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ABSTRACT: Melatonin is a pineal hormone that regulates the human cycle of sleep and

wakefulness. Plasma melatonin levels were investigated in patients with obstructive sleep apnoea

syndrome (OSAS).

In total, 20 patients with OSAS and 11 healthy controls were studied. OSAS patients were tested

twice: on the night of diagnostic polysomnography and the night of continuous positive airway

pressure (CPAP) titration. Controls were tested on one occasion. Plasma melatonin levels were

determined at 23:00 h (light period), at 02:00 h (dark period) and at 06:00 h (light period) in

patients and control subjects using the radioimmunoassay method.

The control subjects showed a nocturnal melatonin peak value at 02:00 h (70.6¡14 pg?mL-1).

However, this nocturnal melatonin peak was absent in the OSAS patients. The highest melatonin

value was found in OSAS patients on the night of diagnosis, at 06:00 h (49.3¡36.8 pg?mL-1). It was

found that the melatonin level in OSAS patients at 06:00 h was significantly lower in the night of

titration (35.6¡37.9 pg?mL-1) than in the diagnosis night. However, the melatonin levels at either

23:00 h or 02:00 h in OSAS patients did not differ significantly when comparing levels in the night

of diagnostic polysomnography (23:00 h: 31.6¡29.8 pg?mL-1; 02:00 h: 47.4¡33.8 pg?mL-1) with

levels in the night of CPAP titration (23:00 h: 20.2¡10.3 pg?mL-1; 02:00 h: 37.7¡27.5 pg?mL-1).

Patients with obstructive sleep apnoea syndrome have an abnormal melatonin secretion

pattern. The absence of a nocturnal serum melatonin peak could be partially related to the

difficulty that these patients have in achieving a normal sleep–wakefulness pattern.

KEYWORDS: Continuous positive airway pressure titration, melatonin secretion, obstructive sleep

apnoea syndrome

M
elatonin is a hormone secreted by the
pineal gland in a cyclic pattern [1].
Levels of melatonin are under the control

of the suprachiasmatic nucleus and vary according
to the daily cycle. Melatonin levels are higher
during the night and lower during the day [2].
Exposure to light during the night, when mela-
tonin levels are higher, abruptly curtails pineal
melatonin production and causes a rapid decline
in tissue and blood levels of this hormone [3].

It has been claimed that melatonin has sleep-
promoting properties [4] and that it also has an
important role in the regulation of body tem-
perature [5]. In humans, light exposure during
the night can acutely suppress melatonin levels.
Even moderate light intensities, similar to indoor
intensities, are able to cause substantial suppres-
sion of melatonin production [6]. While light is
the most important environmental factor influen-
cing melatonin levels, various drugs, such as
b-blockers, can also profoundly affect melatonin
levels [7]. Also since the mid-1990s, studies have

demonstrated a crucial role for melatonin as a
mediator between the thermoregulatory and
arousal system in humans [8].

Obstructive sleep apnoea syndrome (OSAS) is a
common disorder in the adult population char-
acterised by repetitive obstruction of the upper
airway during sleep, resulting in an episodic
hypoxaemia and disturbed sleep at night. OSAS
is associated with excess of mortality [9, 10] and
contributes to the impairment of health-related
quality of life [11]. Treatment with continuous
positive airway pressure (CPAP) can eliminate
apnoeas and can improve the quality of sleep.
Little is known about melatonin levels in OSAS
patients. WIKNER et al. [12] did not find differ-
ences between melatonin secretion in OSAS
patients before and after CPAP. ULFBERG et al.
[13] showed that OSAS patients presented higher
melatonin levels in the afternoon than control
subjects who did not snore. Finally, BRZECKA et al.
[14] found a correlation between OSAS severity
and peak night-time melatonin value.
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b-Adrenoceptor stimulation by endogenously released norepi-
nephrine (NE) seems to account for ,85% of nocturnal mela-
tonin levels, whereas the remainder is presumably due to an
interaction of catecholamine with the pinealocyte a-receptor
[15]. Some studies have shown an increase in catecholamine
levels in OSAS patients [16] that can be reduced by CPAP
treatment [17].

The aim of the present study was to determine the relationship
between plasma melatonin levels in patients with OSAS before
treatment with levels at three time-points during the CPAP
titration night.

METHODS

Study population
The study population consisted of 20 consecutive patients with
symptoms suggestive of OSAS (e.g. breathing interruptions
reported by sleeping partners, snoring and daytime sleepiness
(Epworth Sleepiness Scale (ESS) .10)), a polysomnography
apnoea/hypopnoea index (AHI) .10 and a clinical indication
for CPAP treatment according to the Spanish Society of
Pneumology and Thoracic Surgery [18]. In addition, 11 age-
and sex-matched healthy control subjects were studied. These
were recruited from hospital staff without breathing interrup-
tions, snoring or daytime sleepiness (ESS,6), and with an AHI
,5. None of the patients or control subjects had any significant
comorbilities that may have affected their sleep–wake behav-
iour or circadian system. They had normal kidney and liver
function and none of them took sedatives, anti-epileptic drugs,
tricyclic antidepressants or any medication known to influence
melatonin metabolism. Due to their possible effects on
melatonin synthesis, subjects with psychiatric disorders (e.g.
depression) or sleep disorders (other than OSAS in the patient
group; e.g. insomnia, circadian disorders, infectious or endo-
crine illness, shift workers or subjects with jet-lag syndrome)
were excluded from the study. Patients actively abusing
alcohol were also excluded. All patients and controls had the
same self-reported baseline sleep–wake schedules (they slept
from 23:00–24:00 h to 06:00–07:00 h the next day) and also had
the same circadian preference (dark cycle from 23:00–24:00 h to
06:00–07:00 h and light cycle the rest of the day). The
characteristics of the 20 patients and the 11 healthy control
subjects enrolled in the study are given in table 1. They did not
differ significantly in age and body mass index. The sex
distribution of patients and controls were similar.

All patients and healthy volunteers were fully informed of the
purpose of the study and gave voluntary consent to take part in
the investigation. The study was approved by the Local Human
Research Ethics Committee of the Hospital Universitario de
Canarias (HUC; Tenerife, Spain).

Study design
An open, nonrandomised clinical trial with control group and
repeated measures was carried out in the Sleep Unit of the
HUC from July 2004–July 2005. OSAS patients were tested
twice: on the night of diagnostic polysomnography and the
night of CPAP titration. Controls were tested on one occasion.
Plasma melatonin levels were determined at 23:00 h (light
period), 02:00 h (dark period) and 06:00 h (light period) in
patients and control subjects using the radioimmunoassay
(RIA) method.

Study protocol
Subjects were studied under carefully controlled conditions in
the Pneumology Sleep Unit of the HUC. Each room is isolated
from external light and noise. The ambient lighting conditions
are similar to the normal light–dark cycle. The daily light
period in the sleep unit is 17 h (1,745¡33 lx) and the dark
period 7 h (1.33¡0.3 lx). At 23:00 h, the patients and control
subjects went to bed and the white light was turned off until
06:00 h the following day. Light intensity was measured using
a portable luminometer, at the level of the subject’s face. Blood
samples for measurement of melatonin were collected at
23:00 h and 06:00 h (light period), and 02:00 h (dark period).
Blood samples were carried out from an antecubital vein,
which was kept open at night by a normal saline drip. Serum
samples were aliquoted into several tubes and frozen at -30uC
until analysis. Nocturnal blood sampling (02:00 h) was carried
out by a trained nurse, with the help of a minute torch with a
dim red light (intensity ,30 lx) to avoid any direct light in
patients’ faces while they were sleeping. At 6:00 h, blood
samples were collected while subjects were awake, ,10 min
after the lights were turned on; at 23:00 h blood samples were
collected while subjects were awake.

All patients were monitored continuously for o7 h using a
19-channel polysomnograph (Somnostar alpha; Sensor Medic,
Munich, Germany) placed in the sleep laboratory in the HUC.
Electroencephalography (C4/A1 and C3/A2 placements),
electrooculography and chin electromyography recordings
were obtained with surface electrodes according to standard
methods. Ventilatory airflow at the nose was registered with a
nasal cannula and thermistor. Breathing movements of the
chest and abdomen were monitored by inductive plethysmo-
graphy. The arterial oxygen saturation (Sa,O2) was measured
with pulse oximetry at the fingertip of the patient. Finally, an
ECG was obtained. Analysis of sleep stages was performed
manually at 30-s intervals according to the criteria of
RECHTSCHAFFEN and KALES [19]. Apnoea was defined as a
complete cessation of airflow for .10 s and hypopnoea as a
discernible 50% reduction in respiratory airflow accompanied
by a decrease of o4% in oxyhaemoglobin saturation. The
specific pattern of apnoeic episodes (central or obstructive)
was not taken into account in the statistical analysis. The total
number of scored apnoeas and hypopnoeas divided by the
number of hours of sleep, referred to as the respiratory

TABLE 1 Characteristics of patients and controls enrolled
in the study

OSAS patients Control subjects p-value

Age yrs 51.3¡10.64 48.9¡8.9 NS

BMI kg?m-2 31.9¡5.6 29.6¡4.6 NS

Male/female n 16/4 9/2

ESS 12.1¡4.2 4.5¡2.4 ,0.05

Data are presented as mean¡SD, unless otherwise stated. OSAS: obstructive

sleep apnoea syndrome; BMI: body mass index; ESS: Epworth Sleepiness

Scale.
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disturbance index (RDI), was determined for each participant.
The respiratory arousal index (RAI) was defined as the number
of arousals per hour of sleep. The proportion of total recorded
(sleep) time with Sa,O2 ,90% was also recorded.

In control subjects placed in the sleep laboratory of the HUC,
cardiorespiratory signals (Embletta PDS Version 3.3; Somnologic
Res Med, Sydney, Australia) were analysed via the same protocol
as OSAS patients. Ventilatory airflow was measured via cannula
and thermistor. Breathing movements were monitored by
inductive plethysmography, Sa,O2 by pulse oximetry at the
fingertip of the patient, and an ECG was obtained. Output from
the portable diagnostic device was scored manually by the same
sleep laboratory technician who scored the polysomnography,
and with the same criteria.

CPAP titration night
On the night following the diagnosis study, the OSAS patients
underwent CPAP titration with a commercially available CPAP
device (REM Duo; Puritan Bennett, Pleasanton, CA, USA) at the
sleep laboratory in the HUC. CPAP was applied via a nasal
mask, and the pressure was increased progressively until the
snoring and the majority of respiratory disturbances and
respiration-related arousals in all sleep positions had ceased.

Blood samples were taken at 23:00 h, 02:00 h and 06:00 h, as
during the diagnosis night. Serum samples were aliquoted into
several tubes and stored at -30uC until analysis. Melatonin
levels in serum samples were measured by direct RIA using a
125I-MEL human kit (DRG International, Marburg, Germany)
according to the manufacturer’s instructions [20].

Statistical analysis
All the quantitative variables are expressed as mean¡SD. A
paired t-test was used for repeated measures to compare
melatonin levels before and after CPAP treatment. In the
control group, the differences between means were assessed
using one-way ANOVA with the Tukey post hoc test. A p-value
,0.05 was considered to be statistically significant.

RESULTS
The OSAS patients showed an RDI of 49¡28.6?h-1, an RAI of
31.7¡21.8?h-1 and a total sleep time with Sa,O2 ,90% of

52.4¡37.6%. The RDI, RAI and total sleep time with Sa,O2

,90% all decreased significantly on the night of titration
(table 2). There was no significant improvement in the total
sleep time, rapid eye movement (REM) sleep nor sleep
efficiency on the titration night in OSAS patients.

Control subjects showed an RDI of 2.6¡1.2?h-1 and a total
sleep time with Sa,O2 ,90% of 0.3¡0.2%. Optimal CPAP
pressure was achieved at 03:30 h, with a mean pressure of
0.83¡0.07 kPa (8.5¡0.7 cmH2O) in OSAS patients. Serum
melatonin levels at 23:00 h (light period), 02:00 h (dark period)
and 06:00 h (light period) for patients and controls are given in
table 3 and figure 1.

In control subjects, the melatonin level was 40.8¡6.6 pg?mL-1

at 23:00 h. It increased to 70.6¡14.1 pg?mL-1 at 02:00 h and
finally decreased to 44.7¡9.9 pg?mL-1 at 06:00 h.

In OSAS patients on the diagnosis night, the serum melatonin
level at 23:00 h was 31.6¡29.9 pg?mL-1; it increased to
47.4¡33.8 pg?mL-1 at 02:00 h and finally, in contrast to control
subjects, increased to 49.3¡36.6 pg?mL-1 at 06:00 h. For the
titration night in OSAS patients, the melatonin level was
20.16¡10.3 pg?mL-1 at 23:00 h, which increased to 37.7¡

27.5 pg?mL-1 at 02:00 h and finally, in the same manner as
control subjects, decreased to 35.6¡37.9 pg?mL-1 at 06:00 h.

In the control group (fig. 1a), melatonin showed a significant
peak at 02:00 h. In OSAS patients (fig. 1b) on the diagnosis
night, there was a different pattern with respect to the control
group, because they did not present the melatonin peak value
at 02:00 h. On the titration night, the highest melatonin level
was measured at 02:00 h, in a similar manner to control
subjects, but the melatonin levels did not drop as low as those
seen in the control subjects. When the diagnosis and titration
night were compared at each respective testing point in OSAS
patients, only the 06:00 h point showed a significant difference
(p,0.05). However, the OSAS patients never returned to a
normal pattern of melatonin production.

DISCUSSION
The major finding of the present study is that in OSAS patients,
the diagnosis night and titration night show a different serum
melatonin pattern with respect to the control group. The
melatonin secretion pattern in OSAS patients shows values in a
plateau without the nocturnal peak found in healthy control
subjects. Furthermore, at 06:00 h, the melatonin level in OSAS
patients was lower on the titration night than on diagnosis
night, but without a peak at 02:00 h, as seen in the control
subjects.

In healthy subjects, there was a melatonin peak value at
midnight and secretion was lowest in the afternoon [21].
Endogenous synthesis of melatonin during the night depends
on b- and a1-adrenergic receptor stimulation by NE [15]. In
contrast, most studies focusing on patients with OSAS have
shown elevated catecholamine levels [16], and although
peripheral and central NE levels are not always well
correlated, an increase in melatonin levels seems logical in
OSAS patients at night, when NE levels are higher.

The current authors found significantly lower levels of
melatonin at 06:00 h in OSAS patients on the CPAP titration
night, compared with the diagnosis night, but not at 23:00 h or

TABLE 2 Results of continuous positive airway pressure
treatment

Baseline indices Titration indices p-value

RDI h-1 49¡28.6 10.8¡8.6 ,0.000

RAI h-1 31.7¡21.8 13.7¡16.7 ,0.001

TST % with Sa,O2 ,90% 52.4¡37.6 24.4¡32 ,0.000

REM sleep % 10.3¡7.3 12¡10.2 NS

Sleep stages 3 and 4 % 26.1¡15.4 34.2¡16.4 NS

Efficiency % 81.2¡9.5 77.3¡23.1 NS

TST min 274¡61 260¡85 NS

Data are presented as mean¡SD. RDI: respiratory disturbance index; RAI:

respiratory arousal index; TST: total sleep time; Sa,O2: arterial oxygen saturation;

REM: rapid eye movement.
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at 02:00 h. The reason is probably because on the CPAP
titration night the pressure was increased progressively until
the snoring and respiratory disturbances ceased; this was at
approximately 03:30 h. It can be hypothesised that when
optimal pressure was achieved (03:00 h), and the patients were
better oxygenated, the NE levels could decrease, resulting in
lower melatonin levels.

It can be questioned whether it is reasonable to expect an
immediate effect of CPAP treatment on melatonin levels.
SUKEGAWA et al. [22] found a significant decrease in urinary
catecholamine levels after one titration night in 17 OSAS
patients; in this respect, the current authors think it is
reasonable to expect this result in melatonin levels after one
titration CPAP night.

BRATEL et al. [23] found a significant correlation between low pre-
treatment nocturnal Sa,O2 and high plasma and urinary NE levels
in OSAS patients. In the present study, CPAP treatment reduced
RDI, RAI and total sleep time with Sa,O2 ,90% significantly. The
current authors speculate that this CPAP treatment may
decrease the NE levels and that is probably the reason why the
melatonin decreased at 06:00 h in OSAS patients.

It is known that melatonin has sleep-promoting properties.
ANTON-TAY et al. [4] observed that healthy volunteers fell
asleep 20 min after melatonin administration. The current
authors also speculate that OSAS patients may have higher
melatonin level at 06:00 h in a metabolic response to increased
sleep propensity and decreased sleep latency, as a result of
attempts to increase the quantity of sleep because they have
bad sleep quality [24].

Better sleep quality was not found in OSAS patients on the
titration night. It is recognised that sleep efficiency, total sleep
time, REM sleep and stage 3 and 4 sleep during a titration
night is a complex set of variables impacted by the patient’s
response to CPAP, the time needed to achieve ideal pressure,
titration protocol and the technical capability of staff [25].

At this moment, the current authors must attribute the reduction
in melatonin levels in OSAS patients to the reduction in
respiratory disturbances. The cause of the morning somnolence
in OSAS patients may be the higher melatonin level at 06:00 h on
the diagnosis night, considering the sedative effects of melato-
nin. This finding, together with the increase in melatonin levels
in the afternoon [10], could explain the daytime somnolence in

OSAS patients, although other factors, such as intermittent
hypoxia through the night and repeated sleep disturbance, are
also likely to significantly contribute to this.

One possible criticism is that the effect of CPAP on melatonin
levels has been studied on the CPAP titration night, when the
optimal CPAP pressure is usually not achieved until 02:00 or
03:00 h. Thus, the effect of CPAP optimal pressure can be seen
only in the 06:00 h blood sample.

Another point of criticism is that it is known that a significant
interindividual variability in melatonin levels can occur,
independent of any medical condition, and this may affect
the comparison of melatonin levels in the two different subject
groups. However, the major finding of the present study was
not a numerical comparison but the comparison of two
melatonin secretion patterns.

The limitation of assessing melatonin at only three time-points
across the night is present in the current study, but the blood
samples for measurement of melatonin in the dark period were
taken at 02:00 h, while the subjects were sleeping, and this is

TABLE 3 Melatonin levels in obstructive sleep apnoea
syndrome (OSAS) patients and in healthy control
subjects

Time OSAS diagnosis

night

OSAS titration

night

Control subjects

23:00 h 31.6¡29.9 20.16¡10.3 40.8¡6.6

02:00 h 47.4¡33.8 37.7¡27.5 70.6¡14.1

06:00 h 49.3¡36.9 35.6¡37.9* 44.7¡9.9

Data are presented as mean¡SD in pg?mL-1. *: p,0.05 between OSAS patients

in diagnosis night and titration night.
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FIGURE 1. Serum melatonin concentration in a) healthy controls and b)

obstructive sleep apnoea syndrome (OSAS) patients. The points at which blood

was collected while the subjects were sleeping are shown (&: dark phase,

02:00 h). Blood collection occurred while the subjects were awake (light phase) at

23:00 h and 06:00 h. Each point is presented as mean¡SD. #: OSAS patients on

diagnosis night; $: OSAS patients on titration night. #: p,0.0001 between both

light phases in healthy subjects; *: p,0.05 at 06:00 h between diagnosis night and

titration night.
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known to represent the maximal change from levels in the
light period.

New studies in patients undergoing long-term CPAP treat-
ment, with blood samples taken on a night that is not a titration
night, would be of interest in order to draw out possible
increases in sleep quality and the effect on melatonin levels in
the first part of the night.

In conclusion, the present investigation shows that obstructive
sleep apnoea syndrome patients did not show a melatonin
peak value at midnight (dark period) with a decrease of
melatonin levels at early morning (light period), unlike
subjects without obstructive sleep apnoea syndrome, which
do. Obstructive sleep apnoea syndrome patients had a plateau
in melatonin levels in the second part of the night without the
decrease at 06:00 h (light period). On the titration night, a
decrease in melatonin levels was seen in the early morning
(06:00 h; light period), making the melatonin secretion pattern
of the second part of the night similar to subjects without
obstructive sleep apnoea syndrome.
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