

Change in food-related behaviours and fruit and vegetable intake†,‡ Mean SE 95% CI Mean SE 95% CI Mean SE 95% CI Mean SE 95% CI

Healthful food acquisition score (daily frequency) 0·01 0·06 −0·14, 0·10 0·02 0·10 −0·19, 0·19 0·28 0·12 −0·16, 0·73 0·03 0·04 −0·04, 0·12
Unhealthful food acquisition score (daily frequency) 0·03 0·11 −0·17, 0·23 0·16 0·19 −0·21, 0·56 0·47* 0·23 0·02, 0·93 −0·02 0·04 −0·10, 0·06
Frequency of home food preparation (d) 3·31 2·60 −1·94, 8·59 2·52 2·80 −1·98, 9·51 1·41 10·20 −18·54, 21·35 −0·54 1·53 −3·55, 2·47
Healthful cooking methods score 0·03 0·08 −0·14, 0·19 0·07 0·18 −0·31, 0·15 −0·37 0·35 −1·07, 0·33 −0·02 0·05 −0·12, 0·08
Daily total fruit consumption (servings)†† 0·22 0·17 −0·06, 0·59 0·55 0·34 −0·26, 0·10 3·16* 0·92 1·33, 4·99 0·02 0·15 −0·30, 0·31
Daily total vegetable consumption (servings)†† −0·14 0·11 −0·38, 0·06 −0·15 0·18 −0·54, 0·18 −0·21 0·93 −2·02, 1·48 −0·01 0·13 −0·26, 0·25
Daily total fruit and vegetable consumption (servings)†† 0·07 0·18 −0·31, 0·43 0·40 0·39 −0·71, 0·95 2·94* 1·01 0·96, 4·93 0·25 0·21 −0·39, 0·44

SE, bootstrapped standard error; CI, bias-corrected confidence interval.
*Statistically significant behavioural change at P<0·05; ω2 estimates of the proportion of variance in unhealthful food acquisition, fruit, and fruit and vegetable intake which is due to variance in the social media exposure
score (effect size)= 0·005, 0·04 and 0·02, respectively.
†Change from pre- to post-intervention evaluation, n 370.
‡Multiple linear regression models with bootstrap variance (2000 replications) and clustered by BHCK zone, controlled for adult caregiver’s age, sex, income and household size.
§Communication materials exposure score mean= 0·6 (observed range: 0–3·1).
║Food environment exposure score mean=0·3 (observed range: 0–3·1).
¶Social media exposure score mean= 0·2 (observed range: 0–2).
**Text messaging exposure score mean= 1·1 (observed range: 0–3).
††Fruit and vegetable intakes were estimated via the Quick Fruit and Vegetable Screener from the National Cancer Institute’s Eating at America’s Table Study. Sample size, n 184.
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vegetables often require cooking and are more typically
consumed as part of meals(63). Future studies should
consider the impact of the intervention on fruits and
vegetables as separate and different food types(64,65).

Unexpectedly, we found that an increased frequency of
unhealthful food acquisition was associated with greater
exposure to the BHCK social media component. One
potential reason for this may be that adults exposed to
BHCK social media may have also been exposed to online
advertising for energy-dense, nutrient-poor foods and
mobile marketing food campaigns(66,67). Prior studies have
demonstrated a negative effect of online food advertise-
ments on youths’ consumption of healthful foods(68,69),
and similar trends were found for adult caregivers(70,71).
More research needs to be conducted to examine the
relationship between public health social media cam-
paigns and advertising exposure.

Limitations of the present study should be noted. The
survey was administered to self-identified caregivers,
under the assumption that they acquire most of the food
and cook for their family members. However, some
caregivers may not be the primary food purchasers in their
households. Also, our measure of frequency of food pur-
chased did not take into consideration the quality or
quantity of the acquired food/beverage. Future child-
focused interventions should conduct more comprehen-
sive food and nutrient assessments of adult caregivers. The
loss of observations over the course of the study is also a
limitation, despite our efforts to avoid dropouts during the
course of the study (e.g. eligibility criteria included intent
to stay within the study areas over the next two years;
multiple attempts were made to contact the families over
the phone – and if not possible to reach over the phone,
household visits were done to conduct follow-up surveys).
Thus, to address potential selection bias, inverse prob-
ability weighting was employed in the analysis to correct
for the effects of missing data(37). Another study limitation
might be the risk of social desirability bias by treatment
assignment, reflected in the self-reported intervention
exposure questionnaire. However, our questionnaire
included red herring questions to improve validity, and
data collectors were masked to intervention treatment
assignment. We were not able to directly assess indivi-
duals’ social media participation, as individuals often dis-
play nicknames instead of names used on their profile
pages, which precluded our efforts to cross-check the self-
reported information. In addition, although we utilized a
computer software to manage our text messaging pro-
gramme, some people may have not received the texts
(because of low credit balance on their phone) or may
have not read the text sent.

BHCK was an intervention that sought to modify the
out-of-school community food environment and engage
families through social media, but it did not implement a
component to improve the household food environment.
Therefore, future studies aiming at preventing childhood

obesity among underserved communities should consider
intervening in both community and household food
environments. Lastly, although multilevel, multi-
component interventions have broader reach than single-
level approaches, they have the additional challenge of
achieving low exposure(72). Hence, conducting a detailed
process evaluation during implementation is essential for
understanding to what extent the target population is
receiving the programme.

Conclusions

The BHCK intervention is one of the few child-focused
obesity prevention interventions to measure treatment
effects at the caregiver level in terms of food acquisition,
preparation and FV consumption, and the first study to
attempt to evaluate a dose–response relationship in
terms of exposure level to the different intervention
components. Although our ATE analysis including all
trial participants demonstrated no effect of BHCK on
food-related behaviours, we were able to demonstrate
that a higher level of exposure to the BHCK intervention
was associated with improvements in daily fruit intake
among adult caregivers, particularly among those with
higher exposures to the social media component. Our
study highlights the importance of optimal dose and
intensity of community-based intervention activities to
achieve intended behavioural changes, and the possibi-
lity of intervention contamination between intervention
and comparison participants in community-based beha-
viour interventions. Future multilevel multicomponent
community-based interventions should engage care-
givers more in the intervention, enrol larger samples, as
well as assess engagement and exposure to intervention
activities during the trial to enhance likelihood of inter-
vention effectiveness. Social media (Facebook, Insta-
gram) may be a promising tool to improve reach and
engage caregiver participants in multilevel childhood
obesity interventions.
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