
Jiang et al. BMC Public Health         (2023) 23:2301  
https://doi.org/10.1186/s12889-023-17179-1

RESEARCH

Mediation of the association between social 
environmental characteristics of family childcare 
home and weight status in children by diet 
quality
Qianxia Jiang1*, Patricia Markham Risica2,3, Alison Tovar2,3, Kristen Cooksey Stowers4, Marlene B. Schwartz5,6, 
Caitlin Lombardi5 and Kim M. Gans2,3,4 

Abstract 

Background The food and beverages served in family childcare homes (FCCHs) may play an important role 
in the development of childhood overweight and obesity. This analysis examines whether children’s diet quality medi-
ates the relationship between foods and beverages served in FCCHs and preschool-aged children’s weight status.

Methods Trained and certified staff conducted observations for two days in each FCCH, using the Environment 
and Policy Assessment and Observation (EPAO) measure to determine the foods and beverages served to children 
(N = 370) in FCCHs (N = 120). They also used the Dietary Observation in Child Care (DOCC) protocol to assess children’s 
food and beverage intake during childcare, from which we calculated the Healthy Eating Index-2015 (HEI), a measure 
of diet quality. Height and weight were measured for each child with parent consent from which the child’s body 
mass index (BMI) z-scores were calculated. A multilevel mediation analysis was conducted to indicate whether chil-
dren’s diet quality mediates the relations between food and beverage served in FCCHs and preschool-aged children’s 
weight status.

Results Children’s total HEI scores significantly mediated the relationship between the EPAO subscale Food Provided 
and children’s BMI z-scores (B=-0.01, p < .05, 95% CI = [-0.03, − 0.002]). Further, the EPAO subscale Food Provided 
was positively associated with the total HEI score (B = 0.75, p < .01, 95% CI = [0.32, 1.18]). Total HEI scores were nega-
tively associated with BMI z-score (B=-0.01, p < .05, 95% CI = [-0.02, − 0.001]).

Conclusion Children’s diet quality did significantly mediate the relationship between the food served in FCCHs 
and children’s weight status. More longitudinal studies with longer follow-up periods need to be conducted to con-
firm these relationships. Further, future studies need to examine the relationships between a broader spectrum 
of FCCH environmental characteristics and home environment with children’s weight status, as well as other media-
tors including physical activity.
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Introduction
The prevalence of obesity among preschool aged chil-
dren has increased in the past 30 years [1], with 13.7% of 
2-5-year-old children experiencing obesity in 2018 [2]. 
Childhood obesity is a significant predictor of adulthood 
obesity [3] and is associated with physical and psycho-
logical comorbidities [4–9]. Therefore, it is important to 
examine how children’s environments, such as childcare 
settings, may be changed to prevent, instead of contrib-
ute to, the risk of excess weight gain [10–13].

Childcare becomes an essential environment for the 
prevention of childhood obesity given that children who 
attend childcare spend an average of 35  h per week in 
such settings [14]. A systematic review in 2018 concluded 
that the associations between the early childcare social 
environment and young children’s weight status were 
likely mediated by the nutrition and physical activity 
behaviors that affect children’s energy balance [14]. Spe-
cifically, the calorically dense foods and beverages served 
in early childcare settings likely lead to excess energy 
intake, which in turn affects children’s weight status [14]. 
Family Childcare home (FCCH) is a type of early child-
care setting where a provider cares for a small group of 
children in his/her home [15]. Compared to center-based 
early childcare settings, FCCHs have different environ-
ments such as having home-based environments, flexible 
hours, and smaller groups of children at multiple ages 
[16]. Children who attend out-of-home childcare care, 
especially less formal types of care such as FCCHs may 
have an increased risk of childhood overweight or obe-
sity [12, 17–22]. One reason may be that the foods and 
beverages offered in FCCHs are less likely to meet nutri-
tion standards set by the Child and Adult Care Food Pro-
gram (CACFP) than in center-based childcare settings 
[12]. However, to the author’s knowledge, no study has 
explored whether the food or beverages served in FCCHs 
is related to children’s weight status mediated through 
children’s diet quality.

Thus, the aim of the present study is to examine 
whether the observed food and beverages served in 
FCCHs are associated with preschool-aged children’s 
weight status mediated through children’s diet quality. 
We hypothesized that food and beverage served in FCCH 
is related to children’s diet quality which in turn is related 
to children’s weight status.

Methods
Participants and FCCHs
The present study utilizes baseline data from Healthy 
Start/Comienzos Sanos study, an 8-month cluster 
randomized controlled trial examining the efficacy 
of a multicomponent intervention to improve nutri-
tion and physical activity environments in English 

and Spanish-speaking FCCH [23]. Details about study 
recruitment, intervention, and evaluation as well as 
study results have been described in full elsewhere, [23, 
24] and the methods relevant to the current analyses are 
described below. The Institutional Review Boards of the 
University of Connecticut, Brown University, and Uni-
versity of Rhode Island approved all study procedures 
and materials.

To meet study eligibility requirements, FCCHs had to 
be within 60 miles of Providence, Rhode Island, and had 
to have been in operation for at least 6 months. FCCH 
providers had to read and speak Spanish or English, pro-
vide meals and snacks for children, and care for at least 
two 2-to-5-year-old children for at least 10  h per week. 
Data was collected from November 2015 to July 2018. 
Eligible providers completed a baseline telephone survey 
(13 questions) and in-person survey (26 questions) at the 
FCCH. Each survey lasts approximately 30  min. A two-
day observation was scheduled when at least one parent 
of an eligible child consented for that child to participate. 
All measures were conducted or administered by trained 
project staff. Providers received $25 for completing the 
baseline in-person survey and $50 for the two-day obser-
vation. Children received a reusable water bottle as a 
thank you gift and parents received a $20 gift card.

Measures
Demographics and other provider  characteristics
Providers were asked to provide information about their 
sex (male, female, or refuse to answer), race (White, 
Black or African American, American Indian or Alaska 
Native, Asian, Native Hawaiian or Other Pacific Islander, 
other races not mentioned above, unknown), [25] eth-
nicity (Latinx/non-Latinx) [25] in a telephone survey 
and the following variables on an in-person survey: age, 
household income (less than 25k, 25k – 50k, 50k -75k, 
75k-100k, more than 100k), marital status (single, mar-
ried or living with a partner, divorced, separated, wid-
owed), education (less than high school, high school or 
GED, associate’s degree, Bachelor’s degree, Master’s 
degree or higher), years in the U.S., country of origin 
(U.S./non-U.S.), years as a childcare professional, num-
ber of children currently in their care (and how many are 
their own children or grandchildren) and whether the 
FCCH was enrolled in the CACFP.

Weight status
Children’s body weight and height were measured using 
an established research protocol [26]. The research staff 
member conducting measurements set up equipment 
in a space visible to, but located away from the main 
childcare activities. Children with parental consent 
who assented to the measurement came to the area to 
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be measured one at a time. Height was measured using 
a SECA portable stadiometer to the nearest 8th of an 
inch. Weight was measured using a Tanita digital scale 
to one decimal place. Measurements were repeated 
three times and averaged for each child. Body mass 
index (BMI) was calculated as weight(kg)/height(m²) 
and BMI z-scores were calculated based on each child’s 
sex, age and BMI according to the Centers for Disease 
Control (CDC) growth charts. Per CDC guidance, 
overweight was defined as BMI > 85th percentile and 
obesity as BMI > 95th percentile [27].

Food and beverage environment in FCCH
To assess the food and beverage environment, we used 
the validated Environment and Policy Assessment 
and Observation (EPAO) instrument [28]. The EPAO, 
originally developed for use in childcare centers, was 
modified to assess the FCCH environment [29, 30]. 
One or two field observers (two observers in FCCHs 
with more than three children) conducted the EPAO 
observation in each FCCH for two full childcare days, 
which included at least two eating occasions (breakfast, 
morning snack, lunch, afternoon snack, and/or din-
ner). Observations began before children ate breakfast 
and ended when children left for the day. The nutri-
tion-related sections of the EPAO assess compliance 
with 38 nutrition best practices. Each practice is rated 
on a scale of 0–3, where higher scores indicate better 
compliance. The best practices are grouped and aver-
aged into 7 sub-scale scores, each reflecting an aspect 
of the overall nutrition environment within FCCHs. In 
the current study, we used the first two subscales: Food 
Provided (amount, type, and quality of food provided 
to children during meals and snacks), and Beverages 
Provided (amount, type, and quality of beverages pro-
vided to children during meals and snacks). The Food 
Provided subscale included serving of 12 types of food 
(i.e., whole fruit; fruit with syrup; total vegetables; dark 
green, orange, yellow vegetables; vegetables with added 
fat; fried potatoes; fried meat; high-fat meat; low-fat 
meat; high-fiber whole grain foods; high-sugar high-fat 
foods; and high-salt high-fat snacks). Beverages Pro-
vided subscale included serving 5 beverages (i.e., water; 
fruit juice; sugary drinks; milk; flavored milk). Obser-
vations from the two days were combined to create a 
single, continuous set of subscores and an overall score. 
Detailed notes about the FCCH environment and pro-
viders’ nutrition and physical activity practices were 
recorded by the observer during the home visit. Forms 
were reviewed for accuracy and completeness by field 
staff. Additional review was conducted by data staff 
[23].

Children’s diet
Children’s dietary quality was measured by calculating 
the 2015 Healthy Eating Index (HEI) score [31] with two 
days of dietary data collected using the Dietary Obser-
vation in Child Care (DOCC). The DOCC is a reliable, 
valid visual observation technique for measuring chil-
dren’s dietary intake developed by Ward and her team 
[32, 33]. During the DOCC certification process, field 
staff need to accurately estimate at least 80% of 20 meas-
ured portions of food that a child would typically eat. 
Field staff must achieve 80% inter-rater reliability with a 
“gold standard” observer in the field at a FCCH to pass 
the certification. The quality of observations was con-
tinually assessed throughout dietary data collection such 
that observers needed to pass the certification process 
annually, and participate in structured monthly practice, 
quarterly validity checks, and semi-annual inter-rater 
reliability checks. Trained and certified data collectors 
observed all meals/snacks over two days and estimated 
the amount of food and beverages served and consumed 
for each child. These data were entered into Nutrition 
Data System for Research (NDSR) [34] to calculate an 
average daily HEI score. The total HEI score is a sum of 
13 dietary components sub-scores based on two-day 
averaged score, ranging from 0 to 100, with higher scores 
indicating better diet quality [31]. A score of 80 or higher 
reflects a high-quality diet among preschool aged chil-
dren [35]. HEI component scores are calculated as intake 
per 1000 calories (except for fatty acids which is scored as 
a ratio of unsaturated to saturated fatty acids) with maxi-
mum score of 5 or 10 for each component. These compo-
nents include total vegetables (5), greens/beans (5), total 
fruit (5), whole fruit (5), whole grains (10), dairy (10), 
total proteins (5), seafood plant protein (5), fatty acids 
(10), sodium (10), refined grains (10), added sugars (10), 
and saturated fats (10) [31].

Analysis
A multilevel mediation analysis was conducted to 
examine two questions. First, are there any direct 
effects of the food and Beverages Provided in FCCHs 
(measured by the EPAO) on children’s BMI z scores? 
Second, are these effects mediated by children’s diet 
quality, as measured by HEI scores? Building on the 
classic mediation model that assumes independent 
observations, [36] many mediation analyses have been 
extended to the multilevel context [37–39]. Many inter-
vention programs are conducted in group settings such 
as schools and community groups [40, 41]. As indi-
viduals within a cluster tend to be more similar than 
those selected from different clusters, the statistical 
assumption of independence of units is violated. Thus, 
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statistical multilevel analyses are needed to account 
for clustering [42] or it may lead to invalid results [43]. 
The data collection of the current study occurs at two 
levels. Because multiple children were sampled within 
each FCCH, all models account for children clustered 
within FCCHs. In each model, data collected at the 
child level are called level-1 data, while data collected 
at the FCCH level are called level-2 data. In the current 
study, a 2-1-1 model was employed, which corresponds 
to measurement levels of the independent (i.e., FCCH 
Food Provided / Beverages Provided – level 2 data), 
mediator (i.e., child diet quality (HEI) – level 1 data) 
and outcome (i.e., weight status – level 1 data) varia-
bles, respectively (Fig.  1). This two-level model, which 
allows for grouping of child outcome within FCCHs 
included residuals at the child and FCCH level [43].

Parameters for the models, including fixed effects of 
independent variables and mediators as well as random 
effects of mediators (only random intercepts between 
mediators and the outcome were estimated), were esti-
mated using restricted maximum likelihood estimation 
[44]. The FCCH level independent variables did not 
vary at the individual level; therefore, the within-group 
effects of the independent variables were omitted and 
the mediation effects are presented as between-group 
indirect effects (i.e., the effect of the group differences 
in independent variables on the outcome through the 
mediator) [44]. The significance level was set at p < .05. 
A bootstrapping approach was used to determine if this 
mediation effect is statistically significant [45]. All anal-
yses were conducted in Stata SE 16 [46].

Results
Participants
A total of 120 female FCCH providers (67.5% Latinx, 
42.5% White, 15% Black, 75% married or living with a 
partner) were included in the current study. Participant 
providers averaged 48.9 (SD = 9.0) years old and about 
60.8% had yearly household income less than $50K; 
43.3% had a high school degree/GED or less. The major-
ity (82.5%) accepted Child and Adult Care Food Program 
(CACFP) subsidies. See Table 1.

A total of 370 children (51% girls, 58% Latinx, 47% 
White, 10% Black) were included in the current study. 
Children averaged 3.5 (0.98) years of age. Among chil-
dren, the mean (SD) BMI z-score was 0.7 (SD = 1.2), and 
about 35% of children having overweight or obese. The 
majority of children ate breakfast (84%) and lunch (97%) 
at the FCCH. On average, they spent 7.6 h per day at the 
FCCH. See Table 2.

Multilevel mediation models of diet quality (total HEI 
scores) in relationships between environment and weight 
status (zBMI)
The EPAO Food Provided score averaged 2.1 (SD = 0.4) 
out of 3 and Beverages Provided score averaged 1.3 
(SD = 0.5) out of 3 among FCCHs. The child HEI score 
averaged 62.1 (SD = 12.5) out of 100.

Path c
The multilevel mediation analyses did not detect 
significant associations between the environmen-
tal scores (i.e., Food Provided (B = 0.005, p > .05, 

Fig. 1 Illustration of a 2-1-1 multilevel mediation model.  Path a represents the effect of the FCCH food environment on child diet quality. Path b 
represents the effect of child diet quality on child weight status controlling for the FCCH environment characteristics. Path c’ represents the direct 
effect of Food Provided and Beverages Provided in FCCH on child weight status. All paths represent between-group effects
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95%CI=[-0.03,0.04]) and Beverages Provided 
(B = 0.013, p > .05, 95%CI=[-0.04,0.07])) and children’s 
BMI z-scores. Baron and Kenny suggest that if there is 

no relationship between independent variable and out-
come variable, there is no need to test for mediation, 
however this interpretation is controversial [36]. We 
moved forward with the mediational analysis because 

Table 1 Family childcare provider demographics

Variable Category ALL (n = 120)
% (n)/ Mean (SD)

Gender

Female 100 (120)

Ethnicity

Latinx 67.5 (81)

Non-Latinx 32.5 (39)

Race

White/ Caucasian 42.5 (51)

Black 15 (18)

American Indiana 3.3 (4)

Native Hawaii 2.5 (3)

Other 23.3 (28)

Multi race 2.5 (3)

Unknown 10.8 (13)

Country born in

US 29.2 (35)

Non-US 70.8 (85)

Marital status

Single 9.2 (11)

Married or living with a partner 75 (90)

Divorced 8.3 (10)

Separated 4.2 (5)

Widowed 3.3 (4)

Yearly household Income ($)

Less than 25k 13.3 (16)

25k-50k 47.5 (57)

50k-75kB 20 (24)

75k-100k 10 (12)

More than 100k 5.8 (7)

Highest level of education

Less than High school 10.8 (13)

High school or GED 32.5 (39)

Associates degree 38.3 (46)

Bachelor’s degree 15 (18)

Master’s degree or higher 3.3 (4)

Age 48.9 (9.0)

Accept CACFP subsidies 82.5 (99)

Hours work per week as a provider 62.4 (13.8)

Number of Children in the care (include own children or grandchil-
dren)

7.7 (3.1)

Years working in early childcare 12.8 (8.4)

Count of best practices met by providers 11.1 (2.3)

EPAO Food Provided score 2.1 (0.4)

EPAO Beverages Provided score 1.3 (0.5)
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we anticipated that the effect size would be small and 
we suspected possible suppression [45].

Path a
The environmental subscale Food Provided was posi-
tively associated with the total HEI score (B = 0.751, 
p < .01, 95% CI = [0.32, 1.18]). This indicates that a higher 
score on the Food Provided subscale was associated with 
better children’s diet quality (Fig.  2; Table  3). However, 
the environmental subscale Beverages Provided was not 
significantly associated with the total HEI score, so no 
further analysis was conducted with beverage variables 
(See Fig. 3; Table 3).

Path b and c’
The total HEI score was negatively associated with BMI 
z-score (B =-0.012, p < .05, 95% CI = [-0.02, − 0.001]) 
when controlling for Food Provided in FCCHs (path b). 
This suggests that better children’s diet quality was asso-
ciated with lower weight status when controlling for 
Food Provided in FCCHs. However, when diet quality 
was included in the model, there was no significant direct 
effect of Food Provided on BMI z-scores (path c’), sug-
gesting the effect of Food Provided on BMI z-scores is 
mediated by children’s diet quality (Fig. 2; Table 3).

There was a significant negative indirect effect of Food 
Provided scores on BMI z-scores through total HEI 
scores (B =-0.009, p < .05, 95% CI = [-0.03, − 0.002]). 
There was no significant indirect effect of Beverages Pro-
vided on BMI z-scores through total HEI scores (Table 3; 
Figs. 2 and 3).

Table 2 Child demographics

Variable Category ALL (n = 370)
% (n)/ Mean (SD)

Gender

Male 48.6 (180)

Female 51.4 (190)

Ethnicity

Latinx 57.6 (208)

Non-Latinx 42.4 (153)

Race

White/ Caucasian 46.8 (168)

Black 10.3 (37)

American Indiana 0.8 (3)

Native Hawaii 0.8 (3)

Asian 0.8 (3)

Other 30.1 (108)

Multi Race 10.3 (37)

Weight Status (BMI z-score) Mean (SD) 0.7 (1.2)

Not Overweight/Obese 65.1 (213)

Overweight/Obese 34.9 (114)

Child Eats Breakfast 
at FCCH

83.8 (310)

Child Eats Lunch at FCCH 96.8 (358)

Child Eats Dinner at FCCH 8.4 (31)

Age 3.5 (0.98)

Hours per Day at FCCH 7.6 (0.86)

Total HEI score 62.1 (12.5)

Fig. 2 Multilevel mediation models of diet quality in relationships between Food Provided and Weight Status
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Discussion
The goal of this study was to examine whether pre-
school-aged children’s diet quality mediates the 
relationship between FCCH food and beverage envi-
ronments and children’s weight status, using objective 
measures of FCCH environments (i.e., food and bev-
erages provided) and children’s diet quality. The study 
found there is room for improvement in the overall 
quality of food and beverage served, as well as children’s 
diet quality. These findings were similar to what others 
have found about the quality of food/beverage served 
[10] and children’s diet quality in FCCHs [10, 47]. Fur-
ther, we found over a third (35%) of the children in the 
current study were classified in the overweight or obese 
categories, [48] which is higher than national estimates 
of 26% overweight/obese prevalence in this age group 
[2]. Thus, it is urgent to improve the quality of foods 
and beverages served in FCCHs to promote children’s 
healthy eating, as well as their healthy weight sta-
tus. We found children’s total HEI scores significantly 

mediated the relationship between the EPAO subscale 
Food Provided and children’s BMI z-scores.

Though the majority (82.5%) of FCCHs in the cur-
rent study enrolled in CACFP, many providers did not 
serve enough vegetables and whole grains, make drink-
ing water available and prompt children to drink it, or 
limit salty/sugary/fatty snacks [13]. Other studies in 
FCCHs also found that many providers did not imple-
ment best practices in serving whole grains and veg-
etables, and foods that are lower in fat and sugar [12]. 
However, most of the baseline data collection for the 
current study was done before October 2017 changes 
to the CACFP guidelines. The updated guidelines have 
addressed some of these issues, such as the requirement 
to offer at least 1 serving of whole grain-rich foods daily 
and the prohibition of homes from offering fried or 
pre-fried food on-site [49]. These changes might help 
encourage children to consume more whole grains and 
reduce their consumption of high-fat foods in FCCHs.

Table 3 Multilevel mediation models of diet quality in associations between FCCHs environment and BMI z-scores

Abbreviation: CI Confidence interval

Note: Path a represents the effect of environment (i.e., Food Provided, and Beverages Provided) on diet quality. Path b represents the effect of diet quality on z-BMI 
controlling for environment. Path c’ represents the direct effect of environment on z-BMI. The confidence intervals of the indirect effects were estimated using 
bootstrapping.  All paths represent between-group effects
* p<0.05, **p<0.01, ***p<0.001

Independent variables Path a Path b Path c’  (Direct Effect) Indirect Effect

B 95% CI B 95% CI B 95% CI B 95% CI

Food Provided 0.751** [0.32,1.18] − 0.012* [-0.02, − 0.001] 0.014 [-0.02, 0.05] − 0.009* [-0.03, − 0.002]

Beverages Provided − 0.200 [-0.98,0.58] − 0.011 [-0.02,0.0001] 0.011 [-0.04, 0.06] 0.002 [-0.01, 0.01]

Fig. 3 Multilevel mediation models of diet quality in relationships between Beverages Provided and weight status
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In mediation models, we found that a higher mean 
FCCH food-provided score was associated with higher 
child diet quality in our sample of FCCHs. Further, we 
found that the FCCH food environment (foods served) 
in FCCHs indirectly affected child weight status through 
child diet quality. Similar to previous studies assessing 
the association between the EPAO Food Provided sub-
scale and child diet quality in FCCHs [10, 47, 50], we also 
found that better FCCH food environments were posi-
tively associated with child overall HEI scores. Together, 
these studies point out the value of improving the quality 
of the food served in FCCHs in order to promote chil-
dren’s healthy eating. Consistent with the findings from 
Benjamin-Neelon et al. (2018), [10] we did not find a sig-
nificant association between the beverage served EPAO 
score and child diet quality. One possible reason might 
be that most FCCHs in the current study served healthier 
beverages and very few of them served sugar sweetened 
beverages or excessive juice, so very little variability was 
assessed in these models. For example, in a prior study 
conducted with the same sample, it was observed that 
over 95% of providers consistently offered 100% fruit 
juice without any added sugar, while refraining from 
serving sugary drinks [51]. Future studies might identify 
the associations of Beverages Provided subcomponent 
scores with the HEI score.

For young children who cannot make health-related 
choices for themselves, an obesogenic environment is 
likely to influence young children’s weight status [52, 53] 
though in the current study, we did not find a significant 
direct effect of Food Provided in FCCHs on child weight 
status. Similarly, previous research conducted in center-
based childcare settings found that the overall nutrition 
environment was not significantly associated with pre-
schooler weight status [54]. However, this study found 
that certain aspects of a healthier food environment such 
as a lower opportunity for high sugar and high fat foods 
were associated with lower BMI percentile in preschool-
aged children [54]. According to Hayes (2017), media-
tion without evidence of a total effect of the independent 
variable means only that on the aggregate, when all paths 
of influence between independent variable and outcome 
variable are added up, they are not linearly related [44]. It 
would be helpful for future studies to examine the asso-
ciations between obesogenic environment and children’s 
weight status.

Although previous research conducted in center-based 
early childcare settings has shown that some aspects of 
the food environment may affect the development of 
childhood overweight and obesity, [54] the indirect rela-
tionships between social environmental characteristics 
of early childcare settings and children’s weight status 
have not been examined. In the current study, we found 

that the food-served environment in FCCHs indirectly 
affected child weight status through child diet quality, 
suggesting that interventions focusing on helping pro-
viders to increase healthy foods and decrease unhealthy 
foods served in FCCHs may play an important role in 
reducing the risk of childhood overweight and obesity 
through the improvement of child diet quality. However, 
the direct and indirect relationships between FCCHs 
social environmental characteristics and children’s 
weight status need to be further assessed through longi-
tudinal studies. In addition, other FCCH environmental 
characteristics that were not included could influence 
weight status such as provider feeding practices, por-
tion sizes, [13] exposure to opportunities to be physically 
active, and screen time. Individual-level child character-
istics such as temperament, appetite regulation and child 
preferences, which were not included, may also be asso-
ciated with weight status.

The current study is the first to examine the associa-
tions between food environmental characteristics of early 
childcare settings and children’s weight status mediating 
through children’s diet quality, in preschool-aged chil-
dren. Our use of the observational measures allowed the 
objective assessment of both the quality of the FCCH 
food environment and the diet quality of children, which 
can be more accurate than the subjective self-reported 
measures used in previous studies. The use of multi-
level analysis also allowed us to account for the clustered 
nature of our data. However, this study does have some 
limitations. First, the causality of the relationships in the 
current study cannot be inferred from the cross-sectional 
design. Additionally, reverse causality is a potential fac-
tor to consider. It is plausible that parents who prioritize 
nutrition may choose FCCHs with better food environ-
ments, potentially influencing the associations observed 
in our study. Future analysis using longitudinal datasets 
is needed to explore whether changes in FCCH environ-
ments lead to changes in children’s weight status over 
time. Secondly, our sample consisted of a majority of 
Latinx providers in certain geographic locations, so the 
results may not be generalizable to a broader population 
of family childcare providers. Furthermore, only two-day 
observation data may not be representative of the usual 
food and beverages served more generally in FCCHs. 
Future studies could aim to capture the variability in both 
the types of food and beverages served in FCCH over a 
more extended period. Additionally, the truncation of the 
EPAO scores within the range of 0–3 may not fully cap-
ture the entire spectrum of variability in the types of food 
and beverages served in FCCHs. Expanding the score 
range would likely result in a more complex and imprac-
tical assessment process. In the current study, we focused 
solely on the scores related to food and beverages served, 
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but it is important to acknowledge that other EPAO 
scores such as feeding practices, may also influence chil-
dren’s diet quality and weight status. In addition, we did 
not measure children’s food intake at home, and chil-
dren’s weight could certainly be affected factors beyond 
childcare settings. Given that children spend their time 
both at home and in FCCHs, future studies could explore 
the cumulative impact of both food and home environ-
ments on weight status.

Conclusion
Overall, the food served in FCCHs has indirect effects 
on preschool-aged children’s weight status through chil-
dren’s diet quality, although longitudinal studies need 
to confirm these relationships. It is crucial to prioritize 
the implementation of regulations and policies aimed at 
improving access to healthy foods within FCCHs. Ensur-
ing that appropriate measures are in place will promote 
healthier dietary choices and prevent childhood obesity.

Abbreviations
FCCH  Family Childcare Home
EPAO  Environment and Policy Assessment and Observation
DOCC  Dietary Observation in Child Care
HEI  Healthy Eating Index
BMI  Body Mass Index
NDSR  Nutrition Data System for Research
CACFP  Child and Adult Care Food Program

Acknowledgements
The authors would like to acknowledge Gemma Gorham and Vanessa Palomo 
who both served as Program Coordinators for the study; Hilda Castillo, the 
Field Coordinator; Rede Reyes, who served as Data Clerk and Senior Research 
Assistant; and Viveka Ayala-Heredia and Ashanti Avalos who also served as 
Senior Research Assistants. We also acknowledge and appreciate the col-
laboration of Leslie Gell and Tania Quezada of Ready to Learn Providence, 
Ligia Diaz and Michele Yun of Children’s Friend and Service, Donna Chartier of 
Family Childcare Homes of Rhode Island, Michelle Bradford of the Cole-Har-
rington Family Child Care System and all the family childcare providers who 
participated in the study.

Authors’ contributions
 QJ. was involved in all aspects of the study and led the writing of the manu-
script. PR. led the writing of the  methods  section and edited the entire paper. 
AT assisted with the  discussion  section, reviewed, and edited the entire 
paper. KCS reviewed the entire paper. MS and CL reviewed and edited the 
entire paper. KG was involved in all aspects of the study, reviewed, and edited 
the entire paper. All authors contributed significantly and approved the final 
manuscript.

Funding
This project was funded by NIH, grant number: NIH: R01HL123016.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
All methods were carried out in accordance with relevant guidelines and 
regulations. The Institutional Review Boards of the University of Connecticut, 

Brown University, and University of Rhode Island approved all study proce-
dures and materials. Informed consent was obtained from all subjects or their 
legal guardians.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Center for Children’s Healthy Lifestyles and Nutrition, Children’s Mercy Kansas 
City, Kansas City, MO, USA. 2 Department of Behavioral and Social Health Sci-
ences, School of Public Health, Brown University, Providence, RI, USA. 3 Center 
for Health Promotion and Health Equity, School of Public Health, Brown 
University, Providence, RI, USA. 4 Department of Allied Health Sciences, Uni-
versity of Connecticut, Storrs, CT, USA. 5 Department of Human Development 
and Family Sciences, University of Connecticut, Storrs, CT, USA. 6 Rudd Center 
for Food Policy and Health, University of Connecticut, Hartford, CT, USA. 

Received: 7 July 2023   Accepted: 7 November 2023

References
 1. Ogden CL, Carroll MD, Lawman HG, et al. Trends in obesity prevalence 

among children and adolescents in the United States, 1988–1994 
through 2013–2014. JAMA - J Am Med Assoc. 2016;315:2292–9. American 
Medical Association.

 2. Ogden CL, Fryar CD, Martin CB, Freedman DS, Carroll MD, Gu Q, Hales CM. 
Trends in obesity prevalence by race and Hispanic origin—1999-2000 to 
2017-2018. JAMA. 2020;324(12):1208–10.

 3. Singh AS, Mulder C, Twisk JWR, et al. Tracking of childhood over-
weight into adulthood: a systematic review of the literature. Obes Rev. 
2008;9:474–88. Wiley/Blackwell (10.1111).

 4. Ayer J, Charakida M, Deanfield JE, et al. Lifetime risk: Childhood obesity 
and cardiovascular risk. Eur Heart J. 2015;36:1371–6.

 5. Sanders RH, Han A, Baker JS, et al. Childhood obesity and its physical and 
psychological co-morbidities: a systematic review of Australian children 
and adolescents. Eur J Pediatr. 2015;174:715–46.

 6. Owens S, Galloway R. Childhood obesity and the metabolic syndrome. 
Curr Atheroscler Rep. 2014;16:436.

 7. Biro FM, Wien M. Childhood obesity and adult morbidities. Am J Clin Nutr. 
2010;91:1499S–505.

 8. Bass R, Eneli I. Severe childhood obesity: an under-recognised and grow-
ing health problem. Postgrad Med J. 2015;91:639–45.

 9. Liang Y, Hou D, Zhao X, et al. Childhood obesity affects adult metabolic 
syndrome and Diabetes. Endocrine. 2015;50:87–92.

 10. Benjamin-Neelon SE, Vaughn AE, Tovar A, et al. The family child care 
home environment and children’s diet quality. Appetite. 2018;126:108–
13. NIH Public Access.

 11. Erinosho T, Hales D, Vaughn A, Gizlice Z, Ward D. The quality of nutrition 
and physical activity environments of family child-care homes in a state 
in the Southern United States. J Acad Nutr Diet. 2019;119(6):991–8.

 12. Francis L, Shodeinde L, Black MM, Allen J. Examining the obesogenic 
attributes of the family child care home environment: a literature review. 
J Obes. 2018;2018.

 13. Gans KM, Tovar A, Jiang Q, et al. Nutrition-Related practices of Fam-
ily Child Care providers and differences by ethnicity. Child Obes. 
2019;15:167–84. Mary Ann Liebert, Inc., publishers 140 Huguenot Street, 
3rd Floor New Rochelle, NY 10801 USA.

 14. Zhang Z, Pereira JR, Sousa-Sa E, Okely AD, Feng X, Santos R. Environ-
mental characteristics of early childhood education and care centres 
and young children’s weight status: A systematic review. Prev Med. 
2018;106:13–25.

 15. National Association of Child Care Resource and Referral Agencies (2010) 
Leaving Children to Chance NACC RRA ’s Ranking of State Standards 
and Oversight of Small Family Child Care Homes 2010 Update National 



Page 10 of 10Jiang et al. BMC Public Health         (2023) 23:2301 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Association of Child Care Resource & Referral Agencies. www.naccrra.org 
(accessed July 2022).

 16. Trost SG, Messner L, Fitzgerald K, et al. Nutrition and Physical Activ-
ity policies and practices in Family Child Care homes. Am J Prev Med. 
2009;41:537–40.Elsevier.

 17. Benjamin Neelon SE, Schou Andersen C, Schmidt Morgen C, et al. Early 
child care and obesity at 12 months of age in the Danish National Birth 
Cohort. Int J Obes (Lond). 2015;39:33. NIH Public Access.

 18. Benjamin SE, Rifas-Shiman SL, Taveras EM, et al. Early Child Care and 
Adiposity at ages 1 and 3 years. Pediatrics. 2009;124:555–62.

 19. Geoffroy MC, Power C, Touchette E, Dubois L, Boivin M, Séguin JR, Trem-
blay RE, Côté SM. Childcare and overweight or obesity over 10 years of 
follow-up. J Pediatr. 2013;162(4):753–8.

 20. Kim J, Peterson KE. Association of infant child care with infant feeding 
practices and weight gain among US infants. Arch Pediatr Adolesc Med. 
2008;162:627–33. Arch Pediatr Adolesc Med.

 21. McLaren L, Zarrabi M, Dutton DJ et al. (2012) Child care: Implications for 
overweight / obesity in Canadian children? Chronic Dis. Inj. Can, 1–11. 
https:// pubmed. ncbi. nlm. nih. gov/ 23294 916/ (accessed February 2022).

 22. Ward DS, Vaughn AE, Burney RV, et al. Keys to healthy family child care 
homes: Results from a cluster randomized trial. Prev Med (Baltim). 
2020;132:105974. Academic Press Inc.

 23. Risica PM, Tovar A, Palomo V, et al. Improving Nutrition and Physical Activ-
ity environments of Family Child Care homes: the rationale, design and 
study protocol of the ‘Healthy Start/Comienzos Sanos’ cluster randomized 
trial. BMC Public Health. 2019;10:49. BioMed Central.

 24. Gans KM, Tovar A, Kang A, Ward DS, Stowers KC, von Ash T, Dionne L, 
Papandonatos GD, Mena N, Jiang Q, Risica PM. A multi-component 
tailored intervention in family childcare homes improves diet quality and 
sedentary behavior of preschool children compared to an attention con-
trol: results from the Healthy Start-Comienzos Sanos cluster randomized 
trial. Int J Behav Nutr Phys Act. 2022;19(1):1–8.

 25. NOT-OD-01-053. : NIH policy on reporting race and ehtnicity data: sub-
jects in clinical research. https:// grants. nih. gov/ grants/ guide/ notice- files/ 
not- od- 01- 053. html (accessed February 2023).

 26. Simko MD, Cowell C, Gilbride JA. Nutrition assessment: A comprehensive 
guide for planning intervention. Jones & Bartlett Learning. 1995.

 27. Prevention C, for DC and Childhood Overweight &, Obesity. https:// www. 
cdc. gov/ obesi ty/ child hood/ index. html (accessed May 2023).

 28. Ward D, Hales D, Haverly K, et al. An instrument to assess the obesogenic 
environment of child care centers. Am J Health Behav. 2008;32:380–6.

 29. Vaughn AE, Mazzucca S, Burney R, et al. Assessment of nutrition and 
physical activity environments in family child care homes: modification 
and psychometric testing of the Environment and Policy Assessment and 
Observation. BMC Public Health. 2017;17:680.

 30. Tovar A, Vaughn AE, Fisher JO, et al. Modifying the Environment and 
Policy Assessment and Observation (EPAO) to better capture feed-
ing practices of family childcare home providers. Public Health Nutr. 
2019;22:223–34. NIH Public Access.

 31. Krebs-Smith SM, Pannucci TE, Subar AF, et al. Update of the Healthy Eat-
ing Index: HEI-2015. J Acad Nutr Diet. 2018;118:1591–602 .Elsevier.

 32. Ball SC, Benjamin SE, Ward DS. Development and reliability of an Obser-
vation Method To Assess Food Intake of Young Children in Child Care. J 
Am Diet Assoc. 2007;107:656–61.

 33. Erinosho TO, Ball SC, Hanson PP, et al. Assessing foods offered to children 
at child-care centers using the healthy eating Index-2005. J Acad Nutr 
Diet. 2013;113:1084–9. NIH Public Access.

 34. Nutrition Coordinating Center NDSR Software. http:// www. ncc. umn. edu/ 
produ cts/ (accessed March 2023).

 35. Guenther PM, Kirkpatrick SI, Reedy J, et al. The healthy eating Index-2010 
is a valid and reliable measure of diet quality according to the 2010 
dietary guidelines for americans. J Nutr. 2014;144:399–407. J Nutr.

 36. Baron RM, Kenny DA. The moderator-mediator variable distinction in 
Social Psychological Research: conceptual, Strategic, and statistical con-
siderations. Volume 51. Psychological Association, Inc.; 1986.

 37. Tofighi D, West SG, Mackinnon DP. Multilevel mediation analysis: The 
effects of omitted variables in the 1-1-1 model. Br J Math Stat Psychol. 
2013;66:290 NIH Public Access.

 38. Kenny DA, Korchmaros JD, Bolger N. Lower level mediation in multilevel 
models. Psychol Methods. 2003;8:115–28. Psychol Methods.

 39. Bauer DJ, Preacher KJ, Gil KM. Conceptualizing and testing random 
indirect effects and moderated mediation in multilevel models: new 
procedures and recommendations. Psychol Methods. 2006;11:142–63. 
Psychol Methods.

 40. Story M, Kaphingst KM, French S, et al. The role of child care settings in 
obesity prevention. Futur Child. 2006;16:143–68 . Princeton University.

 41. Wen X, Chen W, Gans KM, et al. Two-year effects of a school-based 
prevention programme on adolescent cigarette Smoking in Guangzhou, 
China: a cluster randomized trial. Int J Epidemiol. 2010;39:860–76.

 42. Hawkins JD, Brown EC, Oesterle S, et al. Early effects of communities 
that care on targeted risks and initiation of delinquent behavior and 
substance use. J Adolesc Health. 2008;43:15–22. J Adolesc Health.

 43. Raudenbush SW, Bryk AS. Hierarchical linear models: Applications and 
data analysis methods. sage. 2002.

 44. Hayes AF, Rockwood NJ. Regression-based statistical mediation and 
moderation analysis in clinical research: observations, recommendations, 
and implementation. Behav Res Ther. 2017;98:39–57. Behav Res Ther.

 45. Shrout PE, Bolger N. Mediation in experimental and nonexperimental 
studies: New procedures and recommendations. Psychol Methods. 
2002;7:422–45 . American Psychological Association Inc.

 46. StataCorp. (2019) Stata | StataCorp LLC. Texas, USA. https:// www. stata. 
com/ compa ny/ (accessed October 2022).

 47. Tovar A, Benjamin-Neelon SE, Vaughn AE, et al. Nutritional Quality of 
Meals and Snacks Served and Consumed in Family Child Care. J Acad 
Nutr Diet. 2018;118:2280–6 Elsevier.

 48. Kang AW, Gans KM, von Ash T, et al. Physical activity levels among pre-
school-aged children in family child care homes: a comparison between 
hispanic and non-hispanic children using accelerometry. Children. 
2021;8:349. Children (Basel).

 49. US Dept of Agriculture. Nutrition Standards for CACFP Meals and Snacks. 
https:// www. fns. usda. gov/ cacfp/ meals- and- snacks. Accessed 30 Mar 
2022.

 50. Dev DA, Garcia AS, Dzewaltowski DA, et al. (2020) Provider reported 
implementation of nutrition-related practices in childcare centers and 
family childcare homes in rural and urban Nebraska. Prev Med Reports. 
2020;17:101021.

 51. Gans KM, Tovar A, Jiang Q, Mello J, Dionne L, Kang A, Mena NZ, Palomo 
V, Risica PM. Nutrition-related practices of family child care providers and 
differences by ethnicity. Child Obes. 2019;15(3):167–84.

 52. Patrick H, Nicklas TA. A review of family and social determinants of chil-
dren’s eating patterns and diet quality. J Am Coll Nutr. 2005;24(2):83–92.

 53. Hill JO, Wyatt HR, Reed GW, et al. Obesity and the environment: where do 
we go from here? Science. 2003;299:853–5. Science.

 54. Sisson SB, Li J, Stoner JA, et al. Obesogenic environments in tribally-
affiliated childcare centers and corresponding obesity rates in preschool 
children. Prev Med Reports. 2016;3:151–8 . Elsevier.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://pubmed.ncbi.nlm.nih.gov/23294916/
https://grants.nih.gov/grants/guide/notice-files/not-od-01-053.html
https://grants.nih.gov/grants/guide/notice-files/not-od-01-053.html
https://www.cdc.gov/obesity/childhood/index.html
https://www.cdc.gov/obesity/childhood/index.html
http://www.ncc.umn.edu/products/
http://www.ncc.umn.edu/products/
https://www.stata.com/company/
https://www.stata.com/company/
https://www.fns.usda.gov/cacfp/meals-and-snacks

	Mediation of the association between social environmental characteristics of family childcare home and weight status in children by diet quality
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Participants and FCCHs
	Measures
	Demographics and other provider  characteristics
	Weight status
	Food and beverage environment in FCCH
	Children’s diet

	Analysis

	Results
	Participants
	Multilevel mediation models of diet quality (total HEI scores) in relationships between environment and weight status (zBMI)
	Path c
	Path a
	Path b and c’


	Discussion
	Conclusion
	Acknowledgements
	References


