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Women have a greater need for sleep than men [1], and report
spending more time in bed [2]. Sex differences in sleep need
and sleep time persist even after adjusting for comorbid
psychiatric disorders in adults and in adolescents [2,3]. As
depicted in Figure 1, women also report more sleep problems
and poorer sleep quality than men in nearly all age groups
[2,4,5], and have an increased risk of suffering insomnia (risk
ratio 1.41) across different age groups, which is most
pronounced among the elderly [6]. Paradoxically, polysomno-
graphic (PSG) recordings indicate that men may have a more
disturbed, lighter sleep [7,8], and show a faster age-related
decline in slow wave sleep (SWS) than is seen in women [9],
although a differential influence of sex on the impact of aging,
as analyzed by power spectral density during non-rapid eye
movement (NREM) sleep over a wide frequency range (0.25–
25.0 Hz), has not been shown [10]. Women have higher
absolute slow wave activity (SWA) in NREM sleep [11–13],
implying a deeper sleep than that of men. However, when SWA
in NREM sleep is normalized relative to SWA in REM sleep,
women have lower relative SWA than men, consistent with their
subjective complaints of lighter sleep [12]. Further investigation
into sex differences in subjective and objective sleep assessments
is required to improve understanding of this issue. 

The higher incidence of sleep problems in women may be
partly attributed to their increased risk for the development of
psychiatric disorders that are associated with sleep disturbances,
such as depression. Interestingly, alterations in sleep architecture
associated with major depressive disorder (MDD) are sex-
dependent, starting in adolescence [14]. Depressed men are
more likely to have a deficiency in SWS whereas depressed
women show a tendency towards ultradian rhythm
abnormalities (low temporal coherence) compared with healthy
controls [15,16]. Taken together, these results provide some
support for a sex-dependent pathophysiology of MDD [16].

As is the case for insomnia, the prevalence of restless legs
syndrome (RLS) is higher in women than in men
(approximately two-fold) [17,18]; however, there are few
sex differences in the clinical presentation of RLS, based on
self-reports [19]. In contrast, emerging data suggest sex
differences in some physiological markers of RLS, such as
changes in heart rate following a leg movement in periodic
limb movement disorder (PLMD) [20] and in levels of
cerebrospinal fluid ferritin [21]. There are no known sex
differences in the prevalence of PLMD [22].

Obstructive sleep apnea (OSA) is more common in men,
with the male-to-female ratio reported as being between 2:1
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Sex Differences in Sleep and Sleep
Disorders: A Focus on Women’s Sleep

Rachel Manber, PhD1, Fiona C Baker, PhD2,3, and Jenna L Gress, BA1

1Department of Psychiatry and Behavioral Sciences, Stanford University, Palo Alto, 2Human Sleep Laboratory,
SRI International, Menlo Park, CA, USA, and 3Brain Function Research Unit, School of Physiology, University
of the Withwatersrand, Johannesburg, South Africa.

The effect of gender/sex1 on normal sleep and on the prevalence, presentation, and course of a variety of sleep disorders is a
contemporary area of scientific inquiry. Men and women can differ in the presentation and course of several sleep disorders.
Insomnia and restless legs syndrome (RLS) are more prevalent in women and sleep-disordered breathing (SDB), narcolepsy,
and rapid eye movement sleep behavior disorder are more prevalent in men. This manuscript briefly discusses the current
knowledge concerning sex differences in sleep, and then focuses on sleep across a woman’s life cycle, including the
menstrual cycle, pregnancy, post partum, menopause transition, and post-menopause. The differences between self-reported
sleep and polysomnographically defined sleep parameters are highlighted, along with issues arising in women’s sleep at
different stages of their reproductive cycles. This review underlines the need to consider stages of the reproductive cycle
when evaluating and treating women for insomnia, SDB, and RLS. Int J Sleep Wakefulness – Prim Care 2008;1(4):125–33.
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1. Throughout the article we use the term sex rather than gender. The term sex is commonly
used as a biological category of male or female and the term gender is most often used 
in reference to social or cultural categories (The American Heritage® book of English usage
[digital]: a practical and authoritative guide to contemporary English.1996; Available from:
Bartleby.com).
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and 4:1 [23–27]. As reviewed by Kapsimalis and Kryger [27],
biological sex differences in OSA can be explained by several
mechanisms, including obesity pattern and fat distribution,
upper airway anatomy and function, the control of
breathing, and hormone status. Sleep-disordered breathing
(SDB) in women varies according to reproductive status,
with higher levels seen in post-menopausal women
[26,28,29]. It is believed that gonadal hormones play a role
in the regulation of breathing during sleep, as discussed later
in this manuscript. 

Narcolepsy is also more prevalent in men than in women,
with an estimated incidence rate of 1.72 cases per 100 000
persons per year for men and 1.05 cases for women [30];
however, the reason for this difference is not known. Sex
differences do not appear to be present for NREM
parasomnias [31] or delayed sleep phase insomnia [32];
however, for unknown reasons, REM sleep behavior disorder
(RSBD) occurs almost exclusively in men [33].

Sleep in women across the reproductive cycle
The menstrual cycle
The ovulatory menstrual cycle is characterized by a
regulated variation in reproductive hormones across a 
25–35 day period. The follicular phase lasts from the first
day of menses until ovulation, which occurs around day 14.
The luteal phase refers to the second half of the menstrual
cycle when progesterone, being produced from the corpus
luteum, predominates. The marked variation in hormones

across the menstrual cycle influences not only reproductive
tissue function but also other processes such as sleep. 

Surveys and studies based on subjective reports have found
that women across a wide age range (aged 18–50 years)
report more sleep disturbances during the premenstrual week
and during the first few days of menstruation than at other
times [34–36]. The SWAN (Study of Women’s Health Across
the Nation), which included 630 women in their late
reproductive stage or entering the menopausal transition, also
showed that trouble sleeping varied with cycle phase, being
more likely to occur during the early follicular and late luteal
phases of the menstrual cycle [37]. There is therefore strong
evidence that women perceive the quality of their sleep as
poorer around the time of menstruation. 

However, studies using PSG have shown that sleep
continuity, sleep efficiency, SWS, and SWA during NREM
sleep remain stable across the ovulatory menstrual cycle in
young, healthy women [38–40]. On the other hand, REM
sleep and spindle activity are affected by menstrual cycle
phase. REM sleep has an earlier onset [41,42], and there are
small decreases in the percentage of REM sleep during the
luteal phase [38,43–45], which may be related to the rise in
body temperature since REM sleep is sensitive to temperature
variations [46]. Electroencephalogram (EEG) activity in the
frequency range of sleep spindles is significantly increased
during the luteal phase compared with other phases of 
the menstrual cycle [38,39], possibly representing an
interaction between endogenous progesterone metabolites
and γ-aminobutyric acidA (GABAA) membrane receptors [38]. 

To summarize, with the exception of REM sleep and
spindle activity, sleep-stage distribution is stable across the
normal menstrual cycle despite substantial changes in the
hormonal milieu. Additional research is therefore needed to
understand the documented increase in self-reported sleep
disturbances at the beginning or end of the menstrual cycle. 

Oral contraceptives
Oral contraceptives suppress endogenous reproductive
hormones, preventing ovulation; hence, the women taking
them do not have normal menstrual cycles. They do not
appear to influence subjective sleep quality [47], but do alter
sleep architecture. Women taking oral contraceptives have
less SWS [47–50], more Stage 2 sleep [47], a shorter REM
onset latency, and more REM sleep [49], compared with
women with natural menstrual cycles. Exogenous steroid
hormones therefore appear to exert a different influence on
sleep than endogenous progesterone and estrogen. 

Menstrual cycle-associated sleep disorders
Two sleep disorders that are temporally related to the menses
have been proposed in the International Classification of 

Figure 1. Age and sex distribution of patients with 
severe insomnia. 

Adapted with permission from [160].
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Sleep Disorders – premenstrual insomnia and premenstrual
hypersomnia [51]. A third category, premenstrual parasomnia
(sleep behavior disorder), has been suggested by Schenck and
Mahowald [52], who cited two cases of premenstrual sleep
terrors and injurious sleep-walking. 

Women with premenstrual insomnia complain of insomnia
only during the premenstrual phase of the menstrual cycle.
The cause of premenstrual insomnia is unknown, but there is
some evidence from a case study that desynchronization of
temperature and sleep–wake rhythms in the luteal phase
could be a contributing factor [53]. 

Premenstrual hypersomnia is a rare sleep disorder
characterized by excessive sleepiness that typically begins a
few days before menstruation onset and ends a few days
after [51]. Few cases have been published, and most of the
patients have had unremarkable hormonal changes
accompanying their symptoms [54,55]. Oral contraceptives
have been successfully used to treat this condition [54,56].
Further study of women with menstrual cycle-associated
sleep disorders is indicated to establish the etiology. 

Sleep in women with menstrual cycle disorders
Menstrual cycle-related complaints, including mood disorders,
pain associated with menstruation, and endocrinological
problems such as polycystic ovary syndrome, are common 
in women. Women who suffer from a menstrual cycle-
associated disorder may experience concomitant changes 
in their sleep.

Premenstrual syndrome and premenstrual dysphoric disorder
Up to 70% of women of reproductive age suffer from
premenstrual syndrome (PMS) and 3–8% report disabling
premenstrual symptoms such as depressed mood, irritability,
and anxiety that qualify them for a diagnosis of premenstrual
dysphoric disorder (PMDD) [57,58]. Women with PMS
typically report sleep-related complaints associated with their
PMS symptoms such as hypersomnia, insomnia, fatigue,
sleep perturbation by body movements and awakenings,
and disturbing dreams [59]. 

PSG studies of women with PMS or PMDD have
reported inconsistent results [41,59–62]. Two studies of
women with severe PMS [41] or PMDD [60] found a greater
percentage of Stage 2 sleep as well as either less SWS [41]
or less REM sleep [60] compared with controls, but
subsequent studies did not replicate these findings [61,62].
It is possible there is variation within the population of
women with PMDD, such that altered sleep is only apparent
in some women. More studies are needed to better
understand the role of sleep in PMS or PMDD, particularly in
light of findings that total and partial sleep deprivation may
improve mood [63]. 

Primary dysmenorrhea
Primary dysmenorrhea refers to painful menstruation that
occurs in the absence of visible pelvic pathology in as many
as 50% of young women [64]. The painful menstrual
cramps experienced by these women every cycle
significantly impact productivity and quality of life [64], and
disturb sleep both subjectively and objectively (lower sleep
efficiency, increased time spent awake, moving, and in 
Stage 1 light sleep, and less REM sleep) compared with
pain-free phases of the menstrual cycle, and compared with
women who don’t suffer menstrual pain [43]. Disturbed
sleep, in turn, may further exacerbate pain, as sleep
deprivation is associated with a decreased pain threshold
[65]. Treatment of nocturnal pain with analgesics should
alleviate painful cramps and consequently improve sleep
quality in women with dysmenorrhea.

Polycystic ovarian syndrome
Polycystic ovarian syndrome (PCOS) affects 4–12% of
women of reproductive age [66]. Women with PCOS
typically present with irregular or absent cycles, androgen
excess (evident as hirsutism), and bilateral polycystic 
ovaries [67]. Insulin resistance is also an important
component of PCOS [67], and obesity occurs in
approximately 50% of cases [68]. The combination of
obesity, excess androgen production, and insulin resistance
places women with PCOS at an increased risk for SDB. The
prevalence and severity of SDB in women with PCOS are
much higher than in age- and weight-matched controls
[69–71]. Women with PCOS should be evaluated for SDB
and treated appropriately, not only to improve alertness but
also to address potential insulin resistance, which is common
in both disorders [70]. Indeed, glucose tolerance and SDB
may be influenced by a common mechanism in PCOS [70].
Given that, in women, upper airway resistance is lower
during the luteal phase when progesterone is high compared
with the follicular phase [72], and that SDB is more severe in
the follicular phase than in the luteal phase in women with
OSA [73], menstrual cycle phase should be considered when
evaluating SDB in women with PCOS.

Pregnancy
Sleep during pregnancy varies across trimesters as hormonal
and physical changes take place. Pregnant women
commonly report sleep disruption due to nausea, backache,
frequent urination, heartburn, leg cramps, and shortness of
breath, especially in the first and third trimesters [74]. Both
longitudinal and cross-sectional PSG studies have also
indicated an increase in wake after sleep onset in pregnant
women, particularly in the third trimester [45,75–77].
Findings regarding changes in total sleep time and amounts
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of REM sleep and SWS are mixed, although most studies
have found that compared with age-matched controls, and
within subjects earlier in pregnancy and the post partum
period, the third trimester is associated with decreased
percentages of REM sleep [73–75] and SWS [45,77,79–83],
an overall decrease in EEG power density [76], increased
prevalence of alpha-delta sleep [82], and increased
percentage time spent in Stage 1 light sleep [75–77,84].
Both hormonal (prolactin and progesterone) and physical
changes associated with pregnancy contribute to the
documented decrease in sleep continuity, particularly in the
third trimester (see [85] for a review). Altered respiration,
esophageal reflux, heartburn, leg cramps, leg pain, back
pain, and increased fetal movement can all disturb sleep
[77,86,87]. Interestingly, despite the ubiquitous nature of
frequent night waking during the latter part of pregnancy,
less than 20% of individuals viewed their awakenings as
problematic [45]. The impact of poor sleep during
pregnancy on ease of delivery is not clear. One study found
no significant correlations between the length of labor and
maternal self-reported sleep quality during the day or the
week preceding labor [88]; however, another reported that
women in their first pregnancy who were awake >15% of
time after sleep onset during the ninth month of pregnancy
(based on actigraphy) had longer labors and a greater
incidence of cesarean deliveries [89]. 

Sleep disorders during pregnancy
Data on the prevalence of psychophysiological insomnia
during pregnancy and on the effects of pregnancy in women
who experienced insomnia prior to pregnancy are lacking.
Pregnancy is associated with an increased risk for two other
sleep disorders, SDB and RLS. Although epidemiological data
on the prevalence of SDB during pregnancy is absent, survey-
based studies indicate that the incidence of snoring is higher
for pregnant women during the second half of pregnancy
(12–23%) than for age-matched non-pregnant controls
(approximately 4%) [90–92], and symptoms of SDB,
including snoring, choking, and apneic events, increase as
pregnancy progresses [93]. Sleep apneic events during late
pregnancy are associated with marked blood pressure
fluctuations that remit post-natally, along with a reduction in
number of arousals [94]. Women with pre-existing SDB and
those at high risk for SDB should be carefully monitored
during pregnancy as OSA could increase the risk of 
pre-eclampsia [95,96] and neonatal complications [97]. 

The incidence of RLS during pregnancy is 2–3 times
greater than in the general population [98], with a much
higher prevalence in women who do not take folate
supplements (80%) [99]. Prospective studies find the
incidence of RLS increases across the trimesters of pregnancy

[75,100]. For most women, RLS emerges during pregnancy
and remits following delivery, but may re-emerge during
subsequent pregnancies [101]. Although there are no
published estimates regarding the prevalence of PLMs
during pregnancy, the possibility that PLMD is present in
pregnant women with RLS needs to be considered as the
two disorders often co-occur [102].

Post partum
The first 6 months post partum are associated with a
substantial increase in time awake after sleep onset and a
decrease in sleep efficiency, relative to the last trimester of
pregnancy [77,78,84,103–106]. However, this period is also
associated with marked increases in SWS [83,84,107] and
REM pressure [41], as evidenced by earlier REM onset, which
normalizes by 3 months post partum [84,108]. These changes
are commonly observed upon recovery from experimentally
induced sleep disruption or sleep restriction [109,110]. 

Sleep continuity gradually improves 3–12 months post
partum [111], a process that is closely tied to the sleep
patterns and mode of feeding the infant. Breastfeeding
mothers report more night awakenings (especially when
sleeping with their infants [108]) and more fatigue than non-
breastfeeding mothers, but similar total nocturnal sleep time
compared with mothers who are not breastfeeding [112,113].
There is evidence that maternal self-reported sleep quality is
determined by the number of awakenings rather than the
total time awake attending to the baby [114]. 

As would be expected, maternal sleep fragmentation
leads to increased self-reported daytime sleepiness and to
negative mood [115–117], and may contribute to the
development of post partum depression [118]. Interventions
to improve an infant’s sleep, and consequently the mother’s,
lead to an improvement in maternal mood [118–121].
Although these data might suggest a causal link between
infant sleep and maternal depression, it is also possible that
maternal depressive symptoms contribute to the severity of
infant sleep disturbance, as infants of depressed mothers may
sleep poorly because they are distressed, not sufficiently
active during the day, or receive insufficient environmental
cues to entrain their circadian rhythms [122]. It is also
possible that the observed relationship between an infant’s
sleep and maternal depression reflects a reporting bias, as
post partum women with current or past depression are
awake during the night more than women without 
post partum depression [107], and may therefore be more
aware of, and more likely to report, infant sleep disturbances. 

Menopausal transition (perimenopause)
The menopausal transition refers to the period of time
between the first onset of menstrual irregularity, or skipped
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menses, and the final menstrual period [123]. The median
age of onset of menstrual irregularity is 47 years, and the
median age at final menstrual period is 51.4 years [123].
This transition period is marked by wide fluctuations in
reproductive hormones as the number of ovarian follicles
progressively declines and reaches a critical level. 

Sleep difficulties increase as women enter the menopausal
transition [29,37,124–130], even after adjustment for age
and ethnicity [37]. In SWAN, the multi-ethnic, community-
based cohort study of 3302 women, the likelihood of
reporting sleeping difficulties was greater for women who
were in early or late menopausal transition or who were
post-menopausal, compared with premenopausal women
[37,125]. A 10-year longitudinal study revealed that
problems with sleeping, and secondarily vasomotor
symptoms, were the most bothersome complaints associated
with the transition to menopause [131]. An increase in self-
reported perimenopausal sleep difficulties has been
associated with vasomotor symptoms such as hot flashes
[125], hormone levels [37], and psychological factors 
or mood [37,127,132]. In their review of the literature, 
Schmidt concluded that perimenopause, but not post-
menopause, is associated with an increase in depressive
symptoms [133]. However, although depressive illnesses are
often associated with an increase in sleep disturbance, the
direction of causality still needs to be determined.
Interestingly, Kravitz et al. found that pregnanediol
glucuronide, a progesterone metabolite, was significantly
associated with an increase in trouble sleeping across the
menstrual cycle in perimenopausal women but not in
premenopausal women [37], suggesting a link between the
hormonal changes of the menopausal transition and self-
reported sleep difficulties.

PSG studies have shown little evidence of disturbed sleep
in perimenopausal women. Whereas one study found that
sleep stability tended to be lower in peri- and post-
menopausal women than in premenopausal women,
particularly in those women reporting hot flashes [134], 
the Wisconsin Sleep Cohort Study, the largest study to date
measuring sleep physiologically in this group of women,
reached a different conclusion [130]. After adjustment for
confounding factors such as age, body mass index (BMI),
and exercise, menopausal status was associated with self-
reported sleep dissatisfaction but not with objectively
measured sleep quality [130]. Moreover, sleep quality did
not differ between women who did or did not report hot
flashes during sleep [29,130].

Post-menopause
Post-menopause begins at the time of the last menstrual
period, although it is only recognized after 12 months of

amenorrhea [135]. Population-based surveys have found
evidence for a link between menopause and self-reported
sleep difficulties even after controlling for age and
depression scores [130]. Odds ratios for comparisons 
of sleep difficulties between pre- and post-menopausal
women range from 1.3–3.4 [125,126,130]. The increase in 
sleep difficulty and dissatisfaction with sleep in post-
menopausal women appears to be primarily due to difficulty
maintaining sleep, as reported by 35–60% of post-
menopausal women [135]. 

In contrast, when sleep was objectively measured with
PSG in pre- and post-menopausal women, “the proportion
of time spent in the various sleep stages showed no
indication of less-favorable sleep architecture” for post-
menopausal women [29,130]. In fact, in this large
population-based study, post-menopausal women had
significantly better objectively defined sleep quality (3.4%
more time spent in SWS, 13.4 min longer total sleep time,
and a lower proportion of time spent awake) than
premenopausal women. A smaller study of women 
without sleep complaints also found no evidence for 
poorer sleep quality in post- compared with premenopausal
women [136]. 

Longitudinal studies may help clarify how sleep changes
across the menopausal transition and during post-
menopause. Future studies should include spectral analysis
of the EEG, measurements of body temperature, autonomic
nervous system responses, respiratory parameters, and
repeated hormone measurements [137].

Relation of sleep continuity disturbance to hot flashes
Some studies have shown that vasomotor symptoms
correlate strongly with both subjective and objective sleep
disturbance [138–140]. However, studies that have tried to
ascertain what proportion of awakenings result from hot
flashes compared with the proportion that occur when
flashes are absent have yielded inconsistent results. Our
ability to perceive and report phenomena that occur during
sleep is limited; hence, studies that use objective measures
of sleep and hot flashes provide the most reliable data to
answer this question. A recent study that used such
measures suggested that the link between hot flashes and
awakenings is not as strong as was previously believed
[141]. This study of post-menopausal women found that
“of awakenings occurring within 2 min of a hot flash,
55.2% occurred before, 40.0% after, and 5.0%
simultaneously”[141]. In other words, the proportions of
arousals and awakenings that occur shortly after a hot flash,
and were therefore presumably “caused” by it, were similar
to the proportions that occurred before a hot flash. On the
other hand, a study of sleep in breast cancer survivors that
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also used objective measures of sleep and hot flashes 
found that the 10-min periods around hot flashes 
included significantly more wake time and more stage
changes to lighter sleep than other 10-min periods 
during the night [142]. Together, these findings indicate 
that the association between nocturnal hot flashes 
and awakenings might be mediated by another, as yet
unidentified, common pathway.

Prospective outcome studies evaluating the efficacy of
interventions that target hot flashes do not always find an
association between reductions in nocturnal hot flash
severity and clinically meaningful improvements in sleep
[e.g. 143,144]. Available data on the impact on sleep of
treatments for menopausal symptoms are inconclusive, and
not all studies of hormone replacement therapy (HRT) have
found beneficial effects on subjective or objective measures
of sleep continuity (for a review, see Dzaja et al. [145]).
Although the Women’s Health Initiative study found a
significant improvement in self-reported sleep quality after 
1 year of HRT, the difference was considered small and
clinically insignificant, and was not present at the 3-year
follow-up [144]. Alternatives to HRT also differ in their
impact on sleep. For example, some antidepressant
medications can reduce hot flash severity, but their impact
on sleep is variable. Mirtazapine has shown efficacy for hot
flashes, though only in an uncontrolled study, and might be
considered to treat patients with hot flashes and sleep
disturbances [146].

Factors other than unstable hormone levels and vasomotor
symptoms may contribute to the disruption of sleep or to the
perceived poor sleep quality in post-menopausal women.
Psychosocial factors post-menopausal women may face, such
as adjustment to role transition as children leave the home or
aging parents become frailer [147], as well as changes in
health and sleep regulation systems (such as impaired photic
input) [148], have been implicated in the etiology of sleep
continuity disturbances. The relative contributions of these
factors have not been systematically investigated. In addition,
for post-menopausal women whose insomnia was triggered by
symptoms associated with the transition to menopause, such
as vasomotor disturbances, insomnia may persist even after
these symptoms abate due to the development of conditioned
insomnia. For example, a woman experiencing insomnia 
may lie in bed worrying about sleeping and, with time, lying 
in bed can become a cue for hyperarousal, which interferes 
with sleep. Thus, increased sleep effort and experience-
associated hyperarousal may prolong insomnia even when
menopausal symptoms diminish. Future studies investigating
sleep in women during menopause should therefore 
include psychological measurements of hyperarousal and
distorted cognitions.

Sleep-disordered breathing during menopause
Even after controlling for age and BMI, the prevalence 
of SDB increases with menopause [26,30,31]. The severity
of SDB in post-menopausal women is not related to the
severity of vasomotor symptoms or to circulating estradiol
levels [149]; however, the incidence of SDB is lower 
in women receiving HRT [28,29,150]. Estrogen therapy 
can also reduce respiratory disturbance in post-menopausal
women [151].

The increased incidence of SDB in post-menopausal
women is thought to be related to an increase in abdominal
fat distribution [152] and a decline in progesterone [27].
Progesterone increases the ventilatory response to
hypercapnia and hypoxia [153–156] and may increase
activity of the upper-airway dilator muscles [157], protecting
premenopausal women from developing OSA. Indeed,
when hypocapnia was experimentally induced during NREM
sleep in pre- and post-menopausal women and in men, the
change in the end-tidal CO2 at the apnea threshold was
highest in the premenopausal women, with no difference
between post-menopausal women and men [158]. The
study also found that HRT increased the change in end-tidal
CO2 at the apnea threshold. Although HRT might reduce
SDB severity in post-menopausal women, fewer women are
willing to take HRT since the publication of the results from
the Women Health Initiative study [159]. Continuous
positive airway pressure remains the most effective
treatment of SDB in both men and women.

Summary
Sex is a relevant factor in the presentation and course of
several sleep disorders, with insomnia and RLS being more
prevalent in women and SDB, RSBD, and narcolepsy being
more prevalent in men. Different stages in the reproductive
life cycle of women (menstrual cycle, pregnancy, post
partum, menopause transition, and post-menopause) are
associated with unique factors that can contribute to
increased prevalence and/or severity of self-reported sleep
difficulty, insomnia, SDB, and RLS. The treatment of sleep
disorders in women should therefore be considered in the
context of their reproductive cycle.
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Neurobiological determinants of sleepiness 
The International Classification of Sleep Disorders defines
daytime sleepiness as “the inability to stay awake and alert
during the major waking episodes of the day, resulting in
unintended lapses into drowsiness or sleep” [1]. This will be
adopted here as an operational definition of sleepiness,
recognizing that there are gradations of sleepiness level and
that sleepiness may occur both day and night. Other
terminology is in use for the same general phenomenon, such
as drowsiness and tiredness; the term fatigue is typically used
in operational environments [2]. There is controversy about the
precise interpretation of these concepts and what might
differentiate them [3–5]. However, as will be explained, there
are multiple dimensions of sleepiness and fatigue, which
present more fundamental challenges than mere issues of
definition. As such, we will bypass the definition debate,
consider the alternative terms to be interchangeable in
practice, and use only the term sleepiness here.

Sleepiness is regulated by two basic neurobiological
processes: the homeostatic balance between sleep and
wakefulness, and the endogenous circadian rhythm [6]. The
balance between sleep and wakefulness results in pressure
for sleep: the greater the amount of prior wakefulness

and/or the smaller the amount of prior sleep, the greater the
pressure for sleep. The circadian rhythm opposes the sleep
pressure by providing a daytime pressure for wakefulness
[7]. Driven by the endogenous biological clock, the wake
pressure is greatest in the early evening and lowest in the
early morning. During a normal day with daytime
wakefulness and nighttime sleep, the two processes
counteract each other in such a manner that a stable level of
low sleepiness is maintained through most of the day, while
a stable level of high sleepiness is maintained through most
of the night. This results in alert daytime wakefulness and
consolidated nighttime sleep [8]. 

Alterations in one or both of the two basic regulatory
processes lead to increased sleepiness during periods of
wakefulness. This can be observed under conditions of
sleep deprivation, which disrupt the sleep–wake balance,
enhancing the pressure for sleep and thereby the net
sleepiness level. It may also be observed when the
endogenous circadian rhythm is misaligned relative to the
timing of wakefulness, e.g. as tends to occur in shift-work.
In this case, the pressure for wakefulness from the circadian
rhythm does not oppose the pressure for sleep in a timely
fashion, resulting in greater sleepiness during wakefulness
and less sleepiness during the sleep period. The latter effect
may interfere with the consolidation of sleep, leading
additionally to a disruption of the sleep–wake balance and
thereby compounding the sleepiness problem.

Excessive Sleepiness: Determinants,
Outcomes, and Context
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Sleepiness due to sleep disorders 
Disruptions of the two basic neurobiological processes
regulating sleepiness are involved in a variety of sleep
disorders. These disruptions contribute to the excessive
sleepiness that is associated with many of them. Therefore,
sleep disorders associated with sleepiness can be categorized
by the primary neurobiological disruption involved – the
sleep–wake balance or the circadian rhythm.

Sleep disorders primarily entailing disruption of the
sleep–wake balance include the insomnias, sleep-related
movement disorders, and sleep-related breathing disorders.
The insomnias are sleep disorders involving repeated
difficulty initiating or maintaining sleep or poor quality sleep,
usually in association with waking impairment [9]. Sleep-
related movement disorders are associated with disturbed
sleep and impaired waking function due to movements
during sleep [1], in periodic limb movement disorder for
instance. Sleep-related breathing disorders, such as obstructive
sleep apnea, are characterized by disordered respiration
during the sleep period [1], causing sleep disturbance. In
these disorders the sleep–wake balance is disrupted in favor
of excess wakefulness, causing chronically enhanced sleep
pressure leading to sleepiness complaints. In the case of
sleep-related breathing disorders, repeated exposure to
hypoxia may contribute to waking impairment [10], but the
disruption of the sleep–wake balance due to sleep
fragmentation also plays a significant role [11].

Sleep disorders primarily entailing disruption of the
circadian rhythm are known collectively as circadian rhythm
sleep disorders. They are characterized by a misalignment
between the timing of the endogenous circadian rhythm and
the (desired) sleep time [1]. Examples include the advanced
and delayed sleep phase syndromes, irregular sleep–wake
rhythm, and shift-work disorder. The misalignment of the
circadian rhythm results in improperly timed pressure for
wakefulness, such that it is low during wakefulness resulting in
enhanced sleepiness, and high during the sleep period resulting
in sleep disturbance and disruption of the sleep–wake balance,
which further enhances sleepiness. 

Mitigating excessive sleepiness is an important goal in
the treatment of many sleep disorders. Distinguishing which
of the two basic neurobiological processes regulating
sleepiness is the primary dysregulated factor is helpful for
diagnosis and treatment. However, the causal pathways
overlap, which is a problem when trying to differentiate the
two processes on the basis of the observed sleepiness alone.

Sleepiness from occupational
demands and lifestyle 
Sleepiness is not just a symptom of sleep disorders; it is also a
by-product of modern lifestyles and the 24/7 economy, which

involve demands for wakefulness at all hours of the day and
night in large segments of the population [12]. Extended work
hours and long commutes leave little time for sleep [13], and
shift work schedules interfere with sleeping at the appropriate
circadian time [14]. The pathways leading to sleepiness are
essentially the same as those described above for sleep
disorders, namely disruption of the sleep–wake balance and
disruption of the circadian rhythm. 

In safety-critical settings sleepiness can have considerable
consequences. Sleepiness has been implicated in errors and
accidents in the work environment, including catastrophes
like the Exxon Valdez grounding and the Chernobyl nuclear
meltdown, resulting in monumental cost to society [15].
Conversely, decreasing work demands can help restore
sleep–wake balance and circadian alignment, yielding
reduced errors and improved work performance [16].

Measuring sleepiness 
Sleepiness is expressed in various different ways [17], which
can broadly be categorized as subjective, physiological, and
cognitive performance related. The measurement of these
aspects of sleepiness is discussed in an earlier article in this
journal [18]. Here, we recapitulate some of the
measurement issues as they relate to difficulties encountered
in the diagnosis and treatment of excessive sleepiness.

Subjective sleepiness 
The measurement of subjective sleepiness, i.e. the personal
awareness of sleepiness, depends on introspection and self-
report. Measures of subjective sleepiness include scales and
questionnaires of either present feelings of sleepiness
(present state) or present and past feelings of sleepiness
(sometimes referred to as trait sleepiness [19]). Most
subjective sleepiness measures, including the widely used
Karolinska Sleepiness Scale [20], inquire about feelings
(sensations) of sleepiness. Some measures have been
developed to gauge sleepiness by self-report of subjects’
behaviors (e.g. falling asleep while watching television), such
as the Epworth Sleepiness Scale [21].

Measures of subjective sleepiness provide a convenient
way of gathering information on sleepiness, but the
sleepiness scores they yield are relative metrics. People vary
in how they use subjective scales (e.g. some are more prone
to using the extremes of a scale than others). In most cases
subjective data can only be interpreted reliably as within-
subject change scores, e.g. relative to a person’s own
baseline data [22]. Inter-individual comparisons are not likely
to be meaningful unless averages over large groups
are considered.

Furthermore, people may be biased in their personal
evaluations of sleepiness and this bias may be affected by
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sleepiness itself. The context (i.e. the conditions, circumstances,
and social expectations) in which subjective ratings of
sleepiness are recorded also affects the outcome [23]. Finally,
there are issues of validity, reliability, and other psychometric
considerations related to the construction [22] and
administration [24] of self-report scales. Nonetheless, self-
report measures of sleepiness are important because they aim
to capture people’s personal experience, which, more so
perhaps than objective evidence, is what may prompt them to
complain of excessive sleepiness. 

Physiological sleepiness 
Physiological sleepiness is commonly defined as increased
sleep propensity, i.e. a greater tendency to fall asleep [25].
The most widely used measures of sleep propensity are the
Multiple Sleep Latency Test (MSLT) [25] and the
Maintenance of Wakefulness Test (MWT) [26]. Each of
these involves multiple sessions in which a subject is
sequestered in a sleep-conducive environment and the time
to fall asleep is measured. In the MSLT the subject is asked
to try and fall asleep, while in the MWT the instruction is to
try and stay awake. The tests are based on the assumption
that the more rapidly a person falls asleep, or the more
difficult it is to stay awake, the more objectively sleepy he 
or she must be. The repeated test sessions are performed
help to distinguish true physiological sleepiness from
extraneous confounders resulting from, for example,
motivation or anxiety. 

Other physiological measures of sleepiness include the
amounts of theta and alpha activity in the waking
electroencephalogram (EEG), which are believed to be related
to sleepiness [27], and event-related potential measurements
derived from the EEG, which exhibit pattern changes in
response to sleep deprivation in parallel with sleep propensity
[28]. A range of oculomotor measures have been proposed to
assess physiological sleepiness, including pupillometry, saccadic
velocity, slow eye movements, blinking, and slow eyelid
closures [29]. Furthermore, cardiovascular indices have been
reported to co-vary with sleepiness [30]. These other
physiological measures have been pioneered in operational
settings, but are not frequently applied there and are seldom
used in clinical practice.

The sleep–wake physiology underlying the various
measures of physiological sleepiness is interwoven with
other physiological and neurological systems, such as the
sympathovagal balance (for EEG-based and cardiovascular
measures) or the visual system (for ocular measures). This
makes these measures susceptible to internal influences (e.g.
mood states) and external influences (e.g. light exposure)
that may be hard to control. An additional problem
pertaining to the MSLT is that there appear to be people

with high sleep ability, i.e. the ability to fall asleep rapidly,
without being sleepy [31]. Despite these limitations and the
fact that most physiological sleepiness tests are relatively
invasive, time consuming, and/or expensive, they are
considered useful as objective tools for measuring sleepiness.
In fact, the MSLT is seen as the “gold standard” for
assessing sleepiness in clinical settings [32].

Cognitive performance impairment 
Sleepiness is associated with deficits in a variety of cognitive
functions, including sustained attention, working memory,
hand–eye coordination, memory retention, decision making,
and planning [33]. Various performance tests, ranging from
simple reaction-time tests like the widely used Psychomotor
Vigilance Test (PVT) [34] to tests that require complex cognitive
processing (e.g. the Tower of London test) [35], and even high-
fidelity simulators for driving and other real-world tasks, are
used to measure these deficits. Typical outcome variables
include mean reaction times, number of delayed responses
(lapses), number of correct responses, and number of errors. 

Problems with performance measures of sleepiness
include speed/accuracy trade-offs, practice effects, and
vulnerability to internal and external influences, such as
motivation, aptitude, environmental stimulation, and test
characteristics [23]. Cognitive performance outcomes relying
on executive functions – the cognitive abilities needed to set
goals and flexibly direct behavior to achieve them – may be
the most difficult to interpret. Although they are believed to
be particularly affected by sleepiness [36], they are
comprised of both simple and complex cognitive
components that typically cannot be separated [37]. In
addition, measures of complex cognitive performance may
be confounded by uncontrollable variability in performance
strategies and a variety of other psychometric issues [38]. 

Regardless of such methodological considerations, it
could be argued that measures of cognitive performance
deficits associated with sleepiness are valuable because they
may have direct relevance to functioning in operational
environments. Simple reaction-time tasks requiring sustained
attention, including the PVT, have been found to be
practical and sensitive performance assays of sleepiness in
the laboratory as well as in the field [34,39]. 

Discrepancies among measures of sleepiness
and the role of context 
The scientific literature contains numerous reports
concerning discrepancies among the various subjective,
physiological, and performance-related measures of
sleepiness [40–44]. Recent studies of inter-individual
differences in the effects of sleep deprivation on sleepiness
level have revealed that individuals ranking highest or lowest
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on subjective measures of sleepiness do not necessarily rank
the same way on physiological [45] or performance-based
measures [46]. Within the same person the manifestations
of sleepiness can be varied and the correlations among
different types of sleepiness measures tend to be low (Fig. 1,
top panels). Moreover, sleepiness outcomes are not mirrored
in the physiology of sleep itself (Fig. 1, bottom panels),
suggesting that sleep–wake neurobiological processes may
not be the only determinants of sleepiness.

The discrepancies among measures of sleepiness can partly
be explained by the demand characteristics associated with the
different measurement tools. Each type of measure requires
distinct actions from the individuals being tested. They may, for
example, be asked to introspect, try to fall asleep, sit still for
artefact-free EEG recording, sustain attention to perform a
cognitive task, or drive a driving simulator. Thus, the demand
characteristics associated with each measure – the context –
constitute an influential differentiating factor. Therefore, what
is being asked of people in order to measure their sleepiness
co-determines what the outcome will be. Hence, it is important
to consider which measure (or suite of measures) of sleepiness
is the most relevant for any given situation. 

Diagnosing excessive sleepiness 
Excessive sleepiness may be defined as “inappropriate or
undesired sleepiness that occurs when an individual would
be expected to be awake and alert” [47]. Excessive
sleepiness involves difficulty maintaining desired wakefulness
and adversely affects functioning. Proper diagnosis [48] and
treatment [49,50] of excessive sleepiness is challenging due
to complexities associated with the basic neurobiological
determinants of sleepiness and the different outcome
measures of sleepiness (Fig. 2).

Diagnosing patients who report excessive sleepiness is
complicated because the sleepiness may present itself in
diverse ways, depending on the outcome variable. Rather
than selecting one particular sleepiness measure and declaring
it a (clinical) standard [1,32], it may be useful to consider the
context that matters most to the patient. For instance, when a
patient presents to a physician because of difficulty sustaining
attention, performance tests assessing this ability could be
employed to evaluate the sleepiness level. If a person’s ability
to drive safely is questioned, the MWT may be a reasonable
method to assess excessive sleepiness as it requires staying
awake in an environment with low levels of stimulation,
which is a critical component of driving ability [51]. If the
primary complaint is focused on the sensation of excessive
sleepiness, then perhaps the diagnosis should be focused on
that subjective concern. 

In practice, it may not be possible to pinpoint one
specific sleepiness concern and use of a suite of distinct

sleepiness measures may be warranted. For instance, one
could compose a battery of tests with an assessment of
sustained attention (e.g. the PVT), a test of working
memory (e.g. the Digit–Symbol Substitution Test [52]), a test
of executive function (e.g. the Stroop Color and Word Test
[53]), and a subjective measure of sleepiness (e.g. the
Epworth Sleepiness Scale [21]). As discussed above, it is
possible to obtain seemingly incongruent results from such a
mixed test battery. However, when the findings are
interpreted in their appropriate contexts, together they can
help to determine specific sleepiness vulnerabilities. For
example, if an individual were to exhibit considerable
impairment only on the PVT this would indicate a sleepiness
problem related primarily to sustained attention. It would
suggest he or she is most at risk in circumstances highly
dependent on sustaining attention, such as driving a car.

When diagnosing excessive sleepiness one should also
differentiate which of the underlying neurobiological
determinants is primarily involved, the sleep–wake balance or
the circadian rhythm [54]. However, sleepiness reflects the
influence of the neurobiological determinants in an irrevocably
intertwined manner. To disentangle the two processes
contextual information is needed, including a sleep–wake
history and an assessment of the circadian rhythm [55].

Treating excessive sleepiness 
Prescriptive strategies have been established for the treatment
of excessive sleepiness resulting from sleep disorders [1]. No
such standardization has been implemented for sleepiness
countermeasures in the work place and in daily life. However,
effective treatment is possible [56]. For excessive sleepiness
resulting from disruption of the circadian rhythm, treatment
with melatonin or bright light may be useful [57]. For excessive
sleepiness resulting primarily from disrupted sleep–wake
balance, treatment with hypnotics to increase sleep duration
[58] or with stimulants to counteract sleepiness during the
waking period [59] may yield improvement. These approaches
should typically be complemented with sleep hygiene
education and a discussion of the specific sleepiness
vulnerabilities and the contexts in which the patient may be
at risk.

Treatment options for excessive sleepiness are discussed in
the scientific literature [1,49,50,54]. To choose between options
a consideration of the context may again be important. For
example, the use of hypnotics is restricted in many round-the-
clock operational settings because of the potential difficulty
waking up to respond to an emergency. However, hypnotics
may be useful to improve sleep–wake balance at home. 

Excessive sleepiness is often combated by means of
stimulants, with caffeine being the most widely used. Large
inter-individual differences in sensitivity to caffeine limit the
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usefulness of this countermeasure for some [60]. In addition,
different stimulants may affect different aspects of sleepiness
to varying degrees. While scientific knowledge in this area is
incomplete, preliminary evidence suggests that stimulants may
vary in the extent to which they can restore executive
functions [61]. Furthermore, stimulants may or may not
resolve any mood disturbances associated with excessive
sleepiness. Future studies may yield more insight into the need
to select specific stimulants depending on the nature of the
sleepiness complaint. 

To treat excessive sleepiness accompanying shift-work
disorder the schedule IV drug modafinil may be prescribed
[62]. An intriguing new approach to treating shift-work
disorder is to try and improve daytime sleep using melatonin or
melatonin analogues, which helps to restore sleep–wake
balance and may consequently reduce sleepiness [63]. Recent
discoveries regarding the genetics underlying specific
vulnerabilities to sleepiness [64,65] will promote the
development of more precisely targeted pharmacological
countermeasures for different aspects of excessive sleepiness.

Figure 1. Different manifestations of sleepiness in relation to each other and to baseline sleep physiology. Sleepiness was induced by
keeping subjects awake for 36 h in a controlled laboratory environment [66]. Nineteen healthy adult subjects were twice subjected to
this intervention. Their sleepiness levels were measured every 2 h by subjective assessments on the KSS [20] and a VAS of fatigue [46];
by lapses (reaction times ≥500 ms) on the PVT [34]; and by correct responses on a computerized DSST [46]. Data were averaged over
the last 24 h of each 36-h sleep deprivation. In light of the trait-like nature of responses to sleep deprivation [46], the data were further
reduced by averaging across the two sleep deprivations. The top panels show pair-wise relationships between the different sleepiness
measures. For instance, the top left panel compares sleepiness scores on the KSS with those on the VAS; every dot represents a different
subject. The correlation among these two variables – both being subjective measures of sleepiness – was high (see the r statistic in the
upper left corner). However, as seen in the middle and right panels of this row, much lower correlations were found between the KSS
and the PVT, and between the PVT and the DSST [46]. Thus, the overall expression of sleepiness varied considerably from one measure
to another. This variability was not predicted by subjects’ baseline sleep characteristics (recorded nocturnally at 12 h time in bed [66]),
as illustrated in the bottom panels for the PVT (14 subjects).

DSST: Digit–Symbol Substitution Task; KSS: Karolinska Sleepiness Scale; PVT: Psychomotor Vigilance Test; REM: rapid eye movement; VAS: Visual Analogue Scale. 
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Conclusion
Considering excessive sleepiness and its manifestations in
the proper context is important for accurate diagnosis and
effective treatment. It is helpful to distinguish whether the
sleepiness results primarily from disruption of the circadian
rhythm or from disruption of the sleep–wake balance.
Within a given individual, excessive sleepiness may be
expressed to varying degrees depending on which aspect of
sleepiness is considered (subjective, physiological, or
performance-based). The way sleepiness is manifested
depends on the context in which it is experienced, including
how it is measured. Similarly, the success of a given
treatment approach depends on the context in which it is
experienced or evaluated. As such, diagnosis and treatment
of excessive sleepiness are not to be seen as routine
procedures, but as context-dependent processes requiring
interaction with the affected individual, as well as access to a
variety of diagnostic tools and treatment options. 
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Sleep disturbances encompass a broad range of phenomena,
including insomnia, hypersomnia, sleep apnea, and restless
legs syndrome (RLS). The latest edition of the International
Classification of Sleep Disorders describes criteria for the
diagnosis of >100 sleep disorders, divided into eight main
categories [1]: 

• Insomnias.
• Sleep-related breathing disorders.
• Hypersomnias of central origin.
• Circadian rhythm sleep disorders.
• Parasomnias.
• Sleep-related movement disorders.
• Isolated symptoms, apparently normal variants, 

and unresolved issues.
• Other sleep disorders.

Most sleep disorders are accompanied by insomnia,
complaints of excessive daytime sleepiness (EDS), or both.

Insomnia
Insomnia symptoms are present in approximately 30% of
the general population, but the diagnosis of insomnia is
only made in 6–15% [2]. Therefore, it can be estimated that
approximately 75 million people in the US and 150 million in
Europe are affected by insomnia. 

Insomnia is usually chronic [3–7], with most insomnia patients
(85%) reporting that their symptoms have lasted ≥1 year. 

In fact, in one study, 68% of subjects reported their
symptoms lasting ≥5 years, while only 5% had symptoms
that lasted 6–12 months, 6% had symptoms lasting for 1–6
months, and just 4% had symptoms for ≤1 month [16].

What causes insomnia?
Insomnia has many different causes and, according to the
origin of the condition, can be divided into three main
categories (Fig. 1): 

• Comorbid with another physical and/or mental illness.
• Induced by use of psychoactive substances.
• Caused by lifestyle or without apparent cause.

Sleep-related breathing disorders, such as obstructive
sleep apnea syndrome (OSAS) or hypoventilation, are
thought to account for 5–9% of insomnia complaints (Fig. 2)
[8–10]. Periodic limb movement disorders (PLMD), RLS, or
both conditions are diagnosed in approximately 15% of
individuals who present with insomnia complaints [9–12],
while medical or neurological conditions are observed in
4–11% [4,5,9,10]. Poor sleep hygiene or environmental
factors are responsible for approximately 10% of insomnia
complaints and these symptoms are substance induced in
3–7% [5,9,10,13].

Mental disorders 
Epidemiological studies have consistently reported that
mental disorders are associated with 30–40% of insomnia
complaints, and symptoms of mental disorders have been
reported to be present in ≥60% of individuals with insomnia
symptoms [4,14–17].
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Medical conditions
In the general population, people with symptoms of insomnia
have consistently been found to perceive their health as poorer
than the rest of the population [5,17–22] and ≥50% do suffer
recurrent, persistent, or multiple health problems [14,23]. The
most frequently reported associations are with upper airway
diseases [5,24,25], rheumatic diseases [5,24,26,27], chronic
pain [26,28], and cardiovascular diseases [5,29,30].

Consequences of insomnia
Development of medical conditions 
Several studies have attempted to determine whether insomnia
can be responsible for cardiovascular events; however, the
results have been inconclusive. One retrospective study found
that insomnia was significantly predictive of myocardial
infarction [31], and a prospective study reported that the
relative risk (RR) of an individual with insomnia developing a

Figure 1. Causes of insomnia and EDS.  

EDS: excessive daytime sleepiness.
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Figure 2. Common causes of insomnia complaints [2].
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cardiovascular event was 3.1 [29]. Despite these results,
three other prospective studies found no relationship
between insomnia and the risk of developing a
cardiovascular disease [32–34], while another found that
there was a greater likelihood of developing insomnia after a
cardiovascular event [30]. 

Development of a mental disorder
Four longitudinal studies have examined the relationship
between the persistence of insomnia symptoms and the
appearance of mental disorders [35–38]. They found that
subjects with insomnia symptoms were 4–8 times more likely
to develop a mental disorder during the year following the
initial trial interview. Two studies examining the time
sequence of the appearance of insomnia symptoms in
relation to that of mood and anxiety disorders reported that
insomnia was present in 70% of individuals with mood
disorders and that it preceded the appearance of the mood
disorders in nearly 50% of cases. Insomnia was found in
one-third of patients with anxiety disorders and preceded
the anxiety disorder in approximately 20% of cases [16,39].

Repercussions for daytime functioning 
Insomnia affects the daytime functioning of 20–60% of
individuals who suffer this disorder [4,8,40]. Individuals who
sleep poorly ≥3 nights per week, are dissatisfied with their
sleep, do not feel rested upon awakening, and have
hyperarousal in bed are the most likely to experience
repercussions in terms of their daytime functioning [4,8].

Road, occupational, and domestic accidents
In the general population, road accidents are experienced
2–3 times more frequently by drivers who report
dissatisfaction with their sleep than by those who report
sleep satisfaction [8,18]. Such accidents are also more
commonly experienced by those with short sleep times
(defined as <5 h per night) [41,42]. In the elderly, insomnia
is associated with an increased risk of hip fracture [43], and
falls [44,45]. Furthermore, the RR for fatal occupational
accidents in individuals who have difficulty in sleeping 
is 1.9 [46].

EDS
Contrary to insomnia, EDS (defined as a propensity for sleep
during waking hours) is not a diagnosis. EDS can be a
symptom or a consequence of a sleep disorder, physical
illness, or mental disorder. However, EDS is a disabling
symptom that adversely affects various areas of quality of
life and is a good indicator of the presence of health
problems. EDS is nearly as prevalent as insomnia, affecting
approximately 20% of the general population [47].

What may cause EDS? 
Like insomnia, EDS can be comorbid with several disorders –
such as organic diseases, mental disorders, or sleep disorders 
– or can be related to the abuse of, or dependency on,
psychoactive substances. EDS can also be induced by the
lifestyle of individuals or can be without apparent 
cause (Fig. 1). 

In the general population, physical illnesses account for
approximately 20% of EDS complaints, mental disorders for
approximately 22%, and sleep disorders – such as OSAS,
RLS, and insomnia – for nearly 50%. EDS is an essential
criterion for the diagnosis of just three sleep disorders –
behaviorally induced insufficient sleep syndrome,
hypersomnia (idiopathic, recurrent, or post-traumatic), and
narcolepsy. These conditions are diagnosed in <3% of the
general population (Fig. 3) [48].

Mental disorders 
In epidemiological, cross-sectional studies, 12.4–30% of
subjects with EDS have been shown to have a depressive
disorder and 20–35% suffer an anxiety disorder [49–52].
However, unlike insomnia, EDS has not been associated 
with development of a mental disorder in longitudinal
studies [35,36,53].

Medical conditions 
Several comorbid general medical and neurological disorders
can cause EDS (Fig. 3). Studies have shown that the risk of
experiencing EDS is 2–4 times greater for individuals with
diabetes than for non-diabetics in the general population
[52]. Other studies have observed that 16–74% of
individuals with Parkinson’s disease report EDS [54–56], and
that elderly people who complain of EDS are three times
more likely to have Alzheimer’s disease [57].

In sleep clinics, OSAS is the most commonly seen cause
of EDS, with ≥75% of patients reporting EDS being
diagnosed with OSAS. It has been found that up to 25% of
individuals in the general population who report EDS have
OSAS [49–51,58].

EDS and lifestyle 
Unlike insomnia symptoms, EDS is generally not gender-
related [50]. Whether its prevalence increases or decreases
with age is not clear, as both trends have been observed [48].

Some work schedules, especially shift work, have
frequently been linked with EDS. Although some individuals
may tolerate the physical strains of shift work, they are not
immune to the fatigue, mood swings, reduced performance,
and decreased mental agility caused by it. These problems are
mainly due to the desynchronization of the circadian rhythm;
that is, when the normal sleep/wake rhythm, the normal

RT144_4_REM_Sleepwake_PC_13.qxd  9/11/08  5:22 PM  Page 143



SLEEP DISTURBANCES AND THEIR IMPACT ON MEDICAL DISEASE AND MORBIDITY

144INT J SLEEP WAKEFULNESS – PRIM CARE Vol 1 No 4 2008

circadian rapid eye movement (REM) sleep rhythm, and the
rhythm of REM and non-REM sleep patterns are disrupted. As
a consequence, several shift workers complain of excessive
sleepiness during working hours and of insomnia during
sleeping time. Two studies have reported that up to 30%
of night or shift workers report excessive sleepiness at
work [18,46].

Epidemiological studies have reported a higher risk of EDS
in individuals who use antidepressants, anxiolytics, hypnotics,
antihistamines, or alcohol (odds ratio 2–6.7) [4,49,51].

EDS and cognitive deficits 
Two epidemiological studies have linked EDS to cognitive
deficits. In a study involving 2346 Japanese American men
aged 71–93 years, Foley et al. found that those who
reported EDS at baseline were twice as likely to be
diagnosed with dementia 3 years later than men who did
not suffer from daytime sleepiness [59]. Ohayon and
Vechierrini performed another study involving 1026
subjects aged ≥60 years and controlled for age, gender,
level of physical activity, occupation, organic diseases, use
of sleep or anxiety medication, sleep duration, and
psychological well-being [60]. They found that subjects
with EDS were twice as likely to have attention–
concentration deficits, difficulties in orientation, and
memory problems as those without EDS.

EDS and mortality
Some population-based studies have investigated the
mortality risks associated with EDS. Hays et al. assessed
mortality risk in a sample of 3962 elderly individuals (≥65
years) and defined EDS by the presence of naps during the
daytime [61]. They found that individuals who reported
napping most of the time had a mortality risk of 1.73.

In another study by Rockwood et al., a small increased
mortality risk (1.89) from daytime sleepiness was found in
their elderly sample [62]. However, this risk did not retain
significance when the model was adjusted for age,
depression, cognitive deficits, and illness.

Road accidents 
EDS has been found to be a direct or contributing factor in
17–21% of road accidents [63,64]. Similarly, road accidents
have been found to be experienced 2–3 times more
frequently by drivers who have EDS [64,65].

Conclusions
Sleep disturbances are frequently associated with various
medical or neurological conditions and psychiatric disorders.
Therefore, it is crucial to explore the possibility of comorbid
conditions in patients who complain of sleep disturbances.
This should be the first step in the planning of an
appropriate treatment strategy. Treatment of the comorbid

Figure 4. Most common causes of excessive daytime sleepiness. 
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condition may decrease sleep disturbances; however, in
several instances, specific treatment of the sleep
disturbances will be necessary and can contribute to the
management of the comorbid condition.
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David Vick was the third of three children born into a
working-class family of Norwegian descent in Madison, WI,
USA, in 1931. When David was 3 years of age, his father, a
rate investigator for the Wisconsin Railroad Commission,
died of pneumonia aged 48 years. David’s paternal
grandfather also died at a very young age, coincidently
when his father was also 3 years old, and David describes
growing up without a father as one of the events that
shaped his life. 

David was a sickly child with delayed growth. At 12
years of age he was bed bound for 5 weeks when he
developed pneumonia. He vividly remembers his doctor
making house calls, and his deconditioning. This may have
been the beginning of his lifelong fear of catching a life-
threatening respiratory illness, like those that took the lives
of his father, paternal grandfather, and grandmother. After
David recovered, he became an honor-roll high-school
student and later graduated from the University of
Wisconsin, with a degree in accounting. He was able to
obtain a student deferment to avoid the Korean War draft
until 1953 and was anxious about military service because of
his family history of respiratory illness. Six of his schoolmates
who became infantrymen died in Korea and, from talking
with returned combat veterans, he became aware that the

cold weather exposure of an infantryman would be difficult
for him to tolerate due to his susceptibility to respiratory
illnesses. He therefore joined the Navy and became a supply
officer aboard a destroyer warship. Although armistice had
occurred by that time, the Navy kept him at sea for 3 years.
During these years his respiratory status was worsened by
continuous exposure to black oil and gunpowder fumes.

After the war David took a job with IBM in San
Francisco, CA, but in 1959 arranged a transfer back to
Madison to live with his ailing mother. When his mother was
72 years old, and David 30 years, she died of kidney disease.
David’s maternal ancestors had round faces and long lives,
while his paternal grandparents had long faces and short
lives, as can be seen in Figure 1. 

David married at the age of 32, but the marriage did not
last long. When it ended David moved back to California,
became a social worker and began working at a family
service agency. The decision to move to California was
mainly a result of his intolerance to cold weather and the
accompanying illnesses. He was finding that his fear of
falling ill with a life-threatening respiratory disease was
becoming severely restrictive. 

By chance, in 1991 David heard a lecture given by 
Dr William Dement at Stanford University (Stanford, CA,
USA) about obstructive sleep apnea (OSA) and its
associations with obesity, excessive daytime sleepiness, and
snoring. David was an exceptionally fit, passionate runner,
and thought he had none of the symptoms Dr Dement had

Family, Health, and Identity: A Case of
Inherited Obstructive Sleep Apnea

Meredith Broderick, MD1, and David S Vick, MSW2

1Stanford Sleep Disorders Clinic, Stanford, and 2Palo Alto, CA, USA

In the midst of a busy day seeing patients, being both a good listener and an efficient healthcare provider can be a challenge.
The multiple roles physicians juggle with credentialing rules, quality-assurance measures, and productivity demands can be
daunting. On such stressful days, it is increasingly difficult for physicians to remember the human experience of healing that
drew us to this profession. This, coupled with the long hours, exhaustion, and, at times, thanklessness can result in both poor
patient care and physician burnout. However, recently I met a remarkable patient who reminded me of the importance of what
we do by carefully highlighting how a disease has shaped his life. He reminded me that even when we physicians feel that our
job as listener of complaints and symptoms becomes mundane, we are obliged to examine a little more closely and to
recognize the intimate piece of history that we are invited to become a part of, as well as the corresponding significance of the
role we play in our patients’ lives. Illness can play a crucial role in the formation of identity. If we listen to who a person is, we
may discover the key to their diagnosis. Int J Sleep Wakefulness – Prim Care 2008;1(4):146–8.
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Figure 1. Pictorial family tree. A similarity can be seen between the jaw shape of David Vick, his father, and also perhaps 
his grandfather.

GRANDFATHER (Paternal)
REV. Olaus P.  Syftestad
1857–1890  32 years
Pneumonia

GRANDMOTHER (Paternal)
Sarah Røste Syftestad
1864–1922  58 years
Pneumonia

GRANDFATHER (Maternal)
Andrew Trovaten Vick
1854–1942  88 years
Cerebral thrombosis

GRANDMOTHER (Maternal)
Julia Larson Vick
1862–1947  85 years
Myocardial insufficiency

GREAT GRANDFATHER
Paul Olson Syftestad
1816–1902  86 years
Arteriosclerosis

GREAT GRANDFATHER
Ole Arneson Røste
1827–1903  75 years
Pneumonia

GREAT GRANDMOTHER
Anna Slimsa Røste
1828–1920  92 years
Bronchitis

GREAT GRANDFATHER
Bjørgo Larson
1835–1929  93 years
Fracture colli femoris

GREAT GRANDMOTHER
Ingeborg Wilson Larson
1840–1921  80 years
Aortic regurgitation

PATIENT  David Vick Syftestad
    a.k.a. David Syftestad Vick
    b. 1-14-1931 66 years David           61 years David           39 years David           27 years

FATHER  Ole Selmer Syftestad
1886–1934  48 years
Pneumonia

MOTHER  Lydia Vick Syftestad
1888–1961  72 years
Kidney disease (Chronic pyelonephritis)

Note
similar
jaws

No ancestry available

© 2008  David S. Vick
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described. However, he did consider himself an early
morning “light” sleeper his entire life and did take naps
some afternoons. In 1995 he volunteered to take part in an
insomnia research study but was rejected when a take-
home sleep study revealed OSA. At the time, he did not
realize the significance of this result or the fact that OSA
could be tied to his other medical conditions. His internist
referred him to a pulmonologist, who performed a
bronchoscopy. He was found to have chronic obstructive
pulmonary disease (COPD) and gastresophageal reflux. He
then saw a gastroenterologist who diagnosed him with a
dilated esophagus and poor peristalsis and he was referred
to the Stanford Sleep Disorders Clinic. Although he was
extremely fit and slim, his sleep study results showed that he
did have mild OSA with an apnea–hypopnea index (AHI) of
11.7 events/h. He was treated with rudimentary (by today’s
standards) continuous positive airway pressure. 

Although he had never considered sleepiness a problem
in his life, within 3 months he noticed a huge improvement
in daytime functioning. Like many patients with OSA, David
had not been aware of the degree of impairment until it was
remedied. After 1 year of treatment, others commented on
his increased energy and the fact that, for once in his life, he
“looked good.” He no longer suffered from early morning
insomnia. Upon researching his condition, he found that
OSA was known to occur in families – primarily as a result
of the inheritance of craniofacial structures, and especially
that of a small lower jaw. He looked through family
photographs and found that his jaw structure looked similar
to that of his father and paternal grandfather. Both his
father and paternal grandfather died prematurely of
pneumonia, which prompted David to wonder whether they
had suffered from gastresophageal reflux resulting in COPD
and a susceptibility to pneumonia like himself.

Untreated OSA can cause gastresophageal reflux and,
although OSA had not yet been described in 1890 or 1934
when they died, it is very likely that David’s father and
grandfather had this condition. Figure 1 shows the similar
jaws of David, his father, Ole, and perhaps also his
grandfather, Olaus. David now had good reason to believe
that his father’s and his grandfather’s deaths from
pneumonia were not just random events, but likely due to
inherent craniofacial structures resulting in OSA. He felt that
through his diagnosis at the Stanford clinic, he had come to
understand himself and his family better, and is very grateful
for this insight.

Following 1 year of treatment for OSA, a repeat
bronchoscopy showed that David’s airways had radically
improved. He felt significantly better and was amazed that a
sleep disorder could be the cause of his illness; as a result
he became increasingly involved in the Stanford Sleep

Disorders Clinic. He now leads an OSA awareness group
for patients and has donated both time and money to the
clinic with the aim of increasing the awareness of sleep
disorders, with a particular focus on the identification of
these illnesses in patients with atypical presentations or
non-traditional features. 

David feels that his life has been impacted by quick
judgments and prejudice. Previously, no one had considered
a diagnosis of OSA because he was young and thin. Nor
had they thought of it before he suffered repeated bouts of
pneumonia and had to accept the untimely death of his
father and his grandfather. No one had thought of it before
he had learnt that connecting with others meant exposures
and had developed the habit of obsessing over risk and
threats, connecting them to his familial susceptibility to
respiratory illnesses. David feels strongly that having OSA,
especially as a familial trait, has radically shaped who he is
as a person, not necessarily because of the treatment he has
had or the symptoms, but because he believes OSA played
a role in his father’s untimely death and that it impacts his
relationships with other people.

When I first met David, I couldn’t help noticing his soft-
spoken voice and concern for everything around him. He
describes himself as liberal, persistent, and kind. He has no
doubt that his predisposition for respiratory illnesses and
fears are directly linked to his OSA – as are the untimely
deaths of his father and grandfather. To me, his lifelong
concern about contracting respiratory-related illnesses is
manifest in his vigilant tendency to wash his hands, keep a
certain distance from others, avoid travel, and meticulously
examine everything around him. He states simply that
contracting pneumonia, which he has had five times, has
been a major concern for most of his life. So much so that
he had agonized over a way in which to politely avoid
shaking hands. 

Conclusion
David Vick, like many people, has been shaped by the
consequence of illness. His health has shaped who he is,
and it is of paramount importance to him that everyone
learns about sleep apnea. I believe that there is something
to learn from people who have been so dramatically shaped
by a disease. We, as physicians, are called upon to learn
from the experiences of our patients, pass on their
messages, and give them a voice. In David Vick’s case, it is
the message that young, thin, and fit individuals can have
OSA, and that it can be a debilitating, life-shaping illness if
not identified and treated. 
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SLEEP-DISORDERED BREATHING

Obesity and risk of sleep related upper airway
obstruction in Caucasian children
Kohler M, Lushington K, Couper R et al. 
J Clin Sleep Med 2008;4:129–36.

Childhood obesity is a significant health problem and its
incidence has risen over the past decade. It is thought that
childhood obesity is a risk factor for upper airway obstruction
during sleep; however, the effects of age and ethnicity on
this relationship are not well known. The majority of studies
have included participants of mixed ethnic groups, and those
that have comprised largely single ethnic groups have
suggested discrepancies between them. Furthermore, an
older age may confer a stronger association between obesity
and obstructive sleep apnea syndrome (OSAS) in children,
although few trials have investigated this matter.

In this study, the authors investigated the interaction
between obesity, age, and upper airway obstruction in 190
Caucasian children, aged 4–12 years, living in Australia.
Participants had been referred for evaluation of upper airway
obstruction at a sleep disorders unit between October 1999 and
December 2003. They were classified by polysomnography and
parental responses to the question “Does your child snore?” as
infrequent snorers (n=80), habitual snorers (n=68), or as having
OSAS (n=42). Body mass index (BMI) z-scores were calculated
for each child using growth charts.

Of the 190 children, 66 were overweight or obese.
Children with OSAS were the most likely to be overweight or
obese (52% compared with 30% for infrequent snorers and
29% for habitual snorers). Significant positive correlations

between BMI z-score and the number of obstructive and
central respiratory events during sleep, as well as the frequency
of respiratory arousals, were found. A higher BMI z-score also
correlated with lower SpO2 nadir. In addition, older age was
associated with fewer central apneas. OSAS was seen more
often in younger children (aged <8 years), but there was no
significant difference in sleep-disordered breathing subtypes
between children aged <8 years and those aged ≥8 years.

In conclusion, these results suggest that obesity is a
significant but weak predictor of OSAS in this patient
population. They also indicate that age may not be a
significant predictor of upper airway obstruction.

Address for reprints: M Kohler, Centre for Sleep Research, 
The University of South Australia, Level 7, Playford Building, 
City East Campus, Frome Road, SA, Australia 5000.
Email: mark.kohler@unisa.edu.au

Effect of a 2 week CPAP treatment on mood 
states in patients with obstructive sleep apnea: 
a double-blind trial.
Haensel A, Norman D, Natarajan L et al.
Sleep Breath 2007;11:239–44.

There is a high prevalence of mood disorders in patients with
obstructive sleep apnea (OSA), and previous studies
assessing the effect of continuous positive airway pressure
(CPAP) on mood have been inconclusive. The authors of this
study therefore performed a placebo-controlled trial to assess
the effect of 2 weeks of CPAP treatment on various aspects
of mood. Previously, the same authors conducted a similar
placebo-controlled study examining the effect of 1 week of

In a placebo-controlled study, 50 individuals with
untreated obstructive sleep apnea were randomized to
receive either therapeutic or placebo continuous positive
airway pressure (CPAP) for 2 weeks. Both the therapeutic
and placebo CPAP groups showed significant
improvements in the Profile of Mood States total score,
with no differences observed between the two groups.

The authors of this study examined the interaction
between obesity, age, and upper airway obstruction in an
Australian population of Caucasian children. Obesity, but
not age, was found to be a significant but weak predictor
of upper airway obstruction during sleep.
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CPAP treatment on mood but observed no significant
changes [1]. 

The present study included 50 participants ranging from
30–65 years of age with OSA (defined as an apnea–hypopnea
index [AHI] of ≥15 events/h). Subjects were randomized into
two treatment groups; one received therapeutic CPAP while
the other was given sham treatment. All patients completed
the Profile of Mood States (POMS) questionnaire to assess
psychological distress both pre- and post-treatment. Patients
with a history of depression were excluded from the study.
Both groups underwent formal CPAP titration nights, with the
placebo group being delivered <1 cmH2O pressure. CPAP
compliance data was obtained after the 2-week trial period
and showed no significant differences between the two
groups with regard to nighttime CPAP use. Both the patients
using therapeutic and placebo CPAP showed significant
improvements on four of the seven POMS mood ratings –
tension, fatigue, confusion, and total scores without a time ×
treatment interaction. 

The small sample size and limited observation period are
drawbacks of this study. Although the effects of CPAP on
energy level may be immediately evident, neurocognitive
and behavioral effects may take time to develop. CPAP can
alter a variety of metabolic and physiological parameters
over time. For instance, CPAP can induce weight loss that
may alter self image and, hence, affect mood as well. 
1. Yu BH, Ancoli-Israel S, Dimsdale JE. Effect of CPAP treatment on mood states in patients

with sleep apnea. J Psychiatr Res 1999;33:427–32.
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Long-term effect of continuous positive airway
pressure on BP in patients with hypertension and
sleep apnea
Campos-Rodriguez F, Perez-Ronchel J, Grilo-Reina A et al.
Chest 2007;132:1847–52.

Obstructive sleep apnea (OSA) is a risk factor for
hypertension and mixed evidence exists concerning the
impact of continuous positive airway pressure (CPAP)
therapy for OSA on hypertension. The authors of this non-
controlled study investigated whether patients with OSA

and hypertension experienced reduced blood pressure (BP)
following 24 months of CPAP use.

Participants comprised 70 patients with suspected OSA
recruited from the sleep disorders unit of an academic
hospital. In all, 55 patients (aged 57.2±7.5 years, 64% male)
completed ambulatory BP monitoring (ABPM) before
initiation of CPAP and at 24-month follow-up.

Patients reported 5.3±1.9 h/day of CPAP use; 27%
reported a change in antihypertensive medication since
baseline. Diastolic BP decreased by –2.2 mmHg from
baseline (95% confidence interval –4.2 to –0.1; p=0.03).
Although there were no other significant reductions in
ABPM parameters, better CPAP compliance was correlated
with greater reductions in 24-h mean arterial pressure
(r=–0.30; p=0.02), as were higher baseline systolic BP
(r=–0.43; p=0.001) and diastolic BP (r=–0.38; p=0.004). In a
subgroup of 35 patients with incompletely controlled
baseline hypertension, significant reductions in all ABPM
parameters were observed. Although just 18% of
participants demonstrated a normal circadian reduction in
nocturnal BP at baseline, 53% showed this “dipping
pattern” at follow-up (p=0.0006). 

The lack of a control group and change in
antihypertensive medications before follow-up preclude
attributing the observed changes to CPAP.

Address for reprints: F Campos-Rodriguez, Departments of Respiratory
Medicine, Valme University Hospital 41020 Sevilla, Spain. 
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Obstructive sleep apnea and resistant
hypertension: a case-control study
Gonçalves SC, Martinez D, Gus M et al.
Chest 2007;132:1858–62.

As numerous studies have illustrated, a relationship exists
between the presence of resistant hypertension and obstructive
sleep apnea syndrome (OSAS). However, as studies of this
association have not accounted for confounders or used control
groups, the evidence remains limited. The present authors
examined a control group of patients with non-resistant

To determine the extent of the association between
obstructive sleep apnea syndrome (OSAS) and resistant
hypertension, the authors of this study utilized a case-
control design to eliminate confounding factors. In total,
63 patients with resistant hypertension despite anti-
hypertensive therapy, and 63 with medically controlled
hypertension, underwent ambulatory polysomnography.
Results suggested a strong association between OSAS and
resistant hypertension, with the prevalence of the resistant
hypertension increasing with the severity of OSAS.

These authors measured blood pressure (BP) before and
after 24 months of continuous positive airway pressure
therapy in patients with obstructive sleep apnea and
hypertension. Changes in diastolic BP were observed and
a subgroup demonstrated additional improvements in BP
parameters. Circadian rhythmicity of BP was observed in
a greater proportion of patients after treatment.
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hypertension along with resistant hypertensive patients to
eliminate the effect of factors that could affect this relationship.

Sixty-three patients aged 40–70 years with a body mass
index (BMI) of 25–40 kg/m2 and resistant hypertension were
recruited. Resistant hypertension was defined as a blood
pressure (BP) of ≥140/90 mmHg, despite using at least three
anti-hypertensive medications. Those with secondary
hypertension were excluded. Resistant patients were matched
by age, gender, and BMI with 63 participants who had
controlled blood pressure. Exclusion criteria included patients
suspected of non-compliance to therapy, who had a previous
diagnosis of a sleep disorder, or who had any other disease
associated with OSAS. All patients had BP readings taken in
the office and underwent an ambulatory polysomnography
(PSG) as well as 24-h ambulatory BP monitoring (ABPM). The
authors then analyzed and compared the proportion of
patients with OSAS who were hypertensive either in the office
reading, during the ABPM, during both, or not at all. 

Results revealed that OSAS was present in 71% of the
resistant hypertension patients and 38% of control subjects,
using an apnea–hypopnea index (AHI) >10 events/h as the
threshold for diagnosis. The association between OSAS and
resistant hypertension was statistically significant, with the
frequency of resistant hypertension increasing with the severity
of OSAS. The lowest AHI and lowest prevalence of OSAS was
found in the group who had normal BP during both ABPM and
in the office. Furthermore, the prevalence of OSAS was lower in
women in both resistant hypertensive and control groups, even
though the magnitude of risk revealed no gender bias. 

The findings confirm the robust relationship between
OSAS and hypertension in a case-control study design.
Future studies assessing the efficacy of continuous positive
airway pressure (CPAP) in such a setting would be useful.

Address for reprints: FD Fuchs, Division of Cardiology and Postgraduate
Program in Cardiology, Hospital de Clínicas de Porto Alegre, Porto
Alegre, RS, Brazil. Email: ffuchs@hcpa.ufrgs.br

Pediatric obstructive sleep apnea and quality of
life: a meta-analysis
Baldassari CM, Mitchell RB, Schubert C et al.
Otolaryngol Head Neck Surg 2008;138:265–73. 

The authors of this article emphasize the importance of
considering quality of life (QoL) outcomes following
adenotonsillectomy, and conducted a meta-analysis of QoL
in pediatric obstructive sleep apnea (OSA) patients before
and after surgery. 

A literature search of PubMed yielded 10 articles
published during 1970–2005 that met the following
inclusion criteria:

• Cases of sleep-disordered breathing diagnosed by
clinicians or polysomnography.

• Patients aged 1–18 years.
• Data on health-related QoL gathered using the Child Health

Questionnaire (CHQ), or evaluation of outcomes following
adenotonsillectomy using the OSA-18 QoL survey.

• Short- or long-term QoL data collected ≥4 weeks and 
≥6 months after adenotonsillectomy, respectively.

The 10 studies included a total of 562 children with
OSA, 93 children with juvenile rheumatoid arthritis (JRA),
and 815 healthy children. In eight of the 12 CHQ subscale
QoL items, scores of children with OSA were significantly
lower than those of healthy children, particularly with
respect to the CHQ QoL subscales of general health
perceptions and parental impact-emotional (p<0.001 for
both). Two studies compared CHQ QoL scores for OSA and
JRA, and found that – with the exception of subscales of
parental impact-emotional and parental impact-time, which
both significantly yielded lower scores for children with OSA
(p<0.05 for both) – children with OSA had a similarly low
QoL as those with JRA. Short- and long-term outcomes
following adenotonsillectomy were reported in seven and
two studies, respectively. Overall, significant improvements in
both short- and long-term QoL were observed following
surgery, with the most significant changes made in sleep
disturbance, caregiver concerns, and physical suffering.
Furthermore, there were no significant differences between
short-term and long-term scores.

The authors’ remark on the similarity of QoL scores
observed in children with OSA and JRA, and emphasize that
further research is needed to explain why the apparently
benign condition of OSA causes as much suffering as the
presently uncurable, chronic condition. As OSA can severely
affect a child’s QoL, including their daytime functioning,
behavior, and family interactions, the apparent long-term
benefits of adenotonsillectomy indicated in this meta-
analysis warrant further research on the use of surgery to
treat pediatric OSA.

Address for reprints: CM Baldassari, Department of Otolaryngology-
Head and Neck Surgery, Virginia Commonwealth University Medical
Center, Richmond, VA 23298, USA. Email: cbaldassari@mcvh-vcu.edu

This meta-analysis examined the effect of obstructive
sleep apnea (OSA) on quality of life (QoL) in children.
The authors found that pediatric OSA has a significant
impact on QoL, similar to that of juvenile rheumatoid
arthritis, but long-term improvements in QoL can be
achieved in pediatric OSA patients following
adenotonsillectomy.
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SLEEP-RELATED MOVEMENT DISORDERS

Patterns of treatment for restless legs syndrome in
primary care in the United Kingdom
Martinez C, Finnern HW, Rietbrock S et al.
Clin Ther 2008;30:405–18.

Symptoms of restless legs syndrome (RLS) have been reported
to occur in 5–11% of European populations. In the primary
care setting, the prevalence of this disorder is approximately
1–3% and is more common in females than males. In 2006
pramipexole and ropinirole became the first pharmaceuticals
approved for the treatment of moderate to severe idiopathic
RLS in Europe and the US. Prior to this, a variety of drugs not
approved for this indication were used to treat the symptoms
of this disorder. The present authors aimed to analyze the
patterns of treatment of RLS in the primary care setting from
1990–2004, examine the efficacy of these treatments, and
the associated use of healthcare resources. 

A sample of 14 716 patients with primary or secondary
RLS was identified from the UK General Practice Research
Database (GPRD), an anonymous database of patient
records from UK general practices that use the same clinical
software. The analysis focused on a sample of 8621 of these
patients who had been registered with their GP for at least 
2 years before their diagnosis of RLS. Each of these cases
was matched by age, sex, general practice, and date of
registering with the general practice with 10 control subjects
who did not have a diagnosis of RLS, making up a control
cohort of 85 087 individuals. Each group consisted of 
73% females. 

During the study period, the annual incidence of RLS
diagnoses increased from 4.6 per 10 000 person-years in
1990 to 6.1 per 10 000 person-years in 2004. Rates of
hypertension, diabetes, and depression were significantly
higher in the RLS group compared with the control group.
Prescribing rates of both sleep and antidepressant
medications remained constant for the control group
throughout the study period. However, in the RLS group,
the frequency of prescriptions for sleep medication was
higher after the diagnosis of RLS, increasing from 19.8% 
2 years prior to their diagnosis to 27.4% in the year
afterwards, then decreasing to 25.2%; the prescribing rates
of antidepressants followed similar trends. Compared with
the control group, the RLS group initially had a higher

frequency of prescriptions written, referrals to specialists,
and laboratory tests, and these continued to increase during
the study period. 

It is interesting to see an increase in the rate of diagnosis
of this condition, which may reflect a rise in awareness.
However, the increased use of medications and referrals
before diagnosis indicates that patients were investigated for
several conditions before a diagnosis of RLS was made. The
authors conclude that medications not approved for the
treatment of RLS are not associated with a reduction in
clinical symptoms or use of healthcare resources.

Address for reprints: C Martinez, Department of Medicine, Faculty of
Medicine, McGill University, 3775 University Street, Montreal, Canada.
Email: carlos.martinez@clinepi.mcgill.ca

Association of restless legs syndrome and cardio-
vascular disease in the Sleep Heart Health Study
Winkelman JW, Shahar E, Sharief I et al.
Neurology 2008;70:35–42.

An association between cardiovascular disease (CVD) and
restless leg syndrome (RLS) has been indicated in two
epidemiological studies [1,2]. However, the diagnostic
criteria for RLS have changed since these analyses were
published, and one of the studies included data only from
men. The mechanism underlying a relationship between
CVD and RLS is unclear, but may involve repetitive
electroencephalograhic arousals, substantial autonomic
hyperactivity, or sleep deprivation.

The present authors conducted a cross-sectional
observational study of 3433 individuals enrolled in the US
Sleep Heart Health Study. Subjects had a mean age of 67.9
years, 80% were white, and 56% were women. Diagnoses
of RLS were based on positive responses on a self-
administered questionnaire, and diagnoses of CVD included
patient self-reports of diagnoses made by doctors and
physician-diagnosed stroke and heart failure.

The investigators determined that RLS was present in
5.2% of this cohort, and affected 6.8% of women and
3.3% of men. The demographic characteristics of subjects
with and without RLS were similar, although those without
RLS were more likely to consume >1 alcoholic drink per day.
CVD was experienced by 29.6% and 19.5% of RLS and

In this large cross-sectional cohort study, the investigators
demonstrated that restless legs syndrome (RLS) is
independently associated with an increased risk of
cardiovascular disease (CVD). The risk of CVD in subjects
with RLS was approximately twice that of those without
RLS; this association appeared to be strongest in those
with more frequent or severe RLS symptoms.

These authors analyzed a large sample of patients with
RLS from a primary care perspective. They examined the
frequencies of prescriptions, referrals, laboratory tests and
comorbidities in comparison with a control population. 
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non-RLS subjects, respectively. The following variables were
also associated with a significantly higher risk of CVD:

• Older age.
• Male sex.
• Diabetes.
• Ratio of total to high-density lipoprotein cholesterol.
• Self-reported sleep onset latency.
• Smoking.
• Use of hypertensive medications.

However, multivariate analysis demonstrated that RLS
was independently associated with an increased risk for both
CVD and coronary artery disease (CAD), with odds ratios of
2.07 (95% confidence interval [CI] 1.43–3.00) and 2.05
(95% CI 1.38–3.04), respectively. Subjects with symptoms
of RLS >16 times per month and those with severely
bothersome symptoms were more likely to be affected by
CVD and CAD than those with less frequent and less 
severe symptoms.

Although these authors demonstrate that there is an
independent association between RLS and CVD, further
studies are required to determine whether these findings can
be applied to younger populations and different ethnic
groups. The underlying mechanisms of this relationship also
require further elucidation.
1. Ulfberg J, Nyström B, Carter N et al. Prevalence of restless legs syndrome among men

aged 18 to 64 years: an association with somatic disease and neuropsychiatric symptoms.
Mov Disord 2001;16:1159–63.

2. Winkelman JW, Finn L, Young T. Prevalence and correlates of restless legs syndrome
symptoms in the Wisconsin Sleep Cohort. Sleep Med 2006;7:545–52. 

Address for reprints: J Winkelman, Division of Sleep Medicine, Brigham
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Restless legs symptoms without periodic limb
movements in sleep and without response to
dopaminergic agents: a restless legs-like syndrome?
Baumann CR, Marti I, Bassetti CL.
Eur J Neurol 2007;14:1369–72. 

Patients must meet essential criteria to be diagnosed with
restless legs syndrome (RLS), namely the presence of an

urge to move the legs that is alleviated with movement and
worsens during rest, especially during the evening time.
Other characteristics, such as family members affected by
RLS, an adequate response to dopaminergic therapy, and
the presence of periodic limb movements during sleep
(PLMS) or wakefulness, are used to support the
identification of RLS and occur in approximately 80% of
patients, but are not required for the actual diagnosis. The
present authors aimed to identify and characterize a subset
of “RLS-like” patients who meet the essential criteria for
RLS but, unlike patients with “classical” RLS, neither have
PLMS nor respond to dopaminergic therapy. 

Patients were classified as having classical RLS if they
had either a symptomatic improvement of ≥10 points on
the International RLS Study Group Rating Scale (IRLS) with
dopaminergic therapy or a PLMS index of >15/h, as
determined by polysomnography (PSG). Due to the
retrospective nature of the study, a PSG evaluation of PLMS
was not available for all participants – only those without a
response to dopaminergic therapy. Therefore, the authors
were able to identify the absence of both these criteria
using the available data and classify such patients as RLS-
like, but were unable to determine the presence of 
both symptoms.

The study comprised a consecutive series of
117 patients (59 women and 58 men with a mean age of
59±14 years), all of whom met the essential criteria for 
RLS but were without other sleep–wake disturbances. 
The analysis revealed that 103 patients (88%) had classical
RLS, while 14 had RLS-like symptoms. The latter group was
younger than those with classical RLS, their symptoms more
severe and experienced for a shorter duration, and they had
a higher prevalence of psychiatric diagnoses (p=0.001). 

The authors speculate that the RLS-like patients may
represent a distinct subset with a specific etiological and
pathological profile. Their data are supported by a previous
study that found an association between the presence of a
specific genetic sequence and PLMS [1], which was only
evident in RLS patients with PLMS, and not in those without.
Further studies of the genetic basis of RLS may provide
insight into whether different genetic pathways are involved
in the development of the different subtypes of this
syndrome. Limitations of the study include the small cohort
of RLS-like patients, the lack of PSG evaluation of all patients,
and the potential under-diagnosis of psychiatric ailments as
not all patients were examined by a psychiatrist.
1. Winkleman J, Schormair B, Lichtner P et al. Genome-wide association study of restless legs

syndrome identifies common variants in three genomic regions. Nature Genetics
2007;39:10000–6.

Address for reprints: CL Bassetti, Department of Neurology, University
Hospital Zurich, Frauenklinikstrusse 26, CH-8091 Zurich, Switzerland.
Email: claudi.bassetti@usz.ch

The authors of this study characterized a subset of
patients with restless legs syndrome (RLS) who lack
periodic limb movements in sleep and who do not
exhibit a favorable response to dopaminergic therapy. 
In comparison with “classical” RLS patients, this subset
was found to be of a significantly younger age, 
have more severe symptoms, and harbor greater
psychiatric comorbidities.
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INSOMNIA

Long-term efficacy and safety of zolpidem
extended-release 12.5 mg, administered 3 to 
7 nights per week for 24 weeks, in patients with
chronic primary insomnia: a 6-month, randomized,
double-blind, placebo-controlled, parallel-group,
multicenter study
Krystal AD, Erman M, Zammit GK et al; ZOLONG 
Study Group.
Sleep 2008;31:79–90.

Subjects with chronic insomnia often report symptoms for
many years and thus many chronic insomnia patients take
sedative–hypnotics for long periods of time. Zolpidem
tartrate binds to the α-1 subunit subtype of the 
γ-aminobutyric acid receptor, and is indicated for the short-
term treatment of insomnia. It is characterized by a relatively
short half-life (2.5 h) and therefore reduces the latency to
persistent sleep and increases total sleep time, but is not
consistently efficacious for the treatment of sleep
maintenance symptoms that occur in the majority of
insomnia patients. Zolpidem extended-release 12.5 mg
formulation has been developed to extend the duration of
action of the original formulation. It is a dual-layered tablet
that allows a biphasic release of the drug – an initial release
to facilitate sleep onset, and a delayed release to benefit
sleep maintenance throughout the night. In a short-term,
placebo-controlled study in adult patients with primary
insomnia, the zolpidem extended-release formulation
significantly improved sleep onset and sleep maintenance
measures on the first 2 nights of treatment and after 2
weeks of treatment [1]. 

The present national, multicenter, Phase IIIb,
randomized, double-blind, placebo-controlled 26-week
study examined the long-term efficacy of zolpidem
extended-release, self-administered for between 3 and 7
nights per week for 24 weeks, in adults with chronic primary

insomnia who exhibited difficulties with both sleep onset
and sleep maintenance. The safety and tolerability, and
effects of abrupt discontinuation of the formulation were
also examined.

Subjects aged 18–64 years who met criteria for chronic
primary insomnia from the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSM-IV) were
eligible for inclusion. Of 1701 patients were screened for
inclusion during the first 7 days of the study, a total of 669
received zolpidem extended-release and 349 received
placebo during the double-blind treatment phase (24
weeks). Baseline characteristics were similar in the two
treatment groups.

The primary efficacy outcome was the score on the
Patient’s Global Impression (PGI) item 1 (treatment aid to
sleep), assessed at week 12 of the treatment period in the
intent-to-treat population. A total of 436 patients (64.7%)
in the zolpidem extended-release group completed the study
treatment period, with “patient’s request” being the most
frequently cited reason for discontinuation. In the placebo
group, 184 patients (52.4%) completed the study treatment
period, with “lack of efficacy/disease progression” cited as
the most frequent reason for discontinuation (in 82 patients)
within this group. 

Scores on PGI item 1 at week 12 in the zolpidem
extended-release group were significantly superior to those
in the placebo group, with 89.8% of patients in the
zolpidem extended-release group reporting that the
medication helped them sleep, compared with 51.4% in the
placebo group (p<0.0001). At week 24, a favorable
response was reported by 92.3% and 59.7% of the
zolpidem extended-release and placebo groups, respectively.
The zolpidem extended-release formulation was also
statistically superior to placebo on other patient and
clinician-rated assessments of sleep.

The most frequent adverse events in zolpidem extended-
release recipients were headache, anxiety, and somnolence.
No rebound effect was observed during the first 3 nights of
discontinuation, assessed during the final week of the 
26-week study. 

Although this study is limited by the absence of
polysomnogrophy-evaluated sleep assessments and the lack
of an active control group, the findings confirm the efficacy
and tolerability of 3 to 7 nights/week dosing of zolpidem
extended-release 12.5 mg for up to 6 months in patients
with insomnia, with improvements in sleep onset and sleep
maintenance. 
1. Roth T, Soubrane C, Titeux L et al. Efficacy and safety of zolpidem-MR: a double-blind,

placebo-controlled study in adults with primary insomnia. Sleep Med 2006;7:397–406. 

Address for reprints: AD Krystal, Box 3309, Duke University Medical
Center, Durham, NC 27710, USA. Email: kryst001@mc.duke.edu

The present authors examined the long-term efficacy and
tolerability of a zolpidem extended-release formulation in
adults with chronic primary insomnia who had difficulties
with both sleep onset and sleep maintenance. At week 12
of the treatment, a statistically significant improvement in
sleep symptoms was reported by 89.8% of patients in the
zolpidem extended-release group compared with 51.4%
of the placebo group. At week 24, a favorable response
was reported by 92.3% and 59.7% of the respective
treatment groups, confirming the long-term efficacy of
the zolpidem extended-release formulation.
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The subjective meaning of sleep quality: 
a comparison of individuals with and 
without insomnia 
Harvey AG, Stinson K, Whitaker KL et al.
Sleep 2008;31:383–93.

Despite its widespread use, the term sleep quality has yet to
be systematically described. In an attempt to define the
meaning of sleep quality, this study looked at the
importance of different variables used in its classification
found in the existing literature. The authors also shed light
on new variables considered significant by the subjects. In
this exploratory, cross-sectional investigation, the authors
compare the reports of individuals with insomnia with
normal sleepers, in contrast with previous studies that have
mainly focused only on normal sleepers.

The insomnia group was made up of 25 subjects who
met criteria for primary insomnia on the Insomnia Diagnostic
Interview (IDI) with problems present for at least 3 nights
per week for the previous month. The normal sleep group
comprised 28 individuals who failed to meet the IDI criteria
and scored ≤7 on the insomnia scale. 

Three techniques were used to elicit the meaning of
sleep quality. The “Speak Freely” procedure analyzed the
participants’ descriptions of good and poor sleep quality
nights, attributing percentages to each variable mentioned.
The second method, the Sleep Quality Interview, involved
asking the subjects to grade different criteria for judging
sleep quality. Finally, a 7-day sleep diary was used to record
the frequency with which patients mentioned each variable.

The meaning of sleep quality among insomniacs was
found to be largely similar to that for normal sleepers, with
subjective feelings experienced the following day appearing
to be the most important foundation for judging sleep
quality. All three methods found “tiredness on waking and
throughout the day”, “feeling rested and restored on
waking”, and “number of wakings” the most commonly
associated with forming a judgment on sleep quality. The
main disparity found between groups was that the insomnia

group rated most of the variables in the Sleep Quality
Interview as of greater importance when judging sleep
quality than normal sleepers. 

The Speak Freely procedure highlighted a number of
variables among the insomnia group that have not
previously appeared in the literature, for example: “coping
behaviors” and “time of waking”. The sleep diaries brought
forth novel variables such as “time of waking” and “body
sensations at night”.

Due to the nature of the study involving multiple
comparisons of data, concern exists as to the presence of
type 1 error. Further investigations should be performed to
investigate the nature of these variables and determine
whether they are bona fide indicators of sleep quality or a
consequence of a psychological bias misinterpreting
ambiguous information.

Address for reprints: AG Harvey, Department of Psychology, University
of California, Berkeley, CA 94720-1650, USA

EXCESSIVE DAYTIME SLEEPINESS

Placebo and modafinil effect on sleepiness in
obstructive sleep apnea
Bittencourt LRA, Lucchesi LM, Rueda AD et al.
Prog Neuropsychopharmacol Biol Psychiatry
2008;32:552–9.

Obstructive sleep apnea (OSA) is estimated to affect 2–4%
of middle-aged adults. The sleep fragmentation resulting
from microarousals occurring during OSA causes sleep
disruption and excessive daytime sleepiness (EDS). This can
persist, even in those adequately treated with CPAP.

Modafinil has shown benefit in patients with EDS; however,
some trials have reported these benefits only in objective tests,
some only in subjective tests, and others in both cases. The
study authors therefore sought to assess whether a placebo
effect persisted in these patients after randomization,
thereby causing the differing findings that have been reported. 

Twenty-two patients with OSA who were currently
receiving CPAP treatment were enrolled in the study. All
patients had an Epworth Sleepiness Score (ESS) >10.

The authors aimed to identify the effect of placebo
response in this trial of 22 patients with obstructive sleep
apnea, treated with continuous positive airway pressure,
but who still suffered excessive daytime sleepiness (EDS).
The results showed that modafinil is an effective
treatment for the symptoms of EDS, and suggest that a
similar protocol should be considered in other drugs trials
measuring outcomes based on subjective response. 

Sleep quality is an inadequately defined subjective
construct, implicated in the classification of chronic
insomnia and associated with a variety of positive upshots
of day-to-day life. This aim of this study was to examine
the subjective interpretation of sleep quality in individuals
suffering from insomnia compared with that reported by
normal sleepers. Results showed that patients with
insomnia and normal sleepers alike reported broadly similar
meanings of sleep quality. The study also unearthed new
variables, not previously mentioned in the existing
literature, used by subjects to define sleep quality.
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Subjects received blinded placebo treatment for 7 days and
were then randomized to receive either placebo (n=11) or
modafinil (300 mg/day; n=9) for a further 21 days. Patients
were evaluated at baseline, randomization, and study end
using the ESS, maintenance of wakefulness test, and Short-
Form 36, among others.

Comparison of the two groups revealed that although
ESS scores did not change during the placebo period in
those in the modafinil group, those in the placebo group
experienced a reduction in ESS scores (14.2 to 9; p=0.05)
during the first 7 days of placebo treatment, although this
did not continue during the second placebo treatment
period. In contrast, those in the modafinil group experienced
a significant reduction during the 21-day modafinil
treatment period (ESS score 15.2 to 7.8; p=0.0006). Three
patients in the modafinil and nine patients in the placebo
group were classed as placebo responsive. 

The authors conclude that modafinil, used adjunctively
with CPAP therapy, improves EDS in patients suffering from
OSA. They highlight the importance of including a blinded
placebo period prior to randomization to fully observe the
placebo effect, and suggest that a similar process should be
performed in other drug trials that are based on measures of
subjective response. 

Address for reprints: L Bittencourt, Sleep Medicine and Biology
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Patient-management strategies
Thorpy MJ, Lieberman JA 3rd, Roth T et al.
Am J Manag Care 2007;13(6 Suppl):S140–7.

The present authors identify excessive daytime sleepiness
(EDS) as a common and serious problem that can lead to
cognitive impairment, psychomotor disturbances, and
impaired social functioning. They report that EDS is
associated with impaired occupational performance,
including medical errors by interns and occupational injuries
in shift workers, and with motor vehicle accidents.

Furthermore, the authors report that conditions
producing EDS (e.g. restricted sleep time, obstructive sleep
apnea [OSA]) contribute to diabetes, cardiovascular disease,
and other comorbidities. They emphasize that EDS can

hamper the implementation and effectiveness of 
medical interventions. 

To assess EDS and the sleep disorders that might account
for it, the authors recommend using the Epworth Sleepiness
Scale, sleep diaries, and bed partner reports of patients’
breathing during sleep. If sleep diaries do not reveal a reason
for EDS (e.g. insufficient night-time sleep, circadian rhythm
disorder), the authors suggest use of more sophisticated sleep
assessment methods, such as formal sleep studies. An
algorithm is provided to aid in assessment of causes of EDS.
They report that laboratory tests of thyroid function might be
useful when sleep apnea is considered, and that ferritin levels
should be measured when restless legs syndrome is suspected.

Regarding non-pharmacological interventions for sleep,
the authors recommend sleep hygiene, bright light exposure,
and behavioral interventions (e.g. cognitive–behavioral
therapy, stimulus control, sleep restriction, relaxation
techniques). They describe continuous positive airway
pressure, oral devices, and surgery as interventions for OSA. 

Pharmacological approaches for treating EDS are
described, including stimulant medications (e.g. modafinil)
and hypnotics for EDS due to insomnia (e.g. sedating
antidepressants, benzodiazepines, non-benzodiazepine
hypnotics). They emphasize that polysomnography is
necessary in cases of suspected OSA (e.g. drowsy driving)
and that primary care physicians should refer to sleep
specialists when the cause of EDS is unclear or the physician
is unable to competently treat the sleep disturbance.

Address for reprints: MJ Thorpy, Albert Einstein College of Medicine,
Montefiore Medical Center, 111 East 210th Street, Bronx, NY 10467,
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PEDIATRIC SLEEP

DSM-IV diagnoses and obstructive sleep apnea in
children before and 1 year after adenotonsillectomy
Dillon JE, Blunden S, Ruzicka DL et al.
J Am Acad Child Adolesc Psychiatry 2007;46:1425–36.

Previous studies have revealed that sleep-deprived children
mask sleepiness with hyperactivity along with problems with

The current study examined Diagnostic and Statistical
Manual of Mental Disorders-IV-based diagnosis of
psychiatric disorders among children who had been
referred for adenotonsillectomy. The results indicated 
a reduction in disruptive behavior 1 year post-surgery.
Obstructive sleep apnea based on polysomnography 
was also analyzed. 

In this article, the authors describe excessive daytime
sleepiness (EDS) as a common problem with a range of
adverse effects. These consequences are reviewed and
both non-pharmacological and pharmacological
interventions to reduce EDS and its associated adverse
outcomes are discussed. A case study is provided.
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mood and anxiety that often improve with treatment of the
sleep difficulty. Children with reported obstructive sleep apnea
(OSA), either through a clinical diagnosis or polysomnography
(PSG)-based criteria, often benefit from adenotonsillectomy.
The current investigators explored the relationship between
psychiatric morbidity and OSA at baseline and at a 1-year
follow-up post-adenotonsillectomy.

Children in the study group (n=79; n=78 at follow-up)
had been referred for adenotonsillectomy; those in the control
group (n=27; n=23 at follow-up) had been referred for
unrelated surgical conditions. Both groups excluded children
with pre-existing psychiatric conditions, severe medical
conditions, and history of treatment for sleep-disordered
breathing. The computerized Diagnostic Interview Schedule
for Children (DISC) was used to obtain diagnoses of attention
and disruptive behavior disorders. Several other instruments
were also utilized to gain an accurate diagnosis for each child. 

Unsurprisingly, 36.7% of children referred for
adenotonsillectomy were attributed at least one attention or
disruptive behavior diagnosis at baseline, compared with 11.1%
of the control group. A significant drop in disruptive behavior
was found at follow-up in the study group, while the control
group had little variation, resulting in no significant difference
between the groups at follow-up. Within the study group OSA
severity had no significant relationship to behavioral ratings
except for a slight correlation with oppositional behavior.

Interestingly, OSA did not predict the psychopathology of
children in the study group either at baseline or at follow-up.
The current study aids the sparse literature in the
understanding of the psychopathology of children who
demonstrate symptoms of sleep disorders. When presented
with certain behavioral problems in children, it is important to
be attentive to potential OSA symptoms and physical signs.

Address for reprints: JE Dillon, Division of Child and Adolescent
Psychiatry, Department of Psychiatry, University of Michigan Medical
School, Rachel Upjohn Building, 4250 Plymouth Road, Ann Arbor, 
MI 48109–5734, USA. Email: dillonje@michigan.gov

Immediate as well as delayed post learning sleep
but not wakefulness enhances declarative memory
consolidation in children
Backhaus J, Hoeckesfeld R, Born J et al.
Neurobiol Learning Mem 2008;89:76–80. 

There has been a great deal of recent research suggesting
that sleep plays an important role in memory consolidation. This
has included evidence that sleep improves the consolidation of
both procedural and declarative memory. However, there have
been no studies to examine this phenomenon in children. This
investigation by Backhaus and colleagues is the first to examine
the role of sleep on memory consolidation in children. 

In this study, 27 children between the ages of 9 and 12
years were evaluated in a word-pair recall task. Half of the
subjects were trained prior to going to bed at night and then
tested the next morning and next evening (sleep–wake
condition), while the other half underwent training in the
morning with their first test session in the evening and
second after a night’s sleep (wake–sleep condition). 

The authors found that recall was significantly higher
after sleep than after wakefulness, independent of whether
the subjects were in the sleep–wake or wake–sleep
condition. However, it should be noted that the
improvement with sleep in the wake–sleep condition was
relatively small compared with that in the sleep–wake group. 

The authors conclude that, consistent with the evidence
in adults, these findings indicate that sleep played an active
role in declarative memory consolidation in this study. 

Address for reprints: J Backhaus, Department of Psychiatry and
Psychotherapy, University of Luebeck, Ratzeburger Allee 160, 
D-23538 Luebeck, Germany. Email: Backhaus.J@gmx.de

PMISCELLANEOUS

When sleep is perceived as wakefulness: an
experimental study on state perception during
physiological sleep
Weigand D, Michael L, Schulz H.
J Sleep Res 2007;16:346–53.

Studies on sleep–wake misperception, or paradoxical insomnia
as it is now referred to according to the second edition of the
International Classification of Sleep Disorders, have investigated
several aspects of the perception of sleep. Many of these past
studies have focused on a subject’s ability to identify an arousal,
either deliberate or spontaneous, by pressing a button. These
studies have confirmed that accuracy relies on the stage of

Previous studies on sleep–wake misperception have
confirmed that a subject’s accuracy in identifying an
arousal relies on the stage of sleep he or she is in at the
time of the arousal, with rapid eye movement (REM)
sleep being the most accurate. The current authors
collected data on deliberate awakenings from subjects 
in stage two and REM sleep.

In this study, children underwent a word-pair recall 
task and were then tested after a period of wakefulness
or sleep. Memory was significantly increased only after
the sleep period, indicating that, in line with the findings
in adults, sleep is involved in declarative memory
consolidation in this study. 
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sleep a subject is in at the time of the arousal, with rapid eye
movement (REM) sleep being the most accurate. The current
authors collected data on deliberate awakenings from
randomized subjects in stage two and REM sleep.

Polysomnography (PSG) and nocturnal interviews were
carried out for 68 subjects without a sleep complaint (mean
age 24.1 years, 43 female) who were considered “good
sleepers”. A standardized audio signal (70 dB/400 Hz) was
used to awaken subjects in either stage two or rapid eye
movement (REM) sleep. The nocturnal interview determined
whether the subject thought they were awake or asleep
before the tone and how sure they felt about their answer, as
well as how deeply they had been sleeping prior to hearing
the tone. The interview also inquired about thoughts, clarity
of thoughts, and awareness, including control of thoughts. 

Overall, 29.4% of the subjects reported being awake
before the audio signal was given while electrophysiologically
they were asleep. Furthermore, the results indicated that no
significance was detected in the level of certainty of awake
judgments between stage two and REM sleep. Further
investigation into the nocturnal interview showed that
subjects who answered “yes” to having something on their
mind before being awakened were more likely to be in REM
rather than stage two sleep (p<0.05). These subjects also
reported clearer and more image-like content. However,
these subjects reported a low level of controllability of their
thoughts regardless of sleep stage. PSG variables (sleep
latency, sleep efficiency, percent of stage one, two, slow-
wave, and REM sleep) did not differ among subjects. 

Although this study has several limitations, the results are
similar to previous data suggesting that some good sleepers
perceive their sleep as wakefulness. These data suggest there is
a need for future studies to explore the cognitive processes
during sleep and how they contribute to sleep state perception. 

Address for reprints: D Weigand, George-August-Universität Göttingen,
George-Elias-Müller-Institut fur Psychologie, Gosslerstrasse 14, 37073
Göttingen, Gemany. Email: weigand@psych.uni-goettingen.de

Longitudinal study of bad dreams in preschool-
aged children: prevalence, demographic correlates,
risk and protective factors
Simard V, Nielsen TA, Tremblay RE et al.
Sleep 2008;31:62–70.

Although bad dreams are thought to be common during
early childhood, research regarding this topic is rare. Most
studies of the prevalence of bad dreams in pediatric
populations have focused on children aged ≥5 years. The
present authors examined the prevalence, potential reasons
for, and significance of bad dreams in preschool-aged
children. They hypothesized that the following factors would
be associated with bad dreams: 

• Parental sleep-facilitating behaviors that favor dependence
rather than autonomy, such as cuddling while falling
asleep and physical comforting when awake at night.

• Pathological symptoms such as psychological distress,
anxiety, and depression.

• Separation anxiety.
• Difficult temperament.

In all, 1997 children from the Quebec Longitudinal Study
of Child Development participated up to the first endpoint
of the study (29 months), with 1434 continuing to the final
6 year follow-up examination. Assessment comprised the
Self-Administered Questionnaire for the Mother, in general
provided by the biological mother 

Bad dreams were reported to be relatively rare occurrences
in children aged 29 months to 6 years, with between 1.7% and
3.9% of respondents reporting that bad dreams occurred
always or often. The presence of bad dreams appears to be a
relatively stable characteristic, and becomes more so over time.
This may indicate that these dreams will continue into
adolescence and adulthood and, therefore, that children may
benefit from early intervention. Despite studies of older children
indicating a higher prevalence of bad dreams amongst girls,
particularly in adolescence, no gender-related differences were
found in the prevalence of bad dreams among preschool-aged
children. High family income, absence of siblings and a non-
immigrant mother were all associated with bad dreams at 
29 months. At the 29- and 41-month assessments, parental
nurturing after awakening, sleep onset nurturance, a difficult
temperament at 5 months, and anxiousness at 17 months was
associated with bad dreams.

Bad dreams occur less frequently in children aged 
<6 years than the authors expected. As the occurrence of 
bad dreams seemed to be a trait-like characteristic, it is
possible that early intervention could prevent these from 
re-occurring at a later stage in their lives. However, as this
trial was the first study examining these parameters in such
young children, the results will need to be confirmed in
further investigations.

Address for reprints: TA Nielsen, Centre d’etude du sommeil, 
Hôpital du Sacré-Coeur de Montréal, QC, Canada. 
Email: tore.nielsen@umontreal.ca

This was the first study to examine the occurrence of bad
dreams in such a young group of children. The authors
found that bad dreams occurred less frequently than they
expected and appeared to be a stable characteristic.
Results from this study warrant further examination of
bad dreams in preschool aged children.
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Short sleep times predict obesity in internal
medicine clinic patients
Buscemi D, Kumar A, Nugent R et al.
J Clin Sleep Med 2007;3:681–8.

Although numerous studies have clearly established a
relationship between shorter sleep times and obesity (as
defined by body mass index [BMI]), relatively few have
demonstrated this relationship in obese patients with chronic
medical conditions. This study attempted to delineate such a
relationship by examining continuity-of-care clinical patients
and surveying their sleep habits, lifestyle characteristics, and
medical diagnoses.

Two hundred individuals with chronic medical conditions
were surveyed and classified as either not obese (BMI 
<30 kg/m2) or obese (BMI ≥30 kg/m2). Analysis was adjusted
for age, lifestyle characteristics, and various medical diagnoses
such as diabetes mellitus, hypertension, coronary artery
disease, heart failure, arthritis, sleep apnea, and chronic
obstructive pulmonary disease (COPD). The median age of the
cohort was 54 years (range 18–89 years), the mean BMI was

30.1±7.9 kg/m2, and the mean total sleep time was 7.89±1.91 h.
In all, 82 patients (41.2%) were classified as obese

Results revealed that short sleep times (<7 h compared
with 8–9 h) increased the likelihood of obesity. Sleep apnea
and hypertension also increased the likelihood of obesity in
women, as did alcohol consumption and diabetes in men,
and alcohol consumption and sleep apnea in older patients
(≥50 years of age). Interestingly, although short and long
sleep times were both associated with obesity in women in a
“U-shaped” relationship, no such pattern was evident for
men. The authors also attempted to determine factors that
could explain the relationship between obesity and
shortened hours of sleep, such as increased opportunities for
food consumption, the complex interaction between sleep
and disease chronicity, and, more persuasively, the
interaction between hormones, appetite regulation, and
sleep, which has been demonstrated in other studies. 

Ultimately, however, this study suffers from numerous
limitations, one being the use of self-reported questionnaires
as opposed to objective polysomnographies, which could
have confirmed bed-time patterns as well as the presence of
objectively determined sleep-disordered breathing. In
addition, as the quality of sleep itself was not examined, it is
difficult to surmise the extent to which this factor
contributes to obesity. Furthermore, to delineate the role of
hormones in the relationship between sleep and obesity in
this population, it would have been beneficial to assess the
levels of hormones, such as leptin and ghrelin, which
regulate appetite and are influenced by sleep.

Address for reprints: K Nugent, Department of Internal Medicine, 
Texas Tech University Health Sciences Center, 3601 4th Street, Lubbock,
TX 79430, USA. Email: kenneth.nugent@ttuhsc.edu

The objective of this study was to determine whether an
association exists between short sleep times and obesity, 
as defined by body mass index in patients with
concomitant medical conditions. Completed questionnaires
from 200 participants with various chronic medical
diagnoses were analyzed, and the findings adjusted for age
and certain related medical conditions. Results revealed
that subjects with short sleep times (<7 h) had an increased
propensity for obesity, with a U-shaped relationship
between hours of sleep in women, but not in men.
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