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Abstract
Objective: To determine the mediating effect of direct preschool and parent nutri-
tion education on changes in skin carotenoids scores over 2 years in children of
Mexican heritage.
Design: In a quasi-experimental, community-based study, two school districts
were randomly assigned to either a comparison group (parent workshops unre-
lated to nutrition) or a childhood obesity prevention intervention group which
included nutrition education at family nights for parents and at school for children.
Changes in skin carotenoid intensity scores (diffCAROT, year 2015 minus 2013)
were measured in children as a proxy for fruit and vegetable consumption using
Resonance Raman Spectroscopy.
Setting: Two rural, low-income, school districts from a county in California’s
Central Valley.
Participants: 316 Mexican heritage families with children aged 3–8 years.
Results: Intervention group children improved over 2 years in skin carotenoid
scores relative to comparison group children (diffCAROT mean þ1419 (SD 9540)
v. –3473 (SD 9272), P= 0·0001). Parent attendance at nutrition education classes par-
tiallymediated the intervention effect on diffCAROT (P= 0·02). Controlling for child’s
age and other covariates, participation in preschool during the study had a significant
positive effect on diffCAROT among intervention children compared with controls
(P< 0·03), whereas no significant difference by group was observed among those
not enrolled in preschool or already enrolled in elementary school.
Conclusions: Programmes that combine direct parent and preschool nutrition educa-
tion may be effective in low-income Mexican heritage families to improve children’s
intake of fruit and vegetables.
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From lower academic performance to higher risk of chronic
diseases in adulthood, the consequences of poor nutrition
during childhood on physical and mental health are broad
and well-documented(1–3). Latino/Hispanic children, com-
pared with non-Hispanic white children and youth, are
disproportionately affected by diet-related health conditions,
including obesity (25·8 v. 14%) and type 2 diabetes (0·79 per
1000 v. 0·17 per 1000)(4,5). Latino households also report
high rates of food insecurity (18·5%)(6), which negatively
impact children’s diet quality(7).

Although Mexican–American children are more likely
than non-Latino white and black children to meet the

Dietary Guidelines for Americans for fruit intake, vegetable
intake is low among children of all race/ethnicities(8,9).
National trends also show a decrease in vegetable con-
sumption from 2003 to 2010 among Mexican–American
and non-Latino black children, compared with an increase
among non-Latino white children(10). Latino children from
disadvantaged communities are more likely to consume
less fruit, vegetables and whole grains, and more added
sugars than recommended(11,12).

To address health disparities, schools can be an impor-
tant setting for improving dietary practices(13,14). Although
parent-related factors, such as parenting style and role
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modelling, have been consistently associated with child-
ren’s diet quality(15–18), school interventions that include
a family engagement component are less common(13,19).

The Niños Sanos, Familia Sana (NSFS) was a 3-year,
childhood obesity prevention intervention using a
community-based, participatory approach in a low-income,
Mexican heritage population(20). The intervention included
nutrition education for parents at family nights and for chil-
dren at school; a monthly voucher worth $US25 to buy
fruits and vegetables and an enhanced physical activity
programme for children. Direct child nutrition education
reached preschool and elementary school children.

Because early childhood is a critical age for develop-
ing lifelong eating patterns and self-regulation skills, we
hypothesised that parent and child nutrition education,
commencing at preschool age, would have the greatest
impact on subsequent dietary changes in these children.
Food preferences can shrink during preschool years
and result in decreased diet variety in elementary school
children(21). At the same time, young children begin to
make individual food selections, thus representing a
pivotal opportunity for intervening. Latino parents see
themselves as a key influence on their child’s diet, with
school nutrition education as potentially having a posi-
tive effect(22). However, some Latino immigrant parents
perceive that negative dietary preferences coincide
with their children’s entry in the United States school
system(23). They observe that their children begin to
request westernised American foods, similar to the school
foods they are served (such as pizza), and begin to reject
traditional Mexican foods, such as stews and vegetable
soups. Parents perceive this shift to be less healthy.
Thus, culturally relevant interventions addressing child
food preferences, parenting role modelling and the skills
necessary to make healthy dietary choices may counter
these changes in early childhood.

Therefore, a core objective of the NSFS direct
education component was to provide young children
with opportunities to explore healthy foods, with an
emphasis on fruits and vegetables. The direct education
component for parents sought to build positive parenting
skills and reinforce school educational content at home
to increase the likelihood of behaviour adoption and
maintenance(23).

Since preschool is the time of entry into school for
many children, where they experience a food environment
different than that at home, we expected preschool age to
be the most promising time to develop healthy habits and
to prevent declines in fruit and vegetable consumption.
Thus, the purpose of the current study was to determine
themediating effect of direct pre-schooler and parent nutri-
tion education delivered as part of a multi-level interven-
tion, on changes over 2 years in skin carotenoids, a
biomarker of fruit and vegetable intake, in children of
Mexican heritage.

Methods

NSFS was a 3-year childhood obesity intervention that used
a community-based, participatory research approach in a
Mexican heritage audience(20). The study targeted families
with children aged 3–8 years from two rural school districts
from the same county in California. Over 80 % of the resi-
dents in these districts were of Mexican heritage. Located in
California’s Central Valley, both sites had an economic base
that was primarily agricultural. The largest towns in both
school districts were about 30–45 min from a city with a
population of more than 500 000 in 2010. Though the
two districts were geographically and demographically
similar, families in the comparison group lived in one of
the four smaller communities all in the same school district,
whereas intervention families were drawn from one larger
community in the other school district. Criteria for selection
of the sites included not having an active, comprehensive
nutrition intervention at the time of selection (beyond rou-
tine or usual class activities) and agreement by local leaders
and the school districts to work with researchers. At base-
line in 2011, more than 90 % of students were eligible for
free or reduced-price lunches.

NSFS was a quasi-experimental study that randomly
assigned the school districts by coin toss to either the inter-
vention or comparison group. Eligibility requirements
for families included: (1) having at least one child aged
3–8 years by 15 January 2012; (2) being of Mexican heritage
(at least one parent) and (3) residing in one of the two
selected school districts selected for the study. For house-
holds where two or more children were enrolled in the
study, interviewers collected parent-reported dietary data
for only one child who was 4–5 years old at baseline, or
the youngest child if none were in that age range. This
age range was selected to capture change as children tran-
sitioned from preschool to elementary school.

Intervention components
In the intervention community, children in preschool
through third grade received evidence-based nutrition edu-
cation curriculum developed by the University of California
Cooperative Extension (UCCE) programme (https://uccal
fresh.ucdavis.edu/curriculum/youth). Intervention curricula
aligned with the California Department of Education state
standards. Each lesson consisted of several activities, which
could be done separately or all at once. UCCE nutrition
educators provided training and technical assistance so that
fidelity to lessons was maintained. These lessons were
co-delivered by nutrition educators and classroom teachers.

Preschool and transitional kindergarten classes were
provided with Happy, Healthy Me Nutrition Education
lessons/kits during the course of the intervention (https://
ucanr.edu/sites/NSFSNutEduc/). Each lesson/kit included
a central nutrition storybook that linked to several
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kindergarten readiness activities. All supplies necessary to
carry out a multitude of hands-on, experiential learning
opportunities to foster student interest and comprehension
were provided. Teacher-facilitated group and individual
self-direct and self-correcting activities allowed for a variety
of instructional strategies throughout the week. Music, art,
multiculturalism, science, food preparation, tasting, time
outdoors, emotion regulation and social skills were
integrated. Materials for both the teacher and student were
available in English and Spanish. Kindergarten, first and
second grade classes used the grade-appropriate Farm to
Fork curriculum, which emphasises a connection between
local food systems, garden-based learning and the estab-
lishment of healthy habits. These experiential lessons
engage children in learning about healthy food and fitness
choices. An emphasis is placed on eating a variety of nutri-
tious foods, in alignment with MyPlate. The third grade
classes received Reading Across My Pyramid curriculum.
These literacy-based lessons taught general nutrition and
food safety concepts.

Teachers recorded the number of lessons delivered
and the total hours spent using the materials, including
preparation and class time. NSFS research staff maintained
Excel (version 14.07197.5000, Microsoft Corp., 2010)
spreadsheets of participant assignments to each classroom
for 3 years of the study. Prior to 2012, no nutrition educa-
tion programmes had been provided by UCCE in the inter-
vention school district. Starting in 2012, UCCE began
phasing out nutrition education in the comparison district,
most of which was provided to older, non-eligible children,
until the end of the NSFS intervention.

A local Spanish-speaking nutrition educator, trained
by a nutrition specialist, facilitated the family night parent
education. Based on the Social Cognitive Theory, parent
nutrition education was culturally adapted and focused on
recommended key child obesity prevention messages(23).
Theoretical constructs were woven throughout the 3 years
of sessions and included such things as monthly goal setting,
positive reinforcement, building self-efficacy, skill building
activities, environmental cue awareness and positive role
modelling. Each session lasted about an hour and included
food demonstrations and hands-on activities. Alongwith free
nutrition education classes (family nights) for the parents,
families in the intervention were provided with vouchers
worth $US25 a month to buy fresh produce at the local gro-
cery store. The parents in the comparison community only
received workshops unrelated to nutrition on topics of inter-
est to the community, such as helping children succeed in
school and managing stress.

Local Spanish-speaking promotoras (lay workers)
helped with recruitment, community events, child care
and data collection. Promotoras also phoned participants
to schedule classes and kept a log of attendance on the
day of class. Process evaluation data were collected for
each session and entered into an Excel spreadsheet. To
accommodate parents’ needs, the promotoras provided

child care and the educator led multiple sessions during
the day and evening, covering the same topic each month.
Twenty-two stand-alone classes were offered, including an
orientation and a healthy food cook-off event.

Outcome measure and other variables
As a biomarker for fruit and vegetable consumption,
skin carotenoid intensity scores (CAROT) were measured
in the children using Resonance Raman Spectroscopy.
This method exposes skin tissue at a single point to a beam
of blue wavelength light (λ = 473–488 nm) that is then
bent to a green wavelength (λ= 510 nm). Carotenoids
are the only compounds known to bend a 473 nm
light to 510 nm which enables the Resonance Raman
Spectroscopy scanner to detect carotenoid levels in the
skin. The resulting measurement is a score ranging from
0 to 70 000 and above. Studies have demonstrated positive
correlation between skin carotenoid levels and fruit
and vegetable consumption in adults and children(24–26).
In Mexican-origin children, measurement of skin carote-
noids is correlated with dietary intake of vegetables
(r= 0·41, P = 0·03, n 51)(25). Also, changes in skin carote-
noids closely follow plasma carotenoid changes, as shown
in a controlled feeding trial providing a broad range
of carotenoid intakes(26). Duplicate measurements were
recorded in the fall of 2013 (i.e. at the beginning of the
second intervention year) and fall of 2015 (i.e. 2 months
after the end of the intervention).

Starting in 2011, bilingual researchers, not involved in the
delivery of the classes, collected baseline data on education,
acculturation, marital status, employment, hours spent work-
ing outside the home and other socio-economic variables(20).
Interviews took place in homes, the field office or schools
and in participants’ preferred language (English or
Spanish). Acculturation level was determined using the
Brief Acculturation Rating Scale for Mexican Americans(27),
with a negative score indicating lower acculturation. To
account for the dynamic nature of the acculturation process,
country of birth and the percentage of life spent in the United
States were also obtained.

Data handling and analysis
Data for this analysis were derived from the main NSFS
database. Independent variables were created to define
exposure of parents and children to nutrition education.
To determine exposure level of parents, a continuous
variable (attendance: range 0–22) was constructed, based
on the parent class attendance logs. To determine the expo-
sure level of children, the authors merged the number of
hours of nutrition education provided by the teacher and
UCCE staff records on the number of lessons delivered with
NSFS class lists. Correlation between the number of lessons
delivered and total teacher hours was very good
(r= 0·71, P < 0·0001). Since children aged 3–8 years were
eligible for the study, only some children were enrolled
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in preschool during the 3 years of the intervention. Thus,
based on birth date of the child and class lists, it was pos-
sible to define school status as childwas: 0 = age eligible for
preschool (3–5 years) but not enrolled; 1 = age eligible for
preschool and enrolled during either year 1 or 2 of the NSFS
study; or 2= too old for preschool, already in kindergarten
or elementary school. By year 3 of the study, all NSFS
children were old enough to be in kindergarten or elemen-
tary school. The outcome (i.e. dependent variable) was
changed in children’s skin carotenoid intensity scores
(diffCAROT), based on the difference between measure-
ments (fall 2015 minus fall 2013 average skin carotenoid
scores). Thus, a positive sign on the change variable indi-
cated improvement in this biomarker for fruit and vegetable
intake.

SAS for Windows (version 9.3, 2010) was used in the
analysis. Descriptive statistics were used to present means
(or medians for non-normally distributed variables) and
frequencies. For bivariate analyses, χ2 or Fisher’s exact test
was used for categorical variables and Student’s t test
(normal distribution) or Wilcoxon tests (non-normal
distribution), for continuous variables. The dependent
variable (diffCAROT) was normally distributed, as deter-
mined by the Shapiro–Wilk’s test.

ANOVA was used to examine the effects of group,
parents’ nutrition exposure and children’s nutrition expo-
sure on diffCAROT. Child’s agewas included as a covariate,
along with skin carotenoid level in 2013, mother’s birth-
place (US or Mexico), mother’s age and household partici-
pation in the Supplemental Nutrition Assistance Program
(SNAP). For children, the analytical approach first deter-
mined whether an interaction between group and school
status existed because of the possibility that comparison
children might have received some routine classroom
nutrition education through community programmes not
accounted for by the research team.

Though no nutrition education classes for parents were
offered in the comparison community, somemothers in the
intervention community attended no (or very few) classes.
Thus, the analytical approach sought to determine how
much of the intervention group effect on children’s
diffCAROT scores was mediated by the parents’ level of
participation in adult nutrition classes. Mediation analysis
has been used by researchers to identify and refine critical
components of multi-level interventions(28). While media-
tors often include child-, family-, school- or peer-level
determinants of behavioural outcomes(29), process indica-
tors may be used. Significance level was P< 0·05.

Results

The NSFS database contained 392 children with diffCAROT
values, measured from 2013 to 2015. Complete data for
the subsample analyses, including only one child per house-
hold, were available for 212 children in the intervention
group and 104 in the comparison group (n 316). As shown
inTable 1, these groups did not differ significantly at baseline
in child’s gender or BMI at baseline; mother’s education;
household income (total monthly or as a proportion of the
federal poverty line) or participation inWIC. However, inter-
vention children and parents were significantly older com-
pared with controls (P= 0·02, P= 0·03, respectively).
There was a tendency for more of the comparison mothers
to have a Mexican birthplace, compared with intervention
mothers (P= 0·07). More comparison than intervention
households were currently participating in SNAP (P= 0·01).

As shown in Table 2, significant differences in school
status during the study were evident among the groups
(P= 0·0001). Among children in the intervention group,
27 % (n 58) were exposed to the UCCE preschool nutrition
education programme, compared with 14 % (n 15)

Table 1 Characteristics of Mexican-heritage children and their families by study group (n 316)

Variable

Intervention (n 212) Comparison (n 104)

PMedian IQR Median IQR

Child’s age (years), 2012 6·1 1·8 5·6 1·9 0·02*
Mother’s age (years), 2012 34·0 10·2 31·1 9·7 0·03*
Mother’s education (years) 9·0 6 9·0 6 0·28*
Income (proportion of Federal Poverty Level), 2012 0·79 0·50 0·77 0·52 0·42*
Child’s BMI z-score, 2012 0·96 1·00 0·96 1·10 0·98†
Skin carotenoid intensity score, 2013 26 972 9350 28 161 8645 0·27†
Skin carotenoid intensity score, 2015 28 390 8582 24 687 8465 0·0003†
Skin carotenoid intensity score, difference (year 2015–2013) þ1419 9540 −3473 9272 0·0001†

n % n %

Child’s gender (male) 108 50·9 44 42·3 0·15‡
Mother’s birthplace (Mexico) 164 77·3 90 86·5 0·07‡
Enrolled in SNAP (yes), 2015 92 43·5 61 58·7 0·01‡
Enrolled in WIC (yes), 2015 73 36·8 48 46·2 0·11‡

IQR, interquartile range; SNAP, Supplemental Nutrition Assistance Program; WIC, Special Supplemental Nutrition Program for Women, Infants, and Children.
*Analysed by Wilcoxon test.
†Analysed by t test.
‡Analysed by Fisher’s Exact test.
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exposed to routine preschool programmes in the compari-
son community. No significant difference was observed in
enrolling or not an age-eligible child (3–4 years old) in pre-
school among mothers who finished their schooling in
Mexico (18 %, n 35) or the US (16 %, n 20) (P = 0·36).
Similarly, mother’s birthplace was unrelated to child’s
exposure to preschool (data not shown). Children’s overall
exposure to nutrition education, as reflected in both num-
ber of lessons and total teacher time spent in delivery, was
significantly higher in the intervention than comparison
group. In the intervention group, the median number of
classes parents attended was 10 (of twenty-two sessions
offered), with 25 % attending three or fewer; no classes
were offered in the comparison community.

The unadjusted correlation coefficients are shown in
Table 3. Attendance at parent nutrition classes was posi-
tively correlated with increase in skin carotenoids
(diffCAROT) over time. Number of lessons and teacher

hours spent in delivery were also positively correlated with
diffCAROT.

Since parent attendance at nutrition education classes
was significantly related to both the group (Table 2) and
the outcome variables (Table 3), Table 4 presents the role
of this component in mediating the overall effect of the
multifaceted intervention on diffCAROT scores (2015–2013
measurements). Model 1 in Table 4 shows the magnitude
of the full intervention on the outcome, controlling for
potential confounders (þ5016 units, P< 0·0001). Model 2
in Table 4, which did not include the group variable, shows
much smaller effect on the outcome of parent attendance
only (þ337 units per class, P< 0·0001). In model 3 in
Table 4, a partial mediation effect of parent attendance on
the relationship between group and outcome was observed
(þ2970 units, P< 0·02).

Figure 1 shows that the effect of child nutrition educa-
tion on diffCAROT depends on whether or not the child
was exposed to preschool from 2012 to 2014 (all children
were in kindergarten or higher in 2014–15). The interaction
between child’s preschool status and group was P = 0·06.
Controlling for child’s age, CAROT in 2013, mother’s age,
mother’s birthplace and SNAP, participation in preschool
during the study had a significant positive effect on the
diffCAROT outcome among intervention children com-
pared with controls (P < 0·03). No significant difference
by group was observed among those not enrolled in pre-
school or already enrolled in elementary school.

Discussion

Mexican heritage families participating in a multifaceted,
community-based intervention that included direct

Table 2 Exposure to preschool nutrition education among Mexican-heritage children and parents, 2012–2015

Variable

Intervention Comparison

P *n Mean SD Median IQR n Mean SD Median IQR

Number of nutrition lessons delivered to children at school
Year 1 212 3·8 2·7 4·0 3·0 96 2·3 3·0 0·0 4·0 0·004
Year 2 212 4·9 2·3 5·0 3·0 104 1·5 2·5 0·0 2·0
Year 3 130 5·0 0·2 5·0 0·0 104 0·0 0·0 0·0 0·0
All years 130 14·0 4·4 13·0 5·0 96 3·8 4·1 3·0 7·0

Number of teacher hours spent in school-based nutrition education
Year 1 188 26·0 25·7 18·5 20·0 96 21·7 30·6 0·0 34 0·0001
Year 2 212 23·6 23·1 17·5 17·5 104 6·3 10·1 0·0 13·5
Year 3 130 15·9 11·3 12·0 19·0 104 0·0 0·0 0·0 0·0
All years 110 74·9 43·6 59·8 61·5 96 27·9 33·8 21·3 37

Number of nutrition classes that parents attended (range: 0–22)
All years 212 9·7 6·9 10·0 13·0 104 0·0 0·0 0·0 0·0 0·0001

Variable n % n % P *

School status (2012–2015)
Not enrolled in preschool, age-eligible 14 6·6 41 39·4 0·0002
Enrolled in preschool, age- eligible 58 27·4 15 14·4
No preschool, not age-eligible, already
in elementary school

140 66·0 48 46·2

IQR, interquartile range; SD, standard deviation.
*Analysed by Wilcoxon two-sample test.

Table 3 Pearson correlation coefficients of nutrition education and
other variables with change in Mexican-heritage children’s Skin
Carotenoid Intensity Scores (diffCAROT) (n 316)

Variable n r P *

Children’s exposure to nutrition education:
Number of lessons, all years 226 þ0·22 0·0008
Number of teacher hours, all years 282 þ0·15 0·01

Mother’s exposure to nutrition education (number of classes)
Intervention group only 212 þ0·22 0·001
Both groups 316 þ0·29 0·0001
Child’s age at baseline (years) –0·18 0·001
Mother’s education (years) –0·03 0·65
Mother’s age (years) –0·04 0·43
Income† –0·16 0·008

*Analysed by Pearson correlation coefficient.
†As a proportion of the federal poverty level.
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nutrition education to children and parents showed overall
greater improvement over 2 years in children’s skin carot-
enoid intensity scores than families from a comparison
community. Along with direct nutrition education, the full
NSFS intervention also promoted physical activity at school
and provided participating families with amonthly voucher
to purchase produce. This analysis showed that parent
nutrition education partially mediated the NSFS interven-
tion effect. Although diffCAROT level was positively corre-
latedwith children’s exposure to nutrition education (no. of
teacher hours and no. of lessons), in the multivariate analy-
ses, significant improvement in skin carotenoid scores was
only observed among intervention children enrolled in pre-
school. In other words, an interactive effect was observed
between group and school status during the study period.
This suggests exposure to preschool in the intervention
group contributed to improving fruit and vegetable intake.

Researchers have reported the short-term benefits of
early childhood education, including higher later academic
achievement, school attendance, better social interactions,
more appropriate class behaviour and higher emotional

maturity(30). The nutrient adequacy achieved by participat-
ing in school meal programmes plausibly contributes to
the cognitive benefits seen in children attending pre-
school(1,31). In a mediation analysis, a multilevel interven-
tion that targeted kindergarten children in Europe (the
Toy-Box study) improved some child- and family-level
mediators but did not significantly change child snacking
behaviours, as reported by parents(29). Only a few studies
have examined the benefits of direct early nutrition educa-
tion interventions targeting pre-schoolers(32–34). A US
study reported increased vegetable intake, but not fruit
intake, among low-income preschool children in child care
centres receiving direct parent and child education over
a 6–10 week period(32). A study conducted in Ecuador over
a 7-month period found greater improvement in parent-
reported child snacking behaviours in pre-schoolers
receiving direct child care and home intervention compo-
nents, compared with those only reached in the child care
setting(34). Other studies have reported mixed or no effects
of direct pre-schooler nutrition education on food choices,
with interventions providing opportunities for skill-building

Fig. 1 Change from 2013 to 2015 in Skin Carotenoid Intensity Score (diffCAROT) in response to child exposure to preschool nutrition
education from 2012 to 2014. Controlling for child’s age and other covariates. Bars represent standard errors. Participation in pre-
school during the study had a significant positive effect on CAROT (P< 0·03). , Intervention; , comparison

Table 4 Regression analysis‡ of mediation due to parent nutrition education on change (2015–2013) in Mexican-heritage children’s Skin
Carotenoid Intensity Scores (diffCAROT) (n 316)

Variables

Model 1 Model 2 Model 3

Estimate SE Estimate SE Estimate SE

Intercept þ36 038 3444 þ27 348 3077 þ32 415 3698
Group (0= comparison; 1= treatment) þ5016§ 930 N/A þ2970* 1222
Parent attendance (No. of classes, 0–22) N/A þ337§ 62 þ207† 81
F-value 38·1§ 38·2§ 34·2§
R2 0·43 0·43 0·44

‡All models are adjusted for initial CAROT scores in 2013, mother’s birthplace (US or Mexico), mother’s age and household participation in the Supplemental Nutrition
Assistance Program (SNAP) in 2015.
þIndicates increase in children’s skin carotenoid scores from 2013 to 2015.
*P< 0·05; †P< 0·01; §P< 0·0001.
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and exposure to fruits and vegetables showing the most
promising results(32,33,35,36).

Previous studies have relied on parent-reported
measures of their children’s dietary behaviours, using mea-
sures that are subject to bias. Also, the follow-up periods
were short-term (<1 year). Our study adds to the literature
bymeasuring changes in a biomarker of fruit and vegetable
intake over a 2-year period, in preschool and elementary
school-aged children. In another school-based interven-
tion, skin carotenoid measures were correlated with
student-reported carotenoid intakes from FFQ, but both
measures declined in fourth grade children during the
1-year follow-up(37). No controls were included in the
analysis, and children were older compared with the age
range in the NSFS study. However, our study found no
differences in diffCAROT between groups in children
who were in kindergarten to third grade at baseline.

There are several reasons why attendance at preschool
might increase fruit and vegetable consumption, regard-
less of formalised nutrition education programming.
The first is that often these schools provide snacks and
meals to the children. If they are government sponsored
schools, or if the meals are partially reimbursed, then a
minimum of fruits and vegetables must be included(38).
Most of the children in the NSFS intervention and compari-
son communities were eligible for free or reduced-price
school meals. This means children from both arms of
the study were likely exposed to a variety of nutritious
options, including fruits and vegetables, leading to greater
consumption. However, improvements in skin carotenoid
scores were only seen among children in the intervention
group, which indicates availability at school is not
enough. In preschool settings, children usually eat in a
family-style manner, which leads to increased social pres-
sure to eat what others are eating. This positive peer pres-
sure can result in children being more willing to eat fruits
and vegetables(35), if they are available and intentionally
featured. Teachers may also eat the same meal, adding
a positive model for the students(39). Finally, it is also
worth noting that aspects thought to support a child’s
healthy diet and growth (such as structured nap times,
food-related books, pretend kitchens, structured physical
activity areas and outdoor gardens) are commonly inte-
grated into most preschools.

Preschool participation in both study communities
was low compared with national estimates for Hispanic
children(40,41); yet, enrolment of age-eligible children was
even lower in the comparison community. Parent charac-
teristics, such as age, income, education and place of birth,
have been associated with preschool participation(40,42).
While mothers in the intervention group were older than
controls, they had similar education attainment. No effect
of mother’s birthplace on preschool participation was
observed. Thus, preschool participation might be better
explained by structural and contextual factors – rather than
cultural factors – that perniciously affect the ability of

low-income Latino families to successfully navigate the
education environment(41,43). The extent towhich structural
and contextual factors differentially played in the study
communities was beyond the scope of this study but
warrant further investigation. One explanation is that the
nature of the intervention may have attracted families with
higher levels of motivation to be involved in their children’s
education. This also potentially implies a certain degree
of selection bias occurred despite the cluster randomisation
of the communities.

Parent involvement has been identified as a key com-
ponent of interventions to improve child’s nutritional
status(39,40). Interventions with a parent component have
been found to be more effective when the content closely
aligns with the information covered in the child component
and are simple and actionable, framed in behaviour change
theory and culturally relevant(39,40). The NSFS parent nutri-
tion education was designed to balance cultural
relevance at home with positive nutrition behaviour
changes promoted at school. It also aimed to address
parents’ concerns about changing child preferences
through exposure to non-traditional food at school(23).
In addition, parent sessions were delivered in Spanish
(audience’s preferred language) by culturally competent
educators assisted by promotoras, who had similar back-
ground and live in the same community as participating
parents. By reinforcing nutrition messages received at
school, these focused efforts to the parents likely contrib-
uted not only to the significant increase in skin carotenoid
scores among intervention children enrolled in preschool
but also to the mitigated decrease trend in this biomarker
among older intervention children, comparedwith the con-
trol groups.

There are several limitations to acknowledge.
Measurement of skin carotenoid scores commenced in fall
after the first year of the study; in other words, a true base-
line was not measured. However, there were no significant
differences between the intervention and comparison
groups at the first measurement. The study design rando-
mised communities (not individuals) into the two groups,
raising the possibility that unmeasured community or fam-
ily characteristics may have influenced the results. To mea-
sure children’s exposure, teacher-reported hours spent in
nutrition education and number of lessons delivered were
used in the analysis but there were no data to confirm that
individual children were attentive or even present on all
days that nutrition education was offered in that classroom.
Another potential limitation is that during the first 2 years,
older non-eligible siblings of control children may have
received some nutrition education that influenced their
younger siblings. We are unable to quantify if such con-
tamination occurred. However, NSFS nutrition education
did not commence in the intervention community before
2012, so such an effect would have presented a bias against
the intervention which was significant at P < 0·0001
(model 1, Table 4).
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However, strength of the current study was utilising skin
carotenoid measurement as biomarker of fruit and vegeta-
ble intake in this underserved population. Moreover, the
study was able to monitor changes in this outcome over
a 2-year period, rather than only rely on a short-term
follow-up.

Our findings have implications for public health
professionals who must allocate scarce resources to pro-
grammes that have the greatest impact. Parent and direct
preschool nutrition education may be especially effective
to improve children’s intake of fruit and vegetables, espe-
cially when targeting low-income families and are cultur-
ally relevant in the context of both school and home.
Economists estimate that for every dollar invested in
early childhood education, society benefits fourfold to
tenfold(44). Our current research adds to the list of possible
positive outcomes for early childhood education. An
improvement in skin carotenoid levels indicates increased
patterns of fruit and vegetable consumption. Increases
in fruit and vegetable consumption in early childhood
are likely to track throughout life, improving long-term
health(45,46). Government programmes that aim to improve
dietary practices should consider investing in early child-
hood nutrition education, especially in disadvantaged
communities.
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