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Abstract | The importance of sleep to hormones and glucose metabolism was first documented more than four 
decades ago. since then, sleep curtailment has become an endemic behavior in modern society. in addition, 
the prevalence of sleep disorders, particularly obstructive sleep apnea (OsA), has increased. OsA is very 
common in endocrine and metabolic disorders, but often remains undiagnosed. This review summarizes the 
laboratory and epidemiologic evidence that suggests how sleep loss, either behavioral or disease-related, and 
poor quality of sleep might promote the development of obesity and diabetes mellitus, and exacerbate existing 
endocrine conditions. Treatment of sleep disorders has the potential to improve glucose metabolism and 
energy balance. screening for habitual sleep patterns and OsA might be critically important for patients with 
endocrine and metabolic disorders.
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Introduction
more than four decades ago, multiple studies demon-
strated that sleep has a major role in the regulation of 
endocrine functions and glucose metabolism. in healthy 
adults, reproducible changes in the release of pituitary 
hormones and pituitary-dependent hormones follow the 
wake–sleep transition. the effect of sleep on hormone 
secretion is dependent on the occurrence of specific 
stages of sleep.1,2

Human sleep is composed of rapid-eye-movement 
(rem) sleep and non-rem sleep. Deep non-rem 
sleep is characterized by ‘slow waves’ in the electro-
encephalogram, which reflect a mode of synchronous 
firing of thalamocortical neurons. During slow-wave 
sleep, the brain uses less glucose, sympathetic nervous 
activity is decreased and vagal tone is increased, relative 
to both wakefulness and rem sleep. slow-wave sleep is 
also associated with robust elevations in levels of growth 
hormone, while the activity of the pituitary–adrenal axis 
is inhibited.2 Because of the effect of slow-wave sleep 
on cerebral glucose metabolism, sympathovagal balance 
and counter-regulatory hormones’ release, this type 
of sleep is thought to have a major role in total-body 
glucose regulation and, more generally, in the restorative 
effect of sleep.

the 1998 discovery of orexin a and orexin B, two 
peptides synthesized by neurons which are concen-
trated in the lateral hypothalamus, demonstrated a 
molecular link between wake–sleep regulation and the 
neuro endocrine control of appetite. orexin-containing 
neurons have a central role in the maintenance of 

arousal, but also increase food intake,3,4 particularly at 
a time when normal food intake is low. Feeding requires 
the maintenance of wakefulness and the orexin system 
seems to have a key role in the inter action between 
feeding and arousal. orexin-containing neurons are 
active during wakefulness and quiescent during sleep. 
Deficiencies in the orexin system are associated with 
sleep disorders that involve chronic, excessive day-
time sleepiness, including narcolepsy and obstructive 
sleep apnea (osa). By contrast, when sleep deprivation  
is  behavioral ly enforced, the orexin system is 
 overactive—most likely to maintain wakefulness against 
the increased pressure to sleep. increased orexin activity 
during periods of sleep deprivation has been shown in 
rats, dogs and squirrel monkeys.5–7 a profound effect of 
sleep deprivation and/or poor-quality  sleep on glucose 
metabolism and appetite regulation should, therefore, 
be expected.

remarkably, the adverse effects of chronically reduced 
sleep duration and/or quality have only begun to be 
evalu ated in the past few years. voluntary sleep curtail-
ment has, however, become a common behavior in 
modern society. Data from the 2008 ‘sleep in america’ 
poll indicate that, although working adults report that 
they need an average 7 h 18 min of sleep to function 
at their best, 44% of them sleep less than 7 h, and 16% 
sleep less than 6 h on a typical weeknight.8 sleep dura-
tion in european countries seems to follow a similar 
trend.9 the cumulative sleep loss per working week of a 
substantial portion of the adult population may corres-
pond to as much as one full night of sleep deprivation. 
Chronic sleep loss might also be the consequence of a 
pathological  condition—particularly the most common 
sleep dis order, osa, which is characterized by repetitive 
breathing disturbances during sleep and by poor-quality 
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sleep. the current epidemic of obesity in industrialized 
countries is paralleled by an epidemic of osa.

the following two sections summarize the laboratory 
and epidemiologic evidence that links short-duration 
sleep and/or poor-quality sleep with an increased risk of 
diabetes mellitus and obesity. the evidence on adverse 
effects of poor-quality sleep is based on studies that 
involved an experimental reduction of sleep quality, 
and on population studies in which sleep quality was 
self-reported. indeed, no systematic evaluations have 
been published to date on endocrine or metabolic 
disturbances in any sleep disorder, except in osa. 
reciprocally, associ ations between metabolic or hor-
monal conditions and the pre valence or severity of sleep 
disorders have only been examined for osa. the last 
section of this review, therefore, focuses on the links 
between osa and metabolic disorders, with a particular 
focus on diabetes mellitus, obesity and polycystic-ovary 
syndrome (PCos).

Poor and short sleep and diabetes 
evidence from laboratory studies
Short-duration sleep and glucose regulation
the first study that assessed the consequences of recur-
rent, partial sleep loss on hormonal and metabolic 
variables involved restriction of participants’ (healthy 
young men) 10 sleep time to 4 h per night for 6 consecu-
tive nights, and then extending it to 12 h for 6 nights. 
Figure 1a shows the results from a frequently sampled, 
intravenous glucose-tolerance test performed on the fifth 
day of both study periods. Glucose tolerance, estimated 
as the rate of decrease of glucose levels, was 40% lower 
after sleep restriction than after sleep extension, and 
reached a range that is typical of aging people who have 
impaired glucose tolerance.10 this decrease in glucose 
tolerance was the combined consequence of a 30–40% 
decrease in glucose effectiveness (which is a measure of 
noninsulin-dependent glucose utilization) and a near 
30% reduction in the acute insulin response to glucose, 
despite a trend for decreased insulin sensitivity. the 

product of insulin sensitivity and acute insulin response 
to glucose (that is, the disposition index, a validated 
marker of diabetes risk),11 was decreased by nearly 40% 
in the state of sleep debt. 

the glucose and insulin responses to a high-
 carbohydrate breakfast were assessed on the sixth day 
of both sleep conditions. Both peak glucose level and 
the overall glucose response were increased follow-
ing sleep restriction, which confirmed a decrease in 
glucose tolerance. when the integrated glucose and 
insulin responses were examined with the homeostasis 
model-assessment index (the normalized product of 
insulin and glucose levels), a greater than 50% increase 
of homeostasis model-assessment values was observed 
after sleep restriction, as compared to the fully rested 
state; these results are consistent with a reduction in 
insulin sensitivity. in a subsequent study, 12 healthy men 
were assessed after two 10 h nights versus two 4 h nights, 
in randomized order.12 similarly to the findings of the 
previous study, after only two nights of short-duration 
sleep, morning levels of glucose were higher than nor-
mal, whereas insulin levels tended to be lower than 
after two nights of long sleep. Preliminary data from an 
independent laboratory have confirmed and extended 
these findings: 1 week of sleep that is restricted to 5 h per 
night in healthy men resulted in a marked reduction in 
insulin sensitivity, as assessed by the hyperinsulinemic 
euglycemic clamp.13

Poor-quality sleep and glucose regulation
the initiation of slow-wave sleep is associated with a 
decrease in use of glucose by the brain, stimulation of 
growth-hormone release, inhibition of cortisol secre-
tion, decreased sympathetic nervous system activity and 
increased vagal tone. all these correlates of slow-wave 
sleep affect total-body glucose homeostasis; therefore, 
low amounts of slow-wave sleep, which normally occur in 
aging individuals and in those who have sleep disorders, 
might be associated with decreased glucose tolerance.

a recent study directly tested this hypothesis by selec-
tively suppressing slow-wave sleep in healthy young 
adults and examining the effect on glucose tolerance.14 
suppression of slow-wave sleep was achieved by delivery 
of acoustic stimuli that were designed to replace slow-
wave sleep with shallow sleep, but to avoid full awaken-
ings. the amount of slow-wave sleep was reduced by 
nearly 90%—a similar reduction to that associated with 
four decades of aging. such low levels of slow-wave sleep 
are also typical of moderate to severe osa. importantly, 
this intervention did not reduce total sleep duration. 
Figure 1b shows the results from an intravenous glucose-
tolerance test performed after 2 nights of undisturbed 
sleep and after 3 nights of slow-wave sleep suppression. 
after suppression of slow-wave sleep, insulin sensiti-
vity had decreased by around 25% and reached the level 
reported in aging individuals and in populations at 
high risk of diabetes mellitus.15 this decrease in insulin 
sensitivity was not compensated for by an increase in 

Key points

sleep loss, be it behavioral or related to sleep disorders, is an increasingly  ■
common condition in modern society

experimental reduction of the duration or quality of sleep has a deleterious  ■
effect on glucose metabolism

experimental reduction of sleep duration downregulates the satiety hormone,  ■
leptin, upregulates the appetite-stimulating hormone, ghrelin, and increases 
hunger and appetite

Numerous cross-sectional and prospective, epidemiologic studies have  ■
provided evidence of an association between short-duration and/or poor-quality 
sleep and the prevalence or incidence of diabetes mellitus or obesity

effective treatment of obstructive sleep apnea, a sleep disorder that is highly  ■
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the acute insulin response to glucose; consequently, the 
disposition index decreased by around 20% after slow-
wave sleep suppression. Consistent with an increased 
risk of diabetes mellitus, glucose tolerance was reduced 
by around 23%, which approaches the range typical of 
impaired glucose tolerance.14 importantly, the decrease 
in insulin sensitivity was strongly correlated to the 
decrease in slow-wave sleep. these laboratory findings 
demonstrate unequivocally that poor-quality sleep may 
adversely affect glucose regulation.

evidence from epidemiologic studies
a number of cross-sectional, as well as prospective, epi-
demiologic studies,16,17 have provided evidence of an 
association between self-reported short-duration and/
or poor-quality sleep and the prevalence or incidence of 
diabetes mellitus, after age, Bmi and various other con-
founding variables are taken into account. studies that 
have assessed sleep at baseline and incidence of diabetes 
mellitus over a follow-up period provide some indica-
tion of the direction of causality. six studies have exam-
ined the effect of sleep duration, and an equal number 
of studies have addressed the effect of sleep quality as 
determined by self-reported problems, such as difficulty 
initiating or maintaining sleep, use of sleeping pills, or 
presence of insomnia (reviewed elsewhere18). short sleep 
duration was found to predict an increased incidence of 
diabetes in four of the six studies, whereas poor-quality 
sleep was associated with an increased risk of diabetes 
mellitus in five of the six studies.18

Poor or short sleep and obesity
evidence from laboratory studies
in a randomized, crossover study that involved two 
nights of 4 h in bed versus two nights of 10 h in bed, 
the daytime profiles of the satiety hormone, leptin, 
and the appetite-stimulating hormone, ghrelin, were 
measured and the participants completed validated 
scales for hunger and appetite for various food catego-
ries (Figure 2a).19 overall leptin levels decreased by an 
average of 18%, while ghrelin levels increased by 28%; 
the ghrelin:leptin ratio increased by more than 70%. 
Hunger increased by 23%, and appetite for nutrients 
with a high carbohydrate content was increased by more 
than 30% when sleep was restricted. if this increase in 
hunger during sleep restriction were to translate into 
a commensurate increase in food intake, weight gain 
would be expected to occur over time. a randomized, 
crossover laboratory study of overweight, middle-aged 
adults who underwent 2 weeks of sleep extension (+1.5 h 
per night) and 2 weeks of restriction (–1.5 h per night) 
has shown an increase in food intake from snacks during 
the short-sleep condition.20 However, the participants 
gained weight under both sleep conditions, and no dif-
ferences were detected in leptin or ghrelin levels between 
the two study conditions.

in a separate study, a clear, dose-response relationship 
was observed between sleep duration and the 24 h serum 

leptin profile.21 Figure 2b shows the 24 h leptin profiles 
that were obtained after 6 days of 4 h, 8 h, and 12 h periods 
of sleep in healthy, lean young men. all the characteristics 
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Figure 1 | results from intravenous glucose-tolerance 
tests in healthy individuals when fully rested and after 
sleep manipulations. a | results when fully rested and 
after 5 nights of 4 h in bed;10 b | results during baseline 
sleep and after 3 nights of suppression of slow-wave 
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1044–1049 (2008). 

© 2009 Macmillan Publishers Limited. All rights reserved



256 | may 2009 | volume 5 www.nature.com/nrendo

reviews

of the 24 h leptin profile (overall mean level, nocturnal 
maximum, amplitude) gradually increased from the 4 h 
to the 12 h sleep-period condition. importantly, these 
differences in 24 h regulation of leptin levels occurred 
despite identical amounts of caloric intake, similar seden-
tary conditions, and stable weight. of note, the reduction 
in peak leptin levels (average of 26%) between the 4 h and 
the 12 h bedtime conditions was similar to that reported 
in healthy volunteers who were fed only 70% of their 
energy requirement during 3 consecutive days. these 
findings confirmed and extended the observations of an 
earlier study that assessed leptin levels 6 times during the 
24 h cycle in volunteers studied after 7 days of sleep that 
was restricted to 4 h per night and reported a decrease in 
peak leptin levels.22 another study, which involved total 
sleep deprivation, or 4.5 h or 7 h of sleep for one night, 
also reported dose-response relationships between the 
duration of sleep, hunger ratings and ghrelin levels.23 in 
this study, leptin levels were not affected.

the effect of sleep restriction on appetite regulation 
seems to be similar in the short term (2–6 days)19,21 and 
in chronic conditions. indeed, two epidemiologic studies 
have shown reduced leptin levels after controlling  for Bmi 
or adiposity in habitual short-duration sleepers.24,25 High 
ghrelin levels were also associated with short-duration  

sleep.24 a subsequent, small study, which involved only 
postmenopausal women, did not confirm the link between 
sleep duration, leptin and ghrelin levels;26 however, very 
few participants in this study had short sleep durations.

evidence from epidemiologic studies
an ever-growing number of cross-sectional, epidemio-
logical studies (52 in september 2008) have provided evi-
dence of an association between short-duration and/or 
poor-quality sleep and risk of obesity. two meta-analyses , 
which included a total of more than 600,000 adults and 
30,000 children from all over the world, attempted to 
quantify the link between short-duration sleep and obesity 
risk. in the first study, the pooled odds ratio (or) that 
linked short-duration sleep to obesity was 1.89 (95% Ci 
1.46-2.43, p <0.0001) in children and 1.55 (95% Ci 1.43–
1.68, p <0.0001) in adults.27 the second study reported an 
or of 1.58 (95% Ci 1.26–1.98) in children with short sleep 
duration, and an or of 1.92 (95% Ci 1.15–3.2) in chil-
dren with the shortest sleep duration; these results suggest 
existence of a dose-response relationship between sleep 
duration and risk of obesity.28 a third systematic review 
similarly concluded that short sleep duration seems to be 
independently associated with weight gain, particularly in 
young age groups.29 whereas these analyses suggest that 
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the effect of sleep duration on weight may be less robust 
in aging populations than in children and young adults, 
a cross-sectional analysis that used wrist actigraphy to 
objectively assess sleep duration objectively in more than 
6,000 men and women aged 67–99 years, provided strong 
evidence to the contrary.30 Compared with sleeping 7–8 h 
per night, sleeping less than 5 h was associated with a Bmi 
that was, on average, more than 2.5 kg/m2 in men and 
1.8 kg/m2 in women, after adjustments were made for 
multiple potentially confounding variables.

of the 10 longitudinal studies on sleep duration and 
obesity risk in children and adults that have been per-
formed, 9 reported that reduced sleep durations are associ-
ated with an increased risk of being overweight or obese 
a few years later.17,31 this pattern is particularly consistent 
in children.16

this body of epidemiologic evidence supports the 
hypothesis that sleep curtailment may be a plausible 
‘nontraditional’ lifestyle factor that contributes to the 
epidemic of obesity.32 increasing the duration of sleep 
for those who regularly curtail it has been suggested as a 
means to improve the health of the population as a whole.33 
Critics have argued that the effect of short-duration sleep 
in longitudinal studies is small (short-duration sleepers 
gain excess weight of 1–7 kg over 10 years) and that the 
number of short-duration sleepers (less than or equal to 
5 h) in the general population is low.34 yet, the difference in 
weight gain between short-duration and normal-duration 
sleepers is well within the range of weight loss that can 
be achieved with pharmacological interventions, and in 
the two epidemiologic studies that assessed sleep duration 
objectively by monitoring wrist activity, more than 10% of 
the participants slept for fewer than 5 h per night.30,35

a limitation of nearly all of these epidemiologic studies 
is that they did not simultaneously assess sleep quality. 
thus, whether short-duration sleep in obese individuals 
is the result of sleep-time curtailment, or the presence of 
a sleep disorder remains to be determined. a large study,36 
in which the participants reported sleep duration, sub-
jective sleep disturbances (for example, in somnia, exces-
sive daytime sleepiness, sleep difficulty) and a measure 
of chronic emotional stress, concluded that self-reported 
short-duration sleep in obese adults may be a surrogate 
marker of sleep disturbance and psychosocial stress. this 
hypothesis is consistent with the existence of a ‘vicious 
circle’, in which short-duration sleep may initially promote 
weight gain; the resultant excess adiposity would then 
induce sleep disturbances and psychological stress, with 
a net further decrease in total sleep time.

OSA and metabolic disorders
Prevalence of oSA
osa is a highly prevalent sleep condition that is associated  
with increased morbidity and mortality. osa is charac-
terized by repetitive episodes of upper-airway obstruction 
that lead to intermittent hypoxemia and/or hypercapnia 
and sleep fragmentation. Diagnosis of osa is based on 
the apnea–hypopnea index (aHi), which measures the 

total number of apnea plus hypopnea episodes per hour 
of sleep; individuals with an aHi of greater than 5 by 
polysomnography are considered to have osa. table 1 
summarizes the prevalence of osa in the general popu-
lation and in populations with metabolic or endocrine 
disorders. obesity is a major risk factor for osa, and the 
prevalence of osa in the morbidly obese population is 
strikingly high—(50% to 98%).37

the prevalence of osa in metabolic and endocrine 
disorders is very high. in patients with diabetes mellitus, 
the prevalence of osa is between 17%38 and 48%.39 in a 
preliminary report, which involved only obese patients 
with diabetes mellitus, undiagnosed osa was found in 
97% of the participants.40 this evidence for an excep-
tionally high rate of osa in individuals with dia betes 
mellitus might have important implications, including a 
need for systematic evaluation and treatment of osa in 
this group. Polycystic-ovary syndrome (PCos), the most 
common endocrine disorder of premenopausal women, 
involves obesity, insulin resistance and a substantially 
elevated risk of early-onset, impaired glucose tolerance 
and diabetes mellitus. whereas the risk of osa in healthy 
young women, even if they are overweight or obese, is 
less than 10%, in women with PCos, recent reports have 
found a prevalence of osa of 44–70%.41,42 in acromegaly, 
hypothyroidism and Cushing syndrome, the prevalence 
of osa is 19%–23%, 50%–100%, and 18%–32%, respec-
tively.43 the pathophysiology that underlies the high 
prevalence of osa in endocrine disorders is likely to 
be multifactorial and include anatomic, functional and 
hormonal factors.

osa involves respiratory disturbances, hypoxic stress, 
poor-quality sleep (owing to sleep fragmentation and 
low levels of slow-wave sleep) and reduced total sleep 
time. the alterations in glucose regulation and/or appe-
tite regulation observed with experimentally reduced 
sleep duration and quality10,19 suggest that poor-quality 
and short-duration sleep, in addition to hypoxia, could 

Table 1 | Prevalence of OsA in various populations

Population of patients Prevalence  
of oSA (%)

General population

Patients with OsA (AHi >5) and excessive 
daytime sleepiness81

2–7

Patients with OsA (AHi >5)82 17

Patients with endocrine disorders

Obese patients82 41–58

Morbidly obese patients37 50–98

Patients with diabetes mellitus38–40 17–97

Patients with polycystic-ovary syndrome41,42 44–70

Patients with acromegaly43 19–23

Patients with hypothyroidism43 50–100

Patients with Cushing syndrome43 18–32

Abbreviations: AHi, apnea–hypopnea index; OsA, obstructive sleep apnea.
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contribute to altered glucose homeostasis and weight 
gain in patients with osa.

oSA and diabetes mellitus
Cross-sectional studies demonstrate an association 
between osa and diabetes mellitus, independent of con-
founding factors.44–47 By contrast, no evidence supports a 
causal role for osa in the development of diabetes mel-
litus. only one prospective study used polysomnography 
to assess osa and its relationship to diabetes risk, but the 
results failed to show a significant association between 
incident diabetes mellitus and osa at 4-year follow-up 
(or 1.62, p = 0.24).48

a review of studies that assessed the effect of continu-
ous positive airway pressure (CPaP) on glucose regulation 
suggests that the treatment gives more consistently posi-
tive results in patients with diabetes mellitus than in non-
diabetic populations. table 2 summarizes the findings from 
full reports in international journals that involved more 
than one night of CPaP treatment in adult populations . 
of six studies that assessed glycemic control in a total 
number of 150 diabetic patients with osa, five reported a 
positive effect (tables 2 and 3).49–53 notably, the one study 

that did not find such a correlation reported an average 
nightly therapeutic CPaP use of only 3.6 h.54 By contrast, 
in patients with osa who do not have diabetes mellitus, a 
beneficial effect of CPaP on parameters of glucose regula-
tion, including various measures of insulin sensitivity, has 
only been found in 455–58 of a total 11 studies,55–65 which 
together involved more than 300 individuals.

these inconsistent results may be partly attributed to 
differences in sample sizes, study populations, durations 
of therapy, adherence to therapy, and changes in body 
composition during the study period. importantly, most 
studies did not report objective data on CPaP usage, and 
in those that reported compliance, use of CPaP for greater 
than or equal to 4 h per night was considered ‘compliant’.

oSA and regulation of food intake and weight
Patients with osa seem to be more predisposed to weight 
gain than control individuals with similar levels of obesity 
who do not have osa.66,67 Consistent with the upregula-
tion of ghrelin that is observed during short-duration sleep 
in healthy individuals,19,23,24 patients with osa have high 
ghrelin levels, which decrease after as little as 2 days of 
CPaP treatment.68 By contrast, the decreased leptin levels 
that follow sleep restriction in normal individuals19,21,22 
are not consistent with the hyperleptinemia observed in 
osa.67 whereas leptin levels are reduced in individuals 
with chronic short-duration sleep without osa, indepen-
dently of Bmi and adiposity,24,25 patients with osa display 
higher leptin levels than Bmi-matched controls.67,69

tables 2 and 3 summarize the studies that have examined 
the effect of CPaP treatment on leptin levels.59,60,63,68,70–73 
although the positive findings of these studies out number 
negative findings, the overall evidence is inconclusive. 
the hyperleptinemia in patients with osa is thought 
to reflect leptin resistance. thus, a putative reduction in 
leptin resistance after CPaP treatment would be expected 
to result in weight loss in these patients. only two studies 
have measured post-CPaP ghrelin levels in patients with 
osa, and both reported a decrease in ghrelin levels,68,74 
which should also lead to decreased hunger and a possible 
beneficial effect on weight (table 3). However, findings 
on the effect of CPaP on body weight and/or visceral adi-
posity are mixed (table 3). one study reported weight loss 
after 6 months of CPaP,75 whereas another study found no 
weight loss after 1 year of treatment with CPaP.76 Finally, 
6 months of CPaP therapy added to a weight-reduction 
program have not resulted in increased weight loss.77 
From a metabolic point of view, loss of visceral fat is far 
more rele vant than overall weight loss. again, relevant 
studies are scarce and provide conflicting results; two63,70 
of only three studies63,65,70 have reported a beneficial  
effect of CPaP on visceral adiposity.

oSA and polycystic-ovary syndrome
Polycystic-ovary syndrome (PCos), the most common 
endocrine disorder of premenopausal women, is charac-
terized by chronic hyperandrogenism, oligo- ovulation and 
anovulation, obesity, insulin resistance and a substantially 

Table 2 | effect of CPAP treatment on glucose metabolism

Population of patients Positive effect 
reported

no effect 
reported

Patients with T2DMa

Total number of studies 549–53 154

Total number of patients 102 42

Nondiabetic patientsb

Total number of studies 455–58 759–65

Total number of patients 109 225

aimprovement of glucose metabolism in patients with T2DM was defined as 
decreased HbA1C level and/or decreased postprandial glucose level by 
continuous glucose monitoring, and/or improved insulin sensitivity by 
hyperinsulinemic euglycemic clamp, and/or improved insulin sensitivity by 
fasting HOMA index. bimprovement of glucose metabolism in nondiabetic 
patients was defined as improved insulin sensitivity by hyperinsulinemic 
euglycemic clamp, and/or improved insulin sensitivity by fasting HOMA 
index, and/or decreased fasting glucose and insulin levels. Abbreviations: 
CPAP, continuous positive airway pressure; HOMA, homeostasis model 
assessment; T2DM, type 2 diabetes mellitus.

Table 3 | effect of CPAP on leptin/ghrelin levels and weight

outcome measure Positive effect 
reported

no effect 
reported

Decrease in leptin level

Total number of studies 659,60,63,68,70,71 272,73

Total number of patients 183 127

Decrease in ghrelin level

Total number of studies 268,74 NA

Total number of patients 51 NA

Decreased body weight or visceral adiposity

Total number of studies 363,70,75 365,76,77

Total number of patients 83 230

Abbreviations: CPAP, continuous positive airway pressure; NA, no data available.
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elevated risk of early-onset impaired glucose tolerance and 
diabetes mellitus. insulin resistance is often referred to as 
a ‘hallmark’ of PCos. osa is highly pre valent in women 
with this syndrome. one study reported an aHi of greater 
than 5 in 56% of women with PCos, compared with 19% 
of age-matched and weight-matched controls.78 this 
study was the first to examine metabolic disturbances in 
women with PCos after taking the presence and severity 
of osa into account. the findings indicated that insulin 
resistance and reduced glucose tolerance in women with 
PCos are largely the result of osa.78 Figure 3 shows the 
prevalence of impaired glucose tolerance and the degree 
of insulin resistance in control women without osa, 
women with PCos but without osa, and women with 
PCos and mild, moderate, or severe osa. the prevalence 
of impaired glucose tolerance and the degree of insulin 
resistance increased in direct proportion to the severity 
of osa. Furthermore, when women with PCos who had 
preserved normal glucose tolerance were examined, they 
were no more insulin-resistant than control women who 
did not have PCos.

thus, PCos seems to be composed of two sub pheno-
types: PCos with osa, and PCos without osa; the latter 
represents less than 50% of women with PCos. PCos with 
osa is clearly associated with a higher risk of dia betes 
mellitus than PCos without osa. as insulin resistance 
is thought to contribute to both androgen overproduc tion 
and metabolic disturbances in PCos, assessment of osa  
in PCos is highly recommended; the correction of  
osa might greatly improve these women’s prognosis. a 
quick and easy screen for osa can be performed with the 
Berlin Questionnaire, a well-validated survey that identifies 
patients who have a high risk of osa.79 unfortunately, most 
clinicians who treat women with PCos today are not yet 
aware of the high risk of osa in this group of patients.80

Conclusions
restorative sleep is essential for well-being, but sleep 
curtailment has become a common behavior in modern 
society. in addition, sleep disorders, particularly osa, are 
very common in individuals with metabolic and endocrine 
disorders, but often remain undiagnosed. the accumulated 
evidence for a deleterious effect of short-duration or poor-
quality sleep on metabolic and endocrine function supports 
the hypothesis that chronic, voluntary sleep curtail ment 
and sleep disorders such as osa may adversely affect the 
course of disease in patients with metabolic and endocrine 
disorders. treatment of osa by CPaP has the potential 
to improve glucose metabolism and appetite regulation. 
screening for habitual sleep patterns  and osa—for which 
simple and inexpensive tools are available—such as sleep 

logs to characterize habitual sleep patterns and the Berlin 
Questionnaire, may be critically important in patients with 
endocrine and metabolic disorders.
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Figure 3 | Prevalence of impaired glucose tolerance and 
degree of insulin resistance, as assessed by the HOMA 
index, in control women without OsA, women with PCOs and 
without OsA, and women with PCOs and mild (5<AHi<15, 
moderate (15<AHi<30), and severe (AHi≥15) OsA. As 
expected, women who had PCOs with or without OsA 
displayed a higher prevalence of iGT and greater insulin 
resistance than controls. Among women with PCOs, the 
prevalence of iGT and degree of insulin resistance increased 
in direct proportion to the severity of OsA. Abbreviations: 
AHi, apnea–hypopnea index; HOMA, homeostasis model 
assessment; iGT, impaired glucose tolerance; OsA, 
obstructive sleep apnea. Permission obtained from The 
endocrine society © Tasali, e. et al. impact of obstructive 
sleep apnea on insulin resistance and glucose tolerance in 
women with polycystic ovary syndrome. J. Clin. Endocrinol. 
Metab. 93, 3878–3884 (2008).
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