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Abstract
Purpose To determine whether sleep and sleep disordered
breathing (SDB) contribute to the neuropsychological deficits
of patients with Down syndrome, and whether treatment of
SDB results in improvement in cognitive function.
Methods In this cohort study, 25 children with Down syn-
drome underwent overnight polysomnography (PSG),
Multiple Sleep Latency Testing (MSLT), and a battery of
neuropsychological tests. Patients with SDB underwent a
follow up PSG after treatment. All patients repeated the neu-
ropsychological tests 13 months later.
Results At baseline, there was no relationship between SDB
and performance on the neuropsychological tests. However,
total sleep time and sleep latency were related to tests of
cognitive ability (p<0.05) and comprehension (p<0.01).
The amount of time in slow-wave sleep correlated with tests
of achievement (p<0.01), and adaptive behavior (p<0.01).
Ten patients had SDB confirmed on PSG. Five of these
patients were treated successfully with adenotonsillectomy
and/or continuous positive airway pressure. The five who
did not tolerate treatment were deficient in tests of adaptive
behavior (Vineland p<0.05) visual–motor integration (Beery
p<0.01) and achievement (Woodcock–Johnson p<0.05)

compared to those successfully treated. After treatment the
patients improved in ratings of attention (Conners p<0.05).
Conclusions Although SDB is common in children with
Down syndrome, it is not a major contributor to their cognitive
deficits. Cognitive function is related to the amount of sleep
and particularly slow wave sleep. Successful treatment of
SDB may improve their attention.

Keywords Children . Sleep . Apnea . Down syndrome .

Cognitive function . CPAP

Abbreviations
CPAP Continuous positive airway pressure
ECG Electrocardiogram
EOG Electrooculogram
EEG Electroencephalogram
EMG Electromyogram
MSLT Multiple Sleep Latency Test
OSA Obstructive sleep apnea
PSG Polysomnography
REM Rapid eye movement
SWS Slow wave sleep
SDB Sleep disordered breathing
AHI Apnea hypopnea index
DS Down syndrome

Introduction

Children with Down syndrome (DS) have many features that
may predispose them for obstructive sleep apnea (OSA),
including hypotonia, mandibular hypoplasia, glossoptosis,
obesity and a relatively small upper airway [1–4]. The prev-
alence of OSA in children with DS has been reported to be
between 22 % and 79 %, depending on patient selection
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criteria, definitions, and methodology [3, 5–8]. OSA may con-
tribute to pulmonary hypertension in patients with DS [9, 10],
defects in cognitive function in obese children [11], and behavior
problems in children with DS or adenotonsillar enlargement
[12]. Since patients with OSA can have impaired cognitive
function as a result of sleep fragmentation [13] and/or hypoxia
[14], we hypothesized that at least a portion of the neuropsycho-
logical deficits in patients with DS may be due to OSA.
Furthermore, since patients with OSA can show improvement
in cognitive function following treatment [15], we hypothesized
that effective treatment of their sleep disorders might result in
improved neuropsychological function in patients with DS.

To determine whether sleep disorders adversely impact
their daytime cognitive function, 26 patients with DS had their
sleep architecture and cardiopulmonary function assessed by
full overnight polysomnography (PSG) followed by a five-
nap multiple sleep latency test (MSLT) to quantitate sleepi-
ness, and a battery of neuropsychological tests. Patients in
whom a sleep disorder was diagnosed returned for the full
battery of tests after the condition was corrected to assess any
improvement in sleep architecture, cardiopulmonary function,
and cognitive function. We expected to find greater cognitive
impairment in patients with poorer sleep, particularly those in
whom a sleep disorder was diagnosed. Additionally, we hy-
pothesized that cognitive function would improve in sleep-
disordered patients following successful treatment.

Methods

Subjects were recruited through the ARC/Edward I. and
Fannie L. Baker International Resource Center for Down
syndrome, and by word of mouth. Patients were invited “to
participate in a study of sleeping patterns of patients with
Down syndrome” but no mention was made of snoring or
OSA, in an attempt to minimize selection bias. Patients and/or
their parent or guardian gave written informed consent to the
study, as approved by the Institutional Review Board. All
patients underwent baseline PSG, MSLT, and neuropsycho-
logical testing. Patients in whom a sleep disorder was diag-
nosed repeated all tests approximately 1 year after treatment
was initiated. Patients without sleep disorders repeated the
neuropsychological tests only.

Polysomnography

Patients reported to the sleep laboratory for PSG about 1 h
before their usual bedtime. Sixteen parameters were recorded.
Six electroencephalographic leads (bilateral frontal, central,
and occipital), bilateral electro-oculographic leads, and
submental electromyographic leads were applied. These sur-
face leads were used to measure the stages of sleep, including
time spent in rapid eye movement sleep. Motion of the chest

wall and abdomen were measured by respiratory inductance
plethysmography (Respitrace; Ambulatory Monitoring Inc.,
Ardsley, NY, USA). Airflow from the nose and mouth were
measured with thermocouples. Oxyhemoglobin saturation
was measured by pulse oximetry (N-200; Nellcor Inc.,
Hayward, CA, USA). Body motions were recorded with
pretibial electromyographic leads. Cardiac rhythm was mon-
itored with standard electrocardiographic leads. All signals
were recorded by an 18-channel recorder (Model 78D; Grass
Instruments, Quincy, MA, USA). The patient and the record-
ing were viewed using split screen technology to allow simul-
taneous review of physical and electrophysiological findings.
The children were allowed to sleep as long as they wanted; the
longest recording time was 600 min.

Sleep staging was scored by standard criteria [16] by a
trained technologist who was unaware of the purpose of the
study. The scoring was reviewed by one of the authors (LJB),
who is an experienced and accredited polysomnographer.
Sleep efficiency, sleep latency, and the number and duration
of arousals and awakenings were calculated.

Central apnea was defined as a 10-s period without airflow
or respiratory effort. Obstructive apnea was defined as a
cessation of airflow for at least 10 s with paradoxical respira-
tory effort. Shorter events were scored if they resulted in
arousal or oxyhemoglobin desaturation of at least 4 %.
Obstructive hypopnea was defined as a reduction but not
complete cessation of airflow with paradoxical chest wall
and abdominal motion, resulting in arousal or oxyhemoglobin
desaturation of at least 4 %. Central hypopnea was defined as
a reduction but not complete cessation of airflow despite
synchronous chest wall and abdominal motion, resulting in
either arousal or oxyhemoglobin desaturation of at least 4 %.

The type, number, and duration of respiratory events were
noted, as well as the median (Sat 50) and minimal (low sat)
oxyhemoglobin saturation. The apnea hypopnea index (AHI)
was calculated as the average number of respiratory events per
hour of sleep.

Multiple sleep latency test

TheMultiple Sleep Latency Test (MLST) was administered as
a gold standard, objective assessment for daytime sleepiness.
The sleep latency (time to sleep onset) and REM latency were
recorded for each nap period according to standard criteria
[16, 17] and the mean sleep latency for the five-nap periods
was calculated.

Neuropsychological tests

Standardized measures of neuropsychological abilities and
academic achievement were administered in the sleep lab at
the time of both baseline sleep testing and follow-up testing
(Table 1). The parent(s) was interviewed to obtain background
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medical history and information on adaptive behavior
performance. The parent(s) and teacher (when avail-
able) also completed questionnaires on the child’s be-
havior and performance at home and school (Table 1).
Standardized scores and Z scores were used in analysis.
For certain tests (Vineland Adaptive Behavior Scales,
Developmental Test of Visual–Motor Integration and
Woodcock–Johnson Tests of Achievement—Revised),
an age-adjusted score was computed. To calculate this
score, the age equivalent score for the test was
subtracted from the chronological age at the time of
testing [18]. The age-adjusted score assessed the extent
to which the child’s performance fell below age expec-
tations. This provided a more sensitive assessment of
variation in performance at the bottom end of the
normative range and in this manner minimized “floor
effects” in test scores.

Statistical analysis

Anthropometric variables were compared using the group t-
test and chi-square (Fisher exact) test. Relationships between
baseline sleep and neuropsychological variables were

assessed using stepwise multiple regression and one way
analysis of variance (ANOVA). The difference between sleep
and neuropsychological variables at baseline and follow-up
was assessed with paired t-tests and repeated measures
ANOVA. A p value <0.05 was considered statistically
significant.

Results

Twenty-six patients volunteered for the study. One patient
presented with a markedly reduced height and weight. He
was found to be hypothyroid and was treated with thyroid
replacement therapy. The data from this individual were ex-
cluded from analyses, leaving a total of 25 subjects. There
were 14 males and 11 females, ranging in age from 7.2 to
18.7 years (Table 2).

Baseline

Fourteen patients (56 %) were reported to snore “often or
always.” Eleven patients (44 %) had apneas observed by a
parent. In 15 patients (60 %), daytime somnolence such as
falling asleep in school or during activities was reported.

Nineteen of 25 patients had an AHI >1.5, and ten (40 %)
had OSA diagnosed on PSG, defined for the purposes of this
study as an AHI of 5 or greater. There were no differences in
parental reports of snoring, witnessed apneas, or daytime
somnolence between the patients who did and did not have
OSA. By definition the patients with OSA had more frequent
respiratory events on PSG, resulting in more severe oxyhe-
moglobin desaturation (Table 2). They had more fragmented
sleep, with more frequent arousals and awakenings. Thirty
percent of patients with OSA and 20 % of patients without
OSA had a body mass index (BMI) >25. Sixty percent of
patients with OSA and 53 % of patients without OSA had a
BMI Z score >1.5. There were no differences in the age,
weight, height or BMI between the patients who did and did
not have OSA, although there was a preponderance of females
in the OSA group (Fisher exact test, p<0.005). Both groups
had low percent REM sleep, as has been previously described
in children with intellectual disability [19].

The subjects’ cognitive function, as measured by the
Stanford–Binet, was related to sleep (total sleep time, mea-
sured by PSG), and sleepiness (measured by sleep latency on
the MSLT). Adaptive behavior (Vineland) and achievement
(Woodcock–Johnson) were predicted primarily by minutes of
slow wave (Stage N3) sleep (Table 3). Stepwise multiple
regression revealed no independent associations of sleep dis-
ordered breathing (SDB) (AHI, low sat, sat 50) with any of the
neuropsychological tests, and there was no difference in any
of the neuropsychological tests between the patients who did
and did not have OSA.

Table 1 Neuropsychological testing

Type of skill Measures

Neuropsychological abilities

Cognitive ability Stanford–Binet Intelligence Scale,
4th Edition: Vocabulary,
Comprehension, Pattern
Analysis, Quantitative, Bead
Memory and Memory for
Sentences [40]

Psychomotor skills

Fine motor Purdue Pegboard [41]

Visual motor Beery Development Test of
Visual–motor Integration [42]

Academic achievement

Reading, spelling and
arithmetic

Woodcock–Johnson Tests of
Achievement Revised:
Letter–Word Identification,
Applied Problems and
Dictation [43]

Behavior

Ratings of behavior Child Behavior Checklist [44]
Teacher Report Form [45]

Ratings of attention
problems

Child Behavior Checklist,
Parent Version of Conners
Hyperactivity Index, Parent
and Teacher Versions [46]

Teacher Report Form

Adaptive behavior
interview

Vineland Adaptive Behavior
Scales [47]
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Table 2 Anthropometric and
polysomnographic data for pa-
tients with vs. without obstructive
sleep apnea (OSA)

*p<0.01

**p<0.001

OSA mean
(SD) or n

No OSA mean
(SD) or n

Anthropometrics

Male/Female 2/8 12/3

White/African American 7/3 13/2

Age (years) 10.2 (3.9) 10.1 (3.0)

Height (cm) 122.5 (15.7) 125.7 (9.4)

Weight (kg) 36.9 (15.9) 31.4 (11.7)

BMI Z-score 1.5 (0.8) 0.9 (1.5)

Parental Reports

Snoring 7 7

Witnessed apneas 6 5

Daytime sleepiness 7 8

Polysomnography

Total sleep time (min) 400.3 (68.7) 425.7 (46.8)

Sleep efficiency (%) 78.5 (15.7) 82.1 (7.4)

Percent stage N1 Sleep 4.1 (3.2) 3.3 (2.0)

Percent stage N2 sleep 56.9 (11.7) 51.4 (13.1)

Percent stage N3 sleep 24.0 (9.5) 29.4 (10.7)

Percent REM sleep 15.1 (5.3) 15.6 (6.3)

Arousals+awakenings 125.8 (108.2) 52.5 (21.3)*

AHI 20.7 (19.9) 2.5 (1.5)**

Lowest oxyhemoglobin saturation (%) 80.0 (8.9) 90.0 (2.9)**

Sleep Latency on MSLT (min) 13.4 (3.9) 14.5 (4.4)

Table 3 Relationship between
sleep and cognitive function

Standardized beta (p value) from
stepwise multiple regression of
neuropsychological tests onto the
following set of sleep measures:
total sleep time; sleep efficiency;
minutes and percent of sleep time
in stage 2, slow wave (stages 3–4)
sleep and REM; apnea–hypopnea
index; lowest oxyhemoglobin
saturation; median oxyhemoglo-
bin saturation. The regressions
employed forward selection of
sleep variables at p<0.05. Signif-
icant associations are represented
by standardized beta (p values)

Neuropsychological tests Total
sleep time

Sleep
efficiency

Sleep latency
(MSLT)

Arousals and
awakenings

Slow wave
sleep (min)

Stanford–Binet
(Standard Scores)
Bead memory 0.547 (.013)

Vocabulary 0.450 (0.031)

Quantitative pattern
analysis

0.532 (0.011)

Memory for sentences 0.666 (0.001)

Comprehension 0.579 (0.004)

Visual Motor Integration
(age adjusted)

0.350 (0.048) 0.476 (0.009)

Letter–word identification 0.368 (0.035) 0.494 (0.007)

Applied problems 0.589 (0.003)

Dictation 0.534 (0.007)

Vineland (age adjusted)

Adaptive behavior
composite

0.630 (0.001)

Daily living skills 0.610 (0.001)

Communication 0.407 (0.015) 0.464 (0.007)

Socialization 0.406 (0.021) 0.426 (0.016)
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To summarize the baseline findings:

1. Clinical findings did not predict the presence of sleep
apnea.

2. There was no difference in any of the neuropsychological
tests between the children who did and did not have OSA.

3. Cardiorespiratory parameters measured on the PSG were
not associated with neuropsychological function; rather,
measures of the quantity and quality of sleep, particularly
slow-wave sleep were better predictors of neuropsycho-
logical function.

Treatment

Five of the ten patients with OSA had had adenotonsillectomies
in the past; in these children, there was no tonsillar tissue visible
on inspection, but we did not perform endoscopy or lateral neck
roentgenograms to assess for adenoid regrowth. Nasal contin-
uous positive airway pressure (CPAP) was initiated in these
patients, as well as in two other patients who preferred a
nonsurgical approach. The remaining three patients had
adenotonsillectomies. All ten patients had follow-up PSG a
mean of 17.9 months after their initial study (range 9–26
months). Treatment was successful in normalizing the PSG
and improving clinical symptoms of snoring and daytime
sleepiness (by parental report) in five of these patients (three
CPAP, two adenotonsillectomy). Four patients were unable to
use CPAP in the home despite successful titration in the labo-
ratory. A fifth patient did not improve sufficiently following
adenotonsillectomy, but was unable to properly use CPAP at
home. Thus, five of ten patients with OSA received effective
treatment. CPAP was successful in three of seven patients, and
adenotonsillectomy was successful in two of three.

There were no differences at baseline in any anthropomet-
ric, sleep, or cardiopulmonary parameters between the patients
with OSAwho were successfully treated and those who were
not, except that the unsuccessfully treated group had less sleep
(363.8±82.8 SD vs. 436.8±20.9 min, ANOVA p<0.05) with
poorer sleep efficiency (70.4±18.8 % vs. 86.6±6.2 %,
p<0.05). However, these differences were solely due to a
single individual who had only 224 min of sleep and 37 %
sleep efficiency.

At baseline, the patients with OSA in whom treatment was
subsequently unsuccessful were deficient relative to those
successfully treated in tests of adaptive behavior (Vineland
Adaptive Behavior Composite, p<0.05), visual–motor inte-
gration (Beery, p<01), and achievement (Woodcock–
Johnson, Applied Problems, p<0.05; and Dictation, <0.05).

Five of the 15 patients with normal PSG’s were subse-
quently started on methylphenidate and/or clonidine by their
private physicians because of the physician’s clinical impres-
sion of hyperactivity. When compared to the ten other patients

with normal PSG, the patients who received medications had
some deficiencies in cognitive function (Stanford–Binet
Quantitative, p<0.05), and were rated as more hyperactive
(Conners hyperactivity scale, p<0.01).

Follow-up

Follow-up testing was performed a mean of 13.3±6.6 months
after the initial assessment. All of the patients with OSA in
whom treatment was successful showed a lower AHI and
higher oxyhemoglobin saturation after treatment. In this
group, the lowest oxyhemoglobin saturation rose from a
mean±SD of 80.6±6.3 to 90.2±3.0 (p<0.05) and the mean
AHI dropped from 17.8±14.6 to 3.0±2.4 (p<0.05). There
was no significant change in any sleep parameters after
treatment.

Although comparisons can only be considered exploratory
in view of the limited sample, patients who were successfully
treated for OSA showed greater improvement in attention
(Conners Hyperactivity Index p<0.05) than did the other
patients (paired t-test). In contrast, the patients who received
methylphenidate did not show any consistent improvement in
their attention when compared to the other patients.

Discussion

Although we were unable to demonstrate a relationship be-
tween cardiorespiratory parameters and neuropsychological
function, the improvement in attention following successful
treatment of OSA underscores the importance of recognizing
and treating OSA to insure children may reach their full
potential. Indeed, the American Academy of Pediatrics rec-
ommends routine screening for OSA in children with DS [20].
A new and important finding is the relationship between
cognitive function and sleep parameters, including total sleep
time and amount of slow-wave sleep, in children with DS.
These results provide important new information not only for
physicians and nurses, but also for educators and psycholo-
gists involved in assessment and educational management of
children with DS.

Many studies have shown a relationship between SDB and
neuropsychological function. Snoring and sleep-associated
gas exchange abnormalities have been associated with poorer
academic performance in otherwise normal children [21, 22].
Cognitive function, memory, and learning are impaired in
adults with snoring, OSA and hypoxemia [14, 23–28].
Frequent respiratory pauses have been shown to affect cogni-
tive function in obese children and adults [11, 23, 27]. There
was no relationship between SDB and neuropsychological
function in our cohort of children with DS. Rather, we found
a relationship between sleep architecture and cognitive func-
tion. The Woodcock–Johnson and Vineland tests, which
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measure acquired knowledge and abilities, were most closely
correlated with the amount of SWS. We also found sleep time
and latency to be associated with the Stanford–Binet. As a test
of cognitive functioning, the Stanford–Binet may be more
sensitive to the temporary state of wakefulness, and therefore
is more closely related to TST and sleep latency than adaptive
behavior as assessed by the Vineland.

Our patients differed from previous reports of children with
OSA in several important aspects. Our patients all had poor
baseline neuropsychological function secondary to DS, which
might have overshadowed subtle differences in function be-
tween the patients with and without OSA. Our patients also
had milder OSA than previous reports describing adults with
OSAwho had as many as 46–48 respiratory events per hour of
sleep with oxyhemoglobin desaturations to 67% [25, 26]. It is
possible that more frequent andmore severe respiratory events
would lead to more severe cognitive defects. Even so, our
patients with OSA did improve in ratings of attention follow-
ing successful treatment, consistent with previous reports in
normal adults [15, 29]. The mean age of our patients was
10 years, and it is possible that earlier identification and
treatment of sleep-disordered breathing may have a greater
effect on neuropsychological function. However, our numbers
are very small. Future studies might include a large population
of DS patients with severe OSA studied before and after
effective treatment.

We attempted to minimize self-selection by avoiding men-
tion of snoring, breathing, or apnea in recruiting materials.
However, it is possible that patients who volunteered for the
study were perceived by their parents to have sleep disorders,
and therefore 40 % may overestimate the prevalence of OSA
in this population. Nevertheless, this prevalence is comparable
to other studies that estimated the prevalence of SDB in
children with DS to be 22–79 % [3, 5–8]. The prevalence of
OSAS may be even higher in adults with DS, with abnormal
PSG in up to 94 % of patients [30].

Despite the high prevalence of OSA in our patients,
neither AHI nor oxyhemoglobin desaturation were related
to neuropsychological function. Since respiratory events
can influence sleep architecture, it is important to analyze
these data using a stepwise regression to examine the ef-
fects of one variable controlling for another. This method
treats AHI as a continuous variable, rendering the choice of
a “cutoff” for the presence of OSA moot.

We thoroughly evaluated both quality and quantity of sleep
using both full nocturnal PSG as well as MSLT. Sleep, partic-
ularly time spent in SWS (stage 3), was the major correlate of
neuropsychological function in our patients. Our study tested
manymore comparisons than would normally be permitted by
the limited number of subjects and all conclusions merit
confirmation in subsequent studies. However, previous stud-
ies have been consistent with our results, also showing a
relationship between cognitive function and the amount, but

not the percent, of time spent in SWS [15, 16]. This suggests
that a certain amount of SWS, considered to be “restorative
sleep,” may be necessary to maximize neuropsychological
function. This is supported by animal studies that indicate
learning is impaired when SWS is disrupted [31]. A recent
review [32] of studies of sleep and learning in children suggest
that SWS plays a major role in memory consolidation and
learning, particularly during early development. However, it is
also possible that the amount of SWS is merely an index of
brain integrity, rather than a direct contributor to neuropsy-
chological function. Overall, the evidence supports the role of
SWS in memory processing and its importance before learn-
ing, to prepare the brain for initial memory encoding, and after
learning, for the offline consolidation of new memories. The
precise mechanisms by which sleep mediates learning and
memory processing remain to be fully elucidated. Further
studies are necessary to confirm these findings in a normal
population and in different age groups.

Five of the patients, all with OSA, had previously under-
gone adenotonsillectomy. This is consistent with other reports
documenting the difficulty in treating OSA in children with
DS. Adenotonsillectomy is reported to be effective in 13–
50 % of the patients [3, 33–35] prompting some authors to
suggest more invasive pharyngopalatal surgery [34]. Two of
the three patients in our study who had an adenotonsillectomy
after OSA had been confirmed by PSG had a normal PSG on
follow-up. In comparison, four of the seven patients we started
on CPAPwere unable to continue using it in the home, despite
the best efforts of the family, including positive reinforcement
with stickers and rewards. This is in contrast to our overall
success rate of over 75 % for long term CPAP use in children
[36, 37]. The patients who were unable to tolerate CPAP in the
home had poorer adaptive behavior, visual–motor integration
and achievement than did the patients who did well with
CPAP. It is possible that inattention is a barrier to CPAP
adherence, or that untreated OSA contributes to inattentive-
ness. It is important to recognize that this is a cohort study and
cannot prove cause and effect. Although further research is
needed to examine this issue, the clinician may consider
evaluation and treatment of any attention deficit disorders in
children with difficulty tolerating CPAP in the home.

These data was acquired before the publication of pediatric
scoring guidelines by the American Academy of Sleep
Medicine [38]. However, similar scoring criteria have been
successfully used in many other studies and we feel that these
minor differences are unlikely to alter the overall findings of
our study. We chose an AHI of 5 as a conservative cutoff for
treatment since these are children who had volunteered for a
research study rather than presenting to a clinician for treat-
ment, wherein an AHI >1.5 is often considered abnormal. We
also did not monitor esophageal pressure which may mean
that some respiratory-effort related arousals were missed.
However, we used respiratory inductance plethysmography
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to assess chest and abdominal efforts and carefully inspected
the tracings, which has been shown to have reasonable agree-
ment with the gold-standard esophageal manometry [39] with-
out subjecting the children to an uncomfortable esophageal
probe that may have altered sleep architecture.

In summary, we confirm that OSA is common in patients
with DS, but the presence of OSA does not markedly affect
their neuropsychological function. Rather, the quality and
quantity of sleep, particularly the quantity of slow-wave sleep,
is a strong predictor of adaptive behavior and academic
achievement. Cognitive ability is better predicted by measures
of total sleep and sleepiness. Successful treatment for sleep
disorders, including OSA, may improve neuropsychological
function in children with DS. CPAP is a useful therapy for
OSAwhen adenotonsillectomy is unsuccessful or not indicat-
ed, but children with attention defects may have more diffi-
culty adjusting to their CPAP at home. We speculate that
therapy for their attention deficits may improve compliance
with CPAP.
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