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Abstract

The pathophysiology of obstructive sleep apnea (OSA) has been associated with dysregulation of
the hypothalamic pituitary adrenal (HPA) axis; however a relationship between OSA and altered
cortisol levels has not been conclusively established. We conducted a systematic review using the
PRISMA Guidelines based on comprehensive database searches for (1) studies of OSA patients
compared to controls in whom cortisol was measured and (2) studies of OSA patients treated with
continuous positive airway pressure (CPAP) in whom cortisol was measured pre and post
treatment. Five electronic databases were searched along with the reference lists of retrieved
studies. The primary outcomes were (1) differences in cortisol between OSA and control subjects
and (2) differences in cortisol pre-post CPAP treatment. Sampling methodology, sample timing
and exclusion criteria were evaluated. Fifteen studies met the inclusion criteria. Heterogeneity of
studies precluded statistical pooling. One study identified differences in cortisol between OSA
patients and controls. Two studies showed statistically significant differences in cortisol levels
pre-post CPAP. The majority of studies were limited by assessment of cortisol at a single time
point. The available studies do not provide clear evidence that OSA is associated with alterations
in cortisol levels or that treatment with CPAP changes cortisol levels. Methodological concerns
such as infrequent sampling, failure to match comparison groups on demographic factors known
to impact cortisol levels (age, body mass index; BMI),and inconsistent control of variables known
to influence HPA function may have limited the results.
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Obstructive sleep apnea (OSA) is a prevalent sleep disorder characterized by repeated
episodes of complete or partial obstruction of the upper airway, leading to disrupted
breathing throughout the night (nocturnal hypoxia). Intermittent upper airway obstruction
and consequent hypoxia lead to autonomic arousal during sleep of sufficient intensity to
prompt transient wakening leading to a clearing of the airway and reversal of asphyxia(1).
The clinical importance of OSA is highlighted by the finding of a causal link, independent
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of obesity, between OSA and the development of hypertension and cardiovascular disease
(CVD)(2,3).

Reports suggest that nocturnal awakenings in OSA are associated with alterations in
hypothalamic-pituitary-adrenal (HPA) activity, specifically, increased pulsatile cortisol
release (4). Cortisol is the primary human glucocorticoid product of the HPA axis and major
functions include metabolic (gluconeogenesis) and blood pressure regulation and immune
suppression. Excess cortisol secretion is associated with numerous adverse consequences
throughout the body. Cortisol's fluctuation throughout the night is intricately related to sleep,
and dysregulation of cortisol has been proposed as a mechanism through which sleep
disorders manifest some of their physiologic effects (5,6). Since nocturnal awakenings are
associated with HPA axis activation and associated sympathetic activation, it is expected
that concentrations of cortisol would be higher in patients with OSA. However, the
empirical data does not seem to support this hypothesis; many studies have failed to find
differences in cortisol between OSA subjects and normal controls. Further, several studies
have reported that continuous positive airway pressure (CPAP), the gold standard treatment
for OSA, does not reduce cortisol levels in patients with OSA. Finally, the removal of CPAP
in OSA patients has not been shown to result in immediate increases in cortisol levels(7,8).

Methodological concerns, such as infrequent sampling and inconsistent timing of sample
collection, may have contributed to null findings for some studies(1). Recent studies using
more extensive circadian sampling have reported differences in cortisol levels between OSA
patients and normal controls (9,10). Additional inconsistencies across studies, such as age
and body composition of comparison groups, and control for variables known to be related
to HPA activity (ie, smoking), may also contribute to mixed findings.

The aim of the present review was to evaluate whether HPA function differs in patients with
OSA versus controls using measures of cortisol. The two hypotheses of the study were that
(1) cortisol levels would be elevated in individuals with OSA versushealthy controls and that
elevations would be particularly evident at night and (2) treatment of OSA with CPAP
would result in reductions in cortisol levels.

A systematic review of peer-reviewed studies of adult human subjects (age 18+) that have
examined the relationship between cortisol and OSA was conducted. (1) Existing literature
comparing cortisol levels in patients with OSA and controls was reviewed and (2) studies
examining the impact on cortisol levels of successful treatment of OSA using CPAP were
reviewed. Careful attention was paid to the group compositions and methodology and timing
of sample collection used to assess cortisol, and to inclusion and exclusion criteria applied to
samples. The review is reported according to the PRISMA Statement guidelines (11).

Search Strategy

Five electronic databases (PubMed, EMBASE, PsycINFO, Biosis and Cochrane Library
Central Register of Controlled Trials databases) were searched from January 1966 to
November 2010. All database searches were conducted by the first author (LT). A free-text
search was performed using the following search terms: obstructive sleep apnea AND
cortisol, hydrocortisone*, corticosteroid*, cortison*, glucocorticoid. To supplement the
electronic searches, the bibliographies/reference lists of included studies were reviewed as
well as the content of recentissues of selected journals (Sleep, Journal of Biological
Rhythms, Journal of Sleep Research, Sleep Medicine, Sleep and Breathing, Behavioral
Sleep Medicine, Journal of Clinical Sleep Medicine).
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Study Selection

Two authors (LT and KE) independently assessed each retrieved study and disagreements
with respect to inclusion were resolved through discussion with the senior author (JD). All
published papers that reported data on: (1) controlled studies, (2) measurements of cortisol,
and (3) populations of adult patients with OSA versus adult persons without OSA or (4)
adult patients with OSA who were treated with CPAP were considered. To determine
eligibility, the titles and abstracts of each article were reviewed and marked as “no”, “yes”
and “maybe”. Those marked “no” were excluded. The text of those articles marked “yes” or
“maybe” were reviewed in full. Articles that did not meet inclusion/exclusion criteria

restrictions were omittedfrom the review.

Inclusion/Exclusion Criteria

To be included, studies must have been published in the English language and in peer-
reviewed journals. Case reports, comments, letters to the editor, replies and articles not
published in English were excluded. Animal studies and non-peer reviewed sources were
excluded. The diagnosis of OSA must have been based on an AHI cut-off of > 5 and
diagnostic criteria must have been clearly described and reported within the text. The OSA
control group must have had an AHI < 5(12). Studies that did not use standard
polysomnography to diagnose OSA were excluded. Subjects must not have been treated
with CPAP prior to participation. Cortisol levels had to be determined with a standard
biological assay and biological cortisol levels had to be described either by presentation of
mean values or graphic presentation of the data. Studies were excluded if the HPA axis was
pharmacologically challenged (e.g. by dexamethasone) before cortisol measurement. Studies
were limited to an emphasis on patients with OSA. Studies that evaluated both OSA and
other sleep disordered individuals were included as long as data for OSA subjects could be
analyzed separately from that of other subject populations. In the case of multiple papers
from a single study, the publication with the largestnumber of cortisol measurements was
included.

Data Extraction

Details from each of the selected articles were logged into a standard form to characterize
each study. Of greatestinterest in each article was the study design, approach used to assess
cortisol, and the significance of associations between OSA and cortisol. The following data
were extracted: (1) sample size, demographic and clinical characteristics of patients and
controls, (2) information about the diagnosis of OSA and the mean, standard deviation and/
or standard error of the mean for AHI in the patient sample, (3) level of detail describing
cortisol assessment (via saliva or venous blood draw), (4) the time points for obtaining
cortisol, (5) p-values for differences in mean cortisol levels or diurnal rhythm of cortisol
between OSA patients and controls and pre to post CPAP, (6) characteristics of cortisol
assessment (e.g., RIA).

In consideration of the potential confounders of OSA cortisol associations, we also collected
study exclusion criteria (smoking and depression) and data on matching of participants and
controls on demographic variables (age and BMI).

Synthesis of Results

Studies were heterogeneous in terms of methodologies employed and populations sampled
making a meta-analysis inappropriate, thus we decided to conduct a systematic qualitative
review of the literature. Summary results are presented in two parts: (1) differences in
cortisol levels between OSA patients and controls, and (2) changes in cortisol levels in OSA
patients before and after treatment with CPAP.

Sleep Med Rev. Author manuscript; available in PMC 2013 June 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Tomfohr et al.

Results
Study Flow

Page 4

Figure 1 shows the PRISMA flow diagram. In relation to aims 1 and 2, the literature search
identified: (1) seven studies on patients with OSA versus healthy controls fulfilling the
inclusion criteria (9,13-18), (2) eight studies on patients with OSA who were treated with
CPAP (9,10,13,15,19-22). Three studies fit into both categories (e.g., data was presented
comparing OSA versus healthy controls followed by treatment of the OSA group with
CPAP) (9,13,15).

Study Characteristics

OSA Versus Controls—The seven studies of cortisol in patients with OSA compared to
controls are presented in Table 1. As per the inclusion criteria, healthy controls each had an
AHI of less than 5. In threestudies patients were diagnosed with OSA if AHI > 5 (13,16,17)
and in two studies patients were diagnosed with OSA if AHI > 10 (15,18), and in two
studies, patients were diagnosed with OSA if AHI > 20 (9,14). The median AHI score
within the OSA group was 50 and the range was 22.3 to 65.7. According to the American
Academy of Sleep Medicine Criteria (AASM), six studies had patients whose mean AHI
scoreswerein the severe range of OSA and one study had patients whose mean AHI
scoreswerein the moderate range (12).

The median number of participants in the studies was 45 (range 27 to 94). Samples were
overwhelmingly male with only one investigation reporting women in the OSA group(18).
There was considerable variability in approaches to matching patients and controls. OSA
patients and controls were matched for age in four studies (9,14,15,17). One study compared
OSA patients with and without excessive daytime sleepiness (EDS); the group without EDS
(but not those with EDS) was significantly older than the control group (13). In the
remaining two studies, subjects in the control group were significantly younger than subjects
in the OSA group (16,18). Four studies utilized a control group with a similar BMI to the
OSAgroup;in three of these studies a normal weight control group was also employed
(9,14,15,17). In the remaining studies, participants with OSA had significantly higher BMls
than participants in the control group (13,16,18).

Six studies assessed cortisol using serum from samples obtained through venous blood
(9,13,14,16-18) and one assessed cortisol via saliva (15). Of those studies using venous
blood, four used a single measurement taken in the morning; however the description of the
sample timing differed across studies. One study specified that samples were obtained at
0800 (18), one specified samples were obtained between 0800 and 1000 (13) and two simply
noted that the samples were obtained in the "morning' (16,17). Two studies utilizing venous
blood draws used more extensive sampling, obtaining samples every 30 minutes over a 24
hour period (9,14). One study assessed cortisol via saliva obtained by the participants
chewing a cotton swab (Salivette)at two time points (0800 and 2300)(15).

Pre and Post CPAP Intervention—Eight studies were identified that assessed cortisol
levels in OSA patients before and after CPAP treatment;data are presented in Table 2
(9,10,13,15,19-22). As per the inclusion criteria, AHI was > 5 in OSA patients in each of
the studies. According to the AASM Criteria, the mean AHI score of each sample was in the
severe range (12). The median number of patients in the studies was 13 (range 9 to 52).
Consistent with studies comparing OSA patients to controls, samples were overwhelmingly
male, with only one study reporting three women in their sample (22). Of the five studies
that reported CPAP compliance, the average nightly use was above 4 hours per night.

Sleep Med Rev. Author manuscript; available in PMC 2013 June 01.
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Six studies assessed cortisol using serum from samples obtained through venous blood
(9,10,13,19-21) and two assessed cortisol via saliva (Salivette)(15,22). Of those studies
using venous blood, three used a single measurement taken in the morning, one study
specified that samples were obtained at 0815 (19), one specified samples were obtained
between 0800 and 1000 (13) and one simply noted that the samples were obtained in the
“midmorning” (21). Two studies utilizing blood draws employedmore extensive sampling,
obtaining samples every 10 minutes over an 8.5 (20) and 24 hour period (10)(10,10,20) and
every 30 minutes over a 24 hour period (9). Of the studies that assessed cortisol via saliva,
one study obtained a single morning measurement (15) and one assessed cortisol at six time
points throughout the day (22).

All Studies—Seven studies recruited both OSA patients and controls from clinical
populations, primarily sleep disorder clinics(10,14-17,21,22). In one study, patients with
OSA and obese controls were recruited from a clinical population, while normal weight
controls were recruited from staff members (17). One study noted that OSA and control
subjects were recruited both from a clinical population and through advertisement within the
community (9). One study recruited OSA and control subjects “randomly”, population
unspecified (18) and three studies did not note how patients and or controls were recruited
(13,19,20,23). Authors reporting on the storage of saliva samples gave information on saliva
stored in a freezer at temperatures ranging from —20 to —80 degrees Celsius until
processing. Diverse assay approaches were used to analyze cortisol.

Exclusionary criteria—Studies were inconsistent in whether or not they excluded
participants with clinical depression or who smoked.

Smoking: Two studies noted smoking as exclusion criterion(10,15) and one reported that
smoking was an exclusionary criterionin their control group, but that over 40% of the OSA
group smoked(13). The remaining studies did not exclude potential participants for smoking,
nor was data reported about participant smoking status.

Depression: One study excluded patients with depression (10) and another specified that
patients with severe depression (15) were excluded. Three studies excluded patients with
any major psychiatric disorder (13,18,22), and one excluded patients with major and minor
psychiatric disorders (9); the remaining investigations did not consider depression in their
exclusion criteria.

Qualitative Data Synthesis and Analyses

OSA versus controls—Amongthe four studies that assessed cortisol througha single
morning venous blood draw sample, none reported significant differences between the OSA
and control groups (13,16-18). Differences were also not detected in the study that assessed
salivary cortisol via a morning and evening sample (15).

Mean 24 hour cortisol levels (sampling every 30 minutes)obtained through venous blood
draw were reported in two studies. One investigationfound no differences between controls
(obese and normal weight) and OSA patients on measures of 24-h mean cortisol.
Differences were also not detected in regards to morning maximum, trough-period mean, or
peak —period mean of plasma cortisol(14). In contrast, differences in cortisol between
obstructive sleep apneics and controls were found in the second study, which reported that
OSA patients had higher cortisol levels than obese controls during sleep(9).

Pre and Post CPAP Intervention—Two studies assessed single morning measurements
of cortisol after brief (1-4 days) CPAP intervention; neither found cortisol differences pre-
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post treatment (19,20). Similarly, of the studies that investigated cortisolusing a single,
morning measurement no differences were detected after 1-month (21)or 3-months of CPAP
therapy (13,15).

Schmoller et al., (2009) assessed salivary cortisol at 6 time points throughout the day and
detected a significant effect of 3-months of CPAP therapy on diurnal cortisol profiles.
Individual tests of specific time points pre-post CPAP showed that post-CPAP, patients
evidenced a decrease in evening cortisol levels and an increase in cortisol at the time point
before lunch(22).

Two studies obtained multiple measure of cortisol via venous blood draw over a 24-hour
period pre and post treatment with 3-months of CPAP. Henley et al. (2009) sampled blood at
10-minute intervals over 24-hours,findings from their investigationfound that cortisol levels
were globally reduced after 3-months of CPAP therapy. VVgontzas et al. (2007) sampled
blood at 30-minute intervals over 24-hours and also found a trend towards global

reductionin 24-hour cortisol levels after 3-months of CPAP treatment.

Discussion

The present review summarizesdata from case-controlled studies comparing cortisol levels
in OSA and controlsubjects and studies comparing cortisol levels in OSA patients before
and after CPAP treatment. Of the studies reviewed, the majority assessed cortisol at only
one or two time points. None of these investigations found differences in cortisol between
obstructive sleep apneics and control subjects. Similarly, of treatment studies that assessed
cortisol at only one time point, all failed to find differences in cortisol before and after
CPAP treatment.

Two studies compared OSA subjects and controls using multiple measures of cortisol;one
study found no differences in cortisol levels, while one found that OSA subjects had higher
cortisol levels at night (9,14). Differences pre-post CPAP emerged in two studies that
assessed cortisol at multiple time points(10,22)and one study reported a trend towards
cortisol reduction after successful treatment with CPAP(9). Additionally, Henley et al.
(2009) reported that untreated OSA was associated with a longer duration of cortisol
secretory pulses which was corrected after CPAP treatment, resulting in the observed
reductions of overall cortisol (10).

Cortisol Sampling Protocols

Cortisol is a hormone that exhibits a clear circadian rhythm. Sleep is associated with a
decrease in cortisol with the nadir occurring at approximately 12pm. Cortisol levels remain
low for several hours in the night and begin to rise approximately 2—-3 hours after sleep
onset. The peak, or acrophase in cortisol occurs at approximately 9am followed by a
decrease in cortisol throughout the day(24). Hypoxia and nocturnal awakenings have been
linked to transient increases in cortisol (4). Given that apneas and hypopneas only occur
during sleeping hours in OSA subjects, assessment of the circadian rhythm, including
nocturnal measurements,of cortisol is imperative when investigating the potential
relationship between OSA and cortisol (1). The innate variation within the diurnal cycle of
cortisol is of a magnitude that may obscure many, smaller, but still meaningful differences if
sample timing is not tightly controlled. Measuring cortisol at undefined time points (i.e.,
“morning”) increases measurement variability and is a constraint limiting the information
gathered from many investigations of the HPA axis(5). Notably, none of the studies using a
single morning measure of cortisol identified significant group differences or pre-post CPAP
changes.

Sleep Med Rev. Author manuscript; available in PMC 2013 June 01.
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Subject Matching

Age is associated with alterations in cortisol profiles (25,26) and cortisol response to
challenge (27); yet, of the case controlled studies identified, OSA patients and controls were
matched for age inonly four of seven studies. Additionally, obesity has been associated with
alterations in cortisol(28,29); however several studies failed to match their control and OSA
groups on measures of obesity. Matching OSA patients and controls on variables with
known associations to cortisol, or at a minimum, controlling for group differences in these
variables, is an important step for future investigations.

Exclusion Criteria

Investigations evidenced significant variability regarding control for variables known to be
associated with the HPA axis. Smoking is associated with increases in cortisol levels and
smoking cessation is associated with hypocortisolism(30,31). Despite associations between
smoking and cortisol, few studies considered smoking or recent cessation as exclusionary
criteria. Additionally, depression, a variable prevalent in OSA (32), andimplicated in
dysregulation of the HPA axis (33,34)was considered an exclusionary criterion in less than
half of the investigations.

Of note, many medications impact the HPA axis. Our review of the literature suggested that
criteria for medication exclusion differed across studies with little consensus among
exclusionary criteria. We recognize that there is always a dilemma in clinical research
between studying samples free from comorbiditiesand medications versus those more
representative of patients observed in clinical practice. We would recommend that in studies
trying to establish relationships between OSA and cortisol that medications known to
influence the HPA axis should serve as exclusionary criteria.

Future Directions

This paper reviewed existing literature on cortisol levels as they relate to OSA. There are
other ways of characterizing HPA axis activation, such challenge tests (9,15,17) and they
may well be fruitful topics for future research. For example, individuals with OSA evidence
decreased cortisol suppression after low-dose dexamethasone, which is corrected after
treatment with CPAP (15). Additionally, OSA patients also show hyperresponsiveness of
adrenocorticotropic hormone (ACTH) in response to stimulation with corticotrophin
releasing hormone (CRH) (17). However, at this point, there is limited work published
probing HPA physiology as it relates to OSA other than by characterizing cortisol levels
itself.

Further, because the effect of OSA on cortisol is relatively small, studies that use a
dichotomization of apneicversusnonapneic may be inadvertently limiting their power.
Indeed, a recent paper by Edwards et al., (2011) reported no cortisol differences between
those classified as apneics vs. nonapneics, but did observe a significant correlation between
cortisol levels and oxygen desaturation index measured continuously(35).

Finally, theseverity of apnea in patient groups varied substantially across studies and it
strikes us that apnea severity may influencefindings. For example,studies whose OSA
patients suffer from severe apnea may draw different conclusions than those compared of
OSA patients suffering from mild or moderate apnea. Whether apnea severity is associated
with cortisol secretion may be an important question in future research.

Sleep Med Rev. Author manuscript; available in PMC 2013 June 01.
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Conclusions

Given the heterogeneity of subject compositionacross studies, inconsistent sampling times
and techniques and variable exclusion criteria, it is difficult to draw definitive conclusions
about the relationship between OSA and cortisol levels. If there is are alterations in cortisol
concentrations or rhythms associated with OSA, they are small enough that one has to be
precise regarding the timing of blood draws and accounting for confounds such as obesity,
age, smoking and depression.
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Potentially relevant studies were identified through database
searching providing 336 articles:

PubMed 91
EMBASE. 132
BIOSIS &9
Cochrane Library Central Register of Controlls Trials*..5
Psychlnf 36
Recent Journal Issues. 1

*Of the three articles identified in Cochrane, none were original. Two articles overlaped

246 abstracts
excluded

2 i
5 studies excluded; no 32 duplicates

control group or removed (8
treatment data presented doublets, 12
4 studies excluded; AHI triplets)

outside of set criteria for
0SA or control group,
control assessed via
arousals versus AHI

2 studies excluded;
serotonin challenge

29 papers assessed for

administered prior o [< ] eligibility
cortisol assessment i -
(27 papers identified
2 studies excluded; review through database

aper, non peer review
il ia.,,",.a. searches and 2 through

handscreening)

3 studies excluded; central
apneics included, AHI

assessed months priorto €
study, previous CPAP
treatment
1 study excluded; data

presented in two distinct
papers

8 studies included in
review of cortisol
before and after

treatment of
obstructive sleep
apnea with continuous
positive airway
pressure

7 studies included in
review of cortisol in
obstructive sleep
apnea and control
persons

Figure 1.

PRISMA trial flow used to identify studies for detailed analysis of cortisol in (1) patients
with obstructive sleep apnea and healthy controls and (2) patients with obstructive sleep
apnea before and after treatment with continuous positive airway pressure.

AHI = Apnea hypopnea index; CPAP = Continuous positive airway pressure

Sleep Med Rev. Author manuscript; available in PMC 2013 June 01.
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