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ABSTRACT 
 
Polycystic ovary syndrome (PCOS) is a common complex condition in women associated with 
reproductive, metabolic and psychological features. PCOS is the most common endocrine disorder 
in the reproductive age of women. These patients are prone to develop sleep-disordered breathing 
(SDB), metabolic disorders and cardiovascular disease (CVD). Studies over the past decade show 
that lifestyle can help in disease progression. Various lifestyle factors play an important role as 
prevalence of PCOS is rising in adolescents, particularly with the endorsement of modernized 
lifestyle. Sleep is an important part of health and wellness. Recent studies have showed that, a 
reduced sleep duration and quality sleep can have an effect on hypothalamus-pituitary-adrenal 
(HPA) axis activity. The HPA axis is under regulatory control of circadian oscillators and reduced 
sleep duration and quality sleep can have an effect on HPA axis activity. In this study we review the 
quality of sleep and stress in women with PCOS.  
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ABBREVIATIONS 
 
PCOS :  Polycystic ovary syndrome  
SDB :  Sleep-disordered breathing  
CVD :  Cardiovascular disease  
HPA :  Hypothalamus-pituitary-adrenal  
REM :  Rapid eye movement  
Non-REM :  Slow waves  
ACTH :  Adrenocorticotropic hormone  
CRH :  Corticotrophin-releasing hormone  
CAR :  Cortisol awakness response  
LC :  Locus coeruleus  
NA :  Noradrenergic  
VLPO :  Ventrolateral preoptic area  
DRN :  Dorsal raphe nuclei  
HPO :  Hypothalamic-pituitary-ovarian  
GnRH :  Gonadotropin-releasing hormone  
POMC :  Proopiomelanocortin  
HRQL :  Health-related quality of life  
GR :  Glucocorticoid receptor  
ART :  Assisted reproductive technology  
   
1. INTRODUCTION 
 
1.1 Sleep 
 
Human spent almost a third of their lives asleep, 
but still the function of this behavior is not well 
understood. Sleep is an important part of health 
and wellness, because it is an important 
component of human homeostasis. Sleep 
disorders are closely associated with significant 
medical, psychological and social disturbances. 
Chronic sleep restriction is an increasing problem 
in many countries. Since the body's stress 
systems play a critical role in adapting to             
a continuously changing and challenging 
environment, it is an important question whether 
these systems are affected by sleep loss. The 
human body mobilizes defensive processes in an 
adaptive effort to maintain homeostasis. If these 
defenses fail, insomnia may occur. Short-term 
insomnia is caused by a change in routine such 
as psychiatric illness, disability, and stress [1]. 
Sleep is a psycho- neurophysiologic process that 
its history is from eighteenth century. The 
electrical activity of sleep is recorded from sixty 
years ago. This activity includes two sleep 
phases: rapid eye movement (REM) and slow 
waves (Non-REM).  Recent studies have showed 
that, a reduced sleep duration and quality sleep 
can have an effect on hypothalamus-pituitary-
adrenal (HPA) axis activity. Last studies show 
that the early morning rise of ACTH and cortisol 
is reduced when additional energy is provided. 
This finding supports the view that the nocturnal 
rise in HPA axis activity contributes to preparing 

the organism for the upcoming wake period and 
associated increased energy demands [2,3,4,5]. 
 
1.2 Sleep & HPA 
 
The hypothalamus-pituitary-adrenal (HPA) axis is 
under regulatory control of circadian oscillators, 
yielding a distinct 24-h rhythm of cortisol 
secretion from the adrenal cortex [6,7]. In the 
beginning of sleep, the activity of HPA axis is 
suppressed continually. In the latter part of sleep, 
the HPA secretory activity increases so it is close 
to the maximum circadian rhythm immediately 
after waking up, and the prominent activity of the 
HPA axis and sympathetic nervous system 
influences the overall amount of rapid eye 
movement (REM) sleep [8]. Therefore, the rise of 
adrenocorticotrophic hormone (ACTH) in the 
morning is the decisive control factor regulating 
the end of sleep [9]. Activation of the HPA and/or 
the sympathetic nervous systems results in 
wakefulness and these hormones including 
corticotrophin-releasing hormone (CRH), 
adrenocorticotropic hormone (ACTH), cortisol or 
corticosterone, noradrenaline, and adrenaline, 
are associated with attention and arousal. 
Stress-related insomnia leads to a vicious circle 
by activating the HPA system. An awareness of 
the close interaction between sleep and stress 
systems is emerging and the hypothalamus is 
now recognized as a key center for sleep 
regulation, with hypothalamic neurotransmitter 
systems providing the framework for therapeutic 
advances. The fact that the beginning and end of 
sleep involve HPA axis activity and the close 
temporal relationship between the axis and sleep 
provides a clue to estimate the effects of the 
stress on sleep [10]. On the other hand, since the 
HPA axis is a vital part of the human stress 
response system, cortisol responses to 
psychological or physiological stress exposure 
can superimpose the circadian rhythm. Cortisol 
has ubiquitous effects in the body and affects 
cognitive as well as emotional networks of the 
central nervous system [11,12,13]. After 
awakening lower cortisol levels immediately were 
found to be related to poor sleep quality in 
patients with primary insomnia [14]. Notably, the 
cortisol awakeness response (CAR) has been 
found to be abolished in patients with memory 
disorders due to damage in the frontal lobes or 
the hippocampal region [15,16]. The fact that 
cortisol concentrations increase already several 
hours before awakening strongly supports the 
notion that the CAR amplitude is partially 
determined also by circadian factors. This view is 
corroborated by Wilhelm et al. [17] finding that 
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peak cortisol levels of the CAR were not 
independent from (but negatively correlated with) 
the average cortisol concentrations during the 
night. One possible candidate that likely 
contributes to the awakening response is the 
adrenergic locus coeruleus (LC) which is strongly 
activated at the transition to wakefulness [17]. 
Noradrenergic (NA) neurons of the LC spread 
out widely to the overall brain, and they activate 
alertness, followed by NREM, with activity being 
lowest during REM sleep [18]. When the LC is 
stimulated, the activity of the cerebral cortex (i.e., 
EEG) is increased [19] and the changes in the 
LC activity are increased by new stimulation and 
various stressors. Stress may activate the LC 
activity by secretion of corticosteroid releasing 
hormone (CRH) in the paraventricular nucleus of 
the hypothalamus [20]. However, HPA axis plays 
important roles in maintaining alertness and 
modulating sleep. Sleep and alertness are 
mutually competitive and necessarily exclusive; 
the development of alertness is the reverse of 
sleep pressure. LC/NA is a center for alertness 
and Preoptic area (POA) is a center of sleep. 
 
1.3 Sleep & Preoptic Area (POA) 
 
The ventrolateral preoptic area (VLPO) as a 
sleep center contains GABAergic/galaninergic 
neurons, which act as an inhibitory neuro-
transmitter. POA neurons principally use 
histamine, and so assume to be involved in 
alertness and NREM [21,22]. VLPO neurons 
send terminals to the dorsal raphe nuclei (DRN) 
and LC, which have important roles for REM. 
Conversely, GABAergic neurons in the VLPO are 
suppressed by noradrenalin and serotonin [23]. 
The interaction between the VLPO and the 
branches of the ascending arousal pathway is 
mutually inhibiting, functioning much like an 
electrical “on-off” switch, enabling the body to 
maintain a stable state of wakefulness and sleep 
[24,25]. Normally, this “sleep-wake switch” 
design ensures stability between sleep and 
wakefulness while promoting rapid transitioning 
between the two behavioral states. Sleep 
disorders represent pathology of this switch, 
which causes individuals to suffer from state 
instability, with wake intruding into sleep and/or 
sleep intruding into wake [26]. 
 
1.4 Sleep Disorders 
 
The estimated prevalence of syndromes of 
sleep-wake disorders in the US is about 50 to 70 
million [27] and those who suffer from chronic 
sleep disorders have impaired daily functioning, 

compromised health status, and diminished 
quality of life [28]. It is now apparent that the 
neural circuitry underlying the regulation of sleep 
and wakefulness is discrete for each state yet 
interdependent; the very arousal systems that 
are inhibited by sleep-promoting neurons also 
serve to disrupt these same sleep processes to 
return the body to a wakeful state [29].  
 

1.5 Sleep & Stress 
 
Stress activates two Axes: HPA and the 
sympatho-adreno-medullary (SAM) systems, 
influencing cardiovascular, catecholamine, 
cortisol, ACTH, and CRH hyperactivity [30]. 
Increased activity of the autonomic nervous 
system [31] and cortisol causes alertness. 
Increased ACT influences awakening. Therefore, 
awakening from sleep after stress can be related 
to the early increase of ACTH [32]. It has been 
shown that the injection of ACTH increases sleep 
latency, decreases slow wave sleep, and 
fragments sleep [33]. CRH acting as a 
neurotransmitter in the LC activates 
noradrenaline neurons in the LC. But, under 
chronic stress, distal corticosteroids increase and 
sleep is disrupted [10]. Insomnia causes 
physiological responses like those in stress 
situations. Sleep increases growth hormone and 
testosterone [34] and reduces metabolism and 
blood flow, to fight against stress [35]. In a state 
of insomnia, cortisol, heart rate, central 
temperature, and oxygen consumption are 
increased [8] as are glucose tolerance [36] and 
cytokines [37]. Evidence to date indicates (bit 
has not confirmed) a close connection between 
stress and sleep. Stress causes psycho-
physiological responses and activates the HPA 
system, which are incompatible with normal 
sleep. Also, insomnia causes a vicious circle of 
stress-insomnia by further activating the HPA 
system. Especially, chronic stress can cause 
continuous hippocampus-related memory system 
fatigue by up-regulating the HPA system. The 
long-term impacts of chronic stress remain 
unclear [10]. 
 

2. POLYCYSTIC OVARY SYNDROME 
(PCOS) 

 
PCOS is a complex, multifaceted, heterogeneous 
disorder, affecting 4% to 18% of reproductive-
aged women and is associated with reproductive, 
metabolic and psychological dysfunction [38]. A 
2004 consensus conference added another 
diagnostic criterion, multicystic ovarian 
morphology (ultrasonographic) and required two 
of the three criteria to support the diagnosis [39]. 
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The precise etiology of the disease is so far still 
unknown, but there are indications that PCOS is 
associated with hyperactivity in the sympathetic 
nervous system [40]. Evidence from studies on 
women with PCO and on an experimental rat 
PCO model suggests that the sympathetic 
regulatory drive to the ovary may be unbalanced. 
Most reports support the theory that increased 
sympathetic activity contributes to the 
development and maintenance of PCOS. The 
results of our study in 2011 showed that 
antagonized the hyperactivity of the sympathetic 
nervous system results in the treatment of PCO 
modeling in rat [41]. Thus, there is a possibility 
that increased ovarian NE concentrations 
represent changes in the activity of sympathetic 
nerves, which consequently participate in the 
process of ovarian cyst formation observed 
during ageing in the human and experimental 
animal models [42]. 
  

2.1 PCOS & HPA 
 
The female reproductive system is regulated by 
two axes: The HPA and hypothalamic-pituitary-
ovarian (HPO) axes, that the principal regulators 
of these axes are CRH and GnRH that stimulates 
FSH and LH secretion and, subsequently, 
estradiol and progesterone secretion by the 
ovary [43]. Hypothalamic target neurons of 
estrogen include neurosecretory neurons such 
as gonadotropin-releasing hormone (GnRH) and 
dopamine neurons, and local circuitry neurons 
such as proopiomelanocortin (POMC). These 
and other hypothalamic neurons are involved in 
regulating numerous homeostatic functions 
including reproduction, thermoregulation, stress 
responses, feeding and motivated behaviors [44]. 
The HPA axis, when activated by stress, exerts 
an inhibitory effect on the female reproductive 
system, corticotrophin releasing hormone and 
CRH-induced proopiomelanocortin peptides, 
such as β-endorphin, inhibit hypothalamic GnRH 
secretion [45]. In addition, glucocorticoids 
suppress gonadal axis function at the 
hypothalamic, pituitary and uterine level [46]. 
Glucocorticoid administration significantly 
reduces the peak luteinizing hormone response 
to intravenous GnRH, suggesting an inhibitory 
effect of glucocorticoids on the pituitary 
gonadotrophins [47].   
 

2.2 PCOS & Stress 
 
Studies in recent decades have shown that 
lifestyle intervention improves body composition 
and so modifying sleep patterns in these patients 
may be able to regulate the hormonal balance in 

the brain-ovary axis. In this review we investigate 
the sleep factor of lifestyle in these patients. 
Roos et al. in [48] reported determining the 
relationship between insulin resistance and 
psychiatric distress in PCOS. Adali΄s and 
Hirschberg΄s results [49,50] suggesting that the 
therapy of PCOS should tackle both physical and 
psychological complaints. This is because 
psychological distress reduces motivation, and 
yet good motivation is the key to agreement with 
medication and dietary management of PCOS 
[51,52]. Also these data confirm Barry et al. [53] 
on seventy-six women with PCOS and 49 
subfertility controls that reported their anxiety, 
depression and aggression levels. They reported 
that women with PCOS were significantly more 
neurotic (had difficulty coping with stress) than 
controls, had more anxious and depressed than 
controls. The study on PCOS patients in South 
Asians shows adversely affects their 
psychological wellbeing and health-related 
quality of life. Their psychological distress is 
related to hirsutism rather than to obesity [54]. 
Indian studies on psychological stress by 
Goldberg's GHQ 28 (General Health 
Questionnaire) assessed psychological status, in 
ninety nine women with PCOS. This 
psychological study has showed that 72% had 
obesity, 70% had hirsutism and 72% had a waist 
circumference >88 cm. All these variables were 
statistically significant and Indian women 
presenting with PCOS had increased 
psychological distress [55]. Our study show 
[56,57,58] that clinical signs of PCOS are the 
most closely associated with psychological 
distress and this data was undertaken in order to 
clarify the relationship between increased 
emotional stress, anxiety symptoms, and the 
clinical characteristics of PCOS in a group of 
young patients with PCOS. 
 
2.3 PCOS & Sleep 
 
Few studies have been done on the sleep 
duration and health-related quality of life (HRQL). 
Women with PCOS are known to have poorer 
sleep. The study of Shreeve et al. [59] in 2013 
showed that PCOS women had significantly 
elevated night-time urinary levels of the 
melatonin metabolite 6-sulfatoxymelatonin 
(aMT6s) and of 8-OHdG, as well as significantly 
reduced sleep quality, compared with the 
controls. Our results in 2014 showed that serum 
levels of melatonin and β-endorphin were lower 
in women with PCOS and serum level of stress 
hormones; adrenaline and noradrenaline were 
significantly correlated with patients’ sleep time in 
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study group. Also our study showed that the 
levels of adrenaline and noradrenaline in PCO 
women with early sleep are much lower than 
patients who slept later at night. Only cortisol has 
significant relation with PSQI global score by 
regression analysis and it associated with time of 
sleep. Although cortisol level in control group on 
women with more than 8 hours sleep is 
significantly lower than women without 8 hours 
sleep. This data showed that a good night’s 
sleep can reduce stress hormones [60]. 
Milutinovic’s hypothesize in 2011 is that 
modulation of glucocorticoid receptor (GR) 
expression and function may underlie possible 
PCOS-related impairment of feedback inhibition 
of HPA axis activity and imply that PCOS is 
associated with increased GR protein 
concentration and HPA axis sensitivity to 
dexamethasone [61]. Then up-regulation of GR 
can be the reason of normal rate of cortisol in 
women with PCO.   
 

2.4 PCOS & Lifestyle 
 
Overweight and obesity are present in 30% to 
70% of women with PCOS and worsen the 
PCOS symptom profile. More specifically, the 
prevalence's of hirsutism, menstrual cycle 
irregularities, anovulation, and infertility are 
greater in overweight and obese women with 
PCOS than in women of normal weight with 
PCOS [62,63]. Overweight in women with PCOS 
also has a negative influence on women's health-
related quality of life (HRQoL) [64]. Then the 
crucial first step of treatment of PCO women is 
weight loss in overweight women. Evidence 
about the isolated effect of exercise and diet 
interventions on psychological well-being in 
women with PCOS is limited [65]. Liao et al. [66] 
in 2008 found that a self-directed walking 
program significantly reduced the level of body 
image distress in overweight women with PCOS. 
Galletly et al. [67] in 2007 reported a lower 
depression rate and higher level of self-esteem 
after a high-protein diet when compared with a 
low-protein diet. To date, there is no evidence 
about the isolated effect of psychological 
interventions on the psychological well-being of 
women with PCOS [65]. The relationship 
between polycystic ovary syndrome and sleep 
condition such as insomnia and sleep apnea is 
very complex and has not been done much 
research in this area.  
 

3. CONCLUSION 
 
The aim of this review was the investigation the 
link of PCOS and sleep/stress. Stress can disturb 

the enough sleep and can stop us going to sleep. 
Stress can alter normal sleep pattern. 
Unbalanced hormone levels in PCOS causes 
metabolic syndrome, mood swings (irritability, 
depression and anxiety), sleep problem and 
eventually infertility in this women. Quality 
lifestyle can have a positive role in the outcome 
of infertility and assisted reproductive technology 
(ART) in women with PCOS. The physiological 
homeostasis in the body makes healthy lifestyle. 
When physiological homeostasis established 
stress management is possible.  Management of 
stress can normalize the activity of the brain-
ovary axis. The health of the female reproductive 
system is defined by the dominant follicle that 
lifestyle (stress, food, sleep and exercise) plays 
an important role in this cycle.   
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