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Abstract
Objective—We explored whether there were associations between measures of obstructive sleep
apnea (OSA) and sleep quality, anthropometrics, and neurocognitive functioning in severely obese
adolescents.

Study design—This was a cross-sectional pilot study performed at an academic medical center
in 37 severely obese (BMI >97%ile) adolescents. Study evaluations included polysomnography,
BMI and waist circumference, and standardized neurocognitive tests to assess memory, executive
functioning, psychomotor efficiency, academic achievement, and an approximation of full-scale
IQ. Outcome data were evaluated categorically, based on clinically utilized criteria for the
diagnosis of OSA, and continuously to quantify associations between sleep parameters,
anthropometrics, and neurocognitive test results.

Results—Sleep fragmentation and poorer sleep quality were associated with reduced
psychomotor efficiency, poorer memory recall, and lower scores on standardized academic tests.
Having evidence of OSA was associated with lower math scores, but not with other
neurocognitive measures. BMI and waist circumference were negatively associated with SaO2.

Conclusion—Our pilot study findings suggest that sleep fragmentation and poorer sleep quality
have implications for the neurocognitive functioning of obese adolescents. The epidemic of
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childhood obesity has dire implications; not only for increasing cardiometabolic pathology, but
potentially also for promoting less apparent neurologic alterations associated with poor sleep
quality.

Keywords
sleep disordered breathing; obstructive sleep apnea; cognitive functioning; obesity; body mass
index; waist circumference

Severe childhood obesity is strongly associated with severe adult obesity and co-morbidities,
including obstructive sleep apnea (OSA) (1, 2). OSA is characterized by episodes of airflow
limitation, hypoxemia, and disruption of the restorative qualities of sleep (3). Although the
consequences of severe OSA are clear, whether or not mild OSA adversely affects cognition
in obese adolescents is not understood. There is some evidence that mild OSA in adults is
not associated with neurocognitive deficits (4). It is not clear whether this is true in
adolescents, whose cortical synaptic development is occurring rapidly. We assessed the
associations between the presence and degree of OSA and other measures of sleep quality,
anthropometrics, and neurocognitive functioning, in 37 severely obese adolescents (BMI
>97%ile) without clinically apparent OSA.

Methods
The study was approved by the University of Pittsburgh Institutional Review Board and
performed in the Pediatric Clinical and Translational Research Center at Children’s Hospital
of Pittsburgh. Patients referred for evaluation of obesity who met study criteria were invited
to participate. After obtaining informed assent/consent, we studied 37 severely obese (BMI
>97th %ile), non-diabetic, otherwise healthy adolescents (eligible age range 12–18 y; mean
age=14.5±1.7 y; 54% male; 40% minority race). Exclusion criteria included airway disease,
smoking, chronic disease or medications, psychiatric diagnoses, and obesity associated with
a syndrome, such as Prader-Willi syndrome.

Overnight polysomnogram (PSG) was performed and data were recorded using
Sensormedics Somnostar Pro version 7.2 software and analyzed for sleep and respiratory
variables. Central and obstructive apneas were scored separately and the apnea-hypopnea
index (AHI; number of obstructive apneas + hypopneas/hour of sleep) was hand-scored
utilizing pediatric criteria (5). For our purposes, sleep efficiency refers to the percentage of
the total recording time spent asleep.

The cognitive assessment measured an approximation of full-scale IQ (Wechsler
Abbreviated Scale of Intelligence [WASI]), short-term memory recall (Rey Auditory Verbal
Learning Test [RAVLT], list B recall), executive functioning (Stroop Color and Word Test),
psychomotor efficiency (Grooved Pegboard), and reading, spelling and math achievement
(Wide Range Achievement Test [WRAT]). Tests were administered under the direction of a
licensed clinical psychologist on the day prior to the PSG.

Two-sided t tests were used to compare continuous variables between individuals with
AHI≥1.5 and those with AHI<1.5; as previous studies show that healthy children and
adolescents have AHI<1.5 (6, 7). Mann Whitney U tests were utilized for non-normally
distributed outcomes. Because of the small sample size of this pilot study, Cohen d was
calculated to measure effect sizes, defined as small (d=0.2), medium (d=0.5), and large
(d=0.8) (8). Pearson correlation coefficients were calculated for parametric data and
nonparametric correlation coefficients were calculated to quantify the associations between
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sleep parameters, anthropometric measures, and neurocognitive test results. Data are
expressed as the mean ±SEM.

Results
Total sleep time was 420±5.3 minutes (range 354–484). Thirty-three participants snored
(90%). Twenty had no evidence of apnea/hypopnea (AHI<1.5), and 17 had some degree of
OSA: 9 had AHI ≥1.5 – <5, 2 had AHI ≥5 – <10, and 6 had AHI ≥10. The AHI was
positively associated with the arousal index (r=0.45, p=0.005) and negatively associated
with sleep time (r=−0.34, p=0.039), sleep efficiency (r=−0.66, p<0.001), and mean and
minimun oxygen saturation (SaO2; rmean=−0.73, p<0.001; rmin=−0.77, p<0.001).

Participant characteristics and results according to AHI are shown in Table I. Comparison of
continuous variables between individuals with AHI≥1.5 and those with AHI<1.5 showed
that participants with AHI ≥1.5 had lower math computation scores (Mann-Whitney U=107,
p=0.055, d=−0.54). There were no significant differences in IQ, short-term memory recall,
executive functioning, psychomotor efficiency, or reading and spelling achievement scores
in participants with AHI≥1.5 versus those with AHI<1.5.

Results of correlation analysis to quantify the associations between sleep parameters,
anthropometric measures, and neurocognitive test results are shown in Table II. More
frequent arousals were associated with slower performance on the Grooved Pegboard and
lower vocabulary scores, and poorer sleep efficiency was associated with worse memory
recall (RAVLT) and lower spelling scores. Minimum and mean SaO2 values were not
associated with measures of neurocognitive functioning, but were both negatively associated
with BMI and waist circumference. Shorter sleep times during the PSG were also associated
with higher BMI values.

Discussion
We show that in severely obese adolescents, sleep fragmentation is associated with reduced
psychomotor efficiency and lower scores on standardized vocabulary testing, and poorer
sleep efficiency is associated with poorer memory recall and lower spelling scores. These
findings indicate that clinically unrecognized sleep disruption leading to poorer sleep quality
has implications for the neurocognitive functioning of obese adolescents. Having evidence
of OSA also appears to be associated with lower scores on a speeded measure of
computational math. From a neuropsychological perspective, this is intriguing because
optimal performance on WRAT math requires the ability to focus attention and hold relevant
information in working memory while rapidly performing a series of increasingly
challenging problems. Math scores may be sensitive to OSA because multiple component
cognitive skills have been compromised to some extent. These effects are not likely to be
due to differences in the classroom experience because subjects with and without OSA
performed equally well on reading, which relies on performance of a highly practiced
school-based skill.

Other studies in children have shown relationships between primary snoring or mild OSA
and measures of attention, neurocognitive functioning, and school performance including
math and spelling scores; however, the majority of studies are in younger children (9–13).
The relationships between OSA and neurocognitive functioning in the obese adolescent
population are relatively unexplored. Decreased cognitive functioning among a large sample
of obese children has been shown and functional changes have been demonstrated in the
brains of obese adolescents compared with lean adolescents (14). However, information is
lacking on the additional burden of OSA and whether OSA was a contributing factor to
these observations. One previous study demonstrated that OSA was related to deficits in
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memory, learning, and vocabulary among 14 obese children referred for evaluation (15). To
our knowledge, no additional studies focusing on OSA and cognition in obese adolescents
have been reported.

Consistent with previous study findings, we found significant relationships between
measures of BMI and waist circumference with both shorter sleep times and greater oxygen
desaturation during overnight sleep evaluation (16, 17). There is substantial evidence in the
literature that short sleep duration is associated with obesity, and this is apparent in children
and adolescents (16). Moreover, we have previously reported a significant relationship
between visceral adiposity and sleep-disordered breathing among obese adolescents (17).
These findings highlight the importance of the relationships between sleep quality and
adiposity in the pediatric population. We speculate that poor sleep quality and OSA, in
combination with severe obesity and its associated cardiometabolic risk factors may promote
subtle neurovascular alterations leading to mild changes in cognitive functioning, which
may progressively worsen with increasing age and obesity. Longitudinal observations
should test this postulate.

Obesity hypoventilation syndrome is characterized by recurrent episodes of upper airway
obstruction that result in disruption of the restorative qualities of sleep, hypoventilation,
hypoxemia, and hypercapnea during sleep and wakefulness. It is associated with significant
cardiometabolic clinical sequelae (18). Other features of the syndrome are morning
headaches, excessive daytime sleepiness, difficulty in concentrating, and impaired memory,
all of which are associated with poorer school performance (18, 19). A limitation of our
study is that we were unable to objectively quantify end-tidal CO2 values and thus, cannot
comment on the presence of obesity hypoventilation syndrome in the study population and
whether it impaired neurocognitive functioning. It will be important to include end tidal CO2
measures in future studies evaluating sleep quality, OSA, and neurocognitive functioning in
obese pediatric subjects.

Even though this pilot study is small and cross-sectional in design, these findings highlight
the need to probe the relationships between sleep quality and OSA, and neurocognitive
functioning in obese adolescents. It will also be crucial to consider the impact of
socioeconomic status and parental education. The epidemic of childhood obesity has dire
implications; not only for increasing cardiovascular and metabolic pathology, but also for
promoting less apparent neurologic alterations associated with poor sleep quality. This has
implications not only for clinical care, but also for educational goals, as high degrees of
social and academic functioning are necessary for success in an increasingly demanding,
technologically-driven society

Acknowledgments
Supported by the Pittsburgh Foundation (M2007-0064 to T.H.), Children’s Hospital of Pittsburgh Research
Advisory Committee (to T.H.), NIH Postdoctoral Training Fellowship (T32-HD049354 to D.R.), NIH Career
Development Award Scholar (K12-HD043441/K23HD061598 to D.R.), State Tobacco Fund – Pittsburgh Mind-
Body Center (HL076852/076858 to D.R.), U.S. Public Health Service (grant K24-HD01357 to S.A.), U.S. Public
Health Service Grant Scholar (grant K12-DK063704 to T.H. and SA), and the Pediatric Clinical and Translational
Research Center at Children’s Hospital of Pittsburgh (NIH/NCRR/CTSA grant UL1-RR024153). The authors
declare no conflicts of interest.

References
1. Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz WH. Cardiovascular risk factors and

excess adiposity among overweight children and adolescents: the Bogalusa Heart Study. J Pediatr.
2007; 150:12–7. e2. [PubMed: 17188605]

Hannon et al. Page 4

J Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2. Tauman R, Gozal D. Obesity and obstructive sleep apnea in children. Paediatr Respir Rev. 2006;
7:247–59. [PubMed: 17098639]

3. Katz ES, D’Ambrosio CM. Pediatric obstructive sleep apnea syndrome. Clin Chest Med. 2010;
31:221–34. [PubMed: 20488283]

4. Quan SF, Wright R, Baldwin CM, Kaemingk KL, Goodwin JL, Kuo TF, et al. Obstructive sleep
apnea-hypopnea and neurocognitive functioning in the Sleep Heart Health Study. Sleep Med. 2006;
7:498–507. [PubMed: 16815753]

5. Iber, C.; Ancoli-Israel, S.; Chesson, A.; Quan, SF. for the American Academy of Sleep Medicine.
The AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology and
Technical Specifications. Westchester, Ill: American Academy of Sleep Medicine; 2007.

6. Marcus CL, Omlin KJ, Basinki DJ, Bailey SL, Rachal AB, Von Pechmann WS, et al. Normal
polysomnographic values for children and adolescents. Am Rev Respir Dis. 1992; 146:1235–9.
[PubMed: 1443877]

7. Uliel S, Tauman R, Greenfeld M, Sivan Y. Normal polysomnographic respiratory values in children
and adolescents. Chest. 2004; 125:872–8. [PubMed: 15006944]

8. Cohen, J. Statistical power analysis for the behavioral sciences. 2. Hillsdale, NJ: Lawrence
Earlbaum Associates; 1988.

9. Gozal D, Kheirandish-Gozal L. Neurocognitive and behavioral morbidity in children with sleep
disorders. Curr Opin Pulm Med. 2007; 13:505–9. [PubMed: 17901756]

10. Brockmann PE, Urschitz MS, Schlaud M, Poets CF. Primary snoring in school children:
prevalence and neurocognitive impairments. Sleep Breath. Epub 2011 Jan 16.

11. Bourke R, Anderson V, Yang JS, Jackman AR, Killedar A, Nixon GM, et al. Cognitive and
academic functions are impaired in children with all severities of sleep-disordered breathing. Sleep
Med. 2011; 12:489–96. [PubMed: 21493135]

12. Gottlieb DJ, Chase C, Vezina RM, Heeren TC, Corwin MJ, Auerbach SH, et al. Sleep-disordered
breathing symptoms are associated with poorer cognitive function in 5-year-old children. J Pediatr.
2004; 145:458–64. [PubMed: 15480367]

13. Urschitz MS, Guenther A, Eggebrecht E, Wolff J, Urschitz-Duprat PM, Schlaud M, et al. Snoring,
intermittent hypoxia and academic performance in primary school children. Am J Respir Crit Care
Med. 2003; 168:464–8. [PubMed: 12773324]

14. Olde Dubbelink KT, Felius A, Verbunt JP, van Dijk BW, Berendse HW, Stam CJ, et al. Increased
resting-state functional connectivity in obese adolescents; a magnetoencephalographic pilot study.
PLoS One. 2008; 3:e2827. [PubMed: 18665257]

15. Rhodes SK, Shimoda KC, Waid LR, O’Neil PM, Oexmann MJ, Collop NA, et al. Neurocognitive
deficits in morbidly obese children with obstructive sleep apnea. J Pediatr. 1995; 127:741–4.
[PubMed: 7472827]

16. Liu X, Forbes EE, Ryan ND, Rofey D, Hannon TS, Dahl RE. Rapid eye movement sleep in
relation to overweight in children and adolescents. Arch Gen Psychiatry. 2008; 65:924–32.
[PubMed: 18678797]

17. Hannon TS, Lee S, Chakravorty S, Lin Y, Arslanian SA. Sleep-disordered breathing in obese
adolescents is associated with visceral adiposity and markers of insulin resistance. Int J Pediatr
Obes. 2011; 6:157–60. [PubMed: 20545482]

18. Mokhlesi B. Obesity hypoventilation syndrome: a state-of-the-art review. Respir Care. 2010;
55:1347–62. discussion 63–5. [PubMed: 20875161]

19. Fiorino EK, Brooks LJ. Obesity and respiratory diseases in childhood. Clin Chest Med. 2009;
30:601–8. x. [PubMed: 19700055]

Hannon et al. Page 5

J Pediatr. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hannon et al. Page 6

Ta
bl

e 
1

Pa
rti

ci
pa

nt
 c

ha
ra

ct
er

is
tic

s a
nd

 n
eu

ro
co

gn
iti

ve
 fu

nc
tio

ni
ng

 te
st

 re
su

lts
 o

f s
tu

dy
 p

ar
tic

ip
an

ts
 a

cc
or

di
ng

 to
 A

H
I

A
H

I <
1.

5 
(N

 =
 2

0)
A

H
I ≥

1.
5 

(N
 =

 1
7)

C
oh

en
’s

 d
P

A
ge

 (y
ea

rs
)

14
.3

 ±
 0

.4
14

.9
 ±

 0
.4

0.
31

8

B
M

I (
kg

/m
2 )

37
.4

 ±
 1

.5
41

.8
 ±

 2
.2

0.
54

0.
11

3

B
M

I S
D

S*
3.

64
 ±

 0
.2

8
4.

48
 ±

 0
.4

2
0.

56
0.

09
6

W
ai

st
 c

irc
um

fe
re

nc
e 

(c
m

)
11

2.
0 

± 
3.

0
12

0.
9 

± 
4.

4
0.

55
0.

09
9

W
RA

T 
m

at
h 

co
m

pu
ta

tio
n 

T 
sc

or
e

96
.2

 ±
 2

.7
87

.9
 ±

 4
.4

−
0.
54

0.
05

5

W
RA

T 
sp

el
lin

g 
T 

sc
or

e
97

.6
 ±

 4
.9

89
.8

 ±
 5

.0
−
0.
37

0.
27

1

W
RA

T 
re

ad
in

g 
T 

sc
or

e
10

5.
2 

± 
3.

9
10

2.
5 

± 
6.

1
−
0.
12

0.
70

6

W
AS

I m
at

rix
 re

as
on

in
g 

T-
sc

or
e 

(a
bs

tra
ct

 p
ro

bl
em

 so
lv

in
g)

49
.0

 ±
 2

.2
49

.2
 ±

 2
.4

0.
03

0.
93

0

W
AS

I v
oc

ab
ul

ar
y 

T-
sc

or
e

50
.7

 ±
 2

.4
47

.7
 ±

 2
.7

−
0.
27

0.
41

2

W
AS

I I
Q

 sc
or

e,
 a

bb
re

vi
at

ed
97

.8
 ±

 3
.4

95
.4

 ±
 4

.0
−
0.
16

0.
63

8

RA
VL

T 
Li

st
 B

 (s
ho

rt-
te

rm
 re

ca
ll)

6.
3 

± 
0.

4
5.

6 
± 

0.
5 

(n
=1

6)
−
0.
36

0.
28

3

G
ro

ov
ed

 P
eg

bo
ar

d,
 se

co
nd

s f
or

 d
om

in
an

t h
an

d 
(p

sy
ch

om
ot

or
 sp

ee
d)

80
.2

 ±
 3

.9
83

.0
 ±

 4
.2

0.
16

0.
35

2

G
ro

ov
ed

 P
eg

bo
ar

d,
 se

co
nd

s f
or

 n
on

-d
om

in
an

t h
an

d
87

.3
 ±

 4
.1

89
.6

 ±
 4

.7
0.

12
0.

77
2

St
ro

op
 C

ol
or

 a
nd

 W
or

d 
T 

sc
or

e 
(e

xe
cu

tiv
e 

fu
nc

tio
ni

ng
)

44
.2

 ±
 2

.0
42

.5
 ±

 2
.3

−
0.
18

0.
60

2

* st
an

da
rd

 d
ev

ia
tio

n 
sc

or
e

J Pediatr. Author manuscript; available in PMC 2013 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Hannon et al. Page 7

Ta
bl

e 
2

C
or

re
la

tio
ns

 o
f s

le
ep

, a
nt

hr
op

om
et

ric
, a

nd
 n

eu
ro

co
gn

iti
ve

 fu
nc

tio
ni

ng
 m

ea
su

re
s

RA
VL

T 
B

 S
co

re
G

ro
ov

ed
 P

eg
bo

ar
d§

W
R

A
T

 m
at

h
W

R
A

T
 sp

el
lin

g
W

A
SI

 v
oc

ab
B

M
I

B
M

I S
D

S£
W

ai
st

 C
ir

c.

Sl
ee

p 
Ti

m
e

0.
22

0
−
0.
23
7

0.
13

1
0.

01
8

−
0.
01
3

−
0.
33
1*
*

−
0.
36
3*
*

−
0.
28
3

A
ro

us
al

 in
de

x
−
0.
25
5

0.
32

2*
−
0.
13
7

−
0.
03
1

−
0.
34
9*
*

0.
01

5
0.

03
0

−
0.
04
9

Sl
ee

p 
ef

fic
ie

nc
y

0.
32

4*
−
0.
25
2

0.
22

0
0.

32
6*

*
−
0.
09
9

−
0.
27
7

−
0.
25
7

−
0.
28
6

M
in

im
um

 S
aO

2
0.

13
8

−
0.
23
0

0.
19

2
0.

20
6

0.
09

1
−
0.
31
6

−
0.
28
1

−
0.
39
6*
*

M
ea

n 
Sa

O
2

0.
17

0
−
0.
13
6

0.
08

8
−
0.
00
3

0.
03

2
−
0.
43
9¥

−
0.
40
4*
*

−
0.
47
6¥

A
H

I
−
0.
31
4

0.
27

1
−
0.
17
7

−
0.
22
0

−
0.
04
5

0.
22

5
0.

24
6

0.
22

6

B
M

I
−
0.
10
9

0.
01

5
−
0.
19
5

−
0.
09
3

−
0.
13
6

0.
95

8€
0.

80
4€

B
M

I S
D

S
−
0.
12
2

0.
03

6
−
0.
17
4

−
0.
13
0

−
0.
13
3

0.
81

1€

W
ai

st
 c

irc
−
0.
12
8

0.
07

5
−
0.
28
2

−
0.
18
5

−
0.
05
2

* p=
0.

05
;

**
p<

0.
05

;

¥ p<
0.

01
;

€ p<
0.

00
1

§ lo
ng

er
 ti

m
es

 in
di

ca
te

 le
ss

 e
ff

ic
ie

nc
y

£ st
an

da
rd

 d
ev

ia
tio

n 
sc

or
e

J Pediatr. Author manuscript; available in PMC 2013 May 01.


