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Study Objectives: To examine the sleep patterns and the role
of day of the week and school break in these patterns within a
primarily obese sample of children.

Methods: Participants included 143 obese children
(8-12 years) and their parents initiating treatment in a
weight-management study in a community-based setting.
Demographics, anthropometrics, and objectively measured
sleep (i.e., with use of Sensewear Armbands) were collected
prior to treatment.

Results: Sleep duration was insufficient in our sample, as
approximately 88% obtained less than 8 hours of sleep
(mean = 6.92, standard deviation = 0.85). Those with lower
total sleep time included older children, those identified as
African American (compared to those identified as Caucasian),
and those identified as Non-Hispanic (compared to those
identified as Hispanic). Children on school break initiated
sleep later than those in school the week of measurement.
Children woke later on weekends and when on school break.
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There were no differences in day of the week or school
break in predicting child sleep duration and total wake time
(p's >0.05).

Conclusions: This study is one of the first to examine sleep
patterns within a primarily obese sample of treatment-seeking
rural children. There is a need for research to develop a better
understanding of how sleep may affect health functioning and
weight management, as well as quality of life and psychosocial
functioning of children who are overweight or obese.
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he prevalence of high adiposity in children in the United

States is of great health concern. Nearly 32% of children
and adolescents are overweight or obese (i.c., body mass index
[BMI] > 85th percentile for age and gender).! Children who are
overweight or obese are at increased risk for high cholesterol,
triglycerides, and glucose, as well as hypertension, metabolic
syndrome, and insulin resistance.>* Pediatric obesity is also as-
sociated with greater risk for low self-esteem, peer victimization,
and poor quality of life compared to non-overweight peers.*®

Risk for higher weight status can be due to a variety of dis-
tal factors including genetic vulnerabilities, medical conditions,
basal metabolic rate, medication regimens, and neurotransmit-
ter activity regulating hunger and satiety. However, at the most
proximate level, it is an issue of energy intake and energy ex-
penditure.” Sleep is one behavioral factor that can impact risk
for higher weight status, as a number of studies have revealed
that obese children are more likely to experience sleep prob-
lems than non-overweight peers, including sleep disordered
breathing, later sleep onset, shorter sleep duration, excessive
daytime sleepiness, and more fragmented sleep.®® Children
who obtain less sleep have greater odds of concurrent and fu-
ture overweight status when compared to children receiving
adequate sleep.'®!'? Improvement in sleep can also play an im-
portant role, as a one hour increase is associated with a 20% to
80% reduction in odds of overweight or obesity.!*!?

111

BRIEF SUMMARY

Current Knowledge/Study Rationale: Children who are obese are
more likely to experience sleep problems than non-overweight peers,
which can play an important role in child psychosocial functioning. How-
ever, there is a dearth of research examining sleep duration and sleep
patterns within overweight and obese samples of children.

Study Impact: This study is one of the first to examine sleep patterns
within a sample of obese children and found that roughly 88% attained
less than eight hours of sleep. Obesity-related sleep difficulties are likely
to affect a substantial number of children in the future, suggesting there
is a need to understand how sleep may impact health, weight manage-
ment, quality of life, and psychosocial functioning of children who are
overweight or obese.

Sleep plays an important and unique role in the overall func-
tioning of children, as it can affect health and functioning across
physical, cognitive, emotional, and social domains."* Problem-
atic sleep can result in physiological consequences, including
increased sympathetic tone, altered glucose metabolism asso-
ciated with insulin resistance, and increased hypertension and
inflammatory markers associated with cardiovascular risk.'*"
Shorter sleep may result in altered cortisol release that can im-
pact individual response to stress, suggesting that sleep can play
a salient role in psychosocial functioning.'® Sleep problems are
associated with behavioral difficulties such as oppositional
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behavior and poorer executive functioning.'®!” Childhood sleep
problems are also linked to poorer emotional functioning, in-
cluding greater emotional lability, increased depressive and
anxiety symptoms, and lower perceived health and quality of
life.'6-1

While numerous advances have been made in the literature,
there are still gaps in our understanding of factors that affect
child sleep. Notably, there is a dearth of research examining
sleep within overweight and obese populations. Research com-
monly focuses on sleep-related breathing disorders rather than
sleep duration.'®!” Moreover, much of research in obese popula-
tions relies on subjective and single-question measures. These
studies are important for establishing relationships between
sleep and weight, but there is concern regarding the reliabil-
ity and validity of these measures compared to objective sleep
measures.”’ Another limitation of the literature is the varying
reference values for sleep duration, as inconsistencies fail to
take into account developmental expectations for sleep and
make comparison across studies difficult. Sleep duration is an
important factor to consider given the impact sleep and weight
can have on child health, psychosocial functioning, and QOL.
The purpose of the current study was to address the limitations
within the literature on weight status and sleep by examining
objectively measured sleep patterns within a treatment-seeking
sample of overweight and obese children.

METHODS

Description of the Larger Study

This institutional review board (IRB) approved study is part
of a larger grant-funded randomized controlled trial evaluating
the impact of behavioral interventions on child weight status
in a rural overweight and obese sample, the Extension Family
Lifestyle Intervention Project for Kids (E-FLIP for Kids).?' All
data were taken from initial screening and baseline assessment
visits completed with each family prior to beginning the treat-
ment program.

Participants

Participants included overweight and obese children (ages
8-12 years) and their parent or legal guardian living in one of 10
rural counties in north-central Florida. Families were included
in the study if the family resided in a rural county and if the
child’s BMI was > 85" percentile for age and gender norms
described by the Center for Disease Control and Prevention
(CDC).”2 Families were excluded if they had a medical con-
dition that would make participating in a weight management
program unsafe, had participated in another weight manage-
ment program, if the parent or child did not provide informed
consent or assent, and if the child was identified as having se-
vere cognitive or developmental delays. Those families meeting
eligibility at the screening visit attended a baseline assessment
visit to complete questionnaires and physical assessments one
to two weeks prior to the start of treatment.

Procedure
Participants were recruited through a variety of methods,
including press releases, direct mailings to households and
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health-care providers, and brochure distribution to local schools,
churches, and community events. Interested families called the
research office to learn more about the program and complete a
phone screening for initial eligibility criteria. In-person screen-
ing and baseline assessments were conducted at the Coopera-
tive Extension office in the county in which they resided. At the
initial screening visit, families completed informed consent and
assent, as well as measures of height and weight to determine
study eligibility.

A total of 305 families completed in-person eligibility screen-
ing, while 269 completed a baseline assessment, of which 250
accepted randomization and received the accelerometers. Of
the 250 remaining participants, 107 children (42.8%) did not
wear the armband for the required amount of time (> 5 nights)
for useful and valid data analysis. There were no significant so-
ciodemographic differences in those who did and did not have
enough armband data to be included in the analyses.

Measures

Anthropometrics

Child height was measured to the nearest 0.1 centimeter us-
ing a Harpedon Stadiometer and weight to the nearest 0.1 kilo-
gram using a digital scale. BMI z-scores were calculated using
age and genders norms from the CDC.?

Demographic questionnaire

Parents completed a background information questionnaire
during the initial screening visit. Demographic information col-
lected included child age, gender, race or ethnicity, and house-
hold income.

Pediatric sleep duration

Children were instructed to wear a Sensewear Pro, Armband
Accelerometer (Bodymedia, Inc., Pittsburgh, PA) for 7 con-
secutive days, 24 hours per day as a measure of sleep.”® The
Sensewear Armbands are devices worn on the back of the up-
per right arm that provide measures of energy expenditure and
detect sleep using several biometric sensors that include heat
flux, skin temperature, galvanic skin response, near-body tem-
perature, and movement using a tri-axial accelerometer with a
sampling frequency of 32 Hz.***** The tri-axial accelerometer
provides indicators of motion and whether an individual is lying
down, while changes to heat-flux and skin temperature can of-
fer information regarding whether an individual is asleep.® The
armbands utilize a pattern recognition (i.e., machine learning)
approach to estimate sleep and the algorithm was developed
using lab-based polysomnography data.’*** The demographic-
specific sleep algorithms (i.e., age, gender, height, weight) were
developed using a 3-step process, including a screening, analy-
sis using PSG, and clarification of short wakeful events.?

The validity of the armband in estimating sleep-wake pat-
terns in children and adolescents is promising. Measures of to-
tal sleep time, sleep onset latency, and sleep efficiency are not
significantly different from gold-standard polysomnography;
however, the armbands do slightly overestimate wake after
sleep onset.** Although there is large variability in the agree-
ment between the 2 devices, the variation is less substantial
than armband use with adults and armbands can be used for



group-level comparisons.?* Strengths of the device include it
having similar agreement with polysomnography across a wide
range of sleep efficiencies, there being no significant effect of
child gender or weight status, and it being a minimally invasive
approach to obtaining sleep values over longer periods of time
than possible with polysomnography.*

Sleep data were obtained using the Sensewear Professional
Software (SenseWear Professional software version 7.0; Body-
Media Inc). The program enables users to export the 24-h data
into a spreadsheet that provides date and time-stamped 60-s ep-
ochs of data, with sleep being scored as “1”” and awake being
scored as “0.” Sleep onset was defined as the first minute in
which there were > 3 consecutive min scored as sleep and sleep
offset was the last minute of > 5 consecutive min scored as
sleep. Sleep onset latency (SOL) was considered the number of
minutes in which the child was lying down prior to sleep onset.
Sleep period was defined as the number of minutes elapsed dur-
ing the sleep period scored as “not asleep” (i.e., scored as “0”).
Total sleep time (TST) was calculated by summing the number
of minutes scored as sleep. Sleep efficiency was measured as
the percentage of minutes during the sleep period that were con-
sidered sleep (i.e., [sleep minutes/sleep period] x 100). Finally,
total wake time (TWT) was defined as the number of nighttime
wake minutes, including SOL, WASO, and the time the child
lay in bed after sleep offset. Participants were included in the
current study if they had 5 nights of sleep data (i.e., 3 week-
nights and 2 weekend nights).

Statistical Analyses

Bivariate correlations and t-tests were used to examine pos-
sible sociodemographic differences across child sleep variables.
Means and standard deviations were calculated for each sleep
variable for all measured days, weekdays, and weekends. A re-
peated measures ANOVA was conducted to examine whether
the time of measurement (i.e., in school versus on break) and
the day of the week (i.e., weekday versus weekend) predicted
child sleep variables. The between-subjects factor was the time
of measurement and the within-subjects factor was the day of
the week. It was hypothesized that sleep patterns would differ
across weekdays when compared to weekends and for children
who were on school break versus attending school the week
their sleep was measured. Expected differences included sig-
nificantly greater SOL, shorter sleep duration, greater WASO,
lower sleep efficiency, and earlier time of sleep offset on week-
days (versus weekends) and during the week of school (versus
school break).

RESULTS

There were 143 children between the ages of 7.7 and 12.9
years (mean = 10.29, standard deviation [SD] = 1.4) who had
complete data. The sample was primarily obese (i.e., 89.5%;
BMI z-score > 1.645), with the mean BMI being 28.83 kg/m?
(SD = 5.6) and the mean BMI z-score being 2.18 (SD = 0.4).
The sample consisted of 77 girls (53.8%) and 66 boys (46.2%).
The majority of the sample of parents reported their child’s race
as Caucasian (67.8%), while the remaining 32.2% of parents
identified their child as African American (12.6%), biracial
or multiracial (11.9%), no response (6.3%), Native Hawaiian
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Table 1—Demographic characteristics of sample.

Mean (SD)

Child age 10.29 (1.4)

Child BMI 28.83 (5.6)

BMI z-score 2.18(0.4)
Gender %
Boys 46.2
Girls 53.8
Child Race %
Caucasian 67.8
African American 12.6
Bi- or Multi-racial 11.9
Native Hawaiian 0.7
Asian 0.7
No response 6.3
Child Ethnicity %
Hispanic 12.6
Non-Hispanic 87.4
Median Family Income %
Below $19,999 15.6
$20,000-$39,999 32.6
$40,000-$59,999 22.0
$60,000-79,999 14.2
$80,000-$99,999 7.1
Above $100,000 8.5

SD, standard deviation.

(0.7%), and Asian (0.7%). Approximately 12% of parents iden-
tified their child’s ethnicity as Hispanic. Participating parents
or legal guardians consisted primarily of females (94.3%) and
69.2% indicated that they were married. Average parent BMI
was 36.15 kg/m? (SD = 10.6), classified as class II obesity. The
median family income ranged from $40,000 to $59,999. De-
mographic information for the sample is presented in Table 1.

Bivariate correlations between child age and average TST
was significant (» = -0.26, p < 0.01), such that older children
obtained significantly less sleep than younger children. Corre-
lations between race and TST was also significant (r = 0.23,
p <0.01). The follow-up ¢-test revealed that children identified
as African American (i.e., both Hispanic and non-Hispanic) ob-
tained significantly less sleep on average (mean = 379.66 min
or 6.33 h) than children identified as Caucasian (mean = 416.94
min or 6.95 h; ¢, = -2.95, p = 0.004). Additionally, chil-
dren identified as Hispanic obtained more sleep on average
(mean = 446.22 min or 7.44 h) than children identified as non-
Hispanic (mean = 410.15 min or 6.84 h; ¢, =-2.71, p = 0.008).
Means and standard deviations for these comparisons can be
found in Table 2. There were no sociodemographic variables
that were significantly correlated with child TWT.

The aim of the study was to describe the sleep patterns of a
primarily obese sample of children and examine the potential
role of time of measurement (i.e., school year versus school
break) and day of the week (i.e., weekday versus weekend).
Means and standard deviations for sleep variables can be
found in Table 3. Average time of sleep onset and offset were
23:59 and 07:15, respectively. Sleep onset latency averaged
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Table 2—Total sleep time by race and ethnicity.

Race or Ethnicity Mean TST, min Standard Deviation
Caucasian 416.94 49.79
African American 379.66* 47.30
Hispanic 446.22 54.64
Non-Hispanic 410.151 52.50

TST, total sleep time. * Significantly lower than Caucasian. T Significantly
lower than Hispanic.

Table 3—Mean sleep variables across all days of the week
and time of measurement.

Sleep Variable Mean (SD) Sample Range
Time of sleep onset 22:59 (0.06) 20:58 to 4:58
Time of sleep offset 07:15 (0.50) 4:451013:35
Sleep onset latency, min 13.73 (9.04) 1.20 to 48.20
Sleep period, min 496.92 (54.76)  182.60 to 586.00
Total sleep time, min 415.80 (52.79)  274.80 to 594.00
Total sleep time, h 6.92 (0.85) 4.58 10 8.67
Wake after sleep onset, min ~ 84.45(33.42)  16.80 to 195.00
Sleep efficiency, % 83.29 (6.54) 65.59 to 96.30
Total wake time, min 112.14 (37.05) 8.30 to 237.60
Daytime napping, min 6.35 (15.26) 0.00 to 89.00

SD, standard deviation.

13.73 min and WASO averaged 84.45 minutes. Children spent
an average of 496.92 min (SD = 54.76) in bed from sleep
onset to offset, equating to approximately 8 h 17 min. Mean
TST (mean = 6.92 h, SD = 0.85) was well below the recom-
mended quantity of 9 h sleep per night. Moreover, 88.1% of
the sample averaged < 8 h of sleep per night and none of the
participants averaged above 9 hours. Mean TWT ranged from
8.30 to 237.60 min (mean = 112.42, SD = 37.05). The mean
sleep efficiency was 83.29% (SD = 6.54), which was below
the “healthy” range of > 90%. Twenty-eight percent of the
sample had sleep efficiency < 80%; only 16.8% had an effi-
ciency > 90%.

Table 4 displays the means and standard deviations
of the sleep variables separately for day of the week and
school break. There was a main effect of school break on
the time of sleep onset, such that children on school break
went to sleep much later than those in school (F| .. = 11.54,
n’, = 0.08, p = 0.001). There were also main effects of day of
the week (F| |, =20.99,1?,=0.13, p <0.001) and school break
(F) 35 = 41.48, n’, = 0.23, p <0.001) on the time of sleep offset,
such that children had a later time of sleep offset on weekends
(versus weekdays) and school break (versus when in school).
There were no other main effects in predicting the remaining
sleep variables (p’s > 0.05).

There were few significant findings when examining the
potential role of the interaction between the day of the week
and school break. There was a significant interaction effect
detected in predicting WASO (F, ;, = 4.13, p = 0.044). Chil-
dren on school break spent fewer minutes awake after sleep
onset on weekends (mean = 87.36, SE = 8.48) than on week-
days (mean = 70.46, SE = 7.85), while children in school had
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Table 4—Mean sleep variables separately across day of the
week and school break.

Sleep Variable All Days (SD) Weekdays (SD) Weekend (SD)

Time of sleep onset

On break 00:14 (0.80)»  00:02 (0.09) 00:30 (0.08)

In school 22:46 (0.05) 22:20 (0.05) 23:17 (0.06)
Time of sleep offset

On break 08:40 (0.08)»  08:28 (0.08)*  09:00 (0.09)*

In school 06:59 (0.03) 06:33 (0.03)*  07:41(0.05)*
Sleep onset latency

On break 13.78 (8.17) 12.86 (9.11) 15.16 (11.35)

In school 13.80 (9.28) 13.60 (10.54)  14.10 (14.12)
Sleep period

On break 507.87 (51.15)  506.76 (57.84)  509.55 (76.50)

In school 49416 (55.84)  489.09 (69.63) 502.24 (66.80)
Sleep efficiency

On break 85.31 (7.87) 84.44 (9.94) 86.61 (6.05)

In school 82.94 (6.25) 82.93 (7.10) 82.96 (7.32)
Wake after sleep onset

On break 80.60 (41.63)  87.36(53.16)" 70.45(31.77)1

In school 84.92(31.92) 84.33(36.87)" 85.81(37.67)1
Total sleep time

On break 437.16 (66.44) 424.39 (62.71) 440.14 (70.32)

In school 41142 (49.58) 404.34 (66.83) 417.72(69.70)
Total wake time

On break 106.13 (43.23) 109.47 (52.58)  101.11 (37.36)

In school 113.45(36.04)  113.28 (41.04)  125.12(129.69)
Daytime napping

On break 7.06 (19.62) 9.92 (28.44) 2.77 (8.31)

In school 6.23 (14.55) 6.57 (18.21) 5.72 (15.60)

*p < 0.05, weekday vs. weekend main effect. * p < 0.05, school vs. on
break main effect. Tp < 0.05, day of the week and school break interaction
effect. SD, standard deviation.

a similar WASO for both weekdays (mean = 84.33, SE = 3.66)
and weekends (mean = 85.81, SE = 37.67).

DISCUSSION

The current study is one of the first to examine sleep pat-
terns within a strictly treatment-seeking overweight and obese
sample of children. Most notably, a vast majority of the chil-
dren exhibited sleep insufficiencies, as approximately 88% of
children averaged eight or fewer hours of sleep per night, spent
a large amount of time awake at night, and only about 17% of
the sample had optimal sleep efficiency. These findings are con-
sistent with research examining the trend towards shorter sleep
in a large, nationally representative sample of children.”” How-
ever, it is noteworthy that 11% of the national sample obtained
less than 8 hours of sleep and is in contrast to the approximately
88% of our sample.”’

The percentage of children experiencing insufficient TST
in our sample is even greater than reported by Beebe and col-
leagues, who compared objectively measured sleep of obese
adolescents attending a weight management clinic (Mage =13.1
years; BMI>95% percentile) to a control group of healthy weight
and overweight adolescents (M, , = 12.6 years; Range,,, = 24t

to 92™ percentile).® Beebe found that 26% of healthy weight



and overweight adolescents (M, = 0.26, SD = 0.61) and 56%
obese adolescents (M, = 2.48, SD = 0.30) averaged less than
8 hours of sleep.® The proportion of obese children in the cur-
rent study obtaining inadequate sleep compared to those in the
Beebe study suggests that trends towards decreased sleep may
be more substantial in rural obese samples. It is possible that
children in rural areas may need to travel further to school and
rise earlier in the morning than non-rural samples. It is also
possible that differences in sleep found between both studies
reflect the younger child age and lower child weight status in
the current sample. However, this is contrary to research that
has reported later time of sleep onset and shorter sleep dura-
tion in older children.”® Although obese children in both sam-
ples exhibited low percentages of children achieving 8 hours
of sleep per night, the sleep period for children in the current
study (mean = 496.92 min, SD = 54.76) was greater than the
obese sample in the Beebe study (mean = 469.00 min, SD = 50;
t,, = 6.01, p < 0.001). This difference in mean numbers but
not in percentage achieving 8 hours of sleep may be due to the
greater variability in the sleep data in the current study.

Children in our study went to sleep significantly later when
on school break and woke up significantly later on weekends
and when on school break. These findings are generally con-
sistent with the literature examining sleep patterns in child-
hood and adolescence.?®** As expected, children on school
break spent fewer minutes awake after sleep onset (WASO) on
weekends when compared to weekdays, while there were no
significant differences in WASO across the day of the week for
children who were in school the week of measurement. Dif-
ferences in sleep patterns across days of the week and school
attendance are important to consider given that irregularities
in the sleep schedule and timing are frequently associated with
shorter sleep duration.’! The time of sleep onset, regardless of
the day of the week, was late for the age group of our sample
(22:59) and may be a possible area for intervention to address
concerns with inadequate sleep duration.

Contrary to our hypothesis, there were no significant main
or interaction effects of day of the week (weekday versus
weekend) and school break across the remaining sleep vari-
ables (SOL, TST, TWT, and sleep efficiency). An additional
unexpected finding was the delayed sleep preference (time of
sleep onset and offset increased by one hour on weekends) in
children who were attending school during measurement, such
that the sleep-wake shift did not result in weekend sleep ex-
tension or greater sleep efficiency. This is contrary to research
with adolescents that indicate that a shift to later and more
preferred bedtimes on weekends is associated with improved
SOL, TST, and sleep efficiency.’**! One potential explanation
for the limited differences across sleep variables is the degree of
variability of sleep in our sample. Although a smaller range of
data can limit detection of significant relationships, highly vari-
able data (i.e., higher standard deviation) may indicate that the
sample mean does not accurately represent the variable being
measured due to higher random error.*> However, the majority
of participants fell within two standard deviations of the mean,
suggesting that this was not the case in this study.

Comparison of weekday versus weekend TST and sleep ef-
ficiency between the current study sample relative to the obese
and control groups in the Beebe study are noteworthy. Beebe
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and colleagues found that sleep duration and efficiency differ-
ences between the control group (non-overweight and over-
weight) and obese group were more pronounced on weekends
due to a later time of sleep onset in the obese group.® Similarly,
children in the current sample averaged significantly less week-
end sleep (¢,,,=-8.77, p < 0.001) and weekend sleep efficiency
(t,, = -7.93, p < 0.001) than the Beebe control group. These
findings are in contrast to group comparisons for weekday
sleep. Average weekday sleep was not significantly different
between our sample and the Beebe non-obese group (¢,,,=-1.12,
p = 0.27). However, our sample had significantly lower sleep
efficiency (¢,,, =-6.26, p <0.001). This is noteworthy given the
dearth of research examining sleep duration and efficiency in
children of varying weight status. The finding that obese chil-
dren obtain poorer sleep efficiency despite non-significantly
different overall weekday sleep than non-obese children sug-
gests that focusing on the negative effects of lower sleep dura-
tion in obese populations does not necessarily equate with sleep
efficiency. Sleep efficiency takes into account wake time during
the night, suggesting that the amount of time spent awake is
important to examine. Future research should also consider fac-
tors that may contribute to poor sleep efficiency in these chil-
dren, including anxiety or stress related to peer victimization or
low self-esteem and screen time use (i.e., TV, phone, computer).

In the current study there was a negative association between
child sleep time and child age. Moreover, African American
children obtained less sleep than Caucasian children. These
findings are consistent with previous research examining child
age and ethnic/minority status.*** Contrary to the findings of
previous research, there continued to be significant differences
in TST between Caucasian (mean = 423.47 min) and African
American children (mean = 385.34 min) when sleep also in-
cluded time spent in daytime napping.** There were also sig-
nificant ethnic differences in sleep, as children identified as
Non-Hispanic obtained less sleep than those identified as His-
panic. Silva and colleagues noted that sleep patterns and risk for
higher weight status vary by ethnicity, such that Hispanics were
at greater risk of shorter sleep and obesity compared to Non-
Hispanics at follow-up, regardless of sleep duration.** Although
the findings of the current study indicated that sleep patterns
vary by ethnicity, findings were contrary to what was noted by
Silva et al., and there were no significant differences in weight
status between ethnic groups. Additional research is needed to
examine potential social and environmental influences of sleep
patterns across racial and ethnic groups, as well as whether
the impact of short sleep on subsequent weight gain varies by
ethnicity. There were no sociodemographic variables that were
significantly associated with child TWT.

The current study had several strengths, including the use of
an objective measure of sleep duration in a strictly overweight
and obese treatment-seeking sample of children and their par-
ents. However, there were several methodological limitations
of the study. One limitation was the cross-sectional design that
limited our ability to make causal statements in our results. An
additional limitation was the treatment-seeking sample that
included a highly restricted range of weight status (89.5%
obese), which may have precluded our ability to make them
distinguishable from the general population of children who are
overweight or obese. However, the main goal of the study was
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to elucidate the sleep patterns within obese samples by examin-
ing the role of objectively measured sleep.

Another limitation was the use of Sensewear Armbands
(SWA) as a sleep measure. Although the SWA has the advantage
of unobtrusive and extended monitoring, there is scant research
examining its use in pediatric sleep. The only study to date ex-
amining agreement between SWA and PSG in children found
no systematic bias in estimating sleep (TST, SOL, and sleep
efficiency).”* However, the large variability of the agreement
resulted in substantial random error and suggests that SWA is
recommended only for group-level analyses.>** An additional
limitation was the number of excluded participants (N = 107,
42.8%) due to the lack of adequate sleep data for useful and
valid analysis, resulting in analyses being conducted with less
power. While this suggests possible biases in the study find-
ings, there were no significant sociodemographic differences
between those who did and did not have enough sleep data.

Despite the limitations noted in the use of Sensewear Arm-
bands, each approach to assessing pediatric sleep provides
unique information and carries different strengths and weak-
nesses. Polysomnography (PSG) is considered the “gold stan-
dard” for sleep physiology and for diagnosing sleep related
breathing disorders and periodic limb movement disorder.*
Actigraphy is an objective measure that can be used within the
home environment that provides information about sleep-wake
behaviors.?*?*” However, actigraphy has poor specificity when
compared to PSG and there is a lack of consistency in the de-
vice, epoch length, and algorithm used across studies.* Daily
sleep diaries are the “gold standard” measure of insomnia and
allow for correction of sleep artifacts associated with actigra-
phy (e.g., external movements in vehicles).**** The Sensewear
Armbands are a novel objective sleep measure that have a simi-
lar agreement with PSG across a wide range of sleep efficien-
cies and show no significant effect of child gender or weight
status.”* A single time point measurement, regardless of the
measure, has limitations due to the variability of sleep behav-
ior. It is therefore important for assessment to include multiple
measures that can complement one another and address indi-
vidual weaknesses.**4

Clinical Implications and Future Directions

Given the current prevalence of high child adiposity in the
U.S., the strong association between short sleep and weight
status, and the potential negative long-term impact of each,
obesity-related sleep difficulties are likely to affect a substan-
tial number of children and adolescents in the future. There is,
therefore, a need for research to develop a better understand-
ing of how sleep may impact not only health functioning and
weight management, but also quality of life and psychosocial
functioning of children who are overweight or obese.

Future research should include a multi-method and lon-
gitudinal assessment approach to examine child- and parent-
reported child sleep problems, well-validated objective sleep
measures (e.g., actigraphy or accelerometry and PSG), and
sleep diaries to account for artifacts of the objective measures.
This information is needed to obtain more conclusive informa-
tion about the direction of the relationship between sleep and
weight, as well as sleep and child psychosocial functioning in
an obese population. Given the degree of insufficient sleep in
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our study and the impact it can have on child functioning, it is
reasonable to speculate that improved sleep may be associated
with improvements in child well-being. Prospective research
using a larger sample size and use of well-validated measures
of sleep duration, as well as perceived sleep problems or sleep
quality are needed before drawing more definitive conclusions
on these relationships.
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