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Abstract
Objective: To evaluate whether a multipronged pilot intervention promoting
healthier beverage consumption improved at-home beverage consumption and
weight status among young children.
Design: In this exploratory pilot study, we randomly assigned four childcare
centres to a control (delayed-intervention) condition or a 12-week intervention that
promoted consumption of healthier beverages (water, unsweetened low- or
non-fat milk) and discouraged consumption of less-healthy beverages (juice,
sugar-sweetened beverages, high-fat or sweetened milk). The multipronged inter-
vention was delivered via childcare centres; simultaneously targeted children,
parents and childcare staff; and included environmental changes, policies and edu-
cation. Outcomes were measured at baseline and immediately post-intervention
and included children’s (n 154) at-home beverage consumption (assessed via
parental report) and overweight/obese status (assessed via objectively measured
height and weight). We estimated intervention impact using difference-in-
differences models controlling for children’s demographics and classroom.
Setting: Two northern California cities, USA, 2013–2014.
Participants: Children aged 2–5 years and their parents.
Results: Relative to control group children, intervention group children reduced their
consumption of less-healthy beverages from baseline to follow-up by 5·9 ounces/d
(95 % CI −11·2, −0·6) (–174·5 ml/d; 95 % CI –331·2, –17·7) and increased their con-
sumption of healthier beverages by 3·5 ounces/d (95 %CI−2·6, 9·5) (103·5ml/d; 95
% CI –76·9, 280·9). Children’s likelihood of being overweight decreased by 3 per-
centage points (pp) in the intervention group and increased by 3 pp in the control
group (difference-in-differences: −6 pp; 95% CI −15, 3).
Conclusions:Our exploratory pilot study suggests that interventions focused compre-
hensively on encouraging healthier beverage consumption could improve children’s
beverage intake and weight. Findings should be confirmed in longer, larger studies.

Keywords
Child care

Early childhood
Obesity prevention intervention

Beverage consumption
Overweight/obesity

Sugar-sweetened beverages
Water

More than one in four US children aged 2–5 years are over-
weight or obese(1), increasing their risk for poor health out-
comes and premature death in adulthood(2,3). Children’s
beverage consumption habits are an important driver of

childhood obesity. For example, consumption of sugar-
sweetened beverages (SSB) such as sodas, sports drinks
and fruit-flavoured drinks increases risk of excess weight
gain(4–6). Likewise, a recent meta-analysis found that
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consumption of 100 % fruit juice is associated with a small
amount of weight gain among children aged 1–6 years(7),
and one study found that fruit juice consumption in early
childhood is associated with higher SSB intake and higher
BMI later in childhood(8). Conversely, consumption of
healthier beverages, such as water, may help limit excess
weight gain in children(9,10).

Experts agree that 2- to 5-year-olds should drink low- or
non-fat milk and plain water, consume no more than
118–177ml (4–6 ounces) of 100 % fruit juice daily and limit
their consumption of SSB (see online supplementary
material, Supplemental Table S1)(11–13). While debate
remains over whether to encourage children to drink sweet-
ened milk(14), one expert panel advised against promoting
sweetenedmilk(11), noting that its consumption is associated
with increased energy intake(15). Despite these guidelines,
many children consume juice, SSB, and sweetened or
high-fat milk(16–18). On any given day, 45% of children aged
2–5 years consume 100% fruit juice and 47% consume SSB,
with average intake at 222 kJ/d (53 kcal/d) for juice and
more than 251 kJ/d (60 kcal/d) for SSB(16). Given the limited
progress in reversing the obesity epidemic among young
children(1), new efforts are needed to improve young child-
ren’s beverage intake and limit their excessweight gain(16,18).

Childcare facilities are an important setting for reaching
young children and their parents with obesity prevention
interventions. In the USA, approximately 11million children
under the age of 5 years attend some type of child care every
week(19), making these locations ideal both for shaping the
dietary habits of large numbers of children and for reaching
their parents with educational messages. Yet, to date, few
interventions delivered via childcare settings have focused
comprehensively on encouraging young children to drink
water and low- or non-fat milk in lieu of SSB and juice(20,21).

To fill this gap, we developed and implemented a multi-
level, multipronged intervention that encouraged young
children to consumewater and low- or non-fat unsweetened
milk instead of juice and SSB. The present study aimed to
evaluate the pilot intervention’s impact on children’s weight
(overweight/obese status (primary outcome), BMI and BMI
percentile) and beverage consumption, with a goal of deter-
mining the promise of the intervention and providing the
data necessary to calculate sample size needs for larger trials.
Based on previous studies of school-based water promotion
interventions(9,22–25), we predicted that the intervention
would increase children’s consumption of healthier bever-
ages, reduce their consumption of less-healthy beverages
and lower their likelihood of having an unhealthy weight.

Methods

Participants

Childcare centres and classrooms
We recruited a convenience sample of four childcare
centres in northern California for this pilot study. Centres

were eligible if they were in San Mateo County, CA; were
licensed(26); had enrolled at least ten children aged2–5 years;
had English- or Spanish-speaking staff; served primarily
English- or Spanish-speaking families; and participated in
the Child and Adult Care Food Program (a federal nutrition
assistance programme providing funding for meals and
snacks, and a marker for centres that serve lower-income
children(27)). With help from district-level administrators,
we identified four centres in two cities (two centres per city)
to participate in the study. We ensured that recruited centres
within each city were similar in number of students per
classroom and in the type of programme(s) offered (i.e. half-
v. full-day). Within each city, we randomly assigned one
centre to the intervention group and the other to the control
(delayed-intervention) group. A total of seven classrooms
across the four centres participated: four classrooms in the
intervention group and three classrooms in the con-
trol group.

Parents and children
At each centre, all eligible children and their parents were
invited to participate. Children were eligible if they were
2–5 years old. Their parents were eligible if they spoke
English or Spanish. Parents provided written informed con-
sent for both their participation and their child’s participation.

Intervention
We designed the intervention to encourage children to
consume age-appropriate beverages consistent with
expert recommendations(11). The intervention promoted
consumption of healthier beverages (i.e. water and
unsweetened low- or non-fat milk) and recommended
limiting consumption of less-healthy beverages (i.e. replac-
ing juice with whole fruit and limiting SSB, including sweet-
ened milk, to no more than one serving per week).

The 12-week intervention took place in spring 2014. We
designed the intervention to operate at multiple levels of
the Social Ecological Framework(28,29) (Fig. 1). The inter-
vention targeted children, parents and childcare centre staff
and included three main components: (i) environmental
changes; (ii) implementation of rules and policies; and
(iii) educational activities. To enhance the feasibility,
acceptability and effectiveness of the intervention, we
assembled a community advisory board consisting of rep-
resentatives from the county public health department,
local childcare organizations (e.g. Head Start, the local
childcare resource and referral agency and the school dis-
tricts overseeing the participating childcare centres), child-
care providers and parents with children of pre-school age.
The community advisory board provided regular in-person
and written feedback on intervention materials and
implementation.

Environmental changes
Environmental changes focused on increasing children’s
access to water at childcare centres and at home. Prior to
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the intervention, the research team conductedwater testing
and remediation for lead in all intervention classrooms
based on Environmental Protection Agency recommenda-
tions(30). At baseline, no classrooms were serving water at
all meals and snacks. To increase access to water during
meal and snack times, the research team supplied class-
rooms with child-sized pitchers and cups so children could
pour themselves water at meals and snacks. We also asked
providers to serve children water at meals and snacks. We
also observed that, at baseline, only one centre had water
available for children to self-serve outside mealtimes. To
increase children’s access to water outside mealtimes, the
research team provided all children with a child-sized reus-
able water bottle personalized with their name and photo-
graph that they could use to serve themselves water
throughout the day. Finally, to allow children to self-serve
water outside childcare hours, we also provided each child
with a second personalized water bottle to use at home.

Policies
In 2010, California passed AB 2084, the Healthy Beverages
in Childcare Policy(31). The policy, effective 1 January 2012,
requires licensed childcare facilities in California to: (i)
serve only milk that is low-fat (1 %) or non-fat to children
over 2 years of age; (ii) refrain from providing juice or bev-
erages with added sugar including sweetened milk; and
(iii) provide clean and safe drinking-water at all times,
including during meals and snacks. Despite AB 2084
having been in place for nearly 2 years at the time of the
intervention, pre-intervention observations of classrooms

indicated that only one centre was complying with the
requirement to providewater at all times. Observations also
revealed that some centres served juice or allowed parents
to send juice or SSBwith their children to child care and that
no centres had integrated AB 2084 requirements into their
written policies. These observations are consistent with
previous research showing that there is often a delay
between when policy makers pass new nutrition
requirements and when childcare centres come into full
compliance with these requirements(32). To encourage
implementation of AB 2084, the study principal investigator
met with centre directors and head teachers to explain the
policy and to ask that centres comply with the new
standards. Centre directors also incorporated rules about
beverage access and consumption into their written staff
handbooks or wellness policies using language provided
by the research team.

The intervention also encouraged families to adopt rules
to promote healthier beverage consumption at home.
Parents received written ‘behavioural contracts’ listing rules
about beverages they might consider adopting (e.g. limit
children to nomore than one serving of SSB per week; serve
whole fruit instead of fruit juice). Parents were encouraged
to commit in writing to implementing one or more of these
rules. Parents who returned completed contracts were
eligible for a raffle for water bottles and gift cards.

Educational activities
The intervention also included educational activities for
both parents and children. Parents received personalized
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Research team tested
classroom water sources for
lead & remediated as needed
Classrooms received
personalized water bottles for
each child to use at child care
Classrooms received child-
friendly water pitchers and cups
for serving water with meals and
snacks

Parents received  personalized
water bottles for child to use at
home

Centres implemented written
policies that staff will serve
children only beverages consistent
with California’s Healthy
Beverages in Child Care Law
(AB 2084), that water will be
available to children for self-
serve at all times and that staff
will role model healthy beverage
consumption

Research staff provided parents
with ‘behavioural contracts’
listing rules about what
beverages are served and
consumed at home and
encouraged parents to commit
in writing to implement one or
more rules

Classrooms displayed posters
promoting healthy beverage
consumption

Parents recevied paper copy of
a personalized report card about
child’s weight and beverage
consumption
Parents received educational
handouts and activities
promoting healthy beverage
consumption
Parents invited to in-person
‘Sugar Savvy’ training about
sugar content in popular
children’s beverages

Children participated in water
promotion activities at child care
(e.g. taste tests)
Children received a compact disk,
children’s book and stickers
promoting water consumption at
home

Intervention
Target Environment

Intervention Component
Rules & polices Education

Fig. 1 Intervention activities used to promote children’s healthy beverage consumption by social ecological level, intervention target
and component
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report cards describing their child’s weight and beverage
consumption (developed using children’s baseline data
and qualitative research on best practices for designing
BMI report cards(33)), informational handouts (e.g. recipes
for spa water) and interactive family activities (e.g. a work-
sheet for finding free water sources at the park). The
research team delivered these written materials to parents
via children’s mailboxes at the childcare centre. Parents
were also invited to attend an in-person training in which
study staff described how to determine the amount of
added sugar in popular children’s beverages using the
products’ nutrition labels.

Children participated in a wide variety of engaging, age-
appropriate educational activities while at child care,
including spa-water taste tests (children sampled water
infused with fruit or herbs), singing along to the ‘Drink
More Water’ children’s song developed specifically for
the study(34) and reading the children’s book Potter the
Otter: A Tale About Water(35). Research assistants or child-
care teachers facilitated these activities. To reinforce these
lessons at home, children each received a compact disk
with the ‘Drink More Water’ children’s song, a copy of
the Potter the Otter: A Tale About Water book and stickers
promoting water consumption.

Measures
We assessed outcomes at baseline (late 2013) and immedi-
ately following the 12-week intervention period (spring of
2014). We examined children’s weight status (overweight/
obese v. not), BMI percentile(36), raw (absolute) BMI(36,37)

and children’s at-home beverage consumption.

Children’s anthropometrics
Trained research assistants measured children’s anthropo-
metrics using National Health and Nutrition Examination
Survey (NHANES) protocols(38), measuring height to the
nearest 0·1 cm using a portable stadiometer (Seca® North
America; Chino, CA, USA) and weight to the nearest
0·01 kg using a digital scale (Tanita® Corporation;
Arlington Heights, IL, USA). Measurements were collected
at childcare centres during the day. All measurements were
taken twice. If the twomeasurements differed bymore than
1 cm (height) or 0·1 kg (weight), a third was taken.We used
the average of all measurements taken to compute BMI
(kg/m2). We then calculated BMI percentile using the
Centers for Disease Control and Prevention age- and sex-
specific growth charts(39) and classified children as over-
weight/obese if their BMI percentile was at or above the
85th percentile for their age and sex.

Children’s at-home beverage consumption
We assessed children’s at-home beverage consumption via
parental report. Parents reported on their children’s
at-home beverage consumption for the past 24 h (exclud-
ing timeswhile the child was at child care) using a question-
naire adapted from a previously validated instrument for

assessing older children’s beverage consumption(40).
Parents reported whether their child consumed beverages
in twenty-two categories, including different types of milk,
SSB (e.g. fruit drinks, Kool-Aid, sports drinks, sodas), 100 %
fruit juice, tap water and bottled water (see online supple-
mentary material, Supplemental Table S2). For each bever-
age their child consumed, parents estimated the total
amount the child drank in ounces (i.e. US fluid ounces;
1 US fl. oz= 29·57 ml). Most parents self-administered a
written version of the questionnaire; the research team ver-
bally administered questionnaires to parents with lower lit-
eracy. To improve accuracy and completeness, research
staff followed up with parents in-person or via phone
regarding ambiguous or incomplete information.

We used parents’ survey responses to calculate child-
ren’s at-home beverage consumption, in ounces/d, of the
following categories: (i) each of the healthier beverages
promoted by the intervention (total water, tap water, bot-
tled water, unsweetened low- or non-fat milk); (ii) each
of the less-healthy beverages discouraged by the interven-
tion (100 % juice, total SSB excluding sweetened milk,
unsweetened high-fat milk, sweetened milk); (iii) all
healthier beverages combined; and (iv) all less-healthy
beverages combined. We did not assess children’s bever-
age consumption while at child care.

Demographics
Baseline questionnaires asked parents to report their mari-
tal status, educational attainment, ethnicity (Hispanic/
Latino v. not), household income and number of household
members. Parents also reported their child’s sex and date of
birth, which we used to calculate the child’s exact age at the
time of BMI measurements.

Intervention fidelity
To provide insight on the extent to which classrooms
implemented the water availability component of the inter-
vention, we conducted weekly, unannounced ‘spot check’
fidelity observations of intervention classrooms during
meal or snack times. Trained observers recorded whether
childcare staff served water to children during the meal or
snack, as encouraged by the intervention. In addition, we
conducted day-long observations immediately post-inter-
vention using the Environmental and Policy Assessment
and Observation (EPAO) instrument(41) to assess compli-
ance with various other aspects of the intervention (e.g.
whether classrooms had water available for self-serve dur-
ing outdoor playtime). Finally, we tracked the number of
parents who returned a completed behavioural contract
indicating they planned to implement one or more rule
about beverages at home.

Analysis
To describe the sample, we calculated means, SD and pro-
portions for child, parent and household characteristics.
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To estimate intervention impact, we used generalized lin-
ear models with a difference-in-differences approach. For
each outcome, we compared the change from baseline to
follow-up (immediately post 12-week intervention) in the
intervention group with the change over the same period
in the control group. The primary outcome was children’s
overweight/obese status. Secondary outcomes were
children’s at-home consumption of: (i) each healthier bev-
erage (i.e. total water, tap water, bottled water, unsweet-
ened low- or non-fat milk); (ii) each less-healthy beverage
(i.e. 100 % juice, total SSB excluding sweetened milk,
unsweetened high-fat milk, sweetened milk); (iii) all
healthier beverages combined; and (iv) all less-healthy
beverages combined. We also assessed BMI percentile
and absolute BMI (kg/m2) as exploratory outcomes.
Due to the pilot nature of the study, we did not conduct
power analyses.

Analytic models controlled for child’s age and sex
(except for models assessing BMI percentile and weight
status, which are already age- and sex-specific) and
parent/household demographic characteristics (marital sta-
tus, Hispanic ethnicity, income, educational attainment and
household size). All models included indicators for time
period (baseline v. follow-up), study group (intervention
v. control), and an interaction between time period and
study group.

Data were nested within children (repeated measures
over time), classrooms and centres. Classroom-level intra-
class correlation coefficients ranged from <0·01 to 0·07 and
centre-level intraclass correlation coefficients ranged from
<0·01 to 0·02 (Supplemental Table S3 in the online supple-
mentarymaterial presents intraclass correlation coefficients
for all outcomes at the child, classroom and centre levels).
To account for clustering, models clustered SE within chil-
dren and included a set of indicator variables (i.e. fixed
effects) for childcare classrooms. Inclusion of classroom
fixed effects also accommodated and corrected for any
potential pair effects resulting from having conducted

randomization within cities. Missing data comprised <15
% of cases for all demographic variables. Analyses were
conducted in the statistical software package Stata SE
version 15.1.

To describe intervention fidelity, we calculated the pro-
portion of meals/snacks at which childcare staff served
water during the spot check fidelity observations. We also
used EPAO observations to examine the number of inter-
vention classrooms that complied with key intervention
components (e.g. how many intervention classrooms
served water at each meal). Finally, we calculated the pro-
portion of parents who returned a behavioural contract to
the research team indicating the rules about beverages they
planned to implement.

Trial registration for the present study is available at
ClinicalTrials.gov (NCT 03713840). The Committee on
Human Research at the University of California San
Francisco approved the study.

Results

All centres approached for the study agreed to participate.
Two centres (four classrooms; eighty-seven children in total)
were randomized to receive the healthy beverages interven-
tion and two centres (three classrooms; seventy-seven
children in total) were randomized to the control (delayed-
intervention) group (Fig. 2). Because the intervention was
delivered via centres, all children (100 %) in randomized
centres received the intervention. Most parents (n 161, 98
%) agreed to have their child’s height and weight
measured. Of the 161 children measured at baseline, seven
(4 %) were lost to follow-up because the child was no longer
enrolled at the facility, leaving 154 children with BMI data at
both timepoints included inanalysesof theprimaryoutcome.

The sample was predominantly Hispanic/Latino and
low-income, with two-thirds of parents reporting annual
household income of $US 30 000 or less (Table 1).

Table 1 Characteristics of 2- to 5-year-old children, parents and households by study group (n 154), two northern California cities, USA,
2013–2014

Intervention (n 80) Control (n 74)

Characteristic Mean or % SD or n Mean or % SD or n

Children’s characteristics
Age at baseline (years), mean and SD 4·10 0·59 4·32 0·44
Male, % and n 45 36 46 34
Overweight/obese at baseline, % and n 43 34 39 29

Parent/household characteristics
Hispanic ethnicity, % and n 98 64 82 53
Education of high-school degree or less, % and n 66 49 54 34
Married, % and n 66 47 65 40
Annual household income≤ $US 30 000, % and n 67 51 67 43
No. of household members, mean and SD 3·71 1·32 3·89 1·42

Characteristics are presented by study group for qualitative comparison, thus P values are not reported. Numbers may not sum to total sample size due to missing data on
some characteristics.
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Beverage consumption
Results indicated that the intervention helped discourage
children’s at-home consumption of less-healthy bever-
ages. Children in the intervention group showed
larger reductions in consumption of all less-healthy
beverages combined compared with children the control
group (difference-in-differences (DD) =−5·9 ounces/d;
95 % CI −11·2, −0·6 (DD = –174·5 ml/d; 95 % CI –331·2,
–17·7); Table 2, Fig. 3). The intervention also significantly
reduced juice consumption (DD =−1·9 ounces/d; 95 % CI
−3·5, −0·2 (DD = –56·2 ml/d; 95 % CI –103·5, –5·9)) and
showed favourable but non-significant impacts on SSB

consumption (DD =−2·4 ounces/d; 95 % CI −5·5, 0·7
(DD = 71·0 ml/d; 95 % CI –162·6, 20·7)). Consumption
of unsweetened high-fat milk decreased somewhat in
the intervention group (−2·1 ounces/d; 95 % CI −4·3,
0·03 (–62·1 ml/d; 95 % CI –127·2, 0·9)), compared
with a decrease of 1·1 ounces/d (32·5 ml/d) in the
control group (95 % CI −3·4, 1·2 (95 % CI –100·5, 35·5)),
although the difference-in-differences between groups
was not significant (DD =−1·0 ounces/d; 95 % CI
−3·9, 1·9 (DD = –29·6 ml/d; 95 % CI –115·3, 56·2)).
Consumption of sweetened milk was stable over time in
both groups.

Centres randomized (k 4;
randomization within each of two cities)

Allocated to control
(k 2)

Allocated to
intervention (k 2)

Excluded (n 0)

Centres recruited (k 4 from two cities)

Children assessed for
eligibility (n 77)

Baseline data
collected (n 76)

Children assessed for
eligibility (n 87)

Baseline data
collected (n 85)

Received intervention
(n 76)

Received intervention
(n 85)

Included in analysis of
primary outcome (n 74)

Included in analysis of
primary outcome (n 80)

Excluded (n 2)
• Not meeting inclusion

criteria (n 0)
• Parent refused (n 2)

Excluded (n 0)
• Declined to

participate (n 0)
• Unable to reach

(n 0)

Lost to follow-up (n 5)
• Child no longer

enrolled at childcare
facility (n 5)

• Unable to reach
(n 0)

Excluded (n 1)
• Not meeting inclusion

criteria (n 0)
• Parent refused (n 1)

Excluded (n 0)
• Declined to

participate (n 0)
• Unable to reach

(n 0)

Lost to follow-up (n 2)
• Child no longer

enrolled at childcare
facility (n 2)

• Unable to reach
(n 0)

Fig. 2 Consolidated Standards of Reporting Trials (CONSORT) flow diagram showing recruitment of children and childcare centres
for the present study (k, number of childcare centres; n, number of children)
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Table 2 Adjusted means and changes over time in 2- to 5-year-old children’s beverage consumption, weight status and body mass by study
group (n 154), two northern California cities, USA, 2013–2014

Difference

Baseline Follow-up Point estimate 95% CI

Beverage consumption (ounces/d)*
All less-healthy beverages†
Intervention group 13·1 10·8 −2·3 −7·2, 2·6
Control group 13·9 17·5 3·6 −0·8, 7·9
Difference −5·9 −11·2, −0·6

All healthier beverages†
Intervention group 13·8 18·8 5·0 0·5, 9·4
Control group 8·3 9·8 1·5 −2·9, 5·9
Difference 3·5 −2·6, 9·5

100% Juice
Intervention group 3·4 1·5 −1·9 −3·4, −0·4
Control group 2·1 2·0 −0·03 −1·2, 1·1
Difference −1·9 −3·5, −0·2

Total SSB excluding sweetened milk
Intervention group 2·5 4·3 1·8 −1·3, 4·8
Control group 0·5 4·7 4·2 1·4, 7·0
Difference −2·4 −5·5, 0·7

Unsweetened high-fat (2% or whole) milk
Intervention group 4·8 2·7 −2·1 −4·3, 0·03
Control group 9·5 8·4 −1·1 −3·4, 1·2
Difference −1·0 −3·9, 1·9

Sweetened milk
Intervention group 1·2 1·2 0·1 −1·2, 1·4
Control group 1·0 1·0 0·02 −0·9, 0·9
Difference 0·1 −1·4, 1·5

Total water†
Intervention group 13·7 17·6 4·0 −0·3, 8·2
Control group 6·6 8·0 1·4 −2·9, 5·7
Difference 2·6 −3·2, 8·4

Tap water
Intervention group 6·5 8·6 2·1 −1·7, 5·9
Control group 1·3 0·8 −0·5 −3·5, 2·6
Difference 2·5 −2·1, 7·2

Bottled water
Intervention group 7·0 8·7 1·7 −1·8, 5·2
Control group 5·5 7·0 0·6 −1·6, 4·7
Difference 0·1 −4·0, 4·3

Unsweetened low- or non-fat milk
Intervention group 0·2 1·2 1·0 −0·5, 2·5
Control group 1·7 1·8 0·1 −0·9, 1·0
Difference 0·9 −0·7, 2·6

Weight status and BMI
Overweight/obese status‡ (%)
Intervention group 49 46 −3 −10, 3
Control group 36 38 3 −4, 9
Difference −6 −15, 3

BMI percentile
Intervention group 67·6 68·3 0·7 −1·3, 2·6
Control group 78·8 78·2 −0·5 −3·6, 2·5
Difference 1·2 −2·5, 4·9

Absolute BMI (kg/m2)
Intervention group 16·2 16·4 0·2 −0·1, 0·5
Control group 17·2 17·4 0·1 −0·2, 0·4
Difference 0·03 −0·2, 0·3

SSB, sugar-sweetened beverage.
The table shows unstandardized coefficients from generalized linear regressions controlling sociodemographic characteristics and, for dietary outcomes and absolute BMI,
child’s age and sex. Models accounted for clustering by including classroom fixed effects and clustering SE within children. Classroom-level intraclass correlation coefficients
ranged from <0·01 to 0·07 and centre-level intraclass correlation coefficients ranged from <0·01 to 0·02 (see online supplementary material, Supplemental Table 3).
Coefficients and CI in bold font are statistically significant at P< 0·05.
*US fluid ounces; 1 US fl. oz= 29·57ml.
†To estimate changes in larger beverage categories (i.e. total water, all healthier beverages and all less-healthy beverages), we first summed consumption across sub-
categories (e.g. tap and bottled water), then estimated the generalized linear regressions described above. Changes in consumption of the sub-categories do not
perfectly sum to the change in consumption of the larger beverage categories due to adjustment for covariates.
‡Results for proportion overweight/obese are reported as predicted probabilities of being in the overweight/obese category and as marginal effects (i.e. percentage point
change in likelihood of being in the overweight/obese category).
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Analyses also suggested that children in the intervention
group had larger increases over time in their at-home con-
sumption of healthier beverages than children in the
control group. In total, the intervention group showed a
larger increase in consumption of healthier beverages
(+5·0 ounces/d; 95 % CI 0·5, 9·4 (+147·9 ml/d; 95 % CI
14·8, 278·0)) than the control group (+1·5 ounces/d; 95 %
CI −2·9, 5·9 (+44·4 ml/d; 95 % CI –85·8, 174·5)), although
this difference-in-differenceswas not statistically significant
(DD= +3·5 ounces/d; 95 % CI −2·6, 9·5 (DD= +103·5ml/d;
95 % CI –76·9, 280·9)). Total water consumption increased
somewhat more in the intervention group compared with
the control group (DD= +2·6 ounces/d; 95% CI −3·2, 8·4
(DD= +76·9ml/d; 95 %CI–94·6, 248·4)), as didconsumption
of unsweetened low- and non-fat milk (DD= +0·9 ounces/d;
95 % CI −0·7, 2·6 (DD= +26·6ml/d; 95 % CI –20·7, 76·9)),
although again these difference-in-differences did not reach
statistical significance.

Overweight/obese status and BMI
At baseline, 43 % of children in the intervention group and
39 % of children in the control group were overweight/
obese (Table 1). After adjusting for covariates, the likeli-
hood of being overweight/obese declined from baseline
to follow-up by 3 percentage points (pp) in the interven-
tion group and increased by 3 pp in the control group
(Table 2). Thus, the adjusted difference in changes over
time between study groups was −6 pp; this difference-
in-differences was not statistically significant (95 % CI
−15, 3). There were no differences in changes over time

in BMI percentile (DD = +1·2 percentiles; 95 % CI −2·5,
4·9) or absolute BMI (DD = +0·03 kg/m2; 95 % CI
−0·2, 0·3).

Intervention fidelity
Data triangulated across several sources suggested good
intervention fidelity. First, childcare staff served children
water during nearly all (88 %, n 37) of the forty-two spot
check fidelity observations the research team conducted
during meal and snack times. Second, post-intervention
observations conducted using the EPAO instrument indi-
cated good compliance with key components of the inter-
vention. For example, of the three classrooms that served
lunch, all served children water with the meal. Three out
of the four classrooms that served an afternoon snack
served children water with the snack. Additionally, in all
four classrooms, children were prompted by teachers to
consume water during meals and during playtime.
Likewise, in all four classrooms, water was visible to
children in the classroom, available for self-serve in the
classroom and available for self-serve during outdoor play-
time. None of the observed intervention classrooms served
juice at any meal or snack, and none served any milk other
than unsweetened low- or non-fat milk. One area where
centres could have improved was serving water with
breakfast: of the three classrooms that served breakfast,
only one served children water with the meal. Finally, data
also suggested parents were engagedwith the intervention.
More than half of parents (58 % of the eighty-one parents

Total water

Beverages promoted
by the intervention

Beverages discouraged
by the intervention

Tap water

Bottled water

Unsweetened low- or non-fat milk

Total promoted beverages

100 % Juice

Total sugar-sweetened beverages

Unsweetened high-fat milk

Sweetened milk

Total discouraged beverages

–15.0

–5.9*

–10.0 –5.0 0.0 5.0
Intervention increased consumption

Difference in change from baseline to follow-up
intervention v. control, ounces/d (95 % Cl)

Intervention decreased consumption

0.1

3.5

0.9

0.1

2.5

2.6

–1.0

–2.4

–1.9*

10.0 15.0

Fig. 3 Effects of the healthy beverages intervention on 2- to 5-year-old children’s at-home consumption of eleven beverage catego-
ries (n 154), two northern California cities, USA, 2013–2014. Figure shows differences in change in consumption from baseline to
follow-up ( ), with 95% CI represented by horizontal bars, comparing the healthy beverages intervention group with the control
group, in ounces/d (i.e. US fluid ounces; 1 US fl. oz= 29·57 ml). Differences were estimated using generalized linear regressions,
controlling for sociodemographic characteristics, child’s age and child’s sex, and accounting for clustering within children and class-
rooms. Changes in consumption of sub-categories may not sum to the changes in larger categories due to adjustment for covariates.
*P< 0·05
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participating in the intervention) returned signed behav-
ioural contracts to the research team indicating which bev-
erage rules they planned to implement at home.

Discussion

We found that compared with a control group, children
exposed to a focused healthy beverages intervention
significantly decreased their consumption of less-healthy
beverages. Children in the healthy beverages intervention
also increased their consumption of healthier beverages
compared with the control group, although these relative
improvements were not statistically significant. Effects on
overweight/obese status were favourable but also non-
significant. Beverage consumption is a major contributor
to childhood obesity(6,7) and early childhood is increasingly
recognized as a critical period for establishing both healthy
dietary behaviours and a healthy body weight(42). The
present intervention is among the first delivered via child-
care centres to focus exclusively and comprehensively on
encouraging children to consume water and unsweetened
low- or non-fat milk in place of SSB and 100 % juice(20,21).

The intervention showedpromise at increasing consump-
tion of both water and unsweetened low- or non-fat milk, the
beverages promoted by the intervention. Children in the
intervention group increased their at-home water consump-
tion by 2·6 ounces/d (76·9ml/d) more than the control
group. In addition to helping limit excess weight gain(9,10),
this increase in water intake could potentially reduce child-
ren’s risk of inadequate hydration(43) and improve their cog-
nitive functioning(44–47). Children in the intervention group
also increased their at-home consumption of unsweetened
low- or non-fat milk by about 1 ounce/d (30ml/d) relative
to the control group. Consumption of unsweetened low-
or non-fat milk helps children meet recommended levels
of calcium, potassium and vitamin D intake while avoiding
the excess sugar, saturated fat and energy found in high-
fat and sweetened milk(48).

The intervention also helped children limit their at-home
consumption of the less-healthy beverages discouraged by
the intervention. The intervention significantly reduced
juice consumption andwas also associated with a relatively
large although non-significant reduction in SSB consump-
tion. Reducedconsumptionof juice andSSBcouldhelp chil-
dren maintain a healthier weight(6,7) and may also reduce
their risk of dental caries(49), diabetes(50), hyperlipidaemia
and fatty liver disease(51). Consumption of high-fat milk also
decreased in the intervention group relative to the control
group, although not significantly. In total, the intervention
significantly reduced children’s at-home consumption of
all less-healthy beverages combined by nearly 6 ounces/d
(177 ml/d) relative to the control group.

If sustained, this observed reduction in consumption
of less-healthy beverages could help children maintain
healthier weight. To contextualize the potential benefits

of these changes in beverage intake, we used the US
Department of Agriculture’s online nutrition database
Supertracker(52) to translate intervention impact on volume
of beverages consumed into impact on energy and added
sugar consumed (see online supplementary material,
Supplemental Table S4). We summed intervention impacts
across all beverage categories, accounting for both
decreases in beverages like SSB and juice as well as
increases in beverages like unsweetened low- or non-fat
milk. Assuming no other dietary changes, the intervention
was estimated to help children avert more than 251 kJ/d
(60 kcal/d), well above the amount needed to achieve
Healthy People 2020 goals for obesity prevalence among
young children(53). The observed changes in beverage con-
sumption could also result in children consuming nearly six
fewer grams of added sugar per day, a notable finding
given that 2- to 5-year-olds consume more than twice the
daily recommended amount of added sugar(51).

Despite these encouraging changes in children’s bever-
age consumption habits, we did not observe statistically
significant intervention effects on overweight/obese status,
likely due to the study’s short duration and small sample
size. One systematic review of childhood obesity preven-
tion interventions suggested that follow-up periods of 7·5
months or longer may be needed to demonstrate changes
in weight status(54). Future studies should follow children
for a longer period to determine whether the improve-
ments seen in beverage intake are sustained and whether
such changes ultimately impact children’s weight.

We note several limitations. First, while trained staff
objectively measured height and weight, dietary behav-
iours were self-reported. Second, because our objective
was to determine the promise of this intervention, we
employed a relatively short follow-up period and it is
not clear if the observed changes in beverage consump-
tion would be sustained over time. We also measured
children’s at-home beverage consumption only and did
not assess their behaviours while at child care, meaning
that we likely underestimated children’s total beverage
consumption, particularly for children attending full-day
childcare programmes. We also did not assess food intake
and cannot determine whether children compensated for
any reductions in energy intake from beverages by
increasing their energy intake from foods. Additionally,
we recruited a relatively small sample of mostly low-
income, Hispanic families from a convenience sample
of four childcare centres in a limited geographical area
and our findings may not generalize to samples with dif-
ferent sociodemographic characteristics or in different
geographic areas. Future studies should examine multi-
pronged beverage-focused interventions in other popula-
tions, with longer follow-up periods and with larger
samples. Additional research could also help determine
whether parents and childcare centres can maintain the
intervention’s environmental and policy changes in the
absence of a research study(55).
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There are several unique strengths to the present pilot
study. We designed a theory-informed intervention that
simultaneously targeted factors at the child, home and
organizational social ecological levels. The multipronged
intervention included a variety of creative strategies to
address these multiple levels, including hands-on, engag-
ing educational activities for both children and parents;
meaningful environmental changes to promote children’s
access to water and reduce their access to juice and SSB,
both while at home and at child care; and policy and rule
changes across the two contexts. We also conducted regu-
lar in-person spot check fidelity observations to ensure
childcare centres’ compliance with the intervention, find-
ing that childcare staff were largely implementing the inter-
vention as intended. Finally, this is among the first
interventions focused intensively on improving young
children’s beverage consumption as an obesity prevention
strategy. Many effective obesity prevention interventions
for young children have targeted both nutrition and physi-
cal activity simultaneously(56–65). The present study sug-
gests that focusing more narrowly on beverages may
provide a simple yet effective means of promoting healthy
weight in young children.

Conclusions

We developed and evaluated a beverage-focused interven-
tion that targeted children, parents and childcare centre
staff using a variety of strategies. Our results suggest that
such interventions have promise for improving children’s
at-home beverage consumption and weight outcomes.
Future studies should examine children over longer peri-
ods, include a larger number of childcare centres serving
diverse populations, and assess both food and beverage
intake at childcare centres as well as at home.
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