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ABSTRACT: The relationships between sleep and aerobic fitness, intelligence, and cognitive abilities in preadolescent children 
was investigated in this research. Data from 483 children who were 8 - 9 years old were used to conduct correlational analyses. 
One parent of each participant completed a questionnaire pertaining to the typical amount of sleep received by the child par-
ticipant. Each participant completed a maximal oxygen consumption test, a dual energy x-ray absorptiometry (DXA) scan, an 
Intelligence Test, achievement testing in reading, math, and spelling, and a modified flanker task to assess attentional inhibition. 
Greater amounts of sleep correlated with aerobic fitness (r=0.15, p≤0.001). Sleep correlated with body composition, measured 
via body mass index (BMI) (r=-0.15, p≤0.001) and visceral adipose tissue (VAT) (r=-0.12, p=0.02). Sleep also correlated with 
crystallized intelligence (r=0.18, p≤0.001) and fluid intelligence (r=0.16, p≤0.001), as well as performance on reading (r=0.17, 
p≤0.001) and math (r=0.16, p=0.01) achievement tests. Spelling did not correlate with sleep (r=0.09, p>0.05). Greater amounts of 
sleep correlated with congruent flanker task accuracy (r=0.11, p=0.03) and reaction time (r=0.13, p=0.01). Finally, sleep correlated 
with incongruent flanker task accuracy (r=0.16, p≤0.001) and reaction time (r=0.13, p=0.01). These findings indicate a beneficial 
relationship of sleep with physical and cognitive health in children.
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Inhibition.

�   Introduction
Human beings spend approximately one-third of their life-

time asleep. Many processes that are necessary for survival occur 
during sleep cycles: nerve cells communicate and build connec-
tions; the body repairs cells, tissues, and muscles; and hormones 
are produced throughout the body.¹ But how does the time 
we spend asleep impact the time we spend awake? Children, 
8 and 9 years old, are recommended to get 9-11 hours of sleep 
per night for adequate health and safety.² Adequate sleep is 
particularly important for children since insufficient sleep is 
associated with atypical physical and cognitive development.³ 
According to the National Sleep Foundation, sleeping for un-
der 7 hours or over 12 hours nightly can compromise health 
and development in preadolescent children and may lead to 
serious health problems.² There is growing evidence linking 
sleep and cardiometabolic risk factors in children, particular-
ly in terms of adiposity.⁴ Existing research suggests that more 
chronic sleep leads to a lower body mass index (BMI) in ad-
olescents, young adults, and older adults.⁵ While this research 
exists pertaining to sleep and its effects on BMI in adolescents 
and adults, little is known about the effects of sleep on BMI 
in preadolescent children. In addition, one study also suggests 
that sleep influences physical activity, such that unhealthy sleep 
patterns are related to lower levels of cardiorespiratory fitness.⁶ 
This may be because exercise has been shown to improve sleep 
architecture and sleep continuity in children.⁷ Furthermore, 
research suggests that increased sleep correlates with better ac-
ademic performance in adolescents.⁸ However, less is known 
about the effects of sleep on academic performance in pread-
olescents, as well as its effects on intelligence, both in terms 

of crystallized and fluid intelligence. Crystallized intelligence 
refers to the ability to acquire facts and knowledge. Fluid intel-
ligence refers to the ability to think critically and use reasoning 
to recognize patterns. Crystallized and fluid intelligence pres-
ent differently in children, as fluid intelligence increases until 
adolescence and then declines, whereas crystallized intelligence 
increases consistently.⁹ Additionally, research from the US 
Library of Medicine suggests that sleep deprivation impairs at-
tention and inhibition in adult males.¹⁰ Attentional inhibition 
refers to the ability to suppress irrelevant information in order 
to concentrate on more pertinent information in the environ-
ment. Little is known about the relationship between sleep and 
attentional inhibition in children. This investigation aimed to 
assess the relationship between chronic sleep and cognitive 
and physical health in preadolescent children ages 8 to 9 years. 
The hypothesis is that hours of sleep received per night will 
correlate positively with aerobic fitness levels, crystallized and 
fluid intelligence, and attentional inhibition abilities, as well as 
correlate negatively with BMI and fat mass (i.e., visceral adi-
pose tissue (VAT)).
�   Methods
A total of 483 children ages 8-9 years old were recruited to 

participate in this study, of which a subsample (n=401) was in-
cluded in this exploratory analysis. Demographic information 
can be found in Table 1.

To collect the necessary information to understand the 
relationships between sleep, fitness, BMI, intelligence, and 
cognition, a parent of each participant completed a basic 
questionnaire, which included one question pertaining to 
chronic sleep behavior: “How much sleep does your child 
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regularly?” Answers were given in multiple choice format, 
with options of “under 5,” “5-6,” “6-7,” “7-8,” 8-9,” “9-10”, 
and “more than 10.” For the purpose of this investigation, 
answers were rounded down, with the assumption that par-
ticipants tend to overestimate sleep to satisfy the researcher. 
For example, if the “8-9 hours of sleep” option was selected, 
the variable of “8” was utilized (see Figure 1). A limitation of 
the study was that the questionnaire’s multiple choice options 
did not go beyond “more than 10” hours of sleep per night, 
indicated with the variable of “10” on all figures. 

Aerobic fitness was measured using a maximal oxygen con-
sumption test (VO2 max, ml/kg/min).¹¹ Participants walked 
or ran on a treadmill at constant speed and incline increas-
ing until they reached volitional exhaustion. Cardiorespiratory 
fitness was measured as a VO₂peak.¹² Participants’ oxygen con-
sumption was measured using an indirect calorimetry system 
(ParvoMedics TrueMax 2400). Participants walked/ran at a 
constant speed on a treadmill with incline increases of 2.5 % 
every 2 minutes until volitional exhaustion. Participants wore a 
heart rate (HR) monitor throughout the test to calculate heart 
rate max. Ratings of perceived exertion (RPE) were assessed 
every 2 min using the children’s OMNI Scale.¹³,¹⁴ (3) respi-
ratory exchange ratio (RER ≥ 1.0),¹⁵ and/or (4) RPE ≥ 8.14 
VO2peak percentile (VO2peak%) was then determined based 
on the participants’ sex, age and relative score from norma-
tive data.¹⁶ Body composition was examined as BMI and 
VAT mass. BMI was calculated by dividing body mass (kg) 
by height (m) squared. Whole body and regional soft tissue 
were measured by dual energy x-ray absorptiometry (DXA) 
using a Hologic Discovery bone densitometer (software ver-
sion 12.7.3; Hologic, Bedford, MA). VAT was estimated by 
using an automated algorithm that models subcutaneous ab-
dominal adipose tissue (SAAT) at the fourth lumbar vertebra 
and subtracts it from the regional abdominal adipose tissue.¹⁷ 

See Drollette et al.¹⁸ for further details regarding fitness and 
body composition assessments. 

Intelligence IQ was measured using scores on the Wood-
cock-Johnson Tests of Cognitive Abilities¹⁹ or the Kaufman 
Brief Intelligence Test (KBIT),²⁰ both of which are IQ tests 
for children that include measures of crystallized and fluid in-
telligence. Each IQ test was standardized on the same scale 
(mean = 100 ± 15). Academic performance was measured 
using the Wide Range Achievement Testing (WRAT)²¹ or 
the Kaufman Tests of Educational Abilities (KTEA), which 
included math, reading, and spelling. Both the WRAT and 
KTEA were based on a standard score with a mean of 100 and 
a standard deviation of 15.

Attentional inhibition was measured in this study using a 
modified flanker task, which collected measures of reaction 
time and accuracy²² and was completed on a computer us-
ing a response pad. In the flanker task, an array of five fish 
appeared on a screen (see Figure 2), and the participant was 
asked to respond to the direction of the central (target) fish. 
For congruent trials, all five fish faced the same direction. For 
incongruent trials, the four outer fish (also referred to as flank-
ing fish) faced in the opposite direction of the central fish, 
requiring the participant to use attentional inhibition to gate 
out the flanking fish and respond correctly to the direction of 
the target fish. Each participant completed 150 trials of the 
flanker task in two blocks of 75 trials.

All statistical analyses were per-
formed with SPSS 25 (IBM, Armonk, 
New York) using a family-wise alpha 
threshold for all tests set at p=0.05. 
Pearson correlations assessed bivariate 
relationships between sleep and rele-
vant outcome measures.

�   Results and Discussion
As seen in Table 2, a strong correlation emerged between 

chronic sleep and aerobic fitness (i.e., relative VO2 max; 
r=0.15; p≤0.001; see Figure 3). In addition, there were neg-
ative correlations between chronic sleep and BMI (r=-0.15; 
p≤0.001; see Figure 4), as well as VAT (r=-0.12; p=0.02; see 
Figure 5).

Table 1: Participant Demographics. 

Figure 2: Example of congruent and incongruent flanker task trials. 

Figure 1: Average hours of sleep per night depicting the participants’ 
responses to the question “How much sleep does your child get regularly?” 
The majority of participants indicate receiving 8-10 hours of sleep per night 
regularly. 

Table 2: Pearson Correlation Value Comparison of Measures with Chronic 
Sleep: As shown, nearly all relationships between sleep and cognitive and 
physical health measures were significant at the alpha threshold for all tests 
set at p=0.05. 
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Finally, children who received more chronic sleep performed 
better on the flanker task. Congruent flanker trials correlat-
ed with chronic sleep, for both accuracy (r=0.11; p=0.03; see 
Figure 10), and reaction time (r=0.13; p=0.01; see Figure 11). 
Incongruent trials also correlated with sleep, for both accuracy 
(r=0.16; p≤0.001; see Figure 12), and reaction time (r=0.13; 
p=0.01; see Figure 13).

Relative to the intelligence measures (see Figure 6), chronic 
sleep correlated with crystallized intelligence scores (r=0.18; 
p≤0.001). Fluid intelligence scores also correlated with chronic 
sleep (r=0.16; p≤0.001). Crystallized intelligence has a stron-
ger correlation with chronic sleep, relative to fluid intelligence. 
For academic achievement, both reading (r=0.17; p≤0.001; see 
Figure 7), and math (r=0.12; p=0.01; see Figure 8), correlat-
ed with chronic sleep, while spelling was unrelated (r=0.09; 
p>0.05; see Figure 9).

Figure 3: As shown, there is a positive correlation between average hours 
of sleep per night and VO₂ max performance, indicating a beneficial 
relationship between chronic sleep and aerobic fitness. 

Figure 4: As shown, there is a negative correlation between average hours 
of sleep per night and BMI, indicating a beneficial relationship between 
chronic sleep and body composition. 

Figure 5: As shown, there is a negative correlation between average hours 
of sleep per night and VAT mass, indicating a beneficial relationship between 
chronic sleep and reduced fat mass. 

Figure 6: As shown, there is a positive correlation between average hours of 
sleep per night and IQ, indicating a beneficial relationship between chronic 
sleep and cognition.

Figure 7: As shown, there is a positive correlation between average hours 
of sleep per night and reading scores, indicating a beneficial relationship 
between chronic sleep and academic achievement. 

Figure 8: As shown, there is a positive correlation between average hours of 
sleep per night and math scores, indicating a beneficial relationship between 
chronic sleep and academic achievement. 

Figure 9: There is no significant correlation between average hours of sleep 
per night and spelling scores on an academic achievement test. 

Figure 10: As shown, there is a positive correlation between average hours 
of sleep per night and accuracy on the congruent flanker task, indicating a 
beneficial relationship between chronic sleep and cognition.

Figure 11: As shown, there is a positive correlation between average hours 
of sleep per night and reaction time on the congruent flanker task, indicating 
a beneficial relationship between chronic sleep and cognition.
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The findings demonstrate that chronically adequate amounts 
of sleep have a positive correlation with physical fitness, body 
composition, intelligence, and cognitive ability. As for physical 
fitness, adequate amounts of sleep correlated positively with 
higher levels of fitness, as demonstrated via correlations with 
higher VO₂ max values. In addition, findings from our study 
highlight that chronic amounts of sleep correlated with mea-
sures of body composition, as demonstrated via correlations 
with low BMI, and low VAT mass. 

Chronically healthy amounts of sleep correlate positively 
with crystallized and fluid intelligence, as well as performance 
on reading and math achievement tests. This suggests that 
chronic sleep may be beneficial for learning abilities as well 
as innate intelligence. In contrast, spelling was not correlated 
with sleep.

A relationship between chronic sleep and attentional inhibi-
tion are seen clearly in both congruent and incongruent trials 
of the flanker task. The correlation between sleep and perfor-
mance is especially prevalent in the incongruent trials. The 
incongruent trials are those that require greater amounts of 
attentional inhibition, as the participant must actively inhibit 
the flanking stimuli to focus on the central (target) stimulus. 
The participants who slept more on a regular basis performed 
better on the most difficult trials. Taken together, these find-
ings suggest that with more sleep, children may be utilizing a 
strategy whereby they de-emphasize their reaction time in an 
effort to produce more accurate responses.

Almost all correlations show a steady increase in perfor-
mance from 4.9 hours of sleep to peak performance at about 
8 or 9 hours of sleep per night. Thus, the data suggests that 
8-9 hours of sleep may be optimal for cognitive and physical 
performance. There are a few potential causes for this observed 
trend, one of which being that the sample used in this study 
did not contain many participants getting 10 or more hours of 
sleep per night. A second limitation of the study was that on 

the questionnaire used for data collection, the greatest possi-
ble amount of sleep that participants could indicate was “>10 
hours of sleep per night.” Participants who provided this an-
swer could be achieving any amount beyond 10 hours of sleep 
per night, including into the oversleeping range. The Nation-
al Sleep Foundation identifies oversleeping as more than 12 
hours of sleep per night for children ages 6-13 years, therefore 
some members of the “>10 hours of sleep per night” group 
could be in this category of oversleeping.²³ Oversleeping is 
implicated in type II diabetes, obesity, and depression, among 
other diseases and disorders.²⁴ These external factors could be 
related to their decline in cognitive and physical performance.

Existing research suggests that sleep plays a positive role 
in the cognitive development and physical growth of infants 
and children.²⁵ These findings replicate and extend findings 
from a recent meta-analysis and systematic review that found 
a significant relationship between objectively measured sleep 
and cognitive function, particularly for verbal IQ.²⁶ Addition-
ally, existing studies on sleep duration and consistent chronic 
sleep suggest that more sleep leads to better cognitive perfor-
mance.²⁷ These conclusions, in conjunction with our findings, 
suggest that the benefits of sleep are seen in various popula-
tions and can be repeated in future studies.

Based on these correlations, there is evidence that sleep is 
beneficial for preadolescent children in terms of both cogni-
tive and physical health. Children who slept more on a regular 
basis consistently performed better on academic and cognitive 
tasks and demonstrated a higher level of physical and aerobic 
fitness than those who received fewer hours of sleep. This sug-
gests that sleep should be prioritized in childhood to improve 
cognitive and physical health.

The mechanisms linking sleep to physical and cognitive 
health in children are poorly understood and still being investi-
gated. However, most data links sleep restriction to an increase 
in energy intake, which may increase the risk of obesity.⁴ In 
terms of cognition, sleep has been shown to beneficially impact 
memory consolidation and learning.²⁸ Longer sleep duration 
is associated with larger volume in various brain regions such 
as the prefrontal cortex, which is also important for cognitive 
function. Specifically, sleep has been shown to mediate the re-
lationship between brain structure and cognition.²⁹
�   Conclusion
In conclusion, consistently healthy amounts of sleep have a 

beneficial relationship with physical (i.e., aerobic fitness, body 
composition) and cognitive (i.e., intelligence, attentional in-
hibition, and academic performance) health. Future research 
should extend these results using additional, more sophisticat-
ed assessments of sleep behaviors (including sleep beyond 10 
hours a night), such as accelerometers, with these physical and 
cognitive health outcomes. Regardless, these findings provide 
evidence to support sleep as a predictor of childhood health 
and scholastic performance.
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Figure 12: As shown, there is a positive correlation between average hours 
of sleep per night and accuracy on the incongruent flanker task, indicating a 
beneficial relationship between chronic sleep and cognition.

Figure 13: As shown, there is a positive correlation between average 
hours of sleep per night and reaction time on the incongruent flanker task, 
indicating a beneficial relationship between chronic sleep and cognition.
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