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Abstract Prader-Willi Syndrome (PWS) is a rare genetic
disorder characterized by a range of physical, psychologi-
cal, and physiological abnormalities. It is also distinguished
by the high prevalence of obstructive sleep apnea syndrome
(OSAS), i.e., repetitive upper airway collapse during sleep
resulting in hypoxia and sleep fragmentation. In non-PWS
populations, OSAS is associated with a range of neurocog-
nitive and psychosocial deficits. Importantly, these deficits
are at least partly reversible following treatment. Given
the findings in non-PWS populations, it is possible that
OSAS may contribute to neurocognitive and psychosocial
deficits in PWS. The present review examines this possi-
bility. While acknowledging a primary contribution from
the primary genetic abnormality to central neural dysfunc-
tion in PWS, we conclude that OSAS may be an impor-
tant secondary contributing factor to reduced neurocogni-
tive and psychosocial performance. Treatment of OSAS may
have potential benefits in improving neurocognitive perfor-
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mance and behavior in PWS, but this awaits confirmatory
investigation.
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Prader-Willi syndrome (PWS) is a complex, multifaceted,
and congenital disorder with protean manifestations, includ-
ing physical (infantile hypotonia, hypogenitalism, facial dys-
morphism, scoliosis, obesity, and short stature with small
hands and feet), physiological (hypotonia, low metabolic
rate, abnormal sleep, and excessive daytime sleepiness) and
psychological (hyperphagia, tantrums, irritability, obsessive-
compulsive behavior, low frustration threshold, lethargy, and
intellectual impairment) abnormalities (Holm et al., 1993).
Most of these abnormalities can be attributed to genetic fac-
tors (State & Dykens, 2000). However, and importantly, PWS
is often accompanied by obstructive sleep apnea syndrome
(OSAS) (Nixon & Brouillette, 2002).

Obstructive sleep apnea syndrome is characterized by the
presence of repetitive collapse and obstruction of the up-
per airway. Discrete obstructive events (> 10 seconds) cause
either a complete pause (apnea) or a partial reduction (hy-
popnea) in respiration that leads to acute hypoxia and hy-
percapnia. As a protective mechanism to maintain blood
oxygen levels, obstructive apneas and hypopneas often cul-
minate in arousal from sleep. Morbidly obese patients or
those with respiratory muscle weakness or abnormalities of
central nervous system respiratory control can also suffer
another form of sleep disordered breathing known as sleep
hypoventilation, characterized by a sustained pattern of “un-
der breathing,” also associated with hypoxia, and especially
hypercapnia, but without discrete respiratory events. The
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American Academy of Sleep Medicine task force guidelines
for the diagnosis and treatment of obstructive sleep apnea
suggest that five apneas plus hyponeas per hour of sleep in
adults is the minimum threshold for determining OSAS (i.e.,
apnea-hypopnea index [AHI] >5) (ASDATF, 1998) while
Marcus et al. (1992) propose that more than one event per
hour is diagnostic of OSAS in children less than 12 years of
age.

OSAS in both adults and children is associated with
a range of neurocognitive and psychosocial deficits (e.g.,
memory, learning, attention, executive functioning, with-
drawal, aggression, etc.) (Beebe & Gozal, 2002; Blunden,
Lushington, & Kennedy, 2001; El-Ad & Lavie, 2005;
Engleman, Kingshott, Martin, & Douglas, 2000; Naegele
etal., 1998). Over and above any genetic contribution, these
findings raise the possibility that OSAS may be an additional
contributory factor to reduced neurocognitive and psychoso-
cial performance in PWS.

Prader-Willi syndrome and sleep-disordered
breathing

Knowledge about sleep and ventilation in PWS is restricted
to a small number of studies and of these only a few have used
objective measures of sleep such as PSG. Comparing the fre-
quency of OSAS estimates in the few PSG studies that have
been conducted is further complicated by several method-
ological limitations. These include the reliance on findings
from case studies with small subject numbers and evident
problems with selection bias, the use in some studies of adult
criteria to diagnose OSAS in children and following recent
improvements in technology coupled with changes in scor-
ing criteria an increased capacity to now detect OSAS with
greater sensitivity. Nevertheless, based on a combined search
of PsychInfo and PubMed databases using the term “Prader-
Willi” with the words apnea, sleep, or sleepiness and limiting
the search to PSG studies (or studies which included a subset
of cases with PSG data) which report the frequency of cases
with an AHI >5 we identified 17 peer-reviewed publications
with a combined total of 103 PWS patients (Clift, Dahlitz, &
Parkes, 1994; Doshi & Udwadia, 2001; Harris & Allen, 1996;
Hiroe, Inoue, Higami, Suto, & Kawahara, 2000; Kaplan,
Fredrickson, & Richardson, 1991; Livingston, Arens, Bailey,
Keens, & Ward, 1995; Manni et al., 2001; Nevsimalovaet al.,
2000; Nixon & Brouillette, 2002; O’Donoghue et al., 2005;
Pavone et al., 2006; Richards et al., 1994; Schluter, Buschatz,
Trowitzsch, Aksu, & Andler, 1997; Sforza, Krieger, Geisert,
& Kurtz, 1991; Vgontzas, Bixler et al., 1996; Vgontzas,
Bixler, Kales, & Vela-Bueno, 1995; Vgontzas, Kales et al.,
1996). In this literature, sample inspection of cases revealed
that 57% (59/103) of PWS patients had OSAS. This es-
timate is substantially higher than community prevalence
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estimates based on an AHI >5 of 9% in adult non-PWS
women and 24% in men (Duran, Esnaola, Rubio, & Iztueta,
2001). As well, it is higher than prevalence estimates based
on PSG evaluation of OSAS in non-PWS children with
self-reported habitual snoring of 1-3% (Blunden et al.,
2001).

Excessive daytime sleepiness and Prader-Willi
syndrome

A cardinal symptom of OSAS is excessive daytime sleepi-
ness. The clinical features of excessive daytime sleepiness in-
clude the tendency to stay at rest; the propensity to fall asleep
unintentionally during the day, especially in passive situa-
tions; and difficulty concentrating (Guilleminault & Brooks,
2001). Although the precise etiology has yet to be fully de-
termined, the fragmentation of sleep by respiratory-evoked
arousals is thought to underlie excessive daytime sleepiness
in OSAS patients (Philip, Stoohs, & Guilleminault, 1994).
The clinical assessment of excessive daytime sleepiness is
typically based either on self-report measures of sleepiness-
related behavior such as the likelihood of falling asleep in
inappropriate situations [e.g., “while stopped at traffic light”
from Epworth Sleep Scale (Johns, 1994)] or laboratory-based
protocols using PSG to measure sleepiness under varying
sleep-demand conditions. The latter includes multiple sleep
latency testing during which the patient is given four op-
portunities across the day to attempt to sleep in bed under
conditions of low stimulation and the mean time to sleep
onset is recorded (Carskadon, 1993). A mean multiple sleep
latency testing of less than 5 minutes is considered clinically
significant (ASDATF, 1998).

PWS patients commonly report excessive daytime sleepi-
ness. This is reflected by elevated scores on measures of self-
reported sleepiness, a high frequency of daytime napping,
and the presence of shortened latencies to sleep onset at night
or during the daytime on multiple sleep latency testing (Clift
et al.,, 1994; Harris & Allen, 1996; Helbing-Zwanenburg,
Kamphuisen, & Mourtazaev, 1993; Hertz, Cataletto,
Feinsilver, & Angulo, 1993; Kaplan et al., 1991;
O’Donoghue et al., 2005; Richards et al., 1994; Vela-Bueno
et al., 1984; Vgontzas, Bixler et al., 1996; Vgontzas, Kales
et al.,, 1996). Survey results also indicate a high preva-
lence of self-reported excessive daytime sleepiness in PWS
(Boer & Clarke, 1999; S.B. Cassidy, McKillop, & Morgan,
1990; Clarke, Waters, & Corbett, 1989; Greenswag, 1987;
Laurance, Brito, & Wilkinson, 1981). In a case review
study, for example, Greenswag (1987) reports that exces-
sive sleepiness was documented in 231 of 232 PWS pa-
tients while Clarke et al. (1989) report excessive day-
time sleepiness on parental self-report in 56 of 61 PWS
patients.
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Neurocognitive performance in Prader-Will syndrome
and non-Prader-Willi syndrome patients with
Obstructive Sleep Apnea syndrome

Increasing evidence points to the importance of sleep in
cognitive functioning and especially learning and memory.
Findings from functional neuroimaging and electrophysi-
ology in humans, and investigation of neuronal activity in
animal models suggest that sleep plays a role in neuroplas-
ticity (Hobson & Pace-Schott, 2002; Tononi & Cirelli, 2006).
Forebrain and cortical regions are coordinated during sleep
and there is now emerging evidence that different stages
of sleep are responsible for different forms and stages of
learning and memory (Hobson & Pace-Schott, 2002). In-
vestigation into the impact of sleep deprivation on cognitive
performance further indicates that executive functioning is
especially sensitive to sleep debt, pointing to the importance
of sleep in prefrontal cortex function (Harrison & Horne,
2000). Neuroimaging data also indicate that the prefontal
cortex is additionally sensitive to the chemical and corti-
cal neural injury arising from the sleep fragmentation and
hypoxia of OSAS, which may explain the added cognitive
deficits beyond those of memory and learning in that patient
group (EI-Ad & Lavie, 2005).

In non-PWS populations, OSAS is associated with re-
duced neurocognitive performance. In both children and
adults the neurocognitive domains affected include execu-
tive functioning, verbal and performance 1Q, verbal, spatial
and visual learning, memory, attention and concentration,
and executive functioning (Beebe & Gozal, 2002; EI-Ad &
Lavie, 2005; Engleman et al., 2000; Friedman et al., 2003;
Schechter, 2002).

The relative contributions of daytime sleepiness, hypoxia,
and sleep fragmentation to neurocognitive deficits in OSAS
remain uncertain. Results from correlational analyses
in non-PWS adults with OSAS suggests an association
between increased excessive daytime sleepiness and re-
duced neurocognitive performance and impaired social and
occupational functioning (especially an increased risk for
motor vehicle and industrial accidents) (Grunstein, Stenlof,
Hedner, & Sjostrom, 1995; Marrone, Bonsignore, Insalaco,
& Bonsignore, 1998; Melamed & Oksenberg, 2002; Noda
et al., 1998; Shiomi et al., 2002; Ulfberg, Carter, Talback, &
Edling, 1996). Although not well described, results from cor-
relational analyses in non-PWS children with OSAS suggest
that elevated excessive daytime sleepiness is associated with
an increased frequency of aggression, delinquency, and para-
doxically, hyperactivity (Carroll, McColley, Marcus, Curtis,
& Loughlin, 1995; Chervin et al., 2002; Gozal & Pope,
2001). However, the magnitude of the correlations in these
studies tends to be small and, notably, reduced neurocog-
nitive performance and impaired social and occupational
functioning is also present in OSAS patients who do not

report excessive daytime sleepiness. Results from multiple
regression analyses suggest in both children and adults with
OSAS that AHI and nocturnal hypoxemia are predictive of
reduced cognitive and psychomotor performance (Cheshire,
Engleman, Deary, Shapiro, & Douglas, 1992; Kennedy
et al., 2004) but that explanatory power is not increased with
the addition of excessive daytime sleepiness (Kim et al.,
1997). Indirect evidence of an association between hypoxia
and sleep fragmentation and neurocognitive functioning has
come from treatment studies with continuous positive airway
pressure in adults and adenotonsillectomy in children. In
general, treatment is reported to reduce OSAS severity and
improve neurocognitive functioning (Gordon & Sanders,
2005; Mitchell & Kelly, 20006).

PWS is accompanied by a range of neurocognitive
deficits. The IQ of PWS patients is generally in the low to
moderate range (Cassidy and Schwartz, 1998; Gabel et al.,
1986), and while reductions in global neurocognitive abili-
ties are commonly noted, greater verbal than performance 1Q
deficits are reported (Curfs & Fryns, 1992; Curfs, Wiegers,
Sommers, Borghgraef, & Fryns, 1991; Gross-Tsur, Landau,
Benarroch, Wertman-Elad, & Shalev, 2001). PWS patients
also demonstrate multiple severe learning disabilities with
a lower academic performance than that indicated by their
mental abilities (Gross-Tsur et al., 2001) The most consis-
tent domains reported to show decrement in PWS patients are
short-term memory, attention, concentration, and executive
functioning (especially abstract thinking) (S. B. Cassidy &
Schwartz, 1998; Dykens & Kasari, 1997; Gabel et al., 1986;
Gross-Tsur et al., 2001).

Similarities between the neurocognitive domains affected
in patients with OSAS and PWS raise the possibility that at
least part of the deficits observed in PWS may be attributable
to OSAS. Exploration of the relationship between OSAS
and neurocognitive functioning in PWS, however, is limited
to preliminary results reported by our group (O’Donoghue
et al., 2005). In that study, we found contrary to expecta-
tions that PWS patients (n=9) with more severe OSAS,
i.e., a higher AHI and a lower nocturnal oxygen nadir, tend
to have higher global IQ (r=0.25 and r= — 0.62 respec-
tively). While this may be a chance finding, we further
found that PWS patients with a higher BMI also tend to
have a higher AHI and a lower nocturnal oxygen nadir (r =
0.62 and —0.87, respectively). In addition, and of note,
they also had a higher Global IQ (+ = 0.75). Obesity is
a known risk factor for OSAS (Grunstein & Wilcox, 1994),
but is not normally related to IQ. However, the profile of
our PWS patients was such that more intelligent patients
were also engaged in less supervised activities and, hence,
had a greater opportunity to engage in food-foraging be-
havior. Given these two factors, we propose that obesity
may be confounding the relationship between OSAS and
neurocognitive performance. This is partly supported by
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exploratory partial correlation analysis in which after con-
trolling for BMI, as predicted, a higher AHI was associated
with a lower global IQ (r= — 0.40); conversely, after con-
trolling for BMI, little association was observed between
nocturnal oxygen nadir and global IQ (r= — 0.02). The pro-
posed post-hoc interpretation requires confirmation in larger
subject numbers than those available in our previous study.
Nonetheless, based on previous findings in non-PWS popu-
lations, we propose that OSAS is likely to contribute to neu-
rocognitive deficits in PWS, but that increased food-seeking
behavior, and thus obesity, may be a confounding variable.

Psychosocial functioning in Prader-Willi syndrome and
Non-Prader-Willi syndrome obstructive sleep apnea
syndrome patients

In non-PWS adults, OSAS severity is associated with
increased anxiety, distractibility, confusion, irritability,
physical and general complaints, depressed mood, higher
emotional reactivity, and reduced energy (D’Ambrosio,
Bowman, & Mohsenin, 1999; Day, Gerhardstein, Lumley,
Roth, & Rosenthal, 1999; Kales et al., 1985; Sanner et al.,
2000). In non-PWS children, OSAS is further associ-
ated with reduced academic performance and increased
problematic behavior (Spahis, 1994; Urschitz et al., 2003).

Psychosocial deficits similar to those reported in non-
PWS OSAS populations are also noticeable in PWS with
OSAS. While infants and young children with PWS are not
noted for exhibiting problematic behavior, older children and
adults with PWS are reported to have difficulty with behavior
regulation, usually coinciding with the onset of hyperpha-
gia, (although not all problem behaviors are related to food)
(Dykens & Kasari, 1997). Some studies have emphasized the
behavioral uniqueness of PWS patients compared to groups
with other forms of genetic mental retardation. Compared to
patients with either Down syndrome or nonspecific mental
retardation, Dykens and Kasari (1997) report that PWS pa-
tients have a higher incidence of tantrums, stubbornness and
difficulties regulating attention, while Einfeld et al. (1996)
report that PWS children and adolescents exhibit more fre-
quent and a wider range of problematic behaviors with a
greater percentage in the clinically impaired range. Dykens
and Rosner (1999) further report that PWS patients tend to
be impatient with a low tolerance to frustration, while Ein-
feld et al. (1999) report more disturbed behavior compared
to controls, especially antisocial behavior.

The literature examining the relationship in PWS between
OSAS symptoms and psychosocial functioning is limited.
Richdale et al. (1999) report a positive correlation between
excessive daytime sleepiness severity and increased prob-
lematic behavior, while O’Donoghue et al. (2005) report
that OSAS severity was positively correlated with increased
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daytime inactivity/sleepiness, autistic behavior, and impul-
siveness. Indirect support of an association has come from
treatment studies. Clift et al. (1994) successfully treated
five PWS patients with continuous positive airway pressure,
noting significant gains in behavior. Nixon and Brouillette
(2002) report a single-case study of a PWS child treated with
adenotonsillectomy, with subsequent improvements in AHI
(reduction from 100 to 2.8), daytime sleepiness and behavior.
These latter two studies raise the possibility that treatment
of OSAS in PWS, for example with continuous positive air-
way pressure in adults and adenotonsillectomy in children,
may produce gains not only in sleep quality but also daytime
functioning.

Directions and issues for future research

Previous research suggests that sleep problems are common
in PWS, as are neurocognitive and behavioral deficits. While
it is acknowledged that the genetic disorder, per se, in PWS
may explain a substantial portion of these deficits, the ad-
ditional burden of a sleep disorder should not be dismissed.
Clinical approaches that can improve the sleep quality of
PWS patients may provide an additional benefit through the
reduction of problematic behavior and an increase in neu-
rocognitive functioning.

Future research in this area, however, is not without chal-
lenges. The major obstacle to exploring PWS sleep deficits is
in filtering through the complex, interactive and overlapping
expressions of this disorder. There are obvious difficulties
in distinguishing neurocognitive and behavioral abnormal-
ities due to poor sleep, from those related to genetically-
determined factors.

Further difficulties lie in the low incidence of this syn-
drome and the limited number of PWS patients available to
participate in research. To date, most studies have employed
relatively small numbers of PWS patients and have usually
combined both children and adults. Another confounding
factor is that few studies disclose the criteria by which they
determine if a sleep-related respiratory event is due to up-
per airway obstruction or has a central neurological origin,
making the interpretation of the findings difficult. It is also
difficult to test these individuals within a laboratory/hospital
environment. The emotional disposition of PWS patients
limits their ability to undergo lengthy and complex measure-
ments such as polysomnography.

Notwithstanding the above difficulties it should be feasi-
ble to ascertain the contribution of sleep disordered breath-
ing to the neurocognitive and psychosocial abnormalities
in PWS using a randomized controlled trial of continuous
positive airway pressure treatment among carefully char-
acterized patients with OSAS. To be successful such a
study would require prior discussion with PWS families and
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their self-help organizations, and the recruitment of research
staff knowledgeable and experienced in the management of
PWS patients. To achieve sufficient statistical power, it is
likely that patients would need to be recruited from multiple
centers.

The promise of further research in this area is that it may
ultimately lead to improvements in sleep quality, behavior
and neurocognitive performance in a group of people already
subjected to a wide array of detrimental health and qual-
ity of life issues. Any alleviation of these problems would
be of considerable benefit, not only to patients but, in ad-
dition, caregivers and family members whose present role
in the support of PWS patients can only be described as
extensive.
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