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Abstract

risk.

Background: Children in households of lower socioeconomic status (SES) are more likely to be overweight/obese.
We aimed to determine if home physical activity (PA) environments differed by SES and to explore home
environment mediators of the relation of family SES to children’s PA and sedentary behavior.

Methods: Participants were 715 children aged 6 to 11 from the Neighborhood Impact on Kids (NIK) Study.
Household SES was examined using highest educational attainment and income. Home environment was
measured by parent report on a survey. Outcomes were child’s accelerometer-measured PA and parent-reported
screen time. Mediation analyses were conducted for home environment factors that varied by SES.

Results: Children from lower income households had greater media access in their bedrooms (TV 52% vs. 14%,
DVD player 39% vs. 14%, video games 21% vs. 9%) but lower access to portable play equipment (bikes 85% vs.
98%, jump ropes 69% vs. 83%) compared to higher income children. Lower SES families had more restrictive rules
about PA (2.5 vs. 2.0). Across SES, children watched TV/DVDs with parents/siblings more often than they engaged in
PA with them. Parents of lower SES watched TV/DVDs with their children more often (3.1 vs. 2.5 days/week).
Neither total daily and home-based MVPA nor sedentary time differed by SES. Children’s daily screen time varied
from 1.7 hours/day in high SES to 2.4 in low SES families. Media in the bedroom was related to screen time, and
screen time with parents was a mediator of the SES--screen time relationship.

Conclusions: Lower SES home environments provided more opportunities for sedentary behavior and fewer for
PA. Removing electronic media from children’s bedrooms has the potential to reduce disparities in chronic disease
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Background

Lower socioeconomic status (SES) has been consistently
associated with poorer health in childhood [1,2]. Child-
hood socioeconomic circumstances also shape adult dis-
ease risks and explain in part the origins of adult health
disparities. As with many other aspects of health, chil-
dren in lower SES households in the U.S. and other
developed countries are more likely to be overweight or
obese [3,4].

* Correspondence: pooja@uw.edu

'Seattle Children’s Research Institute, M/S CW8-6, P.O. Box 5371, Seattle, WA
98145-5005, USA

2University of Washington, Seattle, WA, USA

Full list of author information is available at the end of the article

( BioMVed Central

There are likely multiple factors that mediate the
SES--weight status relationship, [5] and it is important
to identify modifiable factors that would improve chil-
dren’s weight-related health behaviors. Children’s health
behaviors develop within an ecological niche, [6] with
the family environment being a critical influence. Factors
such as access to media, parenting practices (e.g., rules
about media), sibling influences, and family habits, may
be important influences on children’s sedentary and
active behaviors [7]. These home environment charac-
teristics may be influenced by the parents’ educational
attainment or income and in turn contribute to differ-
ences in children’s sedentary behavior, physical activity
and ultimately, weight status.
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Except for children’s screen time, which is negatively
associated with SES, [8] family SES has generally not
been found to be related to children’s activity levels, but
further investigation examining parent education and in-
come levels as separate measures is needed [9]. The
present study aimed: 1) to determine if home activity
environments differed by parental education and income
levels and 2) to explore the processes by which the home
activity environment mediates the association of family
SES on children’s physical activity and sedentary behav-
jor. It was hypothesized that the home physical environ-
ment would be less healthful in families of lower SES,
and these families would have less active and more sed-
entary children.

Methods

Participants

Participants were part of the Neighborhood Impact on
Kids (NIK) Study, an NIH funded longitudinal, observa-
tional cohort study of children aged 6 to 11 and a parent
in Seattle/King County, WA and San Diego County, CA
[10,11]. NIK was designed to evaluate the association of
neighborhood and home environmental factors with
children and parent’s weight status and weight-related
behaviors. This study was approved by the Institutional
Review Boards at Seattle Children’s Hospital and San
Diego State University.

Protocol

Participants were recruited September 2007 - September
2008 in San Diego and November 2007- January 2009 in
King County. We attempted to contact a total of 8,616
households, of which 4,975 were screened for interest
and eligibility, and 944 agreed to participate. Among
families agreeing to participate, 730 consented and were
enrolled. The final sample consisted of 713 child—parent
pairs who completed the survey and had valid acceler-
ometer data. Additional details regarding recruitment
and inclusion/exclusion criteria have been previously
published [10].

At a home or clinic visit, parents provided consent
and children provided assent. The parent completed a
survey (online or paper) that assessed, among other
things, access to media and physical activity equipment
at home, children’s sedentary behaviors, household rules
and practices about physical activity and sedentary be-
havior, and sociodemographic information. The complete
NIK survey is available at: http://www.seattlechildrens.
org/research/child-health-behavior-and-development/
saelens-lab/measures-and-protocols. Children and parents
were instructed on having the child wear an Actigraph
accelerometer for 7 days and were provided a log for
recording when the accelerometer was worn. Study staff
called participants several times within the week to

Page 2 of 9

answer questions and encourage daily wearing of the
accelerometer.

Measures

The highest level of reported education of the parent(s)
in the household and the household income were both
used as SES indicators. The original 7 categories for edu-
cational attainment (ranging from < 7™ grade to com-
pleted graduate/professional degree) and 11 categories
for income (ranging from < $10,000 to > $100,000) on
the survey were combined into 3 categories each for
analyses according to the following a priori criteria:
Education- low (<completed high school), medium
(completed college), high (completed graduate degree);
income - low (<£$39,000), medium ($40,000-$89,000),
high (>$90,000). The Spearman’s rank correlation be-
tween household income and highest education in the
household was 0.39. The 2008 median family income
was $87,903 in Seattle/King County and $74,593 in San
Diego County [12].

The physical home environment was assessed using
survey items on the presence of electronic media in the
child’s bedroom and access to fixed and portable equip-
ment in and around the home that could be used for
physical activity [13]. A Bedroom Media Score was gen-
erated using 5 items from a reliable scale which asks if a
TV, DVD/VCR, computer, video game system and/or
hand held video game player are present in the child’s
bedroom (prior test-retest reliability ICC =.51 - .96) [14].
A Fixed Play Equipment Score was generated by summing
yes/no items regarding presence of a basketball hoop, a
swimming pool and/or a fixed swing set (prior test-retest
reliability ICC =.53-.80) [14]. A Portable Play Equipment
Score was generated based on access to a bike, jump rope,
sports equipment (balls, racquets) and/or roller skates
(prior test-retest reliability ICC =.60 - .82) [14].

Other home environment measures included the pres-
ence of parental rules on outdoor play and on media
use, and parent, sibling and friend participation in sed-
entary and physical activities with the child. The Safety
Rules Score was the sum of “yes” responses by parents
about whether they had the following rules: “Stay close/
within sight of house/parent,” “do not go into street,”
“do not ride bike on street.”(prior test-retest reliability
ICC=.61-.74) [14]. A Media Rules Score was generated
by summing “yes” responses to the following 2 rules: “no
TV before homework” and “<2 hours of TV per day”
(prior test-retest ICCs of .57 and .73, respectively).

Screen time, sedentary time and physical activity
Parents reported their children’s “typical weekday time”
spent watching TV/DVDS, playing video games and
using the internet/other electronic media with response

options of none, 15 min, 30 min, 1 hr, 2 hrs, 3 hrs, >4
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hours per day (prior test-tetest reliability ICC =.66,
.73, .72 respectively). Responses were summed to cre-
ate a parent-reported child screen time value in aver-
age hours/day.

Child overall physical activity and sedentary behavior
were measured by the GT1M Actigraph accelerometer
(Pensacola, FL). The Actigraph has been validated and
calibrated for use among children [15]. Accelerometer
data were collected in 30 second epochs. Participants
were asked to wear the accelerometer for seven days
during all waking hours. Upon return, the Actigraph was
immediately downloaded and screened for completeness
and irregularities/malfunction. A valid day was defined
as having at least 10 valid hours of wearing time; and a
valid hour contained no more than 20 minutes of con-
secutive zero counts. Data were included for children
with at least 3 valid days. Data were converted to min-
utes engaged in sedentary behavior (< 100 counts per
minute) and moderate-to-vigorous intensity physical ac-
tivity (MVPA; >3 metabolic equivalents (METSs)) using
Freedson age-specific cut-points with the participant’s
age rounded to half a year [16]. Data were also examined
using Evenson (4 METs) cut-points given a recent study
which found that these gave the best classification accur-
acy for all four levels of physical activity intensity and
performed well among children of all ages [17,18]. Accel-
erometer data were cleaned and scored using MeterPlus
version 4.0 (Santech, Inc., www.meterplussoftware.com).

As participants had been instructed to remove the
accelerometers overnight, all data files were screened for
non-zero counts between the hours of 11 pm and 6 am.
In all, 93 participants were identified as having overnight
activity during valid days. Participants' accelerometer log
data were triangulated with the activity counts to deter-
mine sleep hours. In 92% of cases, the log-reported sleep
start time corresponded with a significant drop in activ-
ity counts (below 1000), and the reported wake time cor-
responded to an increase in activity counts (above 1000)
exactly or within 1/2-1 hour. In cases with the slight dis-
crepancies between the log-reported times and activity
counts, we relied more on the meter data and assigned
the exact sleep and wake up times based on changes in
activity counts. In 7 cases (including 3 sleepovers), there
were discrepancies > 1 hour between the log and activity
counts in the accelerometer data. In these cases, the data
were reviewed by at least 2 individuals to arrive at an
agreement about sleep hours based on activity counts
(increase above 1000 or decrease below 1000). In 6 cases
there was no log available and the following criteria were
used: “asleep time” when counts dropped below 1000 for
at least 3 consecutive 30 min blocks (1.5 hours) and
“awake time” when counts increased above 1000 for at
least 3 consecutive 30 min blocks (1.5 hours). Estimated
sleep hours were converted to “non-wearing time” to
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prevent an overestimation of sedentary time due to the
inclusion of overnight time.

Average accelerometer wear time for the whole sample
was 5688 minutes. The differences in wear time across
SES groups were not statistically significant. Wear times
(in minutes) across income groups: Low: 5787, Med:
5750, High: 5640; across educational attainment groups:
Low: 5772, Med:5675, High: 5622. Forty-seven percent
of children’s accelerometer wearing time was spent at
home.

Parents completed a place log of where their child
went while wearing the accelerometer. Place categories
were created to assess where children were while wear-
ing the accelerometer. Accelerometer data were matched
by day and time to the place log. From this, non-wear,
sedentary, light, moderate, hard, and very hard acceler-
ometer wear times were aggregated within the given
timeframe of each location. For the purpose of the
current study, the “Home” category included one single
location for each participant (i.e. each child had only one
address designated as home). If parent listed ‘front yard’
or ‘backyard’ in the place log, this was also considered
home. “Home” did not include other parent/guardians’
homes or homes of relatives, friends or neighbors.

Analysis

Children’s home physical activity and sedentary environ-
ments and their total and home-based activity levels
were compared across different education and house-
hold income groups using chi-square test for categorical
variables and linear regression for continuous variables.
Parent’s age, marital status and ethnicity were included
as covariates in the regression models as they differed
across categories of income and education.

Home environment variables, which were found to
vary in a statistically significant manner across SES, were
selected for further analysis using the Sobel-Goodman
test which tests if the indirect relationship between the
independent and dependent variable through the medi-
ator is significantly different from zero. Mediator ana-
lyses were conducted to examine the role of media in
the bedroom, access to portable play equipment, rules
around media and safety and parent screen time with
their child as potential mediators in the statistically sig-
nificant relationship between SES and screen time. For
the mediation analyses, the original 11 categories of in-
come and 7 categories of educational attainment were
used (instead of the tertiles) in an effort to retain the
most information. All analyses were conducted using
STATA software version 10.1.

Results
Parents were predominantly white, married, mothers
with approximately half working >15 hours/week outside
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the home. Parents in higher SES households (both edu-
cation and income) were older and more were married
compared to lower SES households. The racial and eth-
nic composition of parents across SES tertiles was simi-
lar except for significantly fewer Hispanic households
with higher educational attainment or income levels.
(Table 1).

A higher percentage of children in lower SES house-
holds had a TV, a DVD/VCR player, and a video game
system in their bedrooms compared to children of
higher SES (Table 2). There was no significant difference
by SES in whether children had a hand held video game
player or computer in their bedroom. Most children had
access to portable active play equipment at or around
their homes, but this access was higher in families of
higher SES. Fewer children had access to fixed play
equipment around their home, but this did not differ
across SES. Approximately half of the children across
SES categories reported having active video games at
home, with no SES-based differences.

Though outdoor play rules were common across SES
categories (Table 2), “do not go into street” and “do not
ride bike on street” rules were significantly more com-
mon in low SES families. Parents in the middle income
category had fewer rules regarding media use compared
to those in the lowest and highest income categories.

Table 1 Participant characteristics
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Parents of lower SES tended to watch TV/DVDs with
their children more often than in families of higher SES.
Across SES levels, children watched TV/DVDs with
their parents and siblings more days per week, on aver-
age, than they did physical activities with them. There
were no statistically significant differences in parental
support of physical activities and sports between SES
groups.

Accelerometer-measured total daily MVPA, MVPA at
home, total daily sedentary time and sedentary time at
home did not differ significantly between levels of
household education or income using 3 METs Freedson
critera. The total daily MVPA results for the Evensen
cut-points were lower but also were not significantly dif-
ferent across SES. Parents’ reported average daily screen
time for their children varied significantly by SES, ran-
ging from 1.7 in the high SES to 2.4 hours/day in the
low SES families. (Table 3).

The mediation analysis found that some of the rela-
tionship between SES and children’s screen time was
mediated by media in the child’s bedroom, access to
portable play equipment and screen time with parents.
(Table 4) For example, the estimated direct effect of in-
come on screen time was -.08, so for each unit increase
in income (on the 11-point scale), there was a .08 hours
decrease in daily screen time. With media in the

Characteristic

Highest Education

in Household ? Household Income ?

N Low Med High p Low Med High p
N=165 N=279 N=261 N=67 N=218 N=428

Child’s age (years), mean (SD) 3(1.6) 9.1 (1.6 1(1.6) NS 2(14) 9.1(1.6) 1016 NS

Child’s gender, N (% Female) 81 (49%) 143 (51% 123 (47%) NS 5(52%) 115(53%) 202 (47%) NS

Parent’s age (years), mean (SD) 396 (6.4) 414 (5.2) 429 (9.7) <.001 383 (7.1) 412 (6.2) 422 (5.2) <.001

Parent’s gender, N (% Female) 146 (89%) 241 (85%) 221 (84%) NS 4 (96%) 184 (84%) 363 (86%) NS

Parent’s race/ethnicity, N (%)

White 144 (89%) 246 (90%) 229 (89%) NS 54 (87%) 187 (86%) 382091) NS

Black 4 (2%) 6(2%) 6(2%) 4 (6%) 6 (3%) 6 (1%)

Asian/Pacific Is 7 (4%) 12 (4%) 13 (5%) 4 (6%) 3 (6%) 5 (6%)

More than one 4 (2%) 5(2%) 7 (3%) 0(0%) 6 (3%) 0 (2%)

Other 3 (2%) 5 (2%) 3 (1%) 0 (0%) 6 (3%) 5(1%)

Hispanic 54 (33%) 25 (9%) 14 (5%) <.001 31 (46%) 38 (17%) 5 (6%) <.001

Marital status, N (%)

Married 132 (80%) 264 (95%) 251 (96%) <.001 35 (52%) 195 (90%) 417 (97%)  <.001

Hours worked outside home per week, N (%)

<15 75 (46%) 150 (54%) 113 (44%) NS 40 (60%) 102 (47%) 197 (47%) NS

15-35 39 (23%) 61 (22%) 58 (22%) 14 (21%) 53 (24%) 93 (22%)

36+ 51 (31%) 68 (24%) 90 (34%) 13 (19%) 63 (29%) 133 (31%)

*missing data on 0-16 participants for some variables.
a Defined by highest educated adult in household.
b Defined by annual household income.
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Table 2 Characteristics of Home physical activity environment by education and income
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Characteristic Education Income
Items in child’s bedroom Low Med High p Low Med High p
(% yes) N=165 N=279 N=261 N=67 N=218 N=428
v 45% 16% 11% <.001 52% 25% 14% <.001
DVD/NVCR 34% 16% 12% <.001 39% 21% 14% <.001
Computer 16% 12% 13% NS 10% 13% 14% NS
Video game system 23% 9% 8% <.001 21% 15% 9% .004
Hand held video game player 57% 59% 52% NS 46% 55% 58% NS
* MEDIA SCORE(0-5) 1.7(14) 1.101.1) 1.0 (1.1) <.001 1.7 (14) 13(13) 1.1(1.2) <.001
Play equipment available at or around home (% yes)
PORTABLE

Bike 93% 97% 98% .025 85% 95% 98% <.001
Jump rope 75% 81% 83% NS 69% 78% 83% .02
Sports equipment (balls/bats/etc) 94% 97% 97% NS 91% 95% 98% .002
Roller skates, skateboard, scooter 82% 89% 83% NS 78% 83% 87% NS
*PORTABLE EQUIP SCORE (0-4) 34(0.8) 3.6(0.6) 3.6(0.6) .01 3.2(1.0) 3.5(0.7) 3.7(0.6) <.001
FIXED

Basketball hoop 54% 60% 60% NS 48% 56% 62% NS
Swimming pool 52% 55% 47% NS 55% 46% 53% NS
Fixed play equipment (court, pool) 56% 64% 61% NS 55% 60% 63% NS
* FIXED EQUIP SCORE (0-3) 16 (1.0) 1.8(1.0) 1.700.0 NS 1.6(1.0) 1.6(0.9) 1.8(1.0) NS
ACTIVE VIDEO GAMES 56% 46% 48% NS 51% 47% 50% NS
Parent rules enforced (% yes)
SAFETY RULES

Stay close to house/parent 86% 81% 82% NS 90% 87% 80% .02
Do not go into street 79% 68% 74% .029 84% 77% 69% .01
Do not ride bike on street 69% 57% 55% .008 73% 61% 55% .02
Do not cross busy streets 96% 91% 89% NS 96% 90% 92% NS
*SAFETY RULES SCORE (0-4) 24(09) 2.1(1.0) 2.1(1.0) .01 2.5(0.8) 2.3(1.0) 2.0(1.0) <.001
MEDIA RULES

No TV/computer before homework 83% 72% 79% .035 87% 71% 78% .02
<2 hours TV/computer per day 70% 70% 76% NS 78% 63% 76% .002
*MEDIA RULES SCORE (0-2) 1.5(0.6) 14(0.7) 1.5(0.7) NS 1.6(0.5) 13(0.8) 1.5(0.6) <.001
Screen time with (mean days/week, SD)

Siblings 35(26) 3.5(26) 3.1(2.5) NS 33(27) 35(2.7) 33(26) NS
Parent/caregiver 29 (25) 2.8(2.5) 23(22) .02 3.1Q2.7) 3.0(2.5) 2.5(2.2) .02
How often does an adult in the household

(mean days/week, SD)

Watch child playing sports/PA* 314 2.8(2.2) 2.6(2.0) NS 29(2.5) 2.8(2.2) 2.8(2.1) NS
Encourage sports/PA* 45024) 46(2.3) 46(2.3) NS 43(2.6) 44(24) 4.7(2.3) NS
Provide transport to sports/PA* 2.7 (2.3) 2.8(2.1) 3.0(2.0) NS 2.3(2.0) 28(2.2) 2.9(2.0) NS
Do sports/PA with child 2.0(2.1) 2.0(1.8) 1.9(1.6) NS 24(2.4) 20(1.8) 1.9(1.7) .05
*PARENT SUPPORT 34(1.8) 34(1.8) 34(1.7) NS 3.2(19) 33(1.8) 3.5(1.7) NS
How often do your child’s siblings/ friends do 3.2124) 3.6(2.2) 33(2.2) NS 3.7(26) 33(23) 34(2.2) NS

sports/PA with child (mean days/week, SD)
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Table 3 Child’s daily screen time, sedentary time and physical activity by education and income

Outcome Education® Income®
Low Med High pe Low Med High pe
N=165 N=279 N=261 N=67 N=218 N=428
Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD)

Screen time (parent-reported, hours/day) 24014) 19(1.3) 1.7(14) <.001 24(16) 22(14) 1.7(13) .004
Child’s total sedentary time 397 (68) 393 (71) 397 (69) NS 394 (68) 402(69) 393 (71) NS
(accelerometer-measured, min/day)

Child’s sedentary time at home 189 (69) 192 (72) 188 (69) NS 186 (74) 200 (76) 184 (65) NS
(accelerometer-measured, min/day)

Child’s total Evenson (4-MET) MVPA 44 (20) 48 (23) 48 (20) NS 42 (18) 43 (21) 49 (22) NS
(accelerometer-measured, min/day)

Child’s total Freedson (3-MET) MVPA 142 (51) 149 (57) 147 (51) NS 138 (51) 143 (56) 150 (52) NS
(accelerometer-measured, min/day)

Child’s total 3-MET MVPA at home 61 (37) 64 (38) 61 (35) NS 62 (40) 64 (40) 61 (34) NS

(accelerometer-measured, min/day)

a Defined by highest educated adult in household.
b Defined by annual household income.
¢ Adjusted for parent’s age, marital status and ethnicity.

bedroom as a potential mediator, the indirect effect of
income on screen time was -.02, which is a significant
mediation effect (p value <.001). The size of the total in-
direct path suggests that approximately 23% of the total
association between income and screen time was
mediated through the amount of electronic media
present in the child’s bedroom. Household rules on
safety and media use were not found to be mediators in
our analysis.

Discussion

Children’s home environments for physical activity and
sedentary behavior varied by socioeconomic status.
Children in lower SES households had significantly

greater access to electronic media devices in their bed-
rooms but lower access to portable play equipment.
Household rules around outdoor play were more re-
strictive in lower SES households. These differences
were found across both household income and highest
level of educational attainment in the household. Chil-
dren’s screen time was higher in low-SES households
but there were no SES differences in children’s overall
or home-based MVPA or sedentary time.

The SES disparities in screen time are similar to previ-
ous studies that found inverse associations between SES
and screen-based media use [19,20]. Approximately half
of the children from low SES families in this sample had
a television in their bedroom and a quarter had a video

Table 4 Potential mediation effect of various home environment variables on the relationship between SES and
children’s screen time

Independent variable Potential mediator Direct effect Indirect effect % of total p-value®
estimate® estimate® effect that is
mediated®

Income Media in bedroom -08 -02 23% <.001
Access to portable play equipment -09 -01 8% .04
Household rules about media -09 -01 7% 36
Household rules about safety -10 01 -1% 50
Screen time with parents -09 -01 13% .01

Education Media in bedroom -18 -08 31% <.001
Access to portable play equipment -24 -01 6% 05
Household rules about media -25 01 -1% 99
Household rules about safety -25 01 -6% 73
Screen time with parents -23 -03 10% .03

2 Refers to the estimate of the direct effect of income or education on screen time.

b Refers to the estimate of income or education on screen time through the pathway with the potential mediator.

¢ Refers to the percentage of the total effect of income or education on screen time that is mediated by the potential mediator.
9 |5 the p-value from the Sobel mediation test which tests the significance of the indirect effect of the potential mediator.
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game system, significantly higher than for children from
high SES families. This paradox between low SES and
high access to often expensive equipment has been
explained by findings suggesting that parents in low SES
families have greater concerns about their neighbor-
hood’s safety [21], may lack time to supervise children in
their neighborhoods, [22] and have less access to alter-
native activities, [23,24] which makes indoor screen-
based entertainment an appealing alternative to outdoor
play. Extensive marketing of electronic entertainment
devices may be another contributing factor. Further-
more, higher parental SES may be related to greater
awareness of and ability to adopt screen time recom-
mendations; supporting the theory that many initiatives
intended to improve population health also may increase
disparities since social position determines how well one
can adopt preventive health knowledge [25]. Our screen
time results (mean of 1.9 hours/day), however, were
lower than national estimates that suggest children this
age are exposed to over 3—4 hours of screen time per
day [20].

The physical activity results in this study are consist-
ent with those of a review which found that various
estimates of family SES were generally unrelated to chil-
dren’s physical activity [9]. Ferreria et al. hypothesized
that since physical activity in younger children is mostly
informal, it may not involve much extra financial cost.
As activity levels generally decline with age and asso-
ciated costs for athletic participation potentially increase,
perhaps such disparities in income affect physical activ-
ity more in adolescents [26] and adults [27]. Of note,
family support for physical activities (watching, encour-
aging and providing transport to sports/physical activ-
ities) did not differ by SES in this sample.

Though sedentary behavior may displace some phys-
ical activity, it is not simply the inverse of active behav-
ior, and sedentary time is also independently associated
with poor health outcomes [8,28]. Thus, focusing efforts
on modifiable factors to both decrease sedentary behav-
ior and increase physical activity in high risk groups is
critical. Analyses identified some potentially modifiable
factors in the home environment that were found to me-
diate the relationship between SES and screen time, a
common sedentary behavior. Media in the bedroom, ac-
cess to portable play equipment and joint screen time
with parents are all potentially modifiable in interven-
tions. Portable play equipment may stimulate active
behaviors that are incompatible with screen time, though
affordability of some equipment could be a challenge for
low income families. More marketing of play equipment
or counter-marketing to electronic entertainment tar-
geted to low SES families may be required.

Joint media use has been recommended so parents
can monitor their children’s television exposure, help
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children interpret what they see, and moderate the im-
pact of media exposure by reducing adverse effects and
increasing the possibility of benefit [29]. However, a pre-
vious study found that co-viewing was not motivated by
parental determination to mediate children’s television
experiences, and it occurred less often with younger
children who need it most [30]. That study found par-
ents co-view with children when their viewing prefer-
ences coincide, and co-viewing is associated with
positive parental attitudes towards television. Thus, ex-
cessive parent—child joint screen time appears to be a
risk factor for child screen time and is an under-studied
correlate of child sedentary time that could be targeted
in an intervention. A better understanding of how fam-
ilies spend time together and interventions that promote
joint physical activities could be helpful.

Media in the bedroom, especially TV, may be the most
important mediator identified here because it has been
associated with overweight, likely for several reasons, in-
cluding greater screen time, [31] interference with sleep,
[32,33] and increased exposure to advertising for un-
healthy foods. Previous research has found that media in
the bedroom mediates the relationship between SES and
BMI in adolescents [34]. Our study highlights the need
to target media in the bedroom at even younger ages.

There are some study limitations that warrant consid-
eration. First, our screen time outcome was by parent-
report, which has been shown to correlate with actual
viewing time, [35] but is still subject to social-desirability
biases that may differ by SES. Second, we did not exam-
ine school and neighborhood level factors in this study,
which likely vary by SES and contribute to overall phys-
ical activity and sedentary behaviors, as well as physical
activity opportunities in the school and neighborhood.
Third, given the cross-sectional data for this study, we
were unable to evaluate causality. Fourth, there are mul-
tiple scoring decisions and sets of cut-points for acceler-
ometer data in children (e.g. 3 METs vs. 4 METs for
moderate activity), and results can change significantly if
different criteria are used, making comparisons between
studies difficult [36]. We focused on the 3 MET cut-
point for moderate intensity physical activity because
this is the level specified in the US physical activity
guidelines, [37] but we did analyses using 4 MET Even-
son criteria as well for comparison. Fifth, we developed a
novel method (using all the information available to us)
for handling accelerometer wear time during sleep hours
in order to minimize inflation of sedentary time. How-
ever this approach has not been validated and we may
have inadvertently eliminated some wear time. Sixth, as
many complex factors influence children’s activity levels,
unmeasured factors that are related to both SES and ac-
tivity levels likely exist. Outdoor time, in particular, has
been found to be correlated with physical activity in
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children and was not specifically measured in our study
[9,38]. Seventh, our sample had relatively small numbers
of families in the lower SES groups, and generally high
levels of physical activity across SES, potentially limiting
the generalizability of our findings.

Present findings are a step in understanding SES
disparities in childhood obesity. The finding that low
SES home environments have more electronic devices in
bedrooms and fewer pieces of play equipment than in
high SES homes is cause for concern. Sedentary-
promoting devices in the bedroom emerged as an import-
ant mediator of the SES-sedentary behavior association.
Additional research is recommended that can inform
interventions to improve the healthfulness of home
environments of low SES families.

Abbreviations

BMI: Body mass index; NIK: Neighborhood Impact on Kids Study;

SES: Socioeconomic status; PA: Physical activity; METs: Metabolic equivalents;
MVPA: Moderate-to-vigorous physical activity.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements

We are grateful to Dr. Trina Colburn for her assistance and support
throughout the project. We thank Stephanie Kneeshaw-Price for her work on
the categorization of accelerometer data by place logs. We also thank the
NIK staff and study participants. This project was supported by grants from
NIH (ES014240 and ULTRR025014) and a Hearst Family Foundation Grant to
the Seattle Children’s Center for Child Health Behavior and Development.

Author details

'Seattle Children’s Research Institute, M/S CW8-6, P.O. Box 5371, Seattle, WA
98145-5005, USA. University of Washington, Seattle, WA, USA. *SDSU, San
Diego, CA, USA. *University of California, San Diego, CA, USA. *University of
British Columbia, Vancouver, Canada.

Authors’ contributions

PT and BS developed the study design for this manuscript. BS is the pi and js
and If are the co-investigators of the NIK study, from which data for this
manuscript were obtained; BS, JS and LF designed the NIK study. Data
analyses were conducted BY PT and CZ. PT wrote the initial draft of the
manuscript and all authors critically reviewed and revised versions. All
authors read and approved the final manuscript.

Received: 20 January 2012 Accepted: 26 July 2012
Published: 26 July 2012

References

1. Newacheck PW: Poverty and childhood chronic illness. Archives of
pediatrics & adolescent medicine 1994, 148(11):1143-1149.

2. Starfield B, Robertson J, Riley AW: Social class gradients and health in
childhood. Ambulatory pediatrics: the official journal of the Ambulatory
Pediatric Association 2002, 2(4):238-246.

3. Goodman E, Slap GB, Huang B: The Public Health Impact of
Socioeconomic Status on Adolescent Depression and Obesity.

Am J Public Health 2003, 93(11):1844-1850.

4. Delva J, O'Malley PM, Johnston LD: Racial/Ethnic and Socioeconomic
Status Differences in Overweight and Health-Related Behaviors among
American Students: National Trends 1986-2003. J Adolesc Heal 2006,
39(4):536-545.

5. Baranowski T, Lin L, Wetter D, Resnicow K, Hearn M: Theory as mediating
variables: Why aren’t community interventions working as desired?
Ann Epidemiol 1997, 7:589-595.

20.

21.

22.

23.

24,

25.

26.

27.

Page 8 of 9

Davison KK, Birch LL: Childhood overweight: a contextual model and
recommendations for future research. Obesity reviews: an official journal of
the International Association for the Study of Obesity 2001, 2(3):159-171.
Jago R, Davison KK, Thompson JL, Page AS, Brockman R, Fox KR: Parental
Sedentary Restriction, Maternal Parenting Style, and Television Viewing
Among 10- to 11-Year-Olds. Pediatrics 2011, 128(3):e572-e578.

Fairclough SJ, Boddy LM, Hackett AF, Stratton G: Associations between
children’s socioeconomic status, weight status, and sex, with screen-
based sedentary behaviours and sport participation. Int J Pediatr Obes
2009, 4(4):299-305.

Ferreira |, Van Der Horst K, Wendel-Vos W, Kremers S, Van Lenthe FJ, Brug J:
Environmental correlates of physical activity in youth - a review and
update. Obes Rev 2007, 8(2):129-154.

Saelens BE, Sallis JF, Frank LD, Couch SC, Zhou C, Colburn T, Cain KL,
Chapman J, Glanz K: Obesogenic Neighborhood Environments, Child and
Parent Obesity: The Neighborhood Impact on Kids Study. American
Journal of Preventive Medicine 2012, 42(5):e57-e64.

Frank LD, Saelens BE, Chapman J, Sallis JF, Kerr J, Glanz K, Couch SC,
Learnihan V, Zhou C, Colburn T, et al: Objective Assessment of
Obesogenic Environments in Youth: Geographic Information System
Methods and Spatial Findings from the Neighborhood Impact on Kids
Study. American Journal of Preventive Medicine 2012, 42(5):.e47-e55.

US. Census Bureau: State and County QuickFacts. Data derived from
Population Estimates, Census of Population and Housing, Small Area Income
and Poverty Estimates, State and County Housing Unit Estimates, County
Business Patterns, Nonemployer Statistics, Economic Census, Survey of
Business Owners, Building Permits, Consolidated Federal Funds Report.
http://quickfacts.census.gov/gfd/indexhtml.

Grow HM, Saelens BE, Kerr J, Sallis JF, Durant NH, Norman GJ: Where are
youth active? Roles of proximity, active transport, and built environment.
Med Sci Sports Exerc Medicine and Science in Sports and Exercise 2008,
40(12):2071-2079.

Joe L, Carlson J: Active Where? Individual Item Reliability Report.. Active Living
Research; 2010. http://www.drjamessallis.sdsu.edu/measures.html.

Pate RR, Almeida MJ, Mclver KL, Pfeiffer KA, Dowda M: Validation and
Calibration of an Accelerometer in Preschool Children[ast]. Obesity 2006,
14(11):2000-2006.

Freedson P, Sirard J, Debold E, Pate R, Dowda M, Trost S, Sallis J: Calibration
of the Computer Science and Applications, Inc. (CSA) accelerometer.
Medicine & Science in Sports & Exercise 1997, 29(Suppl):45.

Evenson KR, Gill K, Catellier DJ, Ondrak KS, McMurray RG: Calibration of two
objective measures of physical activity for children. J Sports Sci Journal of
Sports Sciences 2008, 26(14):1557-1565.

Trost SG, Loprinzi PD, Moore R, Pfeiffer KA: Comparison of accelerometer
cut points for predicting activity intensity in youth. Med Sci Sports Exerc
Medicine and Science in Sports and Exercise 2011, 43(7):1360-1368.

Hoyos Cillero |, Jago R: Systematic review of correlates of screen-viewing
among young children. Preventive Medicine 2010, 51(1):3-10.

Rideout V: Generation M2: Media in the lives of 8 to 18 year olds. Menlo Park,
CA: Kaiser Family Foundation; 2010.

Weir LA, Etelson D, Brand DA: Parents’ perceptions of neighborhood
safety and children’s physical activity. Preventive Medicine 2006,
43(3):212-217.

Stenhammar C, Sarkadi A, Edlund B: The role of parents’ educational
background in healthy lifestyle practices and attitudes of their
6-year-old children. Public Health Nutrition 2007, 10(11):1305-1313.
Chowhan J, Stewart JM: Television and the behaviour of adolescents:
Does socio-economic status moderate the link? Social Science & Medicine
2007, 65(7):1324-1336.

Fairclough SJ, Boddy LM, Hackett AF, Stratton G: Associations between
children’s socioeconomic status, weight status, and sex, with screen-
based sedentary behaviours and sport participation. Int J Pediatr Obes
International Journal of Pediatric Obesity 2009, 4(4):299-305.

Link BG, Phelan J: Social Conditions As Fundamental Causes of Disease.
J Heal Soc Behav 1995, 35:80-94.

Ferreira |, Horst K, Wendel-Vos S, Kremers S, van Lenthe F, Brug J:
Environmental correlates of physical activity in youth - a review and
update. Obes Rev 2006, 8:129-154.

Centers for Disease C: Prevention: Prevalence of regular physical activity
among adults--United States, 2001 and 2005. MMWR Morbidity and
mortality weekly report 2007, 56(46):1209-1212.


http://quickfacts.census.gov/qfd/index.html
http://www.drjamessallis.sdsu.edu/measures.html

Tandon et al. International Journal of Behavioral Nutrition and Physical Activity 2012, 9:88

http://www.ijbnpa.org/content/9/1/88

28. Marshall SJ, Biddle SJH, Sallis JF, McKenzie TL, Conway TL: Clustering of
Sedentary Behaviors and Physical Activity Among Youth: A
Cross-National Study. Pediatr Exerc Sci 2002, 14:401-417.

29.  Committee on Public Education: Children, Adolescents, and Television:
American Academy of Pediatrics Policy Statement. Pediatrics 2001,
107(2):423-426.

30. Dorr A, Kovaric P, Doubleday C: Parent—child Coviewing of Television.
Journal of Broadcasting & Electronic Media 1989, 33(1):35-51.

31. Barr-Anderson DJ, Van Den Berg P, Neumark-Sztainer D, Story M:
Characteristics Associated With Older Adolescents Who Have a
Television in Their Bedrooms. Pediatrics 2008, 121(4):718-724.

32, LiS Jin X, Wu'S, Jiang F, Yan C, Shen X: The impact of media use on sleep
patterns and sleep disorders among school-aged children in China.
Sleep 2007, 30(3):361-367.

33, Garrison MM, Liekweg K, Christakis DA: Media use and child sleep: The
impact of content, timing, and environment. Pediatrics Pediatrics 2011,
128(1):29-35.

34. Morgenstern M, Sargent JD, Hanewinkel R: Relation Between
Socioeconomic Status and Body Mass Index: Evidence of an Indirect
Path via Television Use. Arch Pediatr Adolesc Med 2009, 163(8):731-738.

35. Anderson DR, Field DE, Collins PA, Lorch EP, Nathan JG: Estimates of Young
Children’s Time with Television: A Methodological Comparison of Parent
Reports with Time-Lapse Video Home Observation. Child Development
1985, 56(5):1345-1357.

36.  Guinhouya CB, Hubert H, Soubrier S, Vilhelm C, Lemdani M, Durocher A:
Moderate-to-vigorous physical activity among children: discrepancies in
accelerometry-based cut-off points. Obesity (Silver Spring, Md) 2006,
14(5):774-777.

37. Physical Activity Guidelines for Americans. http://www.health.gov/
paguidelines/.

38. Sallis J, Prochaska J, Taylor W: A review of correlates of physical activity of
children and adolescents. Med Sci Sports Exerc 2000, 32:963-975.

doi:10.1186/1479-5868-9-88

Cite this article as: Tandon et al: Home environment relationships with
children’s physical activity, sedentary time, and screen time by
socioeconomic status. International Journal of Behavioral Nutrition and
Physical Activity 2012 9:88.

Page 9 of 9

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://www.health.gov/paguidelines/
http://www.health.gov/paguidelines/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Protocol
	Measures
	Screen time, sedentary time and physical activity
	Analysis

	Results
	link_Tab1
	link_Tab2
	Discussion
	link_Tab3
	link_Tab4
	Competing interests
	Acknowledgements
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


