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ABSTRACT Previous findings on the association of obstructive sleep apnoea (OSA) and the
hypothalamic–pituitary–adrenal (HPA) axis are inconsistent, partly due to the confounding effect of
obesity and infrequent sampling. Our goal was to examine whether in a relatively nonobese population,
OSA is associated with elevated cortisol levels and to assess the effects of a 2-month placebo-controlled
continuous positive airway pressure (sham-CPAP) use.

72 subjects (35 middle-aged males and post-menopausal females with OSA, and 37 male and female
controls) were studied in the sleep laboratory for four nights. 24-h blood sampling was performed every
hour on the fourth day and night in the sleep laboratory at baseline, after sham-CPAP and after CPAP
treatment.

In both apnoeic men and women, OSA was associated with significantly higher 24-h cortisol levels
compared with controls, whereas CPAP lowered cortisol levels significantly, close to those of controls.

These results suggest that OSA in nonobese men and slightly obese women is associated with HPA axis
activation, similar albeit stronger compared with obese individuals with sleep apnoea. Short-term CPAP
use decreased cortisol levels significantly compared with baseline, indicating that CPAP may have a
protective effect against comorbidities frequently associated with chronic activation of the HPA axis, e.g.
hypertension.
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Introduction
Obstructive sleep apnoea/hypopnea syndrome (OSA) is characterised by repetitive episodes of upper
airway obstruction leading to complete airflow cessation (apnoeas) or partial airflow reduction
(hypopneas) that result in intermittent hypoxaemia, electroencephalographic arousals and sleep
fragmentation [1]. The associated hypoxaemia and the concomitant increase in arterial carbon dioxide
tension are expected to result in sympathetic activation and catecholamine secretion, while the repeated
arousals can cause activation of the hypothalamic–pituitary–adrenal (HPA) axis, thus increasing cortisol
release [2]. However, and contrary to what was expected, most studies have reported no significant
association [3–8] or decreased HPA axis activity [9], whereas only two studies reported increased HPA
axis activity in sleep apnoea patients compared with controls [10, 11]. A more recent study [12] found a
significant association between apnoea severity and 24-h cortisol values; however, it was limited by the
absence of a control group. Methodological limitations such as single blood draws, lack of a control group,
failure to match comparison groups (e.g. by age and body mass index (BMI)) and inadequate control of
variables known to affect HPA function may be the underlying factors of these inconsistent findings [13].

Furthermore, studies on the association between cortisol levels and sleep apnoea have focused mainly on
obese middle-aged male populations, whereas data in nonobese men as well as women are lacking [13].
Obesity is the strongest risk factor for sleep apnoea, but also a known HPA axis modulator, and thus a
possible confounder of the association between sleep apnoea and HPA axis activity [11].

Given the above limitations, it is no surprise that studies on the effects of continuous positive airway
pressure (CPAP) treatment on HPA axis activity have yielded inconsistent findings [8, 10, 11, 13–17]. In
addition, most of the CPAP studies have been confounded by methodological limitations such as lack of a
control group at baseline, or a placebo control group, as well as a small sample size. From the available
published studies, only one has included a placebo-controlled arm, but this study was limited by a single
morning blood draw [16].

To address these gaps in the literature we assessed in a carefully characterised population of sleep apnoeics
and controls the basal cortisol secretory pattern using hourly 24-h serial blood sampling in a
predominantly nonobese population of apnoeic men and women, and their respective controls, and
examined the independent and gender-specific association with OSA. Despite our efforts, our sample of
women consisted of slightly obese patients because 1) in central Pennsylvania women are heavier
compared with national standards and 2) women with OSA are heavier than men, both in clinical and
epidemiological samples [18, 19]. A secondary goal was to assess the effect of a placebo-controlled
(sham-CPAP) 2-month CPAP trial on the circadian cortisol secretory profile.

Materials and methods
Subjects
In total, 72 subjects (36 males, 36 females), including 35 sleep apnoea patients (19 males, 16 females) and
37 controls (20 males, 17 females), participated in this study for the assessment of the 24-h circadian
cortisol secretory pattern in sleep apnoea in a population of nonobese middle-aged men and slightly obese
middle-aged post-menopausal women (menopause was diagnosed based on the history given by the
participants).

The subjects were recruited from the sleep disorders clinic and through advertisements from the
community. To qualify for the study, apnoeic patients had to have apnoea of sufficient severity to warrant
recommendation for treatment. We selected more stringent criteria than those currently recommended by
sleep organisations and insurance companies, because we wanted to examine patients with the more severe
disease. These criteria included an apnoea–hypopnea index (AHI) of >10 events·h–1 of sleep for females
and >15 events·h–1 for males, because females have on average lower indices of respiratory disturbance and
tend to manifest symptoms at a lower threshold [18]. A thorough medical assessment, including physical
examination, routine laboratory tests (including complete blood cell count, urinalysis, kidney function,
fasting lipid profile, thyroid function tests, electrocardiography and urine drug screen) and sleep history,
was completed for each patient and control subject. Those who were positive for abnormal findings in the
battery of clinical tests (apart from the fasting lipid profile) were excluded from the study.

Exclusion criteria included a history of diabetes mellitus type 2, the use of antiglycaemic agents or fasting
glucose blood levels >126 mg·dL–1 at the time of screening, ongoing infections, rheumatoid arthritis,
insomnia, narcolepsy, and use of specific medications (psychotropics, steroids, sympathomimetics or
sympatholytics, or hormone therapy for females). Subjects with extreme sleep schedules, employed in shift
work or with a primary circadian disorder were also excluded from the study.

Sleep apnoea patients that had used CPAP previously were excluded from the study.
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The study was approved by the University Institutional Review Board and all participants provided written
informed consent.

Procedures
Sleep laboratory
A thorough medical assessment, including history, physical examination, routine laboratory tests and sleep
history, was completed for each participant as described in more detail above [18, 19]. Anthropometric
parameters were obtained and BMI was calculated based on height and weight measured as part of the
physical examination. All potential participants were screened in the sleep laboratory for one night for 8 h;
subjects who met the inclusion criteria were then monitored in the sleep laboratory for four consecutive
nights (one adaptation and three baseline nights) [18, 19]. For the sleep monitoring, all of the subjects slept
in a sound-attenuated, temperature- and light-controlled room in our sleep laboratory. During this time,
the subject’s sleep was continuously monitored for 8 h (24-analogue-channel and 10-DC-channel Aurora
TS amplifier system using Gamma software; Grass-Telefactor, West Warwick, RI, USA). A four-channel
electroencephalogram, a two-channel electro-oculogram and a single-channel electromyogram were
recorded. The sleep records were subsequently scored independently according to standardised criteria.
Respiration was monitored throughout the night by use of thermocouple at the nose and mouth (Pro-Tech,
Murrysville, PA, USA), nasal pressure (MP 45±2 cmH2O; Validyne Engineering, Northridge, CA, USA),
and thoracic and abdominal strain gauges (model 1312; Sleepmate Technologies; Midlothian, VA, USA).
We obtained an objective estimate of snoring during the polysomnography by monitoring breathing sounds
with a microphone attached to the throat (model 1250; Sleepmate Technologies), as well as a separate room
microphone. A single-channel ECG was also recorded. All-night haemoglobin oxygen saturation was
obtained from the finger (model 8600; Nonin Medical; Plymouth, MN, USA).

During the duration of the study, patients were asked to maintain their daily routine programme, calorie/
fat intake and level of physical activity steady. Due to the study design, dietary habits and caloric intake/
energy expenditure were not assessed on a daily basis, as this was not feasible. During the stay in the sleep
laboratory, subjects were instructed not to change their diet, and their three daily meals were at about
07:00, 12:00 and 18:00 h. Diet composition was similar for control and apnoeic volunteers while in the
sleep laboratory.

The study design included also two consecutive 2-month periods of CPAP and sham-CPAP treatment for
OSA patients in a random counterbalanced order as described previously [18]. Assignment was done to an
1:1 ratio randomly, since with the current 2×2 crossover design, each subject serves as a control for him/
herself. Technical/medical staff and patients were blinded to the treatment they were getting; patients were
reassessed with the same protocol as previously described at the end of each 2-month period. The sleep
records were scored independently of any knowledge of the experimental conditions according to
standardised criteria [18]. A flowchart of the study is given in figure 1.

24-h blood sampling
24-h serial blood samples were collected, every 60 min on the fourth day and night in the sleep laboratory
at baseline, and repeated in sleep apnoea patients at the end of both CPAP and sham-CPAP treatment
periods. During the sleep periods, blood samples were obtained from an adjacent room by connecting
external tubing to the indwelling catheter through a perforation in the wall.

Hormonal assays
Blood collected from the indwelling catheter was transferred to an EDTA-containing tube and refrigerated
until centrifugation (within 3 h). The plasma was frozen at −20 °C until assaying. Cortisol levels were
measured by specific immunoassay techniques as previously described [11] using the Coat-A-Count
Cortisol assay (Siemens, Tarrytown, NY, USA). The lower limit of detection for cortisol was 0.7 μg·dL−1,
and the intra- and interassay coefficients of variation were 4.3% and 5.2%, respectively.

Anxiety and depression symptoms
Anxiety and depression symptoms were assessed with the Beck Anxiety Inventory (BAI) and Beck
Depression Inventory II (BDI-II), respectively.

CPAP and sham-CPAP usage
All patients with sleep apnoea underwent consecutively CPAP and sham-CPAP treatment in a random
counterbalanced order. The optimal nasal CPAP pressure was determined during a full-night
polysomnographic study as the pressure necessary to abolish all respiratory events and snoring, secondary
arousals and episodes of arterial oxygen saturation (SaO2) desaturation during REM sleep and in the supine
position. During the sham-CPAP phase, patients were given an identical machine (S8 Escape; ResMed, San

DOI: 10.1183/13993003.00319-2015 533

SLEEP | I. KRITIKOU ET AL.



Diego, CA, USA), but the pressure derived was set at the level of 1 cm H2O when used with a modified
mask. The mask (Ultra Mirage II nasal mask; ResMed) was modified by adding an airflow restrictor and
by increasing the amount of exhalation ports. Moreover, the airflow through the exhalation port and the
operating noise in the sham-CPAP were virtually identical to those of active CPAP, which allowed
successful replication. To ensure CPAP adherence, CPAP usage was monitored closely on a daily basis by
calculating the time the patient was breathing through the machine and not just the time the machine was
on. We accomplished that because the CPAP that we used, AutoSet T, has a function called SmartStart.
Based on this function, AutoSet T starts automatically when the patient breathes into the mask and stops
automatically when the patient takes the mask off. A respiratory therapist visited the home of each patient
regularly to provide us with information regarding CPAP usage (number of hours used daily, pressure
settings and mask leakage) and reinforce adherence. The respiratory therapist continued to visit patients
following the same protocol during the sham-CPAP phase. Regular users of CPAP were considered as
those who used the apparatus for at least 4 h each night, five or more nights per week. The design of the
study also included an intervening 1-week wash-out period between the two treatment phases. Patients,
investigators and respiratory therapists were all blinded to treatment phase.

Statistical analysis
For comparisons of the groups’ anthropometric baseline characteristics, the independent-samples t-test was
used and data are reported as mean±SD. The Kolmogorov–Smirnov test was used to confirm normality.
Variables not normally distributed (e.g. AHI, BDI-II and BAI scores) were logarithmically transformed in
the analyses. Sleep variables were calculated based on the mean values from nights 2 and 3 (night 4 was
not included due to potential blood-draw-induced sleep disturbance) and were compared using the
independent-samples t-test. These data are reported as mean±SD.

At baseline, comparisons of the 24-h cortisol values between control and apnoeic subjects were conducted
using linear mixed-effects models for repeated measures after including group, gender, time and their

First follow-up measurements

1 week wash-out period
Lost to follow-up (n=0)

Allocated to sham-CPAP for
next 2 months (n=17)

Allocated to CPAP for next
next 2 months (n=18)

Primary outcome analysed (n=35)

1 week wash-out period
Lost to follow-up (n=0)

First follow-up measurements

Randomised to CPAP or
sham-CPAP (n=35)

Allocated to CPAP for
2 months (n=17)

Patients with OSA (n=35) and 
controls (n=37)

Baseline measurements

Second follow-up measurements Second follow-up measurements

2 months (n=18)
Allocated to sham-CPAP for

FIGURE 1 Flowchart of study subjects. OSA: obstructive sleep apnoea; CPAP: continuous positive airway
pressure.
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interaction as fixed effects, and age, BMI, anxiety, depression and smoking as covariates, assuming the
within-subjects observations followed a group-specific autoregressive variance–covariance structure (AR(1)).

For comparisons between baseline and post-CPAP and sham-CPAP phases, linear mixed-effects models
were used for the repeated-measures analyses. Again, the specified covariance structure was AR(1). In the
case of cortisol, group (baseline, sham-CPAP, CPAP), gender and time as well as their interactions were
treated as fixed effects. BMI, anxiety, depression, order of intervention (sham-CPAP first or CPAP first) as
well as apnoea severity (mild/moderate versus severe using a cut-off of AHI=30 events·h–1) were also added
as fixed factors in the model. The results were analysed for the entire 24-h period, daytime (08:00–22:00 h)
and night-time (23:00–07:00 h) periods.

p<0.05 was used to determine statistical significance. Data compared with linear mixed-effects models are
reported as estimated mean±SE. Analyses were conducted using SAS version 9.3 (SAS, Cary, NC, USA).

Results
Demographic, sleep, respiratory and emotional distress data
Demographic and sleep characteristics of the study participants are presented in table 1. The study
population was comprised of 36 men and 36 women. Participants were middle-aged (age range 41.70–
66.30 years) (mean age for men and women 52.55±6.07 and 56.19±6.13 years, respectively), and all women
were post-menopausal and not on hormone replacement therapy. Similarly to what we have reported
before [18, 19], apnoeic women were slightly obese and tended to have a higher BMI compared with their
respective controls (30.39±3.37 versus 27.95±4.27 kg·m−2; p=0.07), while there was no BMI difference
between apnoeic and control men (26.94±2.58 versus 26.42±2.61 kg·m−2; p=0.55). As expected, sleep
apnoeics slept worse than controls (table 1). Specifically, they demonstrated significantly increased wake
time after sleep onset (WASO) and higher percentage of stage 1 sleep, while they spent less time in stage 2
sleep. Finally, patients with apnoea had significantly higher BDI-II scores, but their BAI scores were not
significantly different. Similarly to what we have previously reported [18, 19], apnoeic women had
significantly higher BDI-II scores than their controls, while no differences in BDI-II or BAI scores between
apnoeic and control men were observed. However, it should be noted that due to our inclusion criteria,
BDI-II scores were very low, and thus not indicative of clinical depression for both apnoeics and controls.

TABLE 1 Demographic, sleep, respiratory, anxiety and depression data in sleep apnoea patients
versus controls at baseline

Controls Apnoeics p-value

Subjects n 37 35
Age years 53.27±5.94 55.54±6.59 0.13
BMI kg·m−2 27.25±3.64 28.52±3.40 0.13
Blood pressure mmHg
Systolic 122.76±13.67 128.26±15.43 0.11
Diastolic 74.95±7.81 77.17±10.19 0.30

Hypertension# % 18.9 31.4 0.17
AHI events·h–1 2.30±1.92 38.52±21.64 <0.01
Minimum SaO2 90.30±4.59 82.06±6.62 <0.01
Sleep latency min 16.05±10.47 16.57±8.96 0.82
WASO min 58.84±33.20 99.99±53.13 <0.01
TST min 406.76±36.27 364.29±53.85 <0.01
TST % 84.48±7.68 75.78±11.32 <0.01
N1 % 12.53±4.50 18.42±8.73 <0.01
N2 % 62.04±9.14 54.92±12.49 <0.01
SWS % 11.62±9.93 12.72±10.17 0.64
REM % 13.81±5.88 13.94±6.86 0.93
REM latency min 115.87±65.38 118.34±65.47 0.87
BAI log 0.38±0.40 0.36±0.36 0.85
BDI-II log 0.39±0.38 0.59±0.40 0.03

Data are presented as mean±SD, unless otherwise stated. BMI: body mass index; AHI: apnoea–hypopnea
index; SaO2: arterial oxygen saturation; WASO: wake after sleep onset; TST: total sleep time; N1: stage 1
sleep; N2: stage 2 sleep; SWS: slow wave sleep; REM: rapid eye movement; BAI: Beck Anxiety Inventory;
BDI-II: Beck Depression Inventory II. #: hypertension defined as systolic blood pressure ⩾140 mmHg and/or
diastolic blood pressure ⩾90 mmHg.
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Cortisol profile in sleep apnoea patients versus controls
As there was no significant gender effect (p=0.93), neither group-by-gender (p=0.41) or gender-by-time
(p=0.49) interaction effects, cortisol values between sleep apnoea patients and controls were compared for
both genders together (table 2). Sleep apnoea patients had significantly higher cortisol levels during the entire
24-h period and during the night-time, whereas the difference became nonsignificant during the day (table 2).

There was no significant effect of OSA on the circadian secretory pattern of cortisol, as indicated by the
absence of a significant group-by-time interaction effect (p>0.1). Specifically, in both control and apnoeic
individuals, the morning peak cortisol secretion was observed between 07:00 and 08:00 h (figure 2). Also,
no difference in cortisol nadir time occurrence or mean values was observed.

Association of intermittent hypoxia (minimum SaO2) versus AHI versus sleep fragmentation with
cortisol levels
Using simple correlation analyses, average 24-h cortisol plasma levels had a trend correlation with WASO
(as a marker of sleep fragmentation, r=0.23, p=0.05) and there was a statistical trend for night-time
cortisol to be correlated with WASO (r=0.20, p=0.09), but not log AHI (r=0.18, p=0.15). However, no
significant association was found with minimum SaO2 (r=0.06 p=0.60 for average 24-h cortisol plasma
levels and r=−0.03, p=0.83 for night-time cortisol). In a backward fully adjusted multiple regression model
(where age, gender, BMI, anxiety, depression and smoking were forced in the model), average 24-h
cortisol values had a trend correlation with log AHI (r2=0.23, β=0.23, p=0.08), whereas night-time cortisol
was significantly associated with log AHI (r2=0.19, β=0.36, p=0.01).

CPAP effect on cortisol circadian profile, blood pressure and emotional distress
The average daily CPAP use was 6.04±1.19 h, whereas the average daily sham-CPAP use was 5.17±1.22 h.
The majority of our participants, apart from two, were regular users. Given that sham-CPAP treatment
administers a pressure as low as 1 cmH2O, it is possible that a subject could be able to tell the difference
when assigned first to therapeutic CPAP treatment. However, only three subjects raised questions about
the kind of treatment they were getting after the switch.

CPAP improved significantly the respiratory and sleep variables (table 3) and lowered 24-h cortisol levels
(table 4) compared with baseline, while no significant difference from sham-CPAP was observed (table 4).
However, there was a significant linear trend across the three phases, with the highest cortisol values observed
at baseline, intermediate post-sham-CPAP and minimal post-CPAP (p<0.01). There was no significant effect in
terms of the circadian secretory pattern of the hormone, as indicated by the absence of a significant
group-by-time interaction effect (p>0.1). Specifically, in all phases, the morning peak cortisol secretion was
observed between 07:00 and 08:00 h (figure 3), whereas the cortisol nadir time was similar across all phases
(figure 3).

Finally, no significant effects of BMI (p=0.86), anxiety (p=0.28), depression (p=0.30), order of the
intervention (p=0.19) or apnoea severity (p=0.87) on cortisol values were observed.

TABLE 2 Cortisol levels in sleep apnoea patients versus controls at baseline

Controls Apnoeics p-value

Subjects 37 35
Model A
Cortisol 24-h μg·mL−1 7.39±0.16 7.87±0.17 0.04
Cortisol night-time μg·mL−1 7.10±0.21 7.99±0.22 <0.01
Cortisol daytime μg·mL−1 7.56±0.23 7.80±0.23 0.48

Model B
Cortisol 24-h μg·mL−1 7.23±0.17 8.06±0.17 <0.01
Cortisol night-time μg·mL−1 6.85±0.21 8.29±0.24 <0.01
Cortisol daytime μg·mL−1 7.46±0.24 7.91±0.23 0.20

Data are presented as n or estimated mean±SE after adjustment for the following factors. Model A:
unadjusted values, and fixed factors added in the model group and group-by-time. Model B: fixed factors in
the model for cortisol: group (controls versus apnoeics), gender and time as well as their interactions, age,
body mass index, anxiety (log Beck Anxiety Inventory), depression (log Beck Depression Inventory II), and
smoking.
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There was a slight but nonsignificant decrease of systolic and diastolic blood pressure (table 4). Blood
pressure results did not change when analyses were repeated by excluding those receiving antihypertensive
medications (results not shown).

Finally, CPAP did not decrease BDI-II scores compared with baseline and had no significant effect on BAI
scores (table 4). As aponeic women had higher BDI-II scores compared with their respective controls, but
still not indicative of clinical depression, we also examined whether CPAP would have stronger effect on
depression scores in women rather than in men. Analysis by gender did not reveal any significant
differences on BDI-II scores after the use of CPAP in men or women separately.
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FIGURE 2 Serial 24-h cortisol values at baseline in apnoeics versus controls. The thick black line on the
abscissa indicates the night-time sleep recording period.

TABLE 3 Sleep data in sleep apnoea patients at baseline, post-continuous positive airway
pressure (CPAP) and post-sham-CPAP

Baseline CPAP Sham-CPAP p1-value p2-value p3-value

Subjects 35 35 35
Sleep latency min 16.57±1.52 14.28±1.83 14.87±2.21 1.00 1.00 1.00
WASO min 99.99±8.98 70.26±7.56 91.43±8.77 0.04 1.00 0.22
TST min 364.29±9.10 395.32±8.37 373.02±9.17 0.04 1.00 0.23
TST % 75.78±1.91 82.35±1.69 72.92±1.91 0.04 1.00 0.26
N1 % 18.42±1.47 12.54±0.93 17.00±1.37 <0.01 1.00 0.03
N2 % 54.92±2.11 59.22±1.87 58.93±1.88 0.40 0.48 1.00
SWS % 12.72±1.72 12.37±1.79 11.83±1.67 1.00 1.00 1.00
REM % 13.94±1.16 14.15±0.97 12.23±1.04 1.00 0.83 0.55
REM latency min 118.34±11.07 122.12±12.79 137.87±11.34 1.00 0.67 1.00

Data are presented as n or mean±SE. WASO: wake after sleep onset; TST: total sleep time; N1: stage 1 sleep;
N2: stage 2 sleep; SWS: slow wave sleep; REM: rapid eye movement; p1: comparison between baseline and
CPAP; p2: comparison between baseline and sham-CPAP; p3: comparison between CPAP and sham-CPAP.
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Discussion
The primary findings of this study are: 1) sleep apnoea in middle-aged nonobese men and slightly obese
women is associated with significantly higher 24-h cortisol levels compared with age- and BMI-matched
controls, and 2) CPAP appears to lower significantly the baseline HPA axis activity.

TABLE 4 Cortisol levels in sleep apnoea patients at baseline, post-continuous positive airway
pressure (CPAP) and post-sham-CPAP

Baseline CPAP Sham-CPAP p1-value p2-value p3-value

Subjects 35 35 35
BMI kg·m−2 28.52±0.57 29.18±0.60 28.81±0.59 1.00 1.00 1.00
AHI events·h–1 38.52±3.73 2.58±0.75 32.41±4.92 <0.01 0.97 <0.01
Minimum SaO2 82.06±1.12 91.57±0.75 83.17±1.16 <0.01 1.00 <0.01
Blood pressure mmHg
Systolic 128.26±2.61 126.17±2.79 121.77±2.47 1.00 0.22 0.73
Diastolic 77.37±1.76 75.17±1.64 74.14±1.59 1.00 0.53 1.00

BAI log 0.36±0.06 0.27±0.06 0.35±0.06 0.89 1.00 1.00
BDI-II log 0.59±0.06 0.46±0.06 0.67±0.06 0.32 0.65 <0.01
Cortisol 24-h μg·mL−1 7.89±0.15 7.25±0.14 7.57±0.19 <0.01 0.57 0.57
Cortisol night-time μg·mL−1 8.01±0.24 7.35±0.21 7.68±0.28 0.14 1.00 1.00
Cortisol daytime μg·mL−1 7.82±0.20 7.18±0.19 7.49±0.26 0.07 0.96 1.00

Data are presented as n or estimated mean±SE after adjustment for the following factors. Fixed factors in the
final models for cortisol: group (baseline, sham-CPAP, CPAP), gender and time as well as their interactions,
body mass index (BMI), anxiety, depression, order of intervention (sham-CPAP first or CPAP first), and
apnoea severity (mild/moderate versus severe). AHI: apnoea–hypopnea index; SaO2: arterial oxygen saturation;
BAI: Beck Anxiety Inventory; BDI-II: Beck Depression Inventory II; p1: comparison between baseline and
CPAP; p2: comparison between baseline and sham-CPAP; p3: comparison between CPAP and sham-CPAP.
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sham-CPAP. The thick black line on the abscissa indicates the night-time sleep recording period.
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In a previous study using similar methodology in a group of obese men with sleep apnoea, we
demonstrated a small but significant nocturnal elevation of cortisol levels compared with BMI- and
age-matched controls [11]. These levels returned to normal by CPAP use. In this study, we demonstrated a
similar albeit stronger difference of HPA axis activity between nonobese men with sleep apnoea and their
matched controls. Specifically, this difference was significant for the entire 24-h plasma cortisol levels and
became highest at night-time, as this is the period when the apnoeic events occur. The difference was not
only statistically significant, but also clinically relevant as evidenced by an increase of cortisol levels by
15–20% compared with controls. Such a difference in a chronic basis is considered to be associated with
adverse cardiometabolic effects such as hypertension, type 2 diabetes, as well as osteoporosis and others
[20]. That our results were stronger in nonobese men compared with obese men can be explained by the
modifying effect of obesity on the HPA axis. Specifically, we have shown that obesity is associated with
lower cortisol values compared with normal-weight controls [11], which might have a masking effect on
the association of apnoea and HPA axis in obese subjects.

Our study is the first to show that women, similarly to men, suffer from the same degree of the HPA axis
activation as a result of the intermittent hypoxia and sleep fragmentation associated with this sleep
disorder. We have previously suggested that women with apnoea tend to be more obese than men, but
without evidence of visceral adiposity, whereas their inflammation profile appears to be less severe
compared with men [18, 19, 21]. We did not detect any sexual dimorphic effects in terms of sleep
apnoea-associated HPA axis activation. Given the association of hypercortisolaemia with cardiovascular
problems such as hypertension, this may explain why men and women with apnoea are at similar risk for
this disorder. Future studies should examine whether the milder inflammation metabolic profile in apnoeic
women may affect gender-wise medical morbidity, e.g. myocardial infarction, stroke or longevity.

In our study, participants with clinical depression were excluded. However, apnoeic women scored
significantly higher on depression scales compared with their respective controls, while no such difference
was observed in men. This finding is consistent with previous studies reporting that apnoea is associated
with depression in women more commonly than in men [22, 23] and suggests that women may be more
vulnerable to the effects of chronic hypercortisolaemia, a risk factor for depression. Some of the studies
(but not all), on primarily male samples, have reported that OSA is associated with depression relieved by
CPAP use [24–28], with female gender being a risk factor for persistent symptoms [25].

Similarly to our previous study in obese men, CPAP had a significant effect on cortisol levels in nonobese
men and slightly obese women compared with baseline. This effect could not be explained by the
expectations raised by the administration of the treatment alone. This finding is consistent with the reported
immediate effects of CPAP, e.g. on blood pressure recordings or the relief to some extent provided by CPAP
for excessive daytime sleepiness and fatigue [29–31]. The fact that in our study the effect on blood pressure
was not significant may be the result of a relatively small sample and increased variance within our subjects.

Finally, we should note that the beneficial effects of CPAP appear to be partial as previous studies have
shown that CPAP does not, in short-term use, affect the inflammation/metabolic profile of patients with
sleep apnoea [19, 32, 33]. This is important given the independent association of insulin resistance and
inflammation with cardiovascular morbidity and mortality.

A significant limitation of our study is our inability to match apnoeic and control women in terms of BMI.
However, the weight of our women participants was at the lower end of the BMI of women with OSA
typically evaluated in the sleep disorder clinic or those detected in epidemiological samples. Furthermore, the
higher BMI of apnoeic women versus controls might have biased our findings in the direction of masking
any difference as obesity is associated with lower basal cortisol levels. This increases our confidence that the
findings of our study reflect the true difference of cortisol levels between women with apnoea and controls.
Another limitation is that sham-CPAP is not associated with 100% blindness, as indicated in our study by
the three participants that were able to recognise the switch in treatment. However, although sham-CPAP
does not provide an exact replication of the therapeutic CPAP (like placebo in cases of medication trials), it
is the only and best available placebo treatment in CPAP placebo-controlled trials.

In conclusion, sleep apnoea, in both obese and nonobese men, is associated with activation of the HPA
axis compared with controls and this difference is stronger in nonobese individuals. Also, women suffer
from the same degree of HPA axis activation, which may explain why both genders are affected similarly,
e.g. by hypertension. Finally, CPAP appears to reverse hypercortisolaemia, which may in turn explain the
beneficial effect of CPAP on cardiovascular morbidity, i.e. hypertension.
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