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influence of obesity and hyperandrogenism

Helena Hachul1,3

Daniel N. Polesel1

Luciana Tock2

Glaucia Carneiro2

Andrea Z. Pereira2

Maria Teresa Zanella2

Sergio Tufik1

Sônia M. Togeiro1

1. Department of Psychobiology, Federal University of  Sao Paulo, Sao Paulo, SP, Brasil
2. Department of Endocrinology, Federal University of de Sao Paulo, Sao Paulo, SP, Brasil

3. Department of Gynecology & Obstetrics, Santa Marcelina Hospital, São Paulo, SP, Brasil

http://dx.doi.org/10.1590/1806-9282.65.3.375

SUMMARY
OBJECTIVE: This study aims to evaluate the sleep of subjects with polycystic ovary syndrome (PCOS), with and without hyperandro-
genism, in comparison with a healthy control group and examine the effects of hyperandrogenism and obesity on sleep parameters.
METHODS: A total of 44 volunteers were recruited to participate in the study. Clinical, biochemical and polysomnographic 
parameters were used to diagnose PCOS and hyperandrogenism. The evaluation of sleep quality was made using validated 
questionnaires and polysomnography test. The frequency of obstructive sleep apnea was also compared between the 
groups.
RESULTS: The study revealed that women with PCOS presented poorer subjective sleep quality, increased incidence of snoring and a 
higher risk of obstructive sleep apnea, based on the Berlin questionnaire. Also, after adjusting for body mass index, PCOS subjects 
had rapid eye movement (REM) time lower than those in the control group. PCOS women versus those without hyperandrogenism did 
not differ on any sleep measurement. Women with obstructive sleep apnea were only diagnosed in the PCOS group. 
CONCLUSIONS: Our results indicate that PCOS impairs subjective sleep quality, as well as objective sleep quality, due to a reduction in 
REM sleep stage time in women diagnosed with the syndrome. Obesity affected sleep-related parameters but hyperandrogenism had 
no effect. Only the PCOS group had obstructive sleep apnea diagnosis.
ABBREVIATIONS: AHI = apnea-hypopnea index; BMI = body mass index; ESS = Epworth Sleepiness Scale; OSA = obstructive 
sleep apnea; PCOS = polycystic ovary syndrome; PSG = polysomnography; PSQI = the Pittsburgh Sleep Quality Index; REM = rapid 
eye movement;
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INTRODUCTION

Obstructive sleep apnea (OSA) is a syndrome 
characterized by recurrent events of partial or total 
obstruction of the upper airway during sleep, lead-
ing to intermittent hypoxemia, which has obesity as 
the pillar of its physiopathology.1,2 Studies suggest 

that androgens influence sleep architecture, favoring 
the development of OSA.3-5 In general, symptoms of 
OSA include fatigue, tiredness, maintenance insom-
nia, with polysomnography findings showing an in-
crease in the apnea-hypopnea index (AHI), hypoxia 
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and some impact on sleep architecture6,7 Sleep com-
plaints in women vary according to hormonal fluctu-
ations dictated by their menstrual cycles. 

Although women have proportionally less severe 
OSA and it is considered to predominantly affect the 
male population, a recent study found the disease in 
26.1% of women8. The problem is likely to be more 
common, as women with sleep-disordered breathing 
are 2 to 3 times less likely to report classic symptoms 
of the disease (snoring, gasping, snorting and sleep 
apnea), which may lead to reduced clinical recogni-
tion of OSA in women compared to men.9 Women 
suffering from PCOS tend to have higher levels of 
respiratory sleep events. It has been suggested that 
this may be linked to the increased androgen levels 
often associated with the syndrome.2 Sleep itself acts 
as an important modulator of several aspects of en-
docrine function, making the relationship between 
these factors difficult to elucidate.4,10,11 

Polycystic ovary syndrome (PCOS) is the most common 
endocrine disease, affecting approximately 8% of women 
in the reproductive stage.12,13  It is well known that OSA 
prevalence is increased in women with PCOS com-
pared with women without the disease.13-15 There also 
are a broad range of hormonal and metabolic abnor-
malities in PCOS, and it has been suggested that the 
hormonal profile of those with the condition is asso-
ciated with OSA.16 Previous studies have shown high-
er levels of testosterone in PCOS patients to be relat-
ed to OSA.12,17 However, neither the outcomes of OSA 
nor the relationship of the symptoms with sleep ar-
chitecture have been fully explored in this population. 
It has been hypothesized that obesity and hormonal 
factors, caused by the disease, act synergistically to 
impair quality of sleep. Therefore, our hypothesis 
is that females with PCOS are at increased risk of 
OSA and other sleep disorders. Our aim is to clarify 
this, and examine whether hyperandrogenism has 
any effect on sleep parameters by evaluating PCOS 
subjects (with and without hyperandrogenism) us-
ing polysomnography and sleep questionnaires and 
compare these patients with a healthy control group. 

METHODS
Population 

A total of 55 subjects were selected to participate in 
the study. The volunteers, ranging  in age from 16 to 45 
years, were recruited from the Endocrinology Division of 
the Federal University of São Paulo, Brazil. The diagnosis 

of PCOS was based on the latest 2003 Rotterdam consen-
sus,18 requiring the presence of at least two of the follow-
ing features: (1) oligomenorrhea or chronic anovulation, 
(2) clinical and/or biochemical hyperandrogenism, and (3) 
ultrasound appearance of polycystic ovaries. These wom-
en were distributed into two groups: SOP with hyperan-
drogenism and SOP without hyperandrogenism.

 The control group was comprised of 17 women. In-
clusion criteria: a regular menstrual cycle of 28-30 
days, normal BMI and in the follicular phase of the 
menstrual cycle. Exclusion criteria: neurologic con-
ditions and/or being under psychiatric treatment; 
use of medication for chronic diseases that might in-
terfere with the study results; participation in anoth-
er clinical study or having participated in a clinical 
study within a period of 3 months; being a carrier of 
a disease; having a history of stroke; use of hypnot-
ic, psychotropic, psychostimulant, and/or analgesic 
drugs; use of hormonal contraceptives; and presence 
of dysmenorrhea or endometriosis that may inter-
fere with sleep patterns.

All procedures performed in the studies involv-
ing human participants followed the ethical stan-
dards of the institutional and/or national research 
committee and the 1964 Helsinki declaration and its 
later amendments or comparable ethical standards. 
The study was approved by the Ethics Committee 
for Research of the Federal University of Sao Paulo 
(#0588/2010), and informed written consent was ob-
tained from all subjects.

Subjects with other known causes of hyperandro-
genism (such as congenital adrenal hyperplasia, an-
drogen-secreting tumors and Cushing’s syndrome), 
using oral contraceptives, corticosteroids, antidiabet-
ic or lipid-lowering drugs in the previous 3 months, 
having a history of liver disease (such as viral hepati-
tis B and C, hemochromatosis and autoimmune hep-
atitis), diabetes mellitus, untreated hypothyroidism, 
renal, hepatic, cardiac or pulmonary disease, receiv-
ing treatment for sleep apnea using medications that 
alter liver enzymes, with a daily ingestion of more 
than 20 grams of ethanol, using drugs (sympatho-
mimetics, sympatholytics, and β-blockers), with de-
pression or with chronic diseases were excluded.16

Clinical, Anthropometric and Sonographic 
Measurement 
Questionnaires were used to document clinical history, 

including regularity and length of menstrual cycles, and 
ovulation status. Signs of androgen excess (hirsutism, alo-
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pecia, acne) were noted in the physical examination. Hir-
sutism with a Ferriman-Gallwey score of 8 or above was 
considered clinical evidence of androgen excess. Weight 
(in kilograms) and height (in meters) were measured. The 
body mass index (BMI) was calculated from the ratio of 
the weight to height squared. 

All subjects underwent an ultrasound examination of 
the pelvis by the same radiologist. LOGIQ P5 (GE Health-
care®, Wauwatosa, WI) with an 8 MHz transvaginal trans-
ducer was used for the ultrasound of the pelvis.

Evaluation of Sleep and Polysomnography 
Full-night polysomnography (PSG) was performed, 

using a digital system (EMBLA® S700®, Embla Systems 
Inc, Broomfield, CO) at the sleep laboratory for one night. 
Trained technicians visually scored all of the PSG data ac-
cording to standardized criteria for investigating sleep.19 
Electroencephalogram arousals and sleep-related respi-
ratory events were scored following the criteria outlined 
in the American Academy of Sleep Medicine Manual for 
Scoring Sleep and Associated Events.20 OSA classifica-
tion was defined according to the AHI.21 Participants 
were diagnosed with OSA if they presented an AHI≥5 
and sleep complaints. Participants with an AHI≥15 
were diagnosed with OSA, regardless of whether 
they had any additional complaint. 

For subjective evaluation of sleep, we used the Pitts-
burgh Sleep Quality Index (PSQI), which is an instrument 
for evaluating the subjective quality of sleep, as well as the 

FIGURE 1. FLOW CHART OF THE DESCRIPTION OF THE STUDY SAMPLE.

number of sleep disturbances occurring during a period of 
1 month.22,23 The Berlin questionnaire, previously validat-
ed in a Brazilian Portuguese version, was used to assess 
the risk for sleep apnea.24,25 Using this questionnaire’s 
total score, it is possible to differentiate “good sleepers” 
(score≤5) and “poor sleepers” (score>5). Also, daytime 
somnolence was evaluated subjectively using the Ep-
worth sleepiness scale (ESS),26 with a score ≥10 con-
sidered excessive daytime sleepiness.

Laboratory Analysis
Total testosterone levels were measured using 

a UniCel Dxl 800 Immunoassay System (Beckman 
Coulter®, Brea, CA). The within-assay coefficient 
of variation for testosterone was 1.99%, and the be-
tween-assay coefficient was 4.22%. There are some 
limitations to measuring testosterone using a chemi-
luminescence immunoassay, but this was the only 
laboratory technique available. Serum-free testoster-
one and bioavailable testosterone were estimated us-
ing a previously validated formula.27 All biochemical 
assays were performed at the Sleep Institute labora-
tory. 

Statistical analysis
The variables were evaluated regarding normal-

ity (Shapiro-Wilk’s test) and homogeneity (Levene’s 
test). When the distribution was demonstrated to be 
nonparametric, the data were standardized through 
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Z-score. Statistical analysis of the sample was carried 
out using the General Linear Model through one-way 
analysis of variance for continuous variables, and 
Pearson’s chi-squared test was performed to deter-
mine the association between categorical variables. 
To evaluate the relationship between age and BMI 
with the sleep-related factors, Pearson’s correlation 
test was performed. BMI and age were used as ad-
justment factors in evaluating the effect of PCOS 
and hyperandrogenism on sleep, respectively. The 
results were submitted to adjustment only when the 
groups had significant statistical differences in age 
or BMI. The significance level was set to P<0.05. Data 
are presented as mean±standard error of the mean 
or as frequency (percentage).

RESULTS

From a total of 55 women initially included in the 
study, 11 individuals were excluded because of missing 
data (8 related to the PSQI and 3 to BMI). Our final sample 
of 44 women comprised 14 healthy women and 30 women 
with PCOS, of whom 14 had a diagnosis of hyperandro-
genism (Figure 1). 

The descriptive data of the sample analyzed in the 
study were distributed as healthy women (control group) 
and women with PCOS. We observed a higher BMI in 
the PCOS group (F1,42=36,404; P<0.001) compared to 
the control group. Regarding the sleep evaluation ques-
tionnaires, a higher frequency of women with PCOS 
was categorized as: high risk (Berlin Questionnaire) 
(χ2=12,156; df=1; P<0.001), poor sleepers (PSQI) (χ2=8,696; 
df=1; P<0.01), snorers (χ2=3,889; df=1; P<0.05) and OSA 
(χ2=5,280; df=1; P<0.05). There were no differences in 
frequency of sleepiness as measured by the Epworth 
Sleepiness Scale between women with PCOS and the con-
trol group. Results presented in Table 1 indicated that age 
was not statistically different between the groups since 

the inclusion criteria of the study were strictly followed. 
Table 2 shows the polysomnography results from 
the PCOS group adjusted for BMI, which indicate that 
the percentage of REM sleep was lower in the PCOS 
group than in the control group (F1,41=7,245; P<0.05). 
The effect of BMI as confounding factor was a significant 
covariate for Pittsburgh sleep scale (P=0.039), N1 sleep 
stage (P=0.010), N3 sleep stage (P=0.003), REM sleep 
stage (P=0.043), number of Arousals (P=0.002), arousals 
index (P<0.001), PLM index (P=0.021) and mean oxygen 
saturation (P=0.033).

We also evaluated the possible effect of hyperan-
drogenism on the objective and subjective aspects of 
sleep in women with PCOS. A description of the sam-
ple indicated that women with hyperandrogenism 
were younger than the PCOS subjects without hy-
perandrogenism, 32.2±1.3 for women without hyper-
androgenism and 25.6±1.4 3 for women with hyper-
androgenism (F1,28=15,674; P<0.001). There were no 
observed differences in the following variables: BMI, 
the frequency of women with high-risk of apnea ac-
cording to the Berlin Questionnaire, poor sleepers, 
sleepiness, snoring and those diagnosed with OSA. 
No differences were seen in the scores for the ESS 
and the PSQI questionnaires, and there were no 
differences in the polysomnographic parameters of 
women with hyperandrogenism in comparison with 
those without hyperandrogenism when adjusted for 
age. 

The effect of age as a confounding factor was a signif-
icant covariate for the following factors: N3 sleep stage 
(P=0.039) and REM sleep stage (P=0.026). Sleep-related 
factors were correlated with age and BMI through 
Pearson’s correlation test considering all partici-
pants. The REM sleep stage was the only signifi-
cant parameter in the correlation between age and 
sleep-related factors (r=0.329, P=0.029). On the other 
hand, the correlation between BMI and sleep-related 

TABLE 1. DESCRIPTIVE PARAMETERS OF ALL THE PATIENTS RECRUITED FOR THIS STUDY.

Variables Control (N=14) PCOS (N=30) P-value

Age (years) 27.9±1.7 29.7±1.2 0.412
Body Mass Index (weight/height2) 22.4±1.6 34.3±1.1*** <0.001
High risk for OSA (Berlin questionnaire) 1 (7.1%) 19 (63.3%)*** <0.001
High daytime sleepiness (ESS, score≥10) 5 (35.7%) 15 (50%) 0.375
Poor sleep quality (PSQI, score>5) 7 (50%) 27 (90%)** 0.003
Reported snoring 10 (71.4%) 28 (93.3%)* 0.049
Meet criteria for OSA (from PSG) 0 (0%) 9 (30%)* 0.022

Legend: ESS, Epworth sleepiness scale; OSA, obstructive sleep apnea; PCOS, polycystic ovary syndrome; PSQI, Pittsburgh sleep quality index. The data were presented as 
mean±SEM or number (%).Note: *P<0.05, **P<0.01 and ***P<0.001 compared to the control group.
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TABLE 2. SUBJECTIVE AND OBJECTIVE PARAMETERS OF SLEEP FOR EVALUATION OF POLYCYSTIC OVARY 
SYNDROME (PCOS) AND CONTROL GROUP, P-VALUE WAS ADJUSTED PER BODY MASS INDEX.

Variables Control (N=14) PCOS (N=30) P-value
ESS score 8.4±1.2 8.5±0.8 0.575
PSQI score 4.6±0.8 8.5±0.5 0.105
Sleep latency (min) 15.9±5.2 26.3±3.5 0.432
REM latency (min) 120.7±16.0 126.6±10.9 0.742
Total sleep time (min) 366.8±16.4 339.4±11.2 0.396
Sleep efficiency (%) 88.0±2.9 80.0±2.0 0.358
N1 sleep stage (% TST) 3.3±1.6 11.5±1.1 0.144
N2 sleep stage (% TST) 47.7±2.3 45.9±1.6 0.585
N3 sleep stage (% TST) 27.9±2.6 25.2±1.8 0.152
REM sleep stage (% TST) 20.5±1.6 17.3±1.1* 0.010
WASO (min) 30.7±10.7 59.1±7.3 0.596
Arousal index (events/h) 12.6±3.2 18.9±2.2 0.198
PLM (events/h) 0.3±0.7 1.5±0.5 0.630
AHI (events/h) 1.6±3.8 9.2±2.6 0.765
Basal oxygen saturation 97.3±0.3 96.9±0.2 0.714
Mean oxygen saturation 96.6±0.3 95.9±0.2 0.873
Minimum oxygen saturation 92.0±1.3 89.5±0.9 0.890

Legend: AHI, apnea-hypopnea index; ESS, Epworth sleepiness scale; PCOS, polycystic ovary syndrome; PLM, periodic limb movements; PSQI, Pittsburgh Sleep 
Quality Index; REM, rapid eye movement; WASO, wake after sleep onset. The data were presented as mean±SEM. Note: *P<0.05 compared to the control group.

TABLE 3. SUBJECTIVE AND OBJECTIVE PARAMETERS OF SLEEP FOR EVALUATION OF 
HYPERANDROGENISM, P-VALUE WAS ADJUSTED PER AGE.

Women with polycystic ovary syndrome

Variables Without hyperandrogenism 
(N=16)

With hyperandrogenism 
(N=14)

P-value 

ESS score 8.8±1.2 8.2±1.3 0.380
PSQI score 8.2±1.0 8.8±1.1 0.739
Sleep latency (min) 22.9±5.4 30.2±5.8 0.677
REM latency (min) 116.6±16.1 138.1±17.2 0.480
Total sleep time (min) 337.6±15.3 341.4±16.4 0.883
Sleep efficiency (%) 80.4±3.1 79.6±3.3 0.469
N1 sleep stage(% TST) 10.7±1.8 12.5±1.9 0.276
N2 sleep stage (% TST) 45.0±2.1 46.8±2.3 0.599
N3 sleep stage (% TST) 26.1±2.3 24.3±2.5 0.095
REM sleep stage (% TST) 18.3±1.3 16.3±1.4 0.605
WASO (min) 61.6±11.9 56.3±12.7 0.437
Arousal index (events/h) 18.6±3.2 19.3±3.4 0.515
PLM (events/h) 1.4±0.8 1.6±0.8 0.320
AHI (events/h) 6.1±4.3 12.8±4.6 0.507
Basal oxygen saturation 96.9±0.3 96.9±0.3 0.573
Mean oxygen saturation 96.1±0.4 95.8±0.4 0.407
Minimum oxygen saturation 91.1±1.4 87.7±1.5 0.184

Legend: AHI, apnea-hypopnea index; ESS, Epworth sleepiness scale; PCOS, polycystic ovary syndrome; PLM, periodic limb movements; PSQI, Pittsburgh Sleep 
Quality Index; REM, rapid eyes movements; WASO, wake after sleep onset. The data were presented as mean±SEM.

factors showed statistical significance for: sleep effi-
ciency (r=-0.338, P=0.025), N1 sleep stage (r=0.611, 
P<0.001), N3 sleep stage (r=-0.410, P=0.006), wake-
fulness after sleep onset (r=0.388, P=0.009), arous-
als index (r=0.533, P<0.001), periodic limb move-

ments (r=0.403, P=0.007), apnea–hypopnea index 
(r=0.406, P=0.006), basal oxygen saturation (r=-
0.333, P=0.027), mean oxygen saturation (r=-0.409, 
P=0.006) and minimum oxygen saturation (r=-0.370, 
P=0.013).
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DISCUSSION

The findings of this study revealed that the PCOS 
group presented poorer sleep quality and reduced 
REM sleep time when compared to the control 
group. Also, there was a higher risk of apnea accord-
ing to the Berlin Questionnaire, poorer sleep quali-
ty measured by the PSQI and a higher frequency of 
snorers in PCOS subjects compared to controls. In 
women with PCOS, no effect of hyperandrogenism 
was observed on sleep pattern, neither subjectively 
or objectively

Obesity is common among women with PCOS, 
but it is not part of the diagnostic criteria. This as-
sociation has been previously demonstrated.28 More-
over, the increased anthropometric measures aris-
ing from obesity also impact the following factors: 
increased obstruction of the upper airway events, 
hypoxia, sleep fragmentation, fatigue and perception 
of non-refreshing sleep.7 Thus, the PSG data were 
adjusted for BMI in the analysis of the PCOS effect. 
The effect of PCOS on sleep architecture is contro-
versial in the literature,29,30 however several studies 
point to an increased risk of obstructive sleep ap-
nea, decreased REM sleep and sleep efficiency.12,31-33 
These studies demonstrated that PCOS promotes a 
decrease in REM sleep, which is not seen in an obese 
control group without PCOS. The cause of decreased 
REM sleep in women with PCOS is still unknown. 
Our main hypothesis is that obesity and PCOS are 
strongly associated, resulting in a variety of conse-
quences for the body, specifically neurophysiological 
impacts. It is possible that adjusting for BMI is not 
enough to account for all the repercussions promot-
ed by the synergistic action of both factors. The sleep 
quality, snoring and diagnosis of OSA are factors 
clinically important due to the increased weight ob-
served in women with PCOS.

In obese women with PCOS the incidence of OSA 
is increased at 41–58%13 with the finding that their 
BMI does not correlate with their OSA severity.2,34 
In adolescent girls (15 years) with PCOS (n=31) com-
pared with healthy obese girls without PCOS (n=19) 
neither group had significant OSA although total 
sleep time, percentage of REM sleep and sleep effi-
ciency was lower in girls with PCOS.33 Symptoms of 
PCOS usually begin in adolescence and perhaps OSA 
develops in a sub-group of females over time along 
with worsening insulin resistance. Thus, age might 
have been a protective factor for OSA in the group 
of women with PCOS and hyperandrogenism in the 

current study. A relationship between OSA severity 
with waist-to-hip ratio and elevated serum testoster-
one may over time contribute to the higher preva-
lence of OSA in women with PCOS.

The chronic reduction of REM sleep can lead to 
memory loss, failure to consolidate cognitive pro-
cesses and metabolic disorders. Thus, untreated 
PCOS can have long term effects and cause other 
health problems, in addition to infertility. The find-
ings show that the consequences of the disease were 
associated with damage to subjective sleep quality. 
Regarding objective aspects of sleep, the lower per-
centage of REM sleep in women with PCOS sleep 
could explain the perception of poor quality sleep 
in this group. Suppression of REM sleep can jeopar-
dize women’s health by damaging long term mem-
ory, increasing pain sensitivity and weight gain.35-

37 The reduction of REM sleep observed in women 
with PCOS (Table 2) does not seem to be related to 
PCOS, but due to increased BMI, snoring, high-risk 
group classification in the Berlin Questionnaire and 
frequency of women diagnosed with OSA. The cur-
rent knowledge of the pathophysiology of PCOS has 
no evidence of the influence of the disease on sleep 
architecture.38,39

The negative correlation between sleep efficiency, 
N3 sleep stage and BMI demonstrated that increased 
body weight affects the distribution of sleep stages 
and hinders the deepening of sleep. Simultaneously, 
increased BMI showed a positive correlation with N1 
stage sleep, wakefulness after sleep onset, arousals 
and apnea-hypopnea index. These results demon-
strate a poor quality, fragmented superficial sleep. 
As a result, oxygen saturation levels were decreased 
significantly.

 The statistical analysis of the sleep questionnaire 
shows that the PCOS group are at increased risk for 
presence of obstructive sleep apnea syndrome. Also, 
the self-perception of snoring during sleep can be 
a complementary signal in the clinical assessment 
of sleep. The frequency of women considered poor 
sleepers was significantly higher in the PCOS group. 
The increase in the prevalence of obstructive sleep 
apnea in PCOS subjects was associated with chang-
es in sex hormones (increased androgens and/or de-
creased estrogens) and increased visceral adiposity.13

Considering only the women with PCOS, this 
study indicates that there were no differences re-
garding the risk for OSA in the analysis of the effect 
of hyperandrogenism. The results show that the 
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group with hyperandrogenism was younger than 
those in the group without hyperandrogenism. The 
adjustments for obesity and age were essential to 
exclude the influence of potential confounding fac-
tors. Also, the subjective and objective parameters 
of sleep did not differ between groups. This finding 
reveals that higher testosterone levels do not impair 
women’s sleep quality. The initial hypothesis that 
testosterone could be responsible for snoring, sleep 
fragmentation, and respiratory disorder is not sup-
ported by our findings.40 Other studies support the 
fact that women’s sleep quality is not associated with 
increased testosterone, but that female hormones 
actually have a protective effect.41 Progesterone in-
creases respiratory drive and the action of the dilator 
muscles of the upper airway;42,43 corroborating the 
suggestion that hormone therapy in postmenopausal 
women can act as a protective factor against to the 
obstructive sleep apnea syndrome. 

Exogenous administration of testosterone has 
been shown to induce sleep apnea events in women.44 
The adverse effects of testosterone therapy on sleep 
cause a shortened sleep, worsened sleep apnea, and 
increased hypoxemia.4 Testosterone increases base-
line ventilation during wakefulness, altering the ap-
neic threshold and increasing ventilator sensitivity to 
CO2 during sleep in healthy women.3,5,45 However, a 
randomized, double-blind, placebo-controlled study 
demonstrated that impaired sleep quality as a conse-
quence of sleep-disordered breathing was fleeting in 
the first weeks of daily administration of testoster-
one and that testosterone does not have a long-term 
effect.46,47 A large epidemiological study, The Seattle 
Midlife Women’s Health Study, found no significant 
association between disruption in sleep and testos-
terone, merely observing a negative trend.48 There-
fore all women with PCOS should undergo a sleep 
evaluation as there does seem to be a link between 
PCOS and sleep problems.49

In addition to hyperandrogenism and ovulatory 
dysfunction, PCOS may cause other common char-
acteristics, such as abnormal gonadotrophin secre-
tion, insulin resistance, and dyslipidemia. Insulin 
resistance and hyperinsulinemia are relevant patho-
physiological consequences of the disease, affecting 
up to 75% of women with the syndrome.50 Regarding 
the treatment of PCOS, the first choice is to adopt 
healthy lifestyle habits, such as dietary reeduca-
tion and physical exercise. As a result, weight loss 
potentially favors the fall of circulating androgens, 
improving lipid profile, reducing peripheral insulin 
resistance and regularization of ovulatory function. 
The prescription of low-dose oral hormonal contra-
ceptives promotes control of menstrual irregularity 
and reduced risk of endometrial cancer.51

Some limitations of the study need to be consid-
ered. Biochemical analysis of testosterone was per-
formed only in the sample PCOS women but not in 
the control group (healthy) because of the absence of 
clinical criteria for the disease. The analysis of both 
groups could provide a comparative assessment of 
the hormone levels in PCOS and hyperandrogenism. 
Despite these limitations, this study reveals that 
REM sleep time was reduced in women with PCOS.

CONCLUSIONS 

Our results indicate that PCOS impairs subjective 
and objective sleep quality, due to reduced REM sleep 
time. Hyperandrogenism, characterized by higher 
free testosterone levels, did not have any effect on 
sleep-related parameters. Therefore, the findings 
confirm the hypothesis that women’s sleep is mainly 
affected by obesity.
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RESUMO 

OBJETIVO: Este estudo objetivou avaliar o sono de mulheres com síndrome do ovário policístico, com e sem hiperandrogenismo, em 
comparação com um grupo controle saudável, e estudar os efeitos do hiperandrogenismo e da obesidade nos parâmetros do sono.

MÉTODOS: Um total de 44 voluntárias foram recrutadas para participar do estudo. Os parâmetros clínicos, bioquímicos e 
polissonográficos e foram usados para diagnosticar SOP e hiperandrogenismo. A avaliação da qualidade de sono foi feita 
usando questionários validados e o exame polissonográfico. A frequência de síndrome da apneia obstrutiva também foi 
comparada entre os grupos.
RESULTADOS: O estudo revelou que mulheres com SOP apresentaram menor qualidade de sono subjetiva, incidência aumentada de 
ronco e maior risco para síndrome da apneia obstrutiva, baseada no questionário de Berlin. Ademais, após o ajuste para índice de 
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massa corpórea, mulheres com SOP tiveram menor tempo de sono REM do que aquelas do grupo controle. Dentre as mulheres com 
SOP, aquelas com hiperandrogenismo não tiveram diferenças em nenhuma variável do sono. Mulheres com síndrome da apneia 
obstrutiva foram diagnosticadas no grupo SOP.  

CONCLUSÕES: Nossos resultados indicam que a SOP afeta a qualidade subjetiva de sono, bem como a qualidade objetiva e do sono, em 
razão da redução do tempo de sono REM em mulheres diagnosticadas com a síndrome. A obesidade afetou parâmetros relacionados ao 
sono, mas o hiperandrogenismo não teve efeito. A síndrome da apneia obstrutiva somente foi diagnosticada em mulheres com SOP. 

PALAVRAS-CHAVES: hormonal; hiperandrogenismo; síndrome do ovário policístico; sono; mulheres.
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