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Abstract

Objectives: We used mediation models to examine the mechanisms underlying the relationships among physical fitness,
sleep-disordered breathing (SDB), symptoms of depression, and cognitive functioning.

Methods: We conducted a cross-sectional secondary analysis of the cohorts involved in the 2003-2006 project PLAY (a trial
of the effects of aerobic exercise on health and cognition) and the 2008-201 | SMART study (a trial of the effects of exercise
on cognition). A total of 397 inactive overweight children aged 7-11 received a fitness test, standardized cognitive test
(Cognitive Assessment System, yielding Planning, Attention, Simultaneous, Successive, and Full Scale scores), and depression
questionnaire. Parents completed a Pediatric Sleep Questionnaire. We used bootstrapped mediation analyses to test whether
SDB mediated the relationship between fitness and depression and whether SDB and depression mediated the relationship
between fitness and cognition.

Results: Fitness was negatively associated with depression (B =—0.041; 95% CI, —0.06 to —0.02) and SDB (B = —0.005; 95%
Cl, —0.01 to —0.001). SDB was positively associated with depression (B = 0.99; 95% Cl, 0.32 to |1.67) after controlling for
fitness. The relationship between fitness and depression was mediated by SDB (indirect effect = —0.005; 95% CI, -0.01 to
—0.0004). The relationship between fitness and the attention component of cognition was independently mediated by
SDB (indirect effect = 0.058; 95% Cl, 0.004 to 0.13) and depression (indirect effect = —0.071; 95% CI, -0.01 to —0.17).
Conclusions: SDB mediates the relationship between fitness and depression, and SDB and depression separately mediate
the relationship between fitness and the attention component of cognition.
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Childhood obesity is a public health concern, and black

children are disproportionately affected. In 2014, 19.5% of
non-Hispanic black children were obese, whereas only
14.7% of non-Hispanic white children were obese.' In addi-
tion to the negative impact that obesity has on physical health
(eg, risks of type 2 diabetes, high blood pressure, high cho-
lesterol),” it adversely affects sleep quality,* mood,’ and
cognitive functioning.®’ For overweight children, regular
aerobic exercise leads to decreased adiposity (percentage body
fat) and improved fitness.®

Excess body weight is also associated with higher rates of
sleep-disordered breathing (SDB) among children and
adolescents.”'” SDB is characterized by abnormal breathing
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patterns that result in disturbances in the sleep cycle, and it
encompasses obstructive sleep apnea (ie, partial or
complete closure of airways during sleep), upper airway
resistance syndrome, and chronic snoring. Physical activity
leads to improved SDB. In a study of inactive overweight
children, of whom 25% screened positive for SDB, exercise
improved snoring and reduced SDB symptoms overall.''
However, the number of studies on the potential relationship
between childhood physical fitness and SDB is limited. Apart
from preliminary results suggesting that decreased fitness is
associated with shorter sleep duration for adolescents,'? little
is known about the relationship between fitness and SDB in
children.

More is known about the relationship among activity,
fitness, and mood, or affective states (particularly
depression), in children. Physical activity and symptoms of
depression appear to be inversely related among children and
adolescents.'® One study of overweight children found a
dose-response relationship such that more time spent in
vigorous daily exercise led to a greater reduction in
symptoms of depression.'* In addition, emerging research
suggests that although physical activity may be prospectively
associated with fewer symptoms of depression in young
people, the underlying mechanism may actually involve
physical fitness. For example, a recent study found that mid-
dle schoolers with low fitness levels were likely to report
more symptoms of depression than those with higher fitness
levels.'® In a large population-based study, lower cardiovas-
cular fitness among 18-year-old men was prospectively
linked to a higher risk of developing depression.'®

Similarly, sleep may also affect depression, although the
exact nature of the relationship is less clear. Disrupted sleep is
1 symptom of depression, with up to 73% of adolescents diag-
nosed with depression reporting comorbid sleep difficulties.'”
Conversely, up to 58% of adults diagnosed with breathing-
related sleep disorders meet the criteria for depression.'®
Furthermore, sleep difficulties in childhood have been impli-
cated as a risk factor for the development of depression,'® and a
recent meta-analysis suggested that sleep disturbance is actually
a precursor to symptoms of depression among adolescents>’
rather than merely a symptom or result of depression.?'

Aside from being linked with mood and possibly sleep,
physical activity and physical fitness may also affect the cog-
nition of young people. In a study of sedentary overweight 7-
to 11-year-old children, aerobic training increased not only
their physical fitness but also their cognitive performance.*
In addition, physical fitness has been shown to be directly
associated with better cognition among children.**

We aimed to clarify the mechanisms underlying the rela-
tionships between physical fitness and SDB and between
fitness and depression with a sample of overweight, racially
diverse children at risk for SDB. We also aimed to examine
the potential links among physical fitness, SDB, symptoms
of depression, and cognitive functioning. We hypothesized
that physical fitness would be negatively related to SDB and
symptoms of depression and positively related to cognition.

Furthermore, we hypothesized that the relationship between
physical fitness and symptoms of depression would be
mediated by SDB. Finally, we hypothesized a serial relation-
ship between physical fitness and cognition, in which phys-
ical fitness would be related to SDB, which in turn would be
related to symptoms of depression, which in turn would be
related to cognitive functioning.

Methods
Participants

Our study was a secondary analysis of combined baseline
data from project PLAY®'"*? and the SMART study.?® In
project PLAY, we recruited 6 waves of 30 to 40 children
each (N = 222) during a 4-year period (2003-2006) to par-
ticipate in a trial of the effects of aerobic exercise on health
and cognition.®*> We recruited children through presenta-
tions and flyers distributed at 15 elementary schools in the
Augusta, Georgia, metropolitan area. We used the following
inclusion criteria: white or black race, age 7-11, overweight
or obese (>85th percentile body mass index),?” inactive (ie,
no regular physical activity program >1 hour per week), no
medical condition or medications that would affect study
results or limit physical activity, and an ability to provide a
fasting blood sample at the study’s baseline.

In the SMART study, which examined the effects of exer-
cise on the brain, we recruited 4 waves of 25 to 50 children
each (N = 175) during a 4-year period (2008-2011)%¢
through presentations and flyers distributed at 14 elementary
schools in Augusta. We used the following inclusion criteria:
age 8-11, any race or ethnicity, and the same requirements as
project PLAY for overweight or obese status, physical activ-
ity, and medical history. Unlike in project PLAY, however,
children did not have to provide a fasting blood sample to be
enrolled in the SMART study. For both studies, we obtained
informed consent and assent orally and in writing from a
parent or guardian and from the child. The Augusta Univer-
sity Medical College of Georgia Institutional Review Board
approved both studies.

Measures

Fitness. We measured fitness using the Modified Balke Protocol
for Poorly Fit Children on a treadmill to determine VO, peak.*®
A higher VO, peak indicates a higher level of aerobic fitness.

Sleep-Disordered Breathing. In project PLAY and the SMART
study, the parents of participating children reported sleep
behaviors with the Pediatric Sleep Questionnaire, which has
been validated against polysomnography for children.?
The questionnaire includes 22 dichotomous questions about
children’s sleeping patterns, and the answers are scored as
no = 0 and yes = 1. For each participant, we added the scores
for all questions and then calculated a total average score.
We considered a total average score >0.33 to be a positive
screen for SDB.
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Symptoms of Depression. Participants in project PLAY
completed the Reynolds Child Depression Scale (RCDS), a
30-item self-report questionnaire of symptoms of depression
among children. We reported responses using a 4-point
Likert scale, where 1 = almost never and 4 = all the time.
Total scores range from 30 to 120, and higher scores indicate
more symptoms of depression. We considered a score >74
indicative of a clinically relevant level of depression.*’
Fourteen (6.3%) RCDS results were invalid; these scores
were not included in the analyses.

SMART study participants completed the Children’s
Depression Inventory (CDI), a 27-item multiple-choice
self-report questionnaire of symptoms of depression among
children and adolescents.”® Each item consists of statements
with a rating ranging from 0 (absence of symptoms) to
2 (definite symptoms). CDI scores range from 0 to 54; we
considered a score >19 to be a positive screen for depression
(in this pediatric nonclinical population). In a study of chil-
dren aged 8-12, the RCDS and CDI were each internally
consistent and highly positively correlated.’’ We converted
RCDS and CDI scores into z scores for our analysis.

Cognition. To assess children’s cognitive functioning, we
administered the Cognitive Assessment System (CAS), a
standardized individual assessment that yields 4 scale scores
(Planning, Attention, Simultaneous, and Successive) and a
composite Full Scale score.** The Planning Scale requires
the child to consider how to solve items, develop a plan of
action, apply the plan, modify the plan as needed, and control
the impulse to act without careful consideration. The Atten-
tion Scale requires the child to focus cognitive activity,
detect particular stimuli, and inhibit responses to competing
stimuli. The Simultaneous Scale requires the child to synthe-
size separate stimuli into an interrelated group involving
spatial and logical content. The Successive Scale requires
the child to integrate material into a specific serial order in
which each element is related to those that precede and
follow it, and it involves the repetition or comprehension
of the serial organization of elements. The Full Scale score
is the equally weighted composite of the Planning, Atten-
tion, Simultaneous, and Successive Scale scores. A child’s
performance on each scale, as well as the Full Scale, yields
a standard score. The standard scores, which are set at a
mean of 100 and a standard deviation of 15, show perfor-
mance relative to a historical population of children of the
same age; higher scores reflect higher functioning in each
cognitive domain.

Demographic Characteristics. The children’s primary caregiver
(eg, parent) self-reported his or her education level as less
than high school graduate, high school graduate, some col-
lege, college degree, or postgraduate degree. Socioeconomic
status was coded based on primary caregiver’s education
level. Parents also reported the race (black or white) and age
of participating children.

Adiposity. We used dual-energy x-ray absorptiometry
(QDR-4500W or Discovery W; Hologic Inc, Bedford,
MA) of the whole body to measure percentage fat (fat
mass/body mass x 100).

Data Analysis

We conducted all analyses using IBM SPSS version 21.0.%
For all statistical tests, we considered an o level of .05 to be
significant. We examined relationships among variables of
interest using partial correlations, controlling for socioeco-
nomic status and adiposity. We reported standardized coeffi-
cients, r, to indicate the relative strengths of relationships
among the variables in our study.

We conducted mediation analyses using PROCESS
macro version 2.13.>* Mediation analyses examine hypoth-
eses about whether a proposed mediator acts as an intermedi-
ate variable between a proposed cause and a proposed
outcome. For these analyses, we reported unstandardized
coefficients, B, to indicate the relative strengths of mediation
relationships. We used a 95% bootstrap CI with 5000 resam-
ples to determine whether these mediation effects, also called
indirect effects, were significant.>>-¢

We estimated a mediation model in which the proposed
cause was fitness (measured as VO, peak), the outcome vari-
able was symptoms of depression (measured with RCDS or
CDI), and the proposed mediator was SDB (measured with
the Pediatric Sleep Questionnaire). In these analyses, we
controlled for socioeconomic status and adiposity, and we
used Model 4 in PROCESS (simple mediation). If the causal
order of the variables is correctly specified, mediation mod-
els can provide evidence about whether the proposed cause
might influence the outcome through the proposed mediator.

We then conducted moderated mediation analyses to
determine whether other variables (study cohort, race, sex)
affected our mediation results. We used model 59 in PRO-
CESS to determine whether the study cohort (PLAY vs
SMART) played a moderating role. Moderation by study
cohort would suggest that the mediation findings were not
consistent between the 2 study cohorts, whereas the absence
of moderation would show consistent relationships among
the variables in both study cohorts. We used model 58 in
PROCESS to test whether race (black or white) and sex were
moderators of the relationships among fitness (the proposed
cause), SDB (the proposed mediator), and symptoms of
depression (the proposed outcome), again controlling for
socioeconomic status and adiposity. Here, moderation would
indicate that the fitness effect on SDB and/or the SDB effect
on symptoms of depression was dependent on race or sex.

In addition, we used a serial multiple mediator model
(model 6 in PROCESS) to determine whether the relation-
ship between fitness and another outcome variable, cogni-
tion, was mediated by SDB and/or symptoms of depression.
In this model, we hypothesized 3 indirect effects: (1) fitness
would be associated with cognition through SDB; (2) fitness
would be associated with cognition through symptoms of
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Table I. Characteristics of overweight and obese inactive children aged 7-1 | in public schools, by sex and race, based on study cohorts from
project PLAY®!""22 (2003-2006) and the SMART study®® (2008-201 I), Augusta, Georgia®

Girls (n = 235) Boys (n = 162)
Characteristics Total (N =397) Black (n=175) White (n=60) Black (n=107) White (n=55)
Age, y 95 + 1.0 95 + 1.0 94 + 1.0 95+ 1.0 96 + 1.2
Percentage fat of body mass 39.19 + 6.8l 40.40 + 6.07 42.17 + 4.72 35.97 + 7.80 38.34 + 6.50
VO, peak, mL/kg/min® 2843 + 5.49 27.19 + 5.03 28.59 + 4.85 30.14 + 6.32 2894 + 4.99
Positive screen for SDB 70 (18) 27 (15) 13 (22) 20 (19) 10 (18)
Pediatric Sleep Questionnaire score® 0.22 + 0.20 0.20 + 0.20 0.23 + 0.20 0.22 + 0.20 0.22 + 0.20
Positive screen for depression 24 (6) 13 (7) 3(5 7(7) I (2)
RCDS score? 51+ 10 52 + 12 53 + 11 50 + 8 49 + 10
CDI score® 79 + 7.1 75 + 6.6 89 + 82 79 £+ 75 11.0 + 82
CAS scores’
Planning Scale 96 + 13 97 + 12 97 + 16 92 + 12 99 + 12
Attention Scale 97 + 13 100 + 12 97 + 14 92 + 12 95 + 11
Simultaneous Scale 101 + Il 100 + |1 106 + 12 99 + 10 105 + 12
Successive Scale 98 + 12 99 + 12 99 + 14 97 + |1 99 + |1
Full Scale 97 + 12 98 + 11 100 + 14 93 + 11 99 + 11

Abbreviations: CAS, Cognitive Assessment System; CDI, Children’s Depression Inventory; RCDS, Reynolds Child Depression Scale; SDB, sleep-disordered
breathing.

*Values are presented as mean + SD or No. (%).

VO, peak is a measure of aerobic physical fitness.

“Pediatric Sleep Questionnaire includes 22 dichotomous questions for primary caregivers (eg, parents) about children’s sleeping patterns (no = 0, yes = 1).
Scores for all questions are added, and then a total average score is calculated; a total average score >0.33 was considered to be a positive screen for SDB.?
dCompleted by participants in project PLAY, the RCDS®* is a 30-item self-report questionnaire of symptoms of depression among children. Responses are
reported with a 4-point Likert scale, where | = almost never and 4 = all the time. RCDS scores range from 30 to 120, with higher scores indicating more
symptoms of depression. A score >74 indicated a clinically relevant level of depression. Fourteen (6.3%) RCDS results were invalid; these scores were not
included in the analyses.

¢Completed by participants in the SMART study, the CDl is a 27-item multiple-choice self-report questionnaire of symptoms of depression among children and
adolescents.?” Each item consists of statements with a rating ranging from 0 (absence of symptoms) to 2 (definite symptoms). CDI scores range from 0 to 54,
with higher scores indicating higher depression levels. A score >19 indicated a positive screen for depression.

fCAS is a standardized individual assessment of children’s cognitive processes that yields 4 scale scores (Planning, Attention, Simultaneous, and Successive) and
a composite Full Scale score.?? Standard scores, which show how a child’s performance compares with peers of the same age, are provided for each scale
(normative mean = 100, SD = 15). The Planning Scale requires the child to consider how to solve each item and control the impulse to act without thinking.
The Attention Scale requires the child to focus cognitive activity and inhibit responses to competing stimuli. The Simultaneous Scale involves spatial and logical
content. The Successive Scale requires the child to integrate material into a specific serial order. The Full Scale score is the equally weighted composite of
scores from the Planning, Attention, Simultaneous, and Successive Scales.

depression; and (3) fitness would be associated with cogni- parents (or primary caregivers), 21 (5%) reported their high-
tion through a serial relationship in which fitness would be est education level as less than high school, 99 (25%) as high
associated with SDB, which in turn would be associated with school, 178 (45%) as some college, 75 (19%) as a college
symptoms of depression, which in turn would be associated  degree, and 24 (6%) as a postgraduate degree.
with cognition. Fitness was negatively correlated with SDB ( = —0.14)
Recent methodologic discussions about mediation  and symptoms of depression (» =—0.18). SDB was positively
analysis suggest that it is not necessary that total effects correlated with symptoms of depression (» = 0.13; Table 2).
(relationship between cause and outcome) be significant  Fitness was marginally positively correlated with scores of
when testing indirect effects (mediator acting as intermedi- the CAS Attention Scale (» = 0.10) and Simultaneous Scale
ate variable in relationship between cause and outcome),* (r = 0.11). Symptoms of depression were negatively corre-
and tests of indirect effects may actually have higher power  lated with scores from the CAS Planning, Attention, Succes-
than tests of total effects.®” Also, although these models do sive, and Full Scales (r = —0.19 to —0.22) but not the CAS
not provide evidence for causal claims, they do provide Simultaneous Scale.
estimates of the indirect effects through which causal
mechanisms may operate. Mediation Models
In the model with fitness as the independent variable, SDB as
the mediator, and symptoms of depression as the dependent
Of 397 study participants, 282 (71%) children were black  variable, fitness was significantly negatively associated with
(1 Pacific Islander child was included in the white category), SDB (B = -0.005; 95% CI, -0.008 to —0.001; P = .008), and
and 235 (59%) children were female (Table 1). Of the 397 SDB was significantly positively associated with symptoms

Results
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Table 2. Partial correlations among physical fitness, sleep-disordered breathing, symptoms of depression, and cognition, adjusted for
socioeconomic status and adiposity, among overweight and obese inactive children aged 7-11 (n = 314)? in public schools, based on
study cohorts from project PLAY®!"22 (2003-2006) and the SMART study?® (2008-201 1), Augusta, Georgia

Physical P Sleep-Disordered P Symptoms of P
Measure Fitness Value® Breathing Value® Depression Value®
Sleep-disordered breathing® —0.14 .009
Symptoms of depression® —0.18 .001 0.13 .034
Cognition®
Planning Scale 0.06 262 —-0.08 .198 —0.19 .001
Attention Scale 0.10 .033 -0.19 <.001 -0.19 .001
Simultaneous Scale 0.11 .025 0.0l 861 —0.04 741
Successive Scale —-0.02 .900 0.01 541 —-0.21 .001
Full Scale 0.08 .063 -0.09 .135 -0.22 <.001

2Of the full study sample (N = 397), 83 participants had missing data for at least | variable of interest or | covariate and were not included in the partial
correlation analyses, resulting in a final sample for the partial correlations of 314 participants.

BSignificant at P < .05.

“Pediatric Sleep Questionnaire includes 22 dichotomous questions for primary caregivers (eg, parents) about children’s sleeping patterns (no = 0, yes = |).
Scores for all questions are added, and then a total average score is calculated; a total average score >0.33 was considered to be a positive screen for sleep-
disordered breathing.?’

9Z scores were calculated from Reynolds Child Depression Scale (RCDS)*® scores (project PLAY) and Childhood Depression Inventory (CDI)?’ scores
(SMART study). The RCDS* is a 30-item self-report questionnaire of symptoms of depression among children. Responses are reported with a 4-point Likert
scale, where | = almost never and 4 = all the time. RCDS scores range from 30 to 120, with higher scores indicating more symptoms of depression (a score
>74 is considered to be indicative of a clinically relevant level of depression). Fourteen (6.3%) RCDS results were invalid; these scores were not included in the
analyses. The CDl is a 27-item multiple-choice self-report questionnaire of symptoms of depression among children and adolescents.?® Each item consists of
statements with a rating ranging from 0 (absence of symptoms) to 2 (definite symptoms). CDI scores range from 0 to 54, with higher scores indicating higher
depression levels (a score >19 is considered to be indicative of a positive screen for depression in this pediatric nonclinical population).

°The Cognitive Assessment System is a standardized individual assessment of children’s cognitive processes that yields 4 scale scores (Planning, Attention,
Simultaneous, and Successive) and a composite Full Scale score.?? Standard scores, which show how a child’s performance compares with peers of the same
age, are provided for each scale (normative mean = 100, SD = |5). The Planning Scale requires the child to consider how to solve each item and control the
impulse to act without thinking. The Attention Scale requires the child to focus cognitive activity and inhibit responses to competing stimuli. The Simultaneous
Scale involves spatial and logical content. The Successive Scale requires the child to integrate material into a specific serial order. The Full Scale score is the
equally weighted composite of the scores from the Planning, Attention, Simultaneous, and Successive Scales.

of depression (B = 0.99; 95% CI, 0.32, 1.67; P = .004), after

Sleep-disordered controlling for fitness (Figure 1). These results supported the
breathing mediational hypothesis. In addition, fitness was significantly
a=-0.005 b=0.99 . . . .

(0,008 to 7()‘00}/' (03210 1.67) negatively associated with symptoms of depression (B =
—-0.041; 95% CI, —-0.06 to —0.02; P = .002), even when con-
) Symptoms of trolling for the mediator (B = —0.036; 95% CI, —-0.06 to

Physical fitness —_— . . . . c . ST
depression —0.01), consistent with only partial mediation. The indirect

¢ =-0.041 (-0.06 to —0.02)
¢'=-0.036 (~0.06 to 0.01)
ab # 0 (~0.01 to ~0.0004)

effect of fitness on symptoms of depression mediated by
SDB was different from zero (B # 0; 95% bootstrap CI,
—0.01 to —0.0004), indicating that those children who were
1 unit higher on VO, peak were expected to be .005 SD lower

Figure |. Mediation model of the association between physical

fitness and symptoms of depression mediated by sleep-disordered
breathing (SDB) among overweight and obese inactive children
aged 7-11 in public schools, based on study cohorts from project
PLAY®'"22 (2003-2006) and the SMART study?® (2008-201 1),
Augusta, Georgia. Unstandardized regression coefficients, B, and
95% Cls in parentheses are reported for each path. Abbreviations:
a, direct effect of physical fitness on SDB (P = .008); b, direct
effect of SDB on symptoms of depression after controlling for
fitness (P = .004); c, total effect of physical fitness on symptoms of
depression (P = .002); c/, direct effect of physical fitness on
symptoms of depression after controlling for SDB; ab, indirect
effect of physical fitness on symptoms of depression mediated by
SDB.

on the depression scales, mediated by the influence of VO,
peak on SDB and, subsequently, SDB on symptoms of
depression.

Using the moderated mediation model to examine the
relationship between fitness and symptoms of depression
mediated by SDB, we found no moderation by study cohort
(Figure 2). We also found that the indirect effect of fitness
on symptoms of depression mediated by SDB was not con-
ditional on either race (model 58 index of moderated med-
iation = 0.01; 95% bootstrap CI, —0.01 to 0.02) or sex
(model 58 index of moderated mediation = —0.002; 95%
bootstrap CI, —0.01 to 0.01).
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Sleep-disordered breathing
/ (SDB) \

Fitness

Symptoms of depression

SDB x study
identification

Study identification

Fitness x study

identification
B
/ Sleep-disordered breathing \
Fitness Sympl(!lr‘ls of
T depression

Figure 2. Statistical (A) and conceptual (B) moderated mediation
models, examining whether the association between fitness and
symptoms of depression mediated by sleep-disordered breathing
(SDB) was moderated by study cohort, W, among overweight and
obese inactive children aged 7-11 in public schools, based on study
cohorts from project PLAY®'""?2 (2003-2006) and the SMART
study?® (2008-201 1), Augusta, Georgia. Formula for the conditional
indirect effect of fitness on symptoms of depression mediated by
SDB: ® = (a; + a3 W)(b, + by W), where W is the moderator
(study cohort). We used moderated mediation model 59 in
PROCESS,** and we found no moderation by study cohort.
Abbreviations: a|, path from physical fitness to SDB; a,, path from
study cohort to SDB; a3, path from fitness x study cohort to SDB;
b, path from SDB to symptoms of depression; b,, path from SDB x
study cohort to symptoms of depression; c;, path from physical
fitness to symptoms of depression; c,, path from study cohort to
symptoms of depression; cs3, path from fitness x study cohort to
symptoms of depression.

In the model with fitness as the independent variable,
SDB and symptoms of depression as mediators, and the
CAS Simultaneous Scale as the dependent variable, fitness
was significantly negatively associated with SDB (B =
-0.01; 95% CI, -0.01 to —0.001; P = .016), and SDB was
significantly positively associated with symptoms of
depression (B = 0.99; 95% CI, 0.32 to 1.67; P = .004).
However, the total effect of fitness on the Simultaneous
Scale was not significant (P = .069), and the direct effect,
controlling for the mediators, was also not significant (P =
.069). In addition, the separate indirect effects of fitness on
the Simultaneous Scale mediated by only SDB (95% boot-
strap CI, —0.05 to 0.03) and by only symptoms of depres-
sion (95% bootstrap CI, —-0.04 to 0.06) were not
significant. Similarly, the serial indirect effects of fitness
on the Simultaneous Scale mediated by SDB and, in turn,
by symptoms of depression (95% bootstrap CI, —0.004 to
0.006) were also not significant. The model including

Sleep-disordered
breathing
(Mediator 1)

Symptoms of
depression
(Mediator 2)

X

Cognition
4 (Attention)

Physical fitness

Figure 3. Serial multiple mediation model examining the associa-
tion between fitness and the attention component of cognition
mediated by sleep-disordered breathing (SDB) and symptoms of
depression among overweight and obese inactive children aged 7-
I'l in public schools, based on study cohorts from project
PLAY®'""22 (2003-2006) and the SMART study®® (2008-201 1),
Augusta, Georgia. Cognition was measured with the Cognitive
Assessment System>? Attention Scale, which requires the child to
focus cognitive activity and inhibit responses to competing stimuli.
Abbreviations: a; |, effect of physical fitness on SDB; a|,, effect of
physical fitness on symptoms of depression; b, effect of SDB on
attention; b,, effect of symptoms of depression on attention; c, total
effect of physical fitness on attention; ¢/, direct effect of physical
fitness on attention, controlling for SDB and symptoms of depres-
sion; d, effect of SDB on symptoms of depression. Results: Physical
fitness was significantly negatively associated with SDB (B = —0.005;
95% Cl, —0.01 to —0.001; P = .016) and symptoms of depression (B
=-0.03; 95% Cl, —0.06 to —0.01; P = .004). The total effect of fitness
on attention was not significant (B = 0.27; 95% Cl, —0.03 to 0.57; P
= .076), and the direct effect of physical fitness on attention, con-
trolling for the mediators, was also not significant (B = 0.14; 95% ClI,
—0.16 to 0.43; P = .371). The serial indirect effect of fitness
mediated by SDB and, in turn, by symptoms of depression was not
significant (indirect effect = 0.006; 95% bootstrap CI, —-0.001 to
0.02). However, the indirect effects of fitness on attention mediated
only by SDB (indirect effect = 0.06; 95% bootstrap Cl, 0.004 to
0.13) and only by symptoms of depression (indirect effect = 0.07;
95% bootstrap Cl, 0.01 to 0.17) were both significant. The model
including fitness, all mediators, and all covariates accounted for 8%
of the variance in attention (R? = 0.079, P < .001).

fitness, all mediators, and all covariates did not account
for a significant amount of variance in the CAS Simulta-
neous Scale (R* = 0.026, P = .15). These results did not
support the independent hypotheses (SDB, symptoms of
depression) or serial mediation hypothesis.

In the model with fitness as the independent variable,
SDB and symptoms of depression as the mediators, and the
CAS Attention Scale as the dependent variable (Figure 3),
fitness was significantly negatively associated with SDB
(B = -0.005; 95% CI, —0.01 to —0.001; P = .016) and symp-
toms of depression (B = —0.03; 95% CI, —0.06 to —0.01; P =
.004). The total effect of fitness on the Attention Scale was not
significant (B = 0.27; 95% CI, -0.03 to 0.57; P = .076), and
the direct effect of fitness on the Attention Scale, controlling
for the mediators, was also not significant (B = 0.14; 95% CI,
—0.16 to 0.43; P = .371). However, the separate indirect
effects of fitness on the Attention Scale mediated by only
SDB (indirect effect = 0.06; 95% bootstrap CI, 0.004 to
0.13) and only symptoms of depression (indirect effect =
0.07; 95% bootstrap CI, 0.01 to 0.17) were both significant.
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Finally, the serial indirect effect of fitness mediated by SDB
and, in turn, by symptoms of depression was not significant
(indirect effect = 0.006; 95% bootstrap CI, —0.001 to 0.02).
These results supported the independent hypotheses (1: fit-
ness, SDB, attention; 2: fitness, symptoms of depression,
attention) but not the serial mediation hypothesis. The model
including fitness, all mediators, and all covariates accounted
for 8% of the variance in the CAS Attention Scale (R* =
0.079, P <.001).

Discussion

We hypothesized and tested a causal pathway between phys-
ical fitness and mood (symptoms of depression), mediated by
sleep quality (SDB). Using a diverse sample of inactive 7- to
11-year-old overweight or obese children, we found that
better physical fitness was linked to less SDB, which in turn
was linked to fewer symptoms of depression. Previous
research has suggested that higher weight is associated with
lower cardiorespiratory fitness,”® increases in physical activ-
ity are associated with increases in fitness,*” obesity is asso-
ciated with SDB,”'* and increased physical activity is
associated with improved sleep quality.'' Our finding that
better fitness levels among overweight and obese children
are associated with lower levels of SDB is consistent with
these previous findings.

In addition, our finding that fitness levels are associated
with mood is consistent with previous findings of children
and adolescents showing beneficial effects of increased
physical activity on mood.'*'* However, little is known
about the mechanisms that drive the relationship between
physical fitness levels and mood. Our finding that this rela-
tionship is mediated by SDB adds to the emerging literature
about the involvement of sleep disturbances in the causal
sequence of depression in children and adolescents. Indeed,
although sleep difficulties are generally considered a symp-
tom of depression,40 for children and adolescents, there
may now be more support in the literature for the causal
role of prodromal sleep difficulties in the development of
depression than there is for symptoms of depression causing
poor sleep quality.?’ Furthermore, our findings about the
fitness-sleep-mood pathway also point to additional poten-
tial prevention and treatment options, particularly focused
on physical activity interventions, for childhood and ado-
lescent depression.

We also hypothesized that changes in the fitness-sleep-
mood pathway would be related to changes in cognitive
functioning. We found that physical fitness was in fact mar-
ginally positively correlated with the cognitive ability to
focus and inhibit responses (CAS Attention Scale). This is
consistent with findings from others linking fitness to atten-
tion control as measured by laboratory reaction time and
accuracy tasks.”**! We also showed that the relationship
between physical fitness and the attention component of
cognition was mediated separately, but not sequentially, by
SDB and symptoms of depression. The finding that SDB and

attention are related is consistent with previous research
showing that SDB is associated with self- and parent-
reported attention problems,**** difficulty with cognitive
processes that require high attention resources (eg, declara-
tive memory),** and symptoms of attention-deficit/hyperac-
tivity disorder in young people.*> However, our finding of a
link between depression and attention in children and ado-
lescents is not well established in the published literature.*®
The reason may be that previous studies examining clinical
samples largely measured attention using laboratory tasks
rather than standardized psychometric instruments, such as
those used in our study. Also, as opposed to previous stud-
ies, our study used a community sample of children who
reported mostly subthreshold symptoms of depression.
Taken together, our mediation results on the attention com-
ponent of cognition, integrated with findings in the litera-
ture, appear to point to fitness-related disruptions in sleep
and mood as important mechanisms affecting cognitive
functioning in children.

Limitations

This study had several limitations. First, our study was
cross-sectional; as such, we could not ascertain temporal
or causal relationships among physical fitness, SDB, symp-
toms of depression, and cognition. Second, serial mediation
models require large sample sizes to detect indirect
effects.*’” Because of our modest sample size, our test of
serial mediation may have failed to show significance
because it was underpowered. Finally, the indirect effects
described in this study accounted for a relatively small
amount of variance in symptoms of depression (ie, 8%).
However, our results still contribute valuable information
to the growing understanding of the multiple factors
involved in the development of depression.

Strengths

This study also had several strengths. First, components of
cognition are commonly measured in research studies by
using laboratory reaction time and accuracy computer tasks.
Our use of an age-normed psychometric measure of cogni-
tive functioning (ie, CAS), used most often in clinical set-
tings, increased the clinical applicability and reliability of
our results. Furthermore, laboratory measures of attention
have demonstrated questionable test-retest reliability,**
whereas the reliability of the CAS Attention Scale has been
excellent.** Second, our use of VO, peak to measure car-
diorespiratory fitness provided us with a more objective
index of aerobic capacity than if we had relied on the more
subjective self-reporting of physical activity. Third,
because we found no evidence that race or sex affected the
relationships among fitness, SDB, and symptoms of depres-
sion, our results are generalizable to most US children,
regardless of their race or sex. Finally, although causation
cannot be inferred from the data in our study, the results are
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consistent with the posited fitness-sleep-mood-cognition
causal sequence, and they suggest future directions for
experimental research examining other potential mechan-
isms through which physical fitness might influence mood
and cognition.

Conclusions

The results of our study indicate that SDB mediates the rela-
tionship between physical fitness and symptoms of depres-
sion and that SDB and symptoms of depression separately
mediate the relationship between physical fitness and the
attention component of cognition. They also add to the pre-
vious literature highlighting the mechanistic relationships
among physical fitness, sleep, mood, and cognition. The
mediation models tested in this study represent an important
step in understanding the mechanisms underlying the rela-
tionships between sleep disturbance and mood and cognitive
outcomes, with a broader goal of improving children’s well-
being.

Future experimental studies should examine the potential
causal link between SDB and symptoms of depression. Neu-
roimaging studies might shed light on the neural circuitry
that affects SDB, mood, and cognition. Mediation models
can be used to improve the understanding of the mechanisms
linking sleep disturbance, mood, and cognition.
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