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Abstract

Background—The effects of the home environment on child health behaviors related to obesity
are unclear.

Purpose—To examine the role of the home physical activity (PA) and food environment on
corresponding outcomes in young children, and assess maternal education/work status as a
moderator.

Methods—Overweight or obese mothers reported on the home PA and food environment
(accessibility, role modeling and parental policies). Outcomes included child moderate-vigorous
PA (MVPA) and sedentary time derived from accelerometer data and two dietary factors (“junk”
and healthy food intake scores) based on factor analysis of mother-reported food intake. Linear
regression models assessed the net effect (controlling for child demographics, study arm,
supplemental timepoint, maternal education/work status, child body mass index and accelerometer
wear-time (for PA outcomes)) of the home environment on the outcomes and moderation by
maternal education/work status. Data was collected in North Carolina from 2007-2011.

Results—Parental policies supporting PA increased MVPA time, and limiting access to
unhealthy foods increased the healthy food intake score. Role modeling of healthy eating
behaviors increased the healthy food intake score among children of mothers with no college
education. Among children of mothers with no college education and not working, limiting access

Users may view, print, copy, download and text and data- mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use: http://www.nature.com/authors/editorial_policies/license.html#terms

Address correspondence to: Professor Truls @stbye, Department of Community and Family Medicine, DUMC Box 104006, Durham,
NC 27710, Truls.Ostbye@duke.edu, Phone: 919-681-3178.

CONFLICT OF INTEREST
The authors have no conflicts of interest to disclose.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dstbye et al.

Page 2

to unhealthy foods and role modeling reduced “junk” food intake scores while parental policies
supporting family meals increased “junk” food intake scores.

Conclusions—To promote MVPA, parental policies supporting child PA are warranted.
Limited access to unhealthy foods and role modeling of healthy eating may improve the quality of
the child’s food intake.
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BACKGROUND

In the United States 26.7% of children aged 2-5 years are overweight or obese (body mass
index (BMI) = 85™ percentile).(1) While childhood obesity has a complex etiology, the
home environment influences children’s weight by shaping their dietary and physical
activity behaviors.(2, 3)

Aspects of a child’s home environment can promote physical activity. Parents encourage
physical activity in the home through example, via the availability of and accessibility to
play spaces and equipment, and by the norms or rules they establish for physical activity,
such as the amount of time they encourage children to play outside.(4) Children with two
active parents exhibit higher levels of activity than those with one or no active parents.(5)
This may be due in part to genetic predispositions that may encourage movement, but also
through positive norms around an active lifestyle, and increased opportunities for exercise
created by such parents.(5, 6)

A child’s home environment can also promote healthy dietary patterns. For example,
availability and accessibility of fruits and vegetables in the home are positively correlated
with the level of consumption.(7-9) Conversely, access to unhealthy foods, such as
sweetened beverages and unhealthy snacks, is correlated with increased energy intake in
children.(10, 11) Parental “policies” are also critical for healthy dietary patterns and include
regularity of meal times and the number of weekly meals eaten together as a family.(12, 13)
Finally, parents’ role modeling of food preferences and eating behaviors also matter. In fact,
a parent’s positive role modeling may be as important for the prevention of childhood
obesity than their feeding practices (i.e., food restriction and control).(14) At an early age,
children observe their parents’ eating behaviors and typically eat what their parents,
especially their mothers, eat.(15) Early experiences may have a lasting impact on food
preferences and eating behaviors.(16)

All these aspects of the home environment (access, availability, parental role modeling and
parental policies) interact with other, broader, aspects of the family situation. The home
environment is a complex social system and what “works” to promote healthy lifestyle
choices in some families may not work for others. One key individual differentiator in
shaping the relevance of home environment variables may be socioeconomic status (SES).
SES is often defined as household income; but other aspects of SES, such as maternal work
status and education, likely also affect the home environment.(17-19) For instance, work
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status may affect the amount of time a mother is able to interact with her child, which in turn
may limit the effect of role modeling.(20) The mother’s education has a beneficial effect on
child dietary intake(21, 22) and has also been shown to shape her perception of weight
status: a mother with less education is less likely to correctly identify her child as
overweight.(23) Understanding how individual factors, such as SES, can moderate the
influence of multiple facets of the home environment on child dietary and physical activity
behaviors is critical to designing prevention strategies.

Although associations between home environment and childhood obesity have been
reported, only a few studies (10, 11, 24) have explored the concurrent effects of multiple
home environment factors on diet and activity level outcomes. Further, we were unable to
find any studies that explored the role of maternal education and work status as a moderator
of this association. The current study examines the effects of multiple home physical activity
and food environment factors (role modeling, policies, and accessibility), assessed using a
comprehensive measure, on corresponding outcomes in children from a community-based
sample. The study also assesses the potential differences in these associations by maternal
education and work status.

METHODS

Study population and recruitment

The data for the current analyses are from the KAN-DO (Kids and Adults Now — Defeat
Obesity!) study and its supplemental study about the role of the family in the development
of healthy habits. The rationale and design of the KAN-DO study, a randomized control trial
targeting postpartum women and their children aged 2-5, approved by the Institutional
Review Boards of the Duke University Health System and University of North Carolina -
Greensboro and registered with Clinicaltrials.gov (NCT00563264), have been presented in
detail previously.(25) At one of the two post-intervention follow-up visits (approximately 12
months [“follow-up 1”] and 24 months [“follow-up 2] post-baseline) participants in either
the KAN-DO intervention or control group were approached about participating in a
supplemental study. To be eligible for the supplemental study, women must have had
someone living in their home who shared parenting responsibilities (i.e., a “partner”).
Mothers taking part in the supplemental study completed a questionnaire that included the
Home Environment Survey(27) (HES), developed to evaluate how the home environment
can support physical activity and healthy eating in children. Preschoolers (n=208) of the
mothers participating in the supplemental study constituted the primary sample for the
current analysis (see Figure 1 for study flow diagram).

Outcome variables

Dietary Factors—Mothers reported on their preschooler’s intake over the past week of
obesity-related food items using a food frequency questionnaire (FFQ) widely used in North
Carolina public health programs.(28) Using previously described methods(29) we derived
two dietary factor scores from the FFQ items. One factor (“junk” food intake score)
consisted of servings of soda and sweetened drinks,(30, 31) desserts, french fries and chips,
and the number of times fast food was consumed per week.(32, 33) A higher score indicates
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consumption of more “junk” food. Examination of the amount of constituent food items in
each quartile of the “junk” food intake score showed a stepped pattern of consumption with
increasing quartile for each food item. The amount of soda and sweetened drinks consumed
daily seemed to be most influential, increasing from 0.5 ounces in the 15t quartile to 15
ounces in the 4™ quartile. The corresponding increase in the number of times fast food was
consumed was 0.5 times in the 15t quartile to 2 times in the 4™ quartile, and in the number of
servings of french fries and chips from 0.1 servings in the 15t quartile to 0.8 servings in the
4™ quartile. The second factor (healthy food intake score) consisted of servings of milk,
yogurt, and fruits and vegetables.(34, 35) A higher score indicates more consumption of
these healthy foods. Similar to the “junk” food intake score, the amount of constituent food
items consumed in each quartile of the healthy food intake score showed increased with
increasing quartile. For example, the number of daily servings of vegetables increased from
0.9 servings in the 15t quartile to 2.6 servings in the 4t quartile, and of fruits increased from
0.9 servings in the 15t quartile to 2.3 servings in the 4! quartile.

Physical Activity—Preschooler physical activity was measured using Actical
accelerometers(36-38) (model #198-0200, Mini-Mitter Co. Inc., Bend, Oregon). Collection
of accelerometer data for the preschoolers was part of the main study at the baseline and
follow-up 1 visits; for the purposes of these analyses the follow-up 1 accelerometer data was
used for everyone. The Actical provides valid and reliable estimates of physical activity in
preschool children.(39) Children were asked to wear monitors above the right hip for seven
days during waking hours, except while bathing or swimming. Spurious counts, such as
consecutive nonzero minutes lasting more than 20 minutes, were flagged, assessed, and set
to missing if deemed to be invalid. A valid day for inclusion was defined as at least six hours
of wear time. To be included in the analysis, each participant needed to contribute at least
three valid days of accelerometer data, including one weekend day and two weekdays. Data
were summarized as minutes of moderate to vigorous physical activity (MVPA) and
sedentary behavior. MVPA time was defined as = 715 counts/15 second epoch,(39) and
sedentary time as <12 counts/15 second epoch,(40) with more than 20 consecutive minutes
of zeroes constituting non-wear time.

Predictor variables

Home physical activity environment—Three physical activity-related subscales of the
original HES were included in the analyses: “Accessibility of physical activity equipment
and play spaces” (4 items), “Role modeling of physical activity” (6 items) and “Parental
policies in support of physical activity” (5 items). These three subscales are derived from
mean scores of the included items (each item scored on a five point Likert-type scale,
‘Never’ [=0], ‘Rarely’, ‘Sometimes’, ‘Frequently’ and ‘Always’ [=4]). Since the creation of
the original HES did not involve the use of factor analysis(27), to assess their applicability
in our data, we subjected the 15 items of three subscales to an exploratory factor analysis
(EFA), using the principal axis/factors method to extract factors, followed by an oblique
rotation. The presence of three underlying factors was supported by a combination of the
eigenvalues (=1), proportion of variance explained (=10%) and the scree test. Then, factor
loadings were examined for sufficiency (>0.40 on at least one factor) and uniqueness
(loading on other factors at least 0.20 lower than the highest loading). Three items (one from
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each subscale: number of toys in good condition, how often your child heard you say you
were too tired to be active, how often you sent your child outside to play) did not have
sufficient factor loadings for any of the three factors in our data and were deleted. Details of
the three modified subscales, which retain the names of the original subscales, are as
follows: “Accessibility of physical activity equipment and play spaces” (3 items, a=0.65),
“Role modeling of physical activity” (5 items, a=0.80) and *“Parental policies in support of
physical activity” (4 items, a=0.75).

Home food environment—A similar analytical approach was used to assess the
applicability of the items from the three HES food environment subscales (range 0-4)
corresponding to those considered for the physical activity environment: Fat/sweet food
accessibility (4 items), Role modeling of healthy eating (12 items) and Parental policies for
healthy eating (10 items). While the EFA supported the presence of three factors, eleven of
the items did not have sufficient and/or unique factor loadings for any of the three factors.
We therefore reran the factor analysis after excluding these items, and then regrouped the 15
remaining items into three new factors (or subscales) based on their factor loadings. The
score for each of the three subscales reflected the mean score of the included items (each
item scored on a five point Likert-type scale). In the first subscale, “Limited access to
unhealthy foods” (4 items, a=0.62), a higher score indicated that unhealthy foods (soda and
unhealthy snacks) were less accessible to the child. “Role modeling of healthy eating
behaviors” (4 items, a=0.79), included items such as “How often did you eat meals or
snacks when you were bored when your child could see”: a higher score reflected more
limited exposure for the children to unhealthy eating behaviors. The final subscale, “Parental
policies in support of family meals” (7 items, a=0.74) included items such as “How often do
you prepare meals with your child” and “How often did you have regularly scheduled meals
and snacks with your family”, a higher score reflecting stronger parental policies.

Moderator variable and covariates

Analysis

Given the interrelationship between maternal education and work status, mothers were
grouped into four mutually exclusive groups: No college/not working, No college/working,
College/not working, and College/working. Since maternal income and education were
highly correlated (polychoric correlation=0.77, p<.0001), income was not included in these
analyses.

Child age, sex, race (black versus others), study arm, timing of the supplemental assessment
(collected at follow-up 1 or follow-up 2), weight status (based on CDC BMI percentile)(41)
and accelerometer wear time (for physical activity outcomes) were considered as covariates.

Using bivariate linear regression models, we compared mean values of the physical activity
and dietary intake outcomes across categories of the covariates and the moderator variable.
Pearson’s correlation coefficients were calculated to assess the correlation of the home
physical activity and food environment subscales with the corresponding outcomes. Only
participants with complete information on the predictor and outcome variables were
included in the analyses of physical activity (n=149) and dietary intake (n=190) outcomes
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(145 included with both outcomes, 4 with physical activity only, 45 with dietary intake only,
and 14 excluded due to missing data, see Figure 1).

Four separate multivariable linear regression models, one for each of the four outcomes
were performed to examine the association between the home physical activity environment
subscales and the two physical activity outcomes, and the home food environment subscales
and the two dietary intake outcomes. The multivariable models also included the covariates
listed above. To assess whether the relationship between the home physical activity and food
environment subscales and corresponding outcomes varied by maternal education/work
status, interaction terms between the relevant home environment subscales and the maternal
education/work status variable (reference category: No college/not working) were
introduced in the models for each of the four outcomes. Only significant interaction terms
were retained. P-values less than 0.05 were considered statistically significant. To more
directly compare the effect of the different risk factors with each other, standardized betas
were also calculated. All analyses were done using SAS version 9.2.(42)

The children constituting the primary sample for the current analysis (n=208) were
predominantly male (56%), under age 5 (55%), White (85%), and of healthy weight (BMI
<85 percentile; 75%). The mothers were relatively well-educated, although 25% had a high
school degree or less, and 42% were not currently working for pay. The primary sample for
the current analysis did not significantly differ from the overall KAN-DO study sample on
any of the key demographic factors (data not shown). Of the 208 participants 96 were
approached and completed the supplemental questionnaire at the follow-up 1 visit, and 112
different individuals completed the questionnaire at the follow-up 2 visit. Dietary data from
the visit where participants completed the supplemental questionnaire was used.
Accelerometer data from the immediate follow-up 1 visit was used for all supplement
participants in these analyses since accelerometer data were not collected at the subsequent
visit (mean of 238 days between collection of HES and accelerometer data, range from 0—
538 days).

Among the 149 children in the primary sample who had information on the physical activity
outcomes obtained at the time of their follow-up 1 visit, the mean MVVPA and sedentary time
per day was 17 minutes (SE=0.90) and 383 minutes (SE=5.83), respectively. In bivariate
analyses of the physical activity outcomes, older children (=5 years old) had significantly
less sedentary time (371 vs. 396 minutes, p=0.03) and more MVPA time (15 vs. 20 minutes,
p=0.02) than their younger counterparts. Among the 190 children in the primary sample with
information on the dietary intake outcomes, Black children, relative to children of White/
other races consumed more “junk” food (factor score of 0.49 vs. —0.08, p=0.01; Table 1).

Physical Activity Outcomes

The “Parental policies in support of physical activity” subscale was positively correlated
with MVPA time (Table 2). In the multivariable linear regression models (Table 3a),
“Parental policies in support of physical activity” and child age were significantly associated
with MVPA time. None of the three home physical environment subscales was significantly
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associated with sedentary time, though the inverse association of “Role modeling of physical
activity” had a p-value of 0.07. Relative to children of mothers with no college education
and not working, those of mothers in the three other education/work status groups had
significantly higher sedentary time. However, none of the interaction terms between the
home physical activity environment subscales and maternal education/work status were
significant for either of the physical activity outcomes (data not shown).

Dietary Outcomes

The “Limited access to unhealthy food” and “Parental policies in support of family meals”
subscales were positively correlated with the healthy food intake score. All three home food
environment subscales were negatively correlated with the “junk” food intake score (Table
2).

In the multivariable analysis (Table 3b), “Limited access to unhealthy food” was associated
with the healthy food intake score, irrespective of maternal education/work status. However,
the association between “Role modeling of healthy eating behaviors” and healthy food
intake scores was modified by maternal education status. In homes with less educated
mothers, children consumed more healthy food when mothers’ role modeled healthy eating.
In homes with more educated mothers, children ate less healthfully when mothers’ role
modeled healthy eating. Maternal education/work status moderated the association of all
three food environment subscales with “junk” food intake. The inverse association of
“Limited access to unhealthy food” and of “Role modeling of healthy eating behaviors” with
“junk” food intake scores was strongest among children of mothers with no college
education and not working. While there was a positive association of “Parental policies in
support of family meals” with “junk” food intake scores among children of mothers with no
college education and not working, an inverse association was observed among children of
mothers with the other three maternal education/work status combinations (Table 3b; Figure
2).

DISCUSSION

The present study demonstrated significant associations between home environment
measures (parental policies, role modeling, and accessibility) and MVPA time, healthy food
intake score, and “junk” food intake score among preschoolers. Significant associations
were found between demographic measures (child age, race, and maternal education/work
status) and both physical activity and dietary outcomes. We also found evidence that
maternal education/work status modifies the association between one or more of the home
food environment subscales and the two dietary intake outcomes. It is notable that the
moderating effect of maternal education/work status was limited to dietary outcomes.

As presented above, the home environment is complex, including the physical environment,
policies, and role modeled behaviors. The home food environment has been correlated to
child obesity-related behaviors in adolescents(11) and preschoolers.(43) Cooke(44)
previously demonstrated that more meals eaten together as a family is associated with higher
vegetable intake in preschoolers. In our study, the bivariate analyses showed similar findings
for “Parental policies in support of family meals” and healthy food intake scores.
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However, our finding that maternal education/work status modifies the effect of the home
food environment on child dietary intake is notable. The home environment, including
parenting strategies, may be even more important in families of low socio-economic status.
Families with stronger family meal policies, where the mother was less educated and did not
work for pay, exhibited higher child “junk” food intake scores. Although this may seem
surprising given the existing literature about family meals and healthful eating practices, one
potential reason may be that these families” meals include more soda and sugar sweetened
beverages(45, 46) and fast food;(47) however, specific data about the dietary composition of
family meals was not collected in our study.

Low parental education levels have been associated with poorer child diet quality(48, 49)
and increased child obesity(50). Similarly, maternal employment status (full time, part-time
or unemployed) and work hours affect children’s healthy lifestyles and the family food
environment to varying degrees.(51-54) The moderating effect observed in our study may
be due to the effect of SES on the home environment i.e., in homes of mothers with low
education who do not work there may be less healthy food available, so decreasing the
access to highly palatable “junk” foods, especially soda and sweetened drinks, and role
modeling healthy eating is more important for improving child diet quality. An alternative
explanation may be that non-working mothers may be able to spend more time with their
children, and therefore have more opportunities to role model healthy and unhealthy eating.

While the combination of education/work status allowed us to investigate maternal influence
in different subgroups, further research into the interrelationships among maternal
education/work status, other socioeconomic factors, the home environment, child behaviors,
and ultimately, on child weight, is warranted.

Additional research may also examine the extent to which the influences of the home
environment change as the children get older and if (and how) parenting strategies may need
to adapt accordingly. Direct reports from both parents are also important to assess the effects
of concordant/discordant parenting policies and how differently role modeled behaviors may
impact children.

Strengths and Limitations

This study includes a relatively large and diverse sample, a comprehensive measure of the
home physical activity and food environment, and objective measurement of physical
activity. Limitations include the fact that our participants are from homes with two
caregivers, and are somewhat more educated and have higher household incomes than the
North Carolina population.®? These factors may limit the generalizability of our results. The
children in this study are all considered higher risk for overweight since the mothers were
overweight or obese. The dietary outcomes are based on self-reported measures completed
by the mother only. Accelerometer data was not collected at “follow-up 2” which reduced
the analysis sample available for physical activity outcomes. The current analyses are cross-
sectional and any causal inferences are tentative. We did not adjust for multiple
comparisons, so significant associations with p-values close to 0.05 should be interpreted
with caution.
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CONCLUSION

To promote healthy behavior in young children, strategies emphasizing parental behavior
and the set-up of the home environment are warranted. Parental role modeling can be
beneficial in reducing “junk” food consumption and sedentary time. Limiting access to
unhealthy foods can both increase the amount of healthy food and decrease the amount of
“junk” food consumed. To promote physical activity and healthy eating in younger children,
strategies emphasizing family policies, especially those around the encouragement of active
play and limiting access to unhealthy foods are warranted.

The variable effect of the home environment on health behaviors across different
socioeconomic groups is notable: to better prevent and reduce obesity (with healthier
physical activity and food behaviors), different strategies may be needed depending on the
education and work status of the mother.
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Figure 2. Association of three home food environment subscales, with “junk” food intake score,
and of parental role modelling of healthy eating behaviors with healthy food intake score, by
maternal education/work status (College & Not working [——], College & Working[---], No
college & Working [ #+++sss4+] and No college & Not working [ s « 4]

Note: Each graph reflects the score for a child of average age (57.6 months), male, Black, in
the control arm, assessed at follow up 1, and with average scores on the two home food
environment subscales not represented on the X-axis.
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