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CHAPTER 15 

Sleep and Endocrinology 
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INTRODUCTION 

Endocrinology is a subspecially of internal medicine 

that fOC1.1ses on lhe physiology and palhology of hormonal 

release and action. Hormones are chemical messengers 

that are secreted by endocrine cells, transported in the pe­

ripheral circulation and act on other cell types. This chapter 

will focus on three categories of hormones: 1) hormones 

of the hypothalamo-pituitary axes, in particular growth 

hormone (GH), prolactin, cortisol and thyroid-stimulating 

hormone (TSH), 2) insulin, lhe major hormone involved 

in glucose metabolism, and 3) lwo hormones that play a 

major role in appetite regulation, leptin and ghrelin. 

The present chapter is illustrated in the slide-sel 6 

presentation from the Basics of Sleep Guide Slide 

Sets (v1 .1 )1; references to slide numbers are provid­

ed. We are including a few additional figures illustrat­

ing findings that have emerged after the SRS Slide 

Set became available. Section A describes the typical 

hormonal profiles of young healthy adults. This section 

will show the impact of two major modulators of endo­

crine release, the sleep/wake cycle and the circadian 

process. Section B is dedicated to the impact of aging 

on sleep quality, hormones and glucose metabolism. 

Section C describes the impacl of sleep disturbances 

on endocrine function and melabolism. Section D sum­

marizes the effects of sleep deprivation and short sleep 

duration on hormones and glucose metabolism. 

A. SLEEP AND ENDOCRINOLOGY IN HEALTHY 

YOUNG ADULTS 

In humans, the control of the temporal organization of 

24-hour profiles of hormones of lhe hypothalame>-pitu­

itary axes, and more generally of all hormona,I profiles, 
results mainly from the interaction of lwo time-keeping 
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mechanisms in the central nervous system. i.e., circa­

dian rhythmicify (i.e .. intrinsic effects of biological lime, 

irrespective of the sleep or wake state) and sleep-wake 

homeostasis (i.e .. the effect of lhe sleep or wake state 

per se, irrespective of time of day). In mammals. en­

dogenous circadian rhythmicity, often referred to as 

'process C,'' is generated by a pacemaker localed in 

the paired suprachiasmatic nuclei of the hypothalamus. 

The sleep "homeostat," also referred to as "process S,' 

is often represented as an hourglass mechanism relat­

ing the amount and intensity of sleep lo the duration of 

prior wakefulness. The impact of circadian rhythmicity 

and sleep homeostasis on pituitary-dependent hormonal 

release is thought to be mediated by the modulation of 

the pulsatile activity of the hypothalamic releasing and/or 

inhibiling factors controlling piluitary function In addition 

to the input of circadian rhythmicity and the sleep homeo­

stat, olher rhythmic and non-rhythmic events during \he 

day, such as postural changes, stress, food intake and 

exercise modulate the overall waveform of the tempo­

ral patterns of hormone release. The autonomic nervous 

system (ANS) is another pathway linking the central con­

trol of sleep-wake homeostasis and circadian rhythmicity 

with peripheral endocrine organs (Slide 4').2 

The circadian pacemaker takes several days to ad­

just to a large sbrupl shift of the sleep-wake and light· 

dark cycles. Manipulations of the sleep/wake cycle 

can therefore be used to delineate the respective con­

tributions of the circadian rhythmicity and sleep-wake 

homeostasis in hormonal profiles. For example, when 

the sleep period is delayed by 12 hours (12-hour shift 

protocol), the effects of the circadian modulation in the 

absence of sleep and the effects of sleep st an abnor­

mal circadian time can be observed. An example of 

such a protocol is described in Slide 5.1 The subjects 

were studied over a 53-hour period including 8 hours of 
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nocturnal sleep from 23:00 until 7:00, 28 hours of con­

tinuous wakerulness including a night of total sleep de­

privation, and an 8-hour daytime recovery sleep period 

from 11:00 until 19:00, thus scheduled 12 hours out of 

phase with the usual bedtimes. To eliminate the effects 

of feeding, fasting and postural changes. the subjects 

remained recumbent throughout the study and meal in­

gestion was replaced by a continuous glucoss infusion 

at a oonstant rate. 

Roles of Sleep and Circadian Rhythmicity in 

Modulating the Release of Hypothalamo-Pituitary 
Hormones 

Growth Hormone (GH): The 24-hour profile of 

plasma GH levels consists of stable low levels abruptly 

interrupted by bursts of secretion. In men, the most re­

producible pulse occurs shortly after sleep onset. When 

the sleep period is shifted. the major GH pulse is also 

shifted. GH is thus a hormone primarily controlled by 

sleep-wake homeostasis. (Slide 61) GH secretory puls­

es occur preferentially during slow wave sleep (SWS, 

stages 3 and 4) when slow wave activity (delta fre­

quency range, 0.5-4 Hz) is high (Slide 71). II is impor­

tant to note that sex ditterences exist in GH secretion. 

Indeed. men secrete GH mostly during the first part of 

the night (when SWS occurs) whereas women secrete 

GH throughout the 24-hour cycle although a GH pulse 

associated with the first episode of SWS is generally 

present (Slide 81). In both young and older men, but 

not in women, there is a "dose-response" relationship 

between SWS and nocturnal GH release. 

Protactin: In addition to its important role in the con­

trol of lactation in women. prolaciin has multiple ettects 

on metabolism and immune function. In both men and 

women, the 24-h profile of circulating prolactin levels 

under normal baseline conditions is characterized by 

a major nocturnal elevation starting shortly after &leep 

onset and culminating around mid-sleep. Sleep-onset, 

irrespective of the time of day at which it occurs, has a 

robust stimulatory effect on prolactin release. The tem­

poral profile of prolactin release. similar to that of GH 

release, is thus primarily controlled by sleep-wake ho­

meostasis (Slide 91). 

Pituitary-adrenal hormones: The 24-hour profiles 

of ACTH, a pituitary hormone, and cortisol. the hor­

mone released by tile adrenals in respor,se to stimula­
tion by ACTH. occur in close parallelism. Their profiles 

are characterized by an early morning maximum. de­

clining levels throughout the daytime, a prolonged pe­

riod of minimal levels, also called the quiescent period, 
centered around midnight and an abrupt circadian rise 

during the later part of the night. Drastic manipulations 
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of the sleep-wake cycle only minimally affect the wave­
shape of these secretory profiles. The 24-hour rhythin 
of ACTH and cortisol are thus primarily controlled by cir­
cadian rhythmicity (Slide 101) although as will be show� 

later, modest effects of sleep onset. offset and sleep 

deprivation are clearly present. Sleep onset is consis­
tently associated with a short-term inhibition of cortisol 
secretion that may not be detectable when sleep is ini­

tiated in the morning, i.e .• at the peak of corticotropic 

activity.'·5 This inhibitory effect appears also during the 
sleep period and seems to be related to sws.•.

7 Final 

awakenings from sleep as well as transient awakenings 

interrupting the sleep period consistently trigger pulses 

of cortisol secretion.'·'·'·12 

Thyroid-stimulating hormone (TSH): Under normal 

conditions including nighttime sleep, 24-h variations of 

TSH levels include an early evening elevation that is 
under circadian control and declining levels following 

sleep onset that reflect an inhibitory influence of sleep 

per se. This inhibitory influence of sleep is primarily ex­

erted by SWS and is clearly demonstrated during sleep 

deprivation, when TSH levels continue to increase until 

the middle of the usual sleep period. TSH secretion is 

thus controlled by both circadian rhythmicity and sleep 

homeostasis (Slide 11'). 

Gonadotropins: There are important and complex 

effects of sleep and circadian mythmicity on gonadotro­

pin release (luteinizing hormone. LH and follicle-stimu­

lating hormone, FSH) and the secretion of testosterone 

in men and estradiol in women. These attects are ditter­

ent in men and women, and are further influenced by 

the menstrual cycle in normally cycling women. LH and 

FSH are secreted in a pulsatile pattern. In adult men, 

nighttime LH pulsatile activity seems to be related to 

the REM-NREM cycle. Both LH and FSH show no clear 

diurna( variation. In adult women. LH pulses are less 

frequent during sleep in the early follicular phase and 

early luteal phase. less influenced by sleep during the 

mid-follicular phase and mid-luteal phase. have a high­

er amplitude during the late follicular phase and a lower 
amplitude during late Juteal. FSH and estradiol profiles 

show a circadian pattern with respectively lower and 

higher values during the sleep period.' In men, there 

is a clear parallelism between cortisol and testosterone 

profiles during the daytime but in early sleep. testoster­

one levels increase rapidly whereas cortisol remain low 
for another 1-2 hours (Slide 121) 

Roles of Sleep and Circadian Rhythmicity in 
Modulating Glucose Metabolism 

Glucose tolerance reflects the balance between 

glucose production by the liver and glucose utiliza-

oon by insulin-dependent tissues, such as muscle and 

i,dipose tissue. end by non-insulin dependent tissues. 

such as the brain When caloric intake is exclusively 

under the form of an intravenous glucose infusion at 

8 constant rate. hepatic glucose production is inhib­

ited end temporal variations in blood glucose levels 
represent variations in glucose utllizabon In lhe 12-

hour shift protocol (Slide 51), the subjects stayed re­
cumbent such that changes in physical activity were 

minimal and temporal variations in glucose levels re­

flected mainly changes in glucose utilization by the 

brain (Slide 14'). During the first half of nocturnal 

sleap, levels of glucose were increased by approxi­
mately 30 percent. indicating a decrease in glucose 

utilization During lhe second half of sleep, glucose 
levels declined to return to baseline in the morning. 

These robust changes in glucose levels across the 

nocturnal period were followed by parallel variations 

in insulin secretion. with the nocturnal elevation aver ­

aging 60%. During sleep deprivation, glucose levels 

and insulin secretion rose again to reach a maximum 

at a time corresponding lo the beginning of the ha­

bitual sleep period, indicating the existence of an in­

trinsic circadian modulation of glucose regulation. The 

magnitude of the rise above morning levels was less 

than that observed during nocturnal sleep. Daytime 

steep was associated with marked elevations of glu­

cose levels and insulin secretion, indicating that sleep 

per se, irrespective of the time of day when it occurs, 

exerts modulatory influences on glucose regulation 

(Slide 141). 

Temporal Variations in Hormones Involved in 

Appetite Regulation 

The periphcr.:il signals involved in appetite regula­

tions include leptin, a satiety hormone secreted by the 

adipocytes. and ghrelin, a hunger hormone released 

primarily from stomach cells. The 24-hour levels of 

both leptin and ghrelin show clear diurnal variations 

(Slide 15'). The diurnal variation of the satiety hor­

mone leptin is largely dependent on meal intake" and 

therefore shows a morning minimum and increasing 

levels throughout the daytime culminating in a noctur­

nal maximum. Nonetheless, under conditions ot con­

stant caloric intake such as continuous enteral nutri­

tion, a sleep-related elevation of leptin clearly occurs, 
irrespective of the timing of sleep. 14 During the day­

time. ghrelin levels decrease rapidly after meal inges­

tion and then increase in anticipation of the following 

meal. Similar to leptin. concentrations of the hunger 

hormone ghrelin are increased during the nocturnal 
period. Ghrelin levels decrease during the second part 

of the night despite the absence of food intake sug­

gesting an inhibitory effect of sleep per se. Elevated 

leptin levels in association with decreasing ghrelin lev­

els during sleep may prevent hunger during the over­

night fast 

B. AGE-RELATED CHANGES IN SLEEP AND 
ENDOCRINOLOGY 

Age-Related Changes in Sleep and Hypothatamo­
Pituitary Hormones 

The normal process of aging involves alterations 

in both sleep regulation and circadian rhythmicHy and 

thus their contml of the temporal organization of en­

docrine release. Age-related changes in sleep quality 

(e.g., lighter and more fragmented sleep) contribute to 

age-related changes of hormonal secrelions. In a study 

comparing young (20-27 years old)) and older (67-84 

years old) men, daytime and nighttime levels of both GH 

and TSH were greatly decreased (Slide 171). Prolactin 

concentrations were diminished only during the night­

time (Slide 171). The overall waveshape of the cortisol 

profile was preserved but the amplitude of the rhythm 

was dampened in older adults (Slide 171 ). The circadian 

rises of cortisol and TSH occurred earlier (1-1.5 hr) in 

older subjects indicating that circadian timekeeping is 

modified with age. with an advance of circadian phase 

in conditions of normal entrainment." 

A detailed analysis of sleep and hormonal profiles in 

149 healthy men 16 to 83 years old. demonstrated a dif­

ferential chronology of aging for ditterent components 

of sleep." From young adulthood to midlife, SWS was 

progressively replaced by lighter stages of sleep with­

out significant changes in sleep fragmentation or REM 

sleep. Fmm midlife to late life. there was no further sig­

nificant decrease in SWS. From midlife to late life, sleep 

became more fragmented at the expense of decreases 

in both lighter stages of sleep (1 +2) and REM sleep. 

Thus, age-related changes in the amount of SWS and 

REM sleep occur with different chronologies. (Slide 18'). 

Normal aging is thus associated with reductions in both 

total sleep time and sleep quality. 

Profiles of plasma GH and cortisol in young men 

and older men of similar body mass index (BMI. 24.1 

± 0.6 kg/m2 and 24.1 ± 0.8 kglm'. respectively) were 

examined to explore the possible role of the age-relat­

ed alterations in sleep in age-related changes in the 

secretory pattern of these two hormones" (Slide 19 1). 

The major GH pulse occurred during early sleep for 

both age groups but GH levels were markedly reduced 

in old age (Slide 19 1). The chronology of age-related 

changes of GH secreted during sleep paralleled that 
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Impact of Sleep on Glucose Regulation: Roles of Age and Adiposity 

Old Overweighl 
n=a 

Young Overweight 
11=8 

Young Lean 
n•6 

160~· 160 ~ 160~ Plasma 
g•ucose 110 120 120 
(mg/di) 

IO - - -- IO 10 • ----
)0 00 04 06 11 16 10 20 00 04 -08 12 16 W 10 00 04 OB 11 16 20 

,oo 

\o oo 04 os~ 

'"'~, . 4001 

200 ~~ 

0 ·- O 
20 00 04 OB 12 16 20 LU 00 04 08 12 16 W 

Clock Time 

Figure 1: 24-hour profiles (mean+ SEM) of plasma glucose (top panels) and insulin secretory rates (JSR, bollom panels) 
in overweight old men (n=8. left panels), in overweight young men (n=B. middle panels) and in lean young men (n=B. righl 
panels). Caloric intake consisted of a constant glucose infusion. The black bars represent the time aHocated to sleep. Modi­
fied Figure 1 from Frank et al." 

of the amount of SWS (Slide 201). Indeed. GH secre­
tion was markedly diminished from early adulthood to 
midlife. From midlife to late life. GH secretion furlher 
decreased but at a slower rate. The overall wave­

shape of the cortisol profile was preserved wllh age 
Indeed, both young and older adults exhibited an early 
moming cortisol elevation. declining levels throughout 
the daytime and a nocturnal quiescent period (Slide 
19'). But higher age was associated with an elevation 
of evening cortisol levels. Age-related changes of the 
noclurnal minimum of cortisol and the amount of REM 
sleep appeared later in life and followed the same chro­
nology, i.e .• the disturbances developed from midlife to 
old age (Slide 21')." 

To examine the relationship between SWS and GH 

secretion during sleep, two similar groups of subjects 
(matched for age and BMI) were selected for their dif­
ference in the amount of SWS. The group wi1h higher 
amount of SWS had also higher nocturnal secretion of 
GH (Slide 221)." 

To examine the relationship between REM and noc­
turnal nadir of cortisol concentrations, subjects matched 
for age and BMI were split in two groups, one with high 
amount of REM sleep and one with low amount of REM 
sleep. The group with higher amount of REM sleep had 
also lower nocturnal minimum of cortisol. Thus, there 
is an inverse relationship between the amount of REM 
sleep and the level of the nocturnal minimum of corti­
sol'' (Slide 23'). 
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Age-Related Changes in Glucose Metabolism 

Aging is associated with alterations in glucose metabo­
lism, with decreases in both insulin sensitivity and insulin 

secretion, and i11creased diabetes risk. There is also evi­
dence that brain glucose utrlizatlon decreases with aging 
Figure 1 (modified from") represents the 24-hour mean 
(+SEM) profiles of glucose and insulin during a constant 
intravenous glucose infusion in 3 groups of subjects; old 
oveiweight (mean ± SD: age of 65 ± 5 years, BMI of 29 ± 
2 kglm2

), young weight-matched (age of 25 ± 4 years. BMI 
of 28 ± 3 kg/m') and young lean (age of 25 ± 2 years. BMI 
of 22 ± 1 kg/m2

) men. Glucose levels were highest for the 
old overweight group, intermediate for the young weight­

matched controls and lowest for the young lean subjects, 
indicating that both increased adiposity and age per seal­
feet glucose control. Similar insulin levels were observed 
for the old overweight and young weight-matched. but 
the temporal variations in insulin failed to mirror the glu­
cose changes and overall insulin levels were markedly 
higher when compared to young lean men. Therefore, 
older adults were more insulin resistant than their weight­
matched young controls since for the same amount of 
insulin, they exhibited higher glucose levels." 

Both age-related changes in the secretion of coun­
terregulatory hormones (decrease of GH release and 
eevation of evening levels of cortisol) and in sleep dura­
tion and quality are likely to play a role in the decrease 
of glucose tolerance during normal aging .1• 

Impact of slow wave sleep suppression on glucose metabolism 
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Figures 1 and 3 from Tasal1 et al.' 

C IMPACT OF REDUCED SLEEP QUALITY AND 
S~EEP DISORDERS ON ENDOCRINE FUNCTION 

AND METABOLISM 

Full Arousals Interrupting Sleep in Healthy Young 

Adults 

Awakenings that interrupt sleep coincide consiste~t-
• 1 I 10 (Slide 26') and with ly with declining prolact1n eves 

increased levels of cortisol and TSH'° (Slide 2T). In­
creased dopaminergic tone has been implicated in the 
decline of prolactin levels. Fragmented sleep is thus 
associated with lower nocturnal prolactin levels, and 

higher nocturnal cortisol and TSH levels. 

Impact of Low SWS Due to Micoarousals 

A ecent study21 demonstrated major alterations of 
gluc~se metabolism in young healthy subjects in whom 
sleep quality was experimentally decreased b~ sup-

. SWS via acoustic stimulation without ,nduc-pressong t t 
ing full arousals. An intravenous glucose tolerance es 
was performed after 2 nights of und·1sturbed sleep and 

after 3 nights of SWS suppression Figure 2 show~ the 
results for sleep variables (SWS and total sleep time) 

and glucose motabolism (glucose tolerance and in~ulin 
·t·vi·ty) SWS decreased by 90% during tho 3 nights 

sens, 1 , ed · Id 
of SWS suppression. reaching levels observ ,n o er 
adults, and was replaced by stage 2 and REM sleep, 
without a significant change in the amount of _t~tal sleep 
time. Both glucose tolerance and insulin sens1t1v1ty were 

decreased by about 25% after 3 nights of_ SWS supp~es­
sion. as compared to the undisturbed nights -~ndlt1on. 
lmportanlly. the decreases in insulin sens1tiv1ty were 
correlated with the reductions In SWS The 24-hour 
cortisol profile was not affected by the microarousals 
induced to suppress SWS but daytime sympathetic ner­
vous activity was markedly enhanced. These findings 
demonstrate that reduced Intensity of non-REM sleep 
without change in sleep duration may adversely affect 
glucose regulation These findings suggest that condl-

. t of SWS (such as normal lions Involving low amoun s , 
aging, obesity and sleep-disturb~ breathing) are likely 

to be associated wtth increased diabetes risk, 

Insomnia 

Despite the high prevalence of insomnia, there Is 
very lltUe information on endocrine function and metab­
olism in lnsomniiics. One small. but well-documented 
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OSA and glucose metabolism in PCOS 
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Figure 3: Prevalence of impaired glucose tolerance among con1rol women without OSA, PCOS women without OSA, and 
PCOS women with mild, moderate, and severe OSA. The prevalence of impaired glucose tolerance increased in direct pro­
portion to the severit~ of OSA From Tasali et al.'" 

study showed that insomniacs have an elevated 24-
hour mean cortisol level when compared to age- and 

BM I-matched controls without sleep disturbances. The 

greatest differences 8re observed in the evening and 

during the first part of the night. (Slide 29') The degree 
of sleep disturbance plays a role in determining the en­

docrine alteration since among insomniacs, higher cor­

tisol levels in the evening and throughout the nighttime 
period were ob:served only for those with low total sleep 

time (Slide 301
)." 

Sleep-Disordered Breathing (SOB) 

Sleep disorder breathing (SOB) is one of the most 

common sleep disorders and obstructive sleep apnea 
(OSA) is the most common form of SOB. A few studies 

have examined the effects of Continuous Positive Air­
way Pressure (CPAP), the treatment of choice for OSA, 

on pituitary hormone secretions. In untreated apneic 
patients, GH, a mostly sleep-dependent hormone, is 

decreased, especially during nighttime. A clear increase 

of GH levels during the first few hours of sleep has been 

demonstrated in apneic patients during the first night of 
CPAP treatment (Slide 31 1)." It is likely that the restora­

tion of sleep-related GH release in early sleep reflects 

the restoration of SWS. Studies on the effects of OSA 

and CPAP treatment on cortisol are limited and not con­

sistent. One study" showed a decrease in the at-night 
cortisol levels after 3 months of CPJ\P treatment. In ad­

dition, CRH administration increased ACTH but not cor­
tisol in obese sleep apneics patients.24·" 

OSA is associated with elevated levels of leptin, after 
controlling for the degree of adiposity. OSA patients are 

thought to be more leptin resistant than similarly obese 

subjects who do not have OSA. In a few studies, a re­

duction of leptin levels following CPAP treatment was 
observed.'" 

A large body of evidence has shown that SOB is an 
independent risk factor for insulin resistance and diabe­

tes, after controlling for BMI, age, sex and other poten­

tial confounders. The evidence comes from epidemio­
logic studies, clinic-based studies and studie~ of CPAP 

treatment of patients with OSA.27 

Polycystic ovary syndrome (PCOS) is an endocrine 

disorder that affects about 5% of women. Insulin re­
sistance is considered as a hallmark of this disorder. 

Women wilh PCOS often have impaired glucose tol­
erance and tend to develop type 2 diabetes at an 

early age. PCOS women are 7 times more likely to 

have OSA than similarly obese non-PCOS women." 

PCOS women with OSA ""' markedly more insulin 
resistant than those without OSA after controlling for 

age, BMI and ethnicity while PCOS women without 
OSI\ present only minimal increases in insulin resis­

tant relative to similarly obese women. The degree 
of metabolic ;illerc1lions in PCOS is highly correlat­

ed with the presence and severity of OSA. Figure 3 
shows that the prevalence of impaired glucose tol­
erance increases in direct proportion to the severity 

of OSA. Thus, insulin resistance in PCOS appears 
to be largely determined by the presence of OSA. 

PCOS is comprised of 1wo sub-phenotypes: PCOS 

with OSA and PCOS without OSA, each with distinct 

metabolic alterations. A study including eight women 

with PCOS and OSA assessed by polysurnnography 
demonstrated that the severity of SDB is strongly as­

sociated with glycosylated hemoglobin, a measure of 
glucose tolerance (Slide 32' ).21l 

O. IMPACT OF SLEEP DEPRIVATION AND SLEEP 

RESTRICTION 

Sleep Loss and Hypothalamo-Pituitary Hormones 

Acute sleep deprivation results in drastically dimin­

ist,ed nocturnal secretion of sleep-related hormonal 
release, i.e., GH and prolactin, whereas circadian-re­

lated hormones such as cortisol are only minimally af­

fected by sleep loss. Since TSH profiles are under the 

control of both circadian- and sleep-related processes 
with sleep having an inhibitory influence on TSH levels, 

to1al sleep deprivation results in a major elevation of 

nocturnal TSH levels (Slide 341
)."' Although the diur­

nal variation of cortisol levels is preserved with sleep 

loss, evening cortisol levels are significantly higher on 

the evening following one night of partial or total sleep 
deprivation than on the previou, day at the same clock 

time (Slide 351) .3 ' Therefore, sleep loss over one night, 
whether total or partial, appears to delay the normal re­

lurn to low levels of the corticotropic axis. 
Except for cortisol, the impact of sleep loss on hy­

pothalamo-pituitary hormonal profiles is very differenl 

when sleep loss is partial and recurrent instead of acute 

(Slide 361)." The most reproducible and often the larg­
est GH pulse in normal adult men appears during early 

sleep, in temporal association with the first phase of 

SWS. Acute total sleep deprivation essentially suppres­

ses nocturnal GH secretion. After a semi-chronic par­

tial sleep restriction of 6 consecutive nights of 4 hours 
allocated to sleep, a GH pulse prior to sleep onset is 

oberved, contrasting with the usual single nocturnal GH 
pulse tn early sleep seen with a normal 8-hour night 

of sleep (Slide 381). This extended period of elevated 
GH concentrations in the semi-chronic sleep restriction 

condition could have had an adverse impact on glucose 

tolerance." 
TSH profiles observed in young healthy subjects un­

der conditions of normal nocturnal sleep with 8-hour 

bedlimes are characterized by low and relatively sta­
ble daytime levels followed by a rapid elevation start­

ing in the early evening and culminating in a nocturnal 

maximum occurring around the beginning of the sleep 
period. The TSH levels then gradually decline during 

sleep to reach daytime values shortly after awakening. 
The inhibito~ influence exerted on TSH during sleep is 

clearly revealed by the profiles obser,,ed in the same 

subjects during acute total sleep deprivation. Indeed, 
maximal TSH levels are nearly twice as high during 

nocturnal wakefulness than during nocturnal sleep. In 

contrast, after sleep restriction to 4 hours fur 6 consec­
utive nights, the nocturnal TSH elevation is markedly 

dampened and the total amount of TSH secreted is re-

duced (Slide 401). The blunting of the nocturnal TSH in­
crease and reduced 24-hour TSH levels after recurrent 

sleep restriction may represent the effect of high thyroid 
horrnone levels since a concomitant elevation of total 

free thyroxin index was observed 34 

Sleep Loss and Glucose Metabolism 

In modern societies. sleep loss has become rnore 

and more common over the past few decades. Most 
individuals choose to curtail their sleep to spend more 

time at work. commuting to and from work or involved 

in leisure activities. To evaluate the impact of a semi­
chronic partial sleep dP.privation on various hormones, 

11 young healthy subjects und"rwent a 16-day protocol, 

the "Sleep Debt Study" (Slide 371). They started with a 

baseline period (3 nights of B nighttime hours allocated 
to sleep), followed by a period of sleep restriction (6 

nights of 4 nighttime hours allocated to sleep) and ape­

riod of sleep extension (7 nights of 12 hours allocated to 
sleep) to pay the sleep debt that accumulated during the 

sleep restriction period. At the end of the sleep restric­
tion and at the end of the sleep extension, blood sam­

pling at frequent intervals was conducted for 24 hours 
under controlled conditions with the subjects remaining 

at bed rest and receiving three identical carbohydrale­

rich meals as their only caloric intake. 

In the Sleep Debt Study, glucose response to break­

fast was higher after sleep restriction, as compared to 

the sleep extension condition, despite similar insulin 

secretory rates (Slide 42').34 In the same protocol, the 
volunleers underwent an intravenous glucose tolerance 

test alter 5 days of sleep restriction and 5 days of sleep 
extension. The rate of decrease of glucose levels after 

intravenous ~lucose injection. an index of glucose tol­

erance, was nearly 40% slower after sleep restriction 
than afler sleep extension. The profile of insulin shows 

a biphasic pattern: the first µhase corresponds to the 

rapid release of insulin stored in the beta cells whereas 
the second phase corresponds to the release of insu­

lin newly synthesized. The first phase of insulin secre­

tion was markedly reduced after sleep restriction, as 
compared to sleep extension. Analysis of the glucose 

and insulin responses by a mathematical model" dem­
onstrated a 30% decrease in glucose effectiveness, a 
measure of non-insulin dependent glucose utilization. 

Insulin sensitivity was lower in the sleep debt condition 

but the changes did not reach statisl ical significance 

(Slide 43')."' 
The adverse effect of sleep loss on glucose tolerance 

probably involves multiple pathways (Slide 441). Be­

cause the brain is a major site of non-insulin-dependent 
glucose uptake, the decrease in glucose effectiveness 



CHAPTER 15: SLEEP PEARL 

A 26-year-old woman presents with complaints of 
night11me awakenings and daytime sleepiness for over 
6 months. She maintains a regular bedlime and wake 
time, allowing 7 hours of time in bed and thinks that 
she sleeps for about a total of 5-6 hours. She has been 
lold that she snores by friends. She does not have a 
regular bed partner. Past medical history 1s significant 
for depression, lrrogular menstrual periods, weigh! gain 
of about 25 lbs over pi.Isl 2 years �evere <,1cne. and 
more than usual facial hair. Medications include Sertra­
line and mulli- vitamins. Examination is remarkable for 
BMl=32 and elevated blood pressure. 

In addition to insufficient sleep, an endocrine disor­
der should bo considered as part of the differential diag 
nosis in this patient Tho history of hirsulism (excessive 
hair growth), weigh! gain. irregular menstrual cycles. el-

is likely to reflect decreased brain glucose utilization, 

consistent with PET studies that have shown reduced 

brain glucose utilization in sleep-deprived subjects.30 
Disturbances in the secretory profiles of the counterreg­

ulatory hormones, cortisol and GH, may also contribute 

to the alterations in components of glucose regulation 

observed during sleep Joss. Pancreatic beta-cell func­

tion is inHuenced by autonomic nervous activity, with 
sympathetic activation inhibiting and parasympathetic 

activation stimulating insulin release. Thus, the reduc­

tion in acute insulin response to intravenous glucose 

could be related lo the alteration in sympathovagal bal­

ance. In the sleep restriction condition, heart rate vari­

ability, estimated via the auto-correlation coefficienls 

of the inter-beat-intervals, was indeed higher over the 

24-hour period, as compared to the sleep extension 

condition (Slide 451).37 The impact of sleep restriction 

on sympathovagal balance was particularly important in 
the morning. This increase in sympathetic versus para­

sympathetic tone is the most probable cause of the de­

creased beta-cell responsiveness in the sleep debt con­
dition, and may also negatively affect other functions 
such as cardiac function, blood pressure regulation and 

kidney function. 

These well controlled laboratory studies have some 

limitations such as the sample size and short duration 

of recurrent sleep restriction. The findings were con­
firmed in a recent study performed in an independenl 
laboratory, showing that one week of sleep restriclion 

to 5 hours per night in healthy men resulted in reduced 

insulin sensitivity as assessed by the hyperinsulinemic 
euglycemic clamp."' A recent paper" showed that, in 

older adults who report sleeping at least 8.5 hours (but 
actually sleep 7 to 7.5 hours based on act1graphy), 8 
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evated blood pressure. and snoring in a young woman. 
suggest polycystic ovary syndrome (PCOS). PCOS is 
characterized by Insulin resistance and Increase pro. 
duction of androgen which can lead to acne, excessive 
hair growth, weight gain, and problems with ovulation. 
Obesity and the high levels of androgen increase the 
risk of obstructive sleep apnea Therefore, women wilh 
PCOS have greater chances of developing several seri­
ous diseases, including type 2 diabetes, cardiovascular 
disease and obstructive sleep apnea. Furthermore, de­
pression and insomnia are also more prevalent among 
women with PCOS than in the general population. 

n,;s Sleep Pearl was provided by Phyllis C. Zee, MD, 
PhD. FAASM. Norlhw11s/em University Medical School, 
Chicago, IL 

weeks of bedtime restriction (resulting in a decrease in 
total sleep time by an average of 62 min as compared 

to an average of 24 min in the control group) did not 

improve glucose tolerance, as assessed by serum glu­
cose level obtained 2-hour post oral glucose adminis­

tration. This study indicates thal being a long sleeper or 

trying to sleep longer by spending more time in l>ed has 
no benefit on glucose metabolism in older adults. This 

supports the view that the increased mortality/morbidity 
of long sleepers is not directly a consequence of sleep 

but rather a consequence of other underlying factors. 
As future directions, research studies are needed to 

detennine if longer sleep duration could improve glu­

cose metabolism in diabetics. 

Sleep Loss and Appetite Regulation 

In the Sleep Debt Study, both the mean leptin lev­

els and lhe amplitude of the diurnal variation were 
decreased after sleep restriction in comparison with 

the sleep extension condition despite stable BMI, and 

identical amounts of caloric intake and physical activity 

(Slide 411). The difference in maximal leptin levels be­

tween the state of sleep debt and the fully rested state 

was similar to what has been reported after 3 days of 
dietary restriction by ±900 Kcal per day.'° Sleep restric­

tion therefore alters the ability of leptin to accurately 
signal caloric need and produces an internal misper­
ception of insufficient energy intake. The reduced leptin 
levels during the 4-h bedtime condition may therefore 

lead to increased food intake when food is available ad 
libitum. 

Twelve healthy men (22 ± 2 years old} partidpated 
in another study (Slide 471) involving 2 randomized ex-

perimental conditions, either 2 consecutive nights of 

10 hours in bed (from 22:00 until 0:00) or 2 co11secu­

tive nights of 4 hours in bed (from 1 :00 until 5:00). Af­

ter receiving a standard hospital dinner at 19:00 on the 

evening of the second night, the subjects remained at 

t,ed rest and blood samples were obtained at 20 min 

intervals from 8:00 until 21 :OO after the 2nd nigh\. Ca­

loric intake was kept constant and consisted of an in­

travenous glucose infusion at a constant rate. From 

9:00 to 21 :OD. the subjects completed validated visual 
analog scales for hunger and appetite. Mean daytime 

leptin levels were 19% lower after 2 days of 4 hours 
bedtimes, as compared to 2 days of 10-hour bedlimes, 

whereas afternoon and evening ghrelin levels showed a 
24% increase (Slide 481). Ratings of hunger and global 

appetite were increased by 19% and 20%, respectively, 

with short sleep duration (Slide 491). Importantly, the in­

crease in hunger from the 10 hours to the 4 hours bed­

time condition was highly correlated with the increase in 

the ratio of ghrelin to leplin concentrations (Slide 50 1).41 

If the increase in hunger was to translate into a com­

mensurate increase in food intake, it would correspond 

to ;i caloric excess of 350 to 500 Kcal/day for a young 
normal weight I sedentary adult. This excess in caloric 
intake could result in a high risk of clinically significant 

weight gain. A recent study comparing food intake in 

overweight middle-aged adults after 2 weeks of either 

sleep restriction (-1.5 hours per night) or extension (+1.5 

hours per night) demonstrated a significant increase in 
caloric intake from snacks in the short sleep condition." 
Consistent with nndings from laboratory studies, an epi­

demiologic study " has reported similar differences in 

leptin and ghrelin levels when habitual short sleep dura­

tion was compared to normal sleep duration in a popu­

lation of more than 1000 men and women, controlling 
for various factors such as age and BMI. Indeed, short 

sleep was associated with low leptin (15.5% lower lep­

tin for nocturnal sleep of 5 hours vs. 8 hours) and with 
high ghrelin (14.9% higher ghrelin for nocturnal sleep of 
5 hours vs. B hours) (Slide 511). 

Sleep Duration and Hormonal Characteristics 

Nine of the 11 subjects who participated in the Sleep 

Debt Study were evaluated one year later during an 8-h 
bedtimes condition, using the exact same experimental 
procedures. Identical amounts of calorir. intake. similar 
levels of physical activity and stable BMI were applied 

in this additional study condition. When the 3 bedtimes 
conditions (4 hours. B hours and 12 hours) were com­

pared, decreasing sleep duration was associated with 

increasingly stronger alterations in hormonal character­
istics (Slide 46')." An inverse dose-response relation· 

ship was observed between evening cortisol levels and 
sleep duration. The mean lept

i

n levels. the nocturnal 
leptin acrophase and the amplitude of the diurnal varia­

tions varied markedly with bedtime duration, in a dose­
response manner. An inverse dose-response relation­

ship between sleep duration and the post-breakfast 
homeostasis model assessment (HOMA) values was 

observed. HOMA is the normalized product of the in­

sulin concentration by the glucose concentration. It in­
creases when glucose tolerance is decreased and/or 

when insulin sensitivity is decreased. 

CONCLUSION 

There is ample evidence to indicate that sleep dura­
tion and quality affect endocrine function. The effects 

of sleep on hypothalamo-pituitary endocrine secretions 

may be stimulatory (GH. prolac!in for example) or inhib­
itory (cortisol, TSH for example). Glucose metabolism 

and appetite regulation are also markedly dependent 
on sleep duration. Decreases in sleep duration and 

sleep quality, as occur in aging, in sleep disorders, but 

also as the result of voluntary behaviors, have a major 
deleterious impact an hormonal characteristics, and on 
glucose and appetite regulation. 

ABBREVIATIONS 

BMI = Body Mass Index 
CPAP = Continuous Positive Airway Pressure 

GH = Growth Hormone 
SWS = Slow Wave Sleep (Stages 3 and 4) 

TSH = Thyroid-Stimulating Hormone 
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