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ABSTRACT

INTRODUCTION  Melatonin secretion, one of the main factors controlling the sleep-wake rhythm, may
be disrupted in patients with sleep disorders.

oBJECTIVES The aim of the study was to evaluate the profile of circadian melatonin secretion in patients
with obstructive sleep apnea (0SA) and to assess the impact of 2-day and 3-month treatment with
continuous airway pressure (CPAP) on diurnal and nocturnal serum melatonin levels.

PATIENTS AND METHODS ~ Serum melatonin levels were evaluated in 71 untreated patients with 0SA and
18 healthy controls at 6 time points: 10 AM, 2 PM, 6 PM, 10 PM, 2 AM, and 6 AM. The measurements
were repeated after 2 days and 3 months of CPAP treatment.

RESULTS Melatonin secretion rhythm was altered in 25.4% of the patients with OSA. In patients with
preserved secretion rhythm, the serum melatonin level was significantly lower at 2 AM and 6 AM, com-
pared with healthy controls: 68.2 pg/ml (interquartile range [IQR], 30.1-109.8 pg/ml) vs 109.1 pg/ml (IQR,
63-167.9 pg/ml), P = 0.02 and 40.8 pg/ml (IQR, 20.8-73.2 pg/ml) vs 67.7 pg/ml (IQR, 32.7-131.7 pg/ml),
P = 0.04, respectively. Melatonin levels did not change significantly after the 2-day and 3-month CPAP
treatment. However, at 3 months, a shift of the peak melatonin concentration to 2 AM was observed in
patients with an altered secretion rhythm.

concLusions OSA has a significant effect on serum melatonin levels. Neither short-term nor long-term
CPAP treatment significantly changes melatonin concentrations; however, our results seem to indicate
that a 3-month CPAP treatment may be helpful in restoring the physiological rhythm of melatonin secre-
tion in patients with 0SA.

INTRODUCTION Melatonin is a serotonin-derived
hormone secreted by the pineal gland in a cyclic
manner.' It has diverse activities and regulates
numerous physiological processes in mammals,
including the sleep-wake rhythm, sexual matura-
tion, reproduction, and aging. It also has antiox-
idant, oncostatic, and immunomodulative prop-
erties.'” Its release responds to the light-dark cy-
cle.*8 The peak melatonin secretion occurs dur-
ing the night hours; during the day, its concentra-
tions are low. Exposure to light acutely suppresses
nocturnal melatonin release.” Studies in animal

models and humans have shown that melatonin
secretion is strongly related to sleep, and individ-
uals with decreased melatonin levels suffer from
sleep disturbances and insomnia. This refers to el-
derly patients (as melatonin concentrations tend
to fall with age), night-shift workers with an ex-
ogenously disrupted sleep-wake rhythm, individ-
uals who had undergone pinealectomy, and oth-
ers."2'0 In patients with primary insomnia, ex-
ogenous melatonin decreases sleep onset laten-
cy, increases total sleep time, and improves sleep
quality.""2 Melatonin also effectively reduces jet
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lag symptoms and sleep disorders related with
night-shift work.">"

Obstructive sleep apnea (OSA) is a common
condition characterized by recurrent airflow limi-
tation in the upper airways, leading to a decrease
in blood oxygenation and subsequent arousals.
The prevalence of OSA depends on age and sex,
among other factors, and is estimated at 13% in
men and 6% in women aged 30 to 70 years; it has
shown a relative percentage increase by 14% to
55% over the last 20 years.'" OSA is associated
with significant comorbidity and is an important
risk factor for diabetes and cardiovascular diseas-
es.'®17 It is currently regarded as one of the most
frequent causes of arterial hypertension and is
the most common comorbidity in patients with
arterial hypertension resistant to treatment.'®"

Recurrent fits of apnea/hypopnea and awak-
enings, which are typical for OSA, result in sleep
fragmentation and a reduction in sleep duration
and quality. It is likely that sleep disorders in
these patients may cause disturbances in mela-
tonin secretion. Assuming also that continuous
positive airway pressure (CPAP) treatment reduc-
es or even eliminates abnormal breathing during
sleep and restores the physiological sleep struc-
ture,”” the question arises whether this form of
treatment may have an impact on melatonin se-
cretion. Only a few studies attempting to establish
the relation between OSA and circadian secretion
of melatonin have been published to date.?"?* The
majority of them have been conducted in small
groups of patients and used varying study pro-
tocols. There were substantial differences in the
tools used for OSA diagnosis and the time of se-
rum melatonin measurements, with melatonin
evaluation only at night in some reports?'22.24
and only in the afternoon in others.” Therefore,
we undertook a study with the aim to evaluate
the profile of circadian melatonin secretion in
patients with OSA and to assess the impact of a
2-day and 3-month treatment with CPAP on mel-
atonin circadian rhythm.

PATIENTS AND METHODS Study design Study
participants were recruited from patients referred
to the Sleep Laboratory of the Department of In-
ternal Medicine, Pulmonary Diseases and Aller-
gy of the Medical University of Warsaw, Warsaw,
Poland, between the years 2007 and 2012, due to
excessive daytime drowsiness, loud snoring, or ap-
neas observed during sleep. All patients under-
went polysomnography (PSG) and serial measure-
ments of the serum melatonin level (every 4 hours
including nighttime during diagnostic PSG). The
cohort was subsequently divided into 2 groups:
patients in whom PSG confirmed the diagnosis
of OSA and those in whom PSG excluded the dis-
ease (control group). Patients with OSA received
CPAP treatment, and serum melatonin levels were
assessed after 2 days. Patients were then sched-
uled for a follow-up visit after 3 months. During
the follow-up visit, adherence to CPAP treatment
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was assessed, and serial measurements of serum
melatonin concentrations were repeated.

The study was approved by an institutional
review board. Informed consent to participate
in the study was obtained from all participants.

Study participants A total of 108 consecutive pa-
tients were enrolled to the study. Among them,
OSA was confirmed in 90 patients. The diagnosis
of OSA and its severity were established in accor-
dance with the recommendations of the Ameri-
can Academy of Sleep Medicine.?”® The diagnostic
criteria were as follows: apnea—hypopnea index
(AHI) of 5/h or higher in the presence of typical
OSA symptoms or AHI exceeding 15/h regard-
less of the clinical manifestation. The diagnosis
of OSA and an AHI exceeding 15/h and consent
to CPAP treatment were the 2 inclusion criteria
for further analyses. The exclusion criteria were
as follows: shift work; current or past disease of
the central nervous system (history of stroke, ep-
ilepsy, tumors, previous neurosurgical interven-
tion); current or past endocrine dysfunction (eg,
hypothyroidism or hyperthyroidism, disorders
of the pituitary gland or adrenal glands); chronic
kidney or liver diseases; mental illness (current or
past); lack of consent to CPAP treatment; no in-
dications for or contraindications to CPAP treat-
ment; and selection of an alternative method of
treatment by the patient.

The control group comprised of individuals
in whom PSG did not confirm the diagnosis of
OSA. For this group, the same exclusion criteria
were applied (except the issues associated with
OSA treatment).

In all participants, clinical and anthropomet-
ric data were recorded. Sleepiness was assessed
by the Epworth Sleepiness Scale (ESS).?®

Polysomnography PSG was conducted with an Al-
ice 4 camera (RESPIRONICS, Murrysville, Penn-
sylvania, United States) in an acoustically iso-
lated room. The test was supervised by a respi-
ratory physician or by a trained technician. The

monitoring started at 11 PM and was terminat-
ed at 6 AM the next morning. Airflow was regis-
tered with a nasal cannula and thermistor. Move-
ments of the chest and abdomen were monitored

by inductive plethysmography. The body position

was recorded with a gravity sensor. Arterial oxy-
gen saturation was measured with pulse oxime-
try at the fingertip. The structure of sleep was as-
sessed based on the records of electroencephalo-
gram, electrooculogram, and electromyogram. An

electrocardiogram was also recorded. During PSG,
patients were continuously monitored by a video

camera. Sleep structure was assessed according

to the guidelines of Rechtschaffen and Kales.?’

Treatment with continuous positive airway pres-
sure The criteria for CPAP treatment were based
on the recommendations of the American Tho-
racic Society.”® During the first 2 nights of hos-
pital treatment, all 71 patients with indications



108 patients recruited

!

90 patients: OSA confirmed in PSG;
serial melatonin measurement during diagnostic PSG

}

18 patients: OSA not confirmed in PSG (control group)
serial melatonin measurement during diagnostic PSG

9 patients with AHI = 6-15/h
—> no indication for CPAP treatment

excluded from the study group
L, 10 patients with AHI >15/h

excluded from the study group

v

71 patients with AHI >15/h; agreed to CPAP treatment;
serial melatonin measurement after 2 days of CPAP

!

23 patients attended follow-up visit
serial melatonin measurement after 3 months of CPAP

FIGURE 1
flowchart
Abbreviations: CPAP,
continuous positive
airway pressure; ORL,
otolaryngology; OSA,
obstructive sleep apnea;
PSG, polysomnography

Study

for CPAP treatment used an autoCPAP (S8 Auto-
spirit ResMed, Abingdon, United Kingdom). Af-
ter discharge, 56 patients bought their own CPAP
(with partial reimbursement from the Polish Na-
tional Health Fund) and 15 patients decided to
rent the device. The type of the device used for
further treatment depended on the patients’ own
choice and economic factors. Treatment adher-
ence was evaluated on the basis of the data saved
in the memory system of the CPAP device. Only
patients using CPAP for at least 4 hours per night
were included in the final analysis.

Serum melatonin level measurements Serum mela-
tonin levels were determined using a radioimmu-
noassay (Melatonin RIA-0355 kit, DRG, Marburg,
Germany). The measurements were performed at
6 time points: 10 AM, 2 PM, 6 PM, 10 PM, 2 AM,
and 6 AM. To minimize unpleasant sensations as-
sociated with frequent blood sampling, noctur-
nal blood was drawn through a peripheral intra-
venous cannula placed in the basilic or cephalic
vein. If light was required during blood sampling
at night, its intensity was less than 40 lux. The
samples were immediately frozen and stored at
—70°C until analysis. The measurements were per-
formed in thawed serum according to the manu-
facturer’s instructions.?’

Serial serum melatonin concentrations were
assessed at baseline in all participants. The mea-
surements were repeated in patients with OSA af-
ter 2 days and 3 months of the CPAP treatment.

4 patients: no consent for further
analyses

6 patients: preferred otolaryngological
treatment to CPAP

Statistical analysis ~ Statistical anlysis was per-
formed using Statistica 8.0 (StatSoft Inc., Tulsa,
Oklahoma, United States). Data were expressed

as medians and interquartile ranges (IQRs). For
nonnormally distributed parameters, the differ-
ences between continuous variables in the groups

were tested using the nonparametric Mann-Whit-
ney test. The X? test was used to analyze categor-
ical variables in different groups. Related vari-
ables were compared using the Wilcoxon test for
paired observations (serum melatonin concentra-
tions before and after treatment), while Friedman

test, for the comparison of multiple (>2) mea-
surements of the same variable. A P value of less

than 0.05 was considered statistically significant.

RESULTS Characteristics of the patients A total
of 108 consecutive patients (66 men and 5 wom-
en; mean [SD] age, 49.2 [9.1] years) were enrolled
to the study. PSG confirmed the diagnosis of OSA
in 90 patients, of whom 19 were excluded from
further analyses (FIGURE 1). The control group com-
prised 18 participants in whom OSA was exclud-
ed by PSG. The characteristics of patients are pre-
sented in TABLE 1.

The study groups did not differ significantly in
terms of smoking history, alcohol consumption,
diet, or physical activity. Patients with OSA had a
higher incidence of arterial hypertension and di-
abetes than controls (63.4% vs 27.8%, P = 0.006
and 21.1% vs 0%, P = 0.03, respectively).
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TABLE 1 Clinical characteristics of the study groups

Parameter

Patients with 0SA
(n=T11)

Control group

(n=18)

Age, y 49.2 (36-62.5) 44.6 (30.1-66) 0.03
Men/women, n (%) 66 (93)/5 (7) 17 (94)/1 (6) NS
BMI, kg/m? 31.7(27-36.3) 29.6 (25.3-32.1) 0.01
Neck circumference, cm 45 (40-48) 44 (41-45) 0.04
Systolic blood pressure, mm Hg 130 (118-145.3) 127.5(116-136.2) NS
Diastolic blood pressure, mm Hg 80 (74.3-89) 71.5(74.3-84.1) NS
Daytime Pa0,, mm Hg 78.3 (65.2-86.1) 85.5 (75.3-88) 0.04
Daytime PaCO,, mm Hg 40.2 (35.6-49.9) 41.6 (35.1-46) NS
ESS score, points 13 (8-20) 7 (5-13) 0.002
AHI, hour! 40.1 (18.3-87.1) 2.3(0.8-4.5) 0.0001
DI, hour! 39 (17.7-76) 2.0(1.1-4.2) 0.0001
Mean Sp0, during sleep, % 93 (88.4-95) 94.8 (92.3-95) 0.002
Minimum Sp0, during sleep, % 79.2 (60.8-89.2) 88.5 (86-92.3) 0.0001

Data are presented as median and interquartile range unless otherwise stated.

a Mann—Whitney test

Abbreviations: BMI, body mass index; ESS, Epworth Sleepiness Scale; AHI, apnea—hypopnea index; DI, desaturation
index; NS, nonsignificant; Pa0,, partial pressure of oxygen in arterial blood; PaCO,, partial pressure of carbon dioxide in
arterial blood; Sp0,, blood oxygenation (transcutaneous pulse oximetry)

Baseline serum melatonin concentrations In the
majority of the study population, the highest se-
rum melatonin levels were noted at 2 AM (FIGURE 2).
This finding was reported for all controls and for
53 of the 71 patients (74.6%) with OSA. Howev-
er, the serum melatonin levels were lower in pa-
tients with OSA than in controls, both at 2 AM
(median [IQR], 68.2 pg/ml [30.1-109.8 pg/ml]
vs 109.1 pg/ml [63-167.9 pg/ml], respectively,
P =0.02) and at 6 AM (median [IQR], 40.8 pg/ml
[20.8-73.2 pg/ml] vs 67.7 pg/ml [32.7-131.7
pg/ml], respectively, P = 0.04).

The melatonin secretion rhythm was altered
in 18 patients (25.4%) with OSA; its level peaked
at 6.00 AM in 10 patients (14%), at 10.00 PM in
7 patients (10%), and at 6 PM in 1 patient (1%).
These patients did not differ in terms of the an-
thropometric data, arterial blood oxygenation, or
OSA severity from those in whom the secretion
rhythm was preserved.

No correlations were found between serum
melatonin concentrations at any time point and
AHI or the ESS score. A trend towards lower mel-
atonin levels at 2 AM and higher melatonin lev-
els at 2 PM and 6 PM with increasing OSA sever-
ity was noted, but the differences between serum
melatonin levels at those time points in patients
stratified according to the AHI (5-14/h, 15-29/h,
and >30/h) did not reach significance.

Serum melatonin concentrations in patients with sleep
obstructive apnea before and after treatment with con-
tinuous positive airway pressure In all 71 patients
with OSA, the treatment goal, that is, the AHI of
less than 5/h, was achieved during the first 2 days
of CPAP treatment. There were no differences in
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serum melatonin levels in patients at any of the
time points after short-term CPAP use.

At 3 months, data were available only for 23
patients with OSA (32%, only men); 48 patients
were lost to follow-up: 18 patients discontinued
the treatment due to side effects (11 patients,
mask intolerance; 4, chronic rhinitis; 3, dryness
of the mouth), and 11 patients who initially rent-
ed the device discontinued the treatment due to
economic reasons. Twelve patients preferred oto-
laryngological treatment. Seven patients with-
drew their consent for rehospitalization. Of the
23 participants who attended the follow-up vis-
it (24-hour hospitalization with control PSG and
repeated blood sampling), 11 patients used an
auto-CPAP (Good Knight 420E, Tyco Health-
care, Tullamore, Ireland; Puritan Bennett, Nan-
cy, France; REMstar auto, RESPIRONICS; S8 Au-
tospirit ResMed) and 12 used a standard CPAP
device (Good Knight E, Tyco Healthcare; Puritan
Bennett; HC 600, Fisher&Pykel, Auckland, New
Zealand; S8 Escape, ResMed).

All patients had been using CPAP for more than
4 hours per night. The median (IQR) duration of
CPAP use was 97 days (92.3-101 days) and 5.8
hours/night (5.1-6.5 hours/night). The median
(IQR) pressure applied was 10 cmH,O (8.21-13.1
cmH,0). In all patients, an AHI of less than 5/h
was achieved. The CPAP treatment also result-
ed in a reduction in daytime sleepiness (median
[IQR] ESS score, 13 [8-20] vs 8 [6.2-9.1], respec-
tively, P = 0.0008), lower systolic blood pressure
(median [IQR], 130 mm Hg [118-145.3 mm Hg]
vs 120 mm Hg [117.3-129 mm Hg], P = 0.001)
and a lower heart rate (median [IQR], 75 bpm
[71.7-82.3 bpm] vs 70 bpm [62.3-80.1 bpm],
P =0.009).



FIGURE 2 Baseline
serum melatonin
concentrations in patients
with obstructive sleep
apnea (0OSA) and healthy
controls at the selected
time points

FIGURE 3  Serum
melatonin levels at the
selected time points in
patients with obstructive
sleep apnea (0SA) before
and after 3 months of
treatment with continuous
positive airway pressure
(CPAP)

120
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100 ~- Control group
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- Before CPAP treatment
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80
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Serum melatonin, pg/ml

40

20

6 PM

—o— After 3-month CPAP treatment

10 PM 2 AM 6 AM

Time point

10 AM 2PM

The 3-month CPAP treatment did not have a
significant impact on serum melatonin levels at
any of the time points (FIGURE 3). However, in 5 of
the 6 patients whose melatonin concentration
had peaked at a time point other than 2 AM, a
shift to 2 AM after the CPAP treatment was ob-
served. This included 3 patients in whom pre-
treatment peak melatonin levels were noted at 6
AM and 2 patients in whom the highest concen-
tration of melatonin before treatment was ob-
served at 10 PM.

DISCUSSION  The present study demonstrated
that up to 25% of patients with OSA have an al-
tered circadian pattern of melatonin secretion,
with a shift of its peak concentration to a differ-
ent time point than in the physiological rhythm.

6 PM

10 PM 2 AM 6 AM

Time point

Importantly, although serum melatonin levels did
not change significantly after 3 months of CPAP
treatment, in 5 out of 6 patients whose melatonin
concentration had peaked at a time point other
than 2 AM, a shift towards the maximum mela-
tonin concentration at 2 AM was observed. Fur-
thermore, we demonstrated that in patients with

OSA who have a preserved circadian rhythm of
melatonin secretion, serum melatonin levels are

significantly lower at 2 AM and 6 AM when com-
pared with healthy controls. This confirms the im-
pact of OSA-related sleep disturbances on mela-
tonin secretion. Unlike the majority of previous

studies that applied only screening methods for
the diagnosis of OSA, our study was conducted

in a well-defined group of patients with OSA con-
firmed by PSG. Also, to our knowledge, this is the
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first study assessing serum melatonin levels both
during the day and at night, while the previous
studies evaluated either only nocturnal or only
diurnal melatonin concentrations. Furthermore,
this is probably the first study to assess the im-
pact of long-term treatment with CPAP on mel-
atonin secretion in patients with OSA.

Our results are similar to the those of Brzec-
ka et al.?? The authors found a preserved circadi-
an melatonin secretion rhythm in 67% of the pa-
tients with OSA; in 27%, there was a shift of peak
melatonin levels towards the morning hours, and
in 6%, towards the evening hours. Surprisingly,
however, patients with higher melatonin levels
at 2 AM had more severe OSA.?? This is in con-
trast to our results because, in general, melatonin
levels at nighttime were lower in patients than in
controls in our study, and we found no correla-
tion between serum melatonin levels and severi-
ty of OSA. Hernandez et al?* also found a shift of
the maximum serum melatonin concentrations
to 6 AM in their cohort of 20 patients with OSA.
However, in one of the first studies on melato-
nin in OSA, Wikner et al,”' who studied only noc-
turnal melatonin concentrations, demonstrated
that in patients with OSA neither the rhythm of
melatonin secretion nor serum melatonin lev-
els at particular time points differed significant-
ly from those in healthy individuals. These au-
thors used night pulse oximetry as the diagnos-
tic criterion for OSA, so their results must be in-
terpreted with caution, as they apply to patients
with oxygen desaturation at night regardless of
the underlying cause.

The mechanism leading to alterations in mela-
tonin secretion in the course of OSA has not been
fully elucidated. Moreover, it is not clear wheth-
er melatonin secretion disturbances in OSA are
a causal factor or, more probably, a phenomenon
secondary to the disease. Recurrent apnea and re-
lated nocturnal hypoxemia may affect the func-
tion of the pineal gland. Disruption in melatonin
secretion has been reported in individuals with an
altered day-night rhythm, including night-shift
workers, travelers changing time zones, and sub-
jects kept in an illuminated environment.”' It
has been documented that light and darkness
influence the synthesis and release of melatonin
by indirect activation (darkness) and inhibition
(light) of arylalkylamine N-acetyltransferase and
hydroxyindole-O-methyltransferase, 2 enzymes
that catalyze melatonin production from sero-
tonin.! An altered sleep-wake rhythm and asso-
ciated prolonged exposure to light may therefore
contribute to lower serum melatonin concentra-
tions in patients with sleep disorders by reduc-
ing its synthesis from serotonin. However, stud-
ies on this topic in OSA are lacking.

Decreased melatonin production may increase
the risk of obesity by inducing insulin resistance,
glucose intolerance, and alterations in the cir-
cadian metabolic rhythm.3? Wetterberg et al®
showed that melatonin levels are inversely cor-
related with body mass. Both features, that is, an
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altered day-night rhythm due to sleep disturbanc-
es and obesity, are hallmarks of OSA. Neverthe-
less, we did not find correlations between serum
melatonin and body mass index in our patients.

Melatonin concentrations also depend on the
duration of sleep."® This might explain the differ-
ences in melatonin concentrations among stud-
ies that applied the same method for serum mel-
atonin analysis. The values reported by Hernan-
dez et al?* were lower than those in our study,
but also the total sleep time of the patients was
shorter than that in our study (mean [SD], 274
[61] min vs 343 [57] min, respectively). At the
same time, the basic patient characteristics (age,
body mass index, AHI, and ESS score) were sim-
ilar in both studies.

Besides the reduction of body weight, treat-
ment with CPAP remains the cornerstone in the
therapy of OSA.*"3? However, the effects of CPAP
on OSA have been evaluated at various time inter-
vals from treatment onset and depend on study
endpoints. Earlier studies have shown that a
3-month use of CPAP in patients with OSA de-
creased serum lipid concentrations®® and might
affect cardiac remodeling, which is altered in the
course of the disease.’*3® Hernandez et al** dem-
onstrated that positive effects of CPAP treatment
on the melatonin concentration defined as shift
of the peak serum melatonin level from 6 AM
to 2 AM can be seen as early as on the first day
of CPAP use. We did not find significant differ-
ences between serum melatonin concentrations
at any of the analyzed time points after 2 days
of treatment with CPAP. Although we also failed
to find significant differences in melatonin lev-
els after 3 months of CPAP use, we noted a shift
of peak concentrations to 2 AM in 5 of the 6 pa-
tients with initially altered melatonin secretion
rhythm who attended the follow-up visit. We are
unable to discuss our results in comparison with
the results of other authors because data on the
impact of long-term CPAP treatment on melato-
nin secretion in patients with OSA are lacking.
Wikner et al?' did not find significant differenc-
es in serum and urine melatonin levels after a
4-week CPAP treatment; however, this study had
some methodological limitations as described by
the authors, and the treatment period was much
shorter than that analyzed in our study.

The small number of patients who had com-
pleted the study protocol is the major limitation
of our study. They accounted for 32.4% of the ini-
tially enrolled patients. This is a common prob-
lem in studies that are designed to evaluate the
long-term effect of CPAP treatment. The con-
trol of CPAP use after 2 days was possible in the
whole group because the treatment was initiat-
ed during the hospital stay with a device that did
not belong to the patient. On discharge, a recom-
mendation of CPAP purchase was given; howev-
er, we were not able to assess the number of pa-
tients who decided to continue this treatment be-
cause they were lost to follow-up. It is estimat-
ed that from 50% to 80% of patients with OSA



discontinue CPAP therapy, and the proportion of
patients who use CPAP for at least 4 hours during
sleep only slightly exceeds 40%.3':3 The control
visit also required hospitalization (1 day), which
may have been discouraging for professionally
active patients, who comprised the majority of
our group. Furthermore, we may speculate that
the small number of patients may have been a re-
sult of the requirement of repeated blood sam-
pling. The fact that the effect of 3-month CPAP
use was evaluated only in men is another limita-
tion of this study. However, there was a marked
male predominance among the patients recruit-
ed to the study (93% vs 7%), which was to be ex-
pected considering the epidemiology of OSA in
Poland®” and worldwide.'® The studies by Wikner
et al’’ and Brzecka et al?’? included only men.

The use of serum melatonin concentrations
may also be considered a limitation. Serum mel-
atonin concentrations are relatively variable,3®
and the measurement of its stable metabolite,
6-sulfatoxymelatonin, in urine has been applied
in a number of studies to better reflect melatonin
secretion.?*4? In a recent study, Reutrakul et al*
showed that OSA severity was associated with
lower melatonin secretion evaluated indirectly as
a lower urinary 6-sulfatoxymelatonin-to-creati-
nine ratio.** However, our study was aimed at the
assessment of melatonin secretion rhythm, which
required serial measurements. Serial urine sam-
pling (particularly at night) would have caused sig-
nificant technical problems; furthermore, a com-
parative analysis of the obtained results would be
impossible, as most of the studies involved 6-sulf-
atoxymelatonin measurement in the overnight or
cicardian urine collection.

To conclude, OSA has a significant impact on
serum melatonin levels. Approximately 25%
of patients with OSA have an altered circadi-
an rhythm of melatonin secretion. In OSA pa-
tients with a preserved secretion rhythm, peak
melatonin levels at night are significantly low-
er than those in healthy subjects. Neither short-
term (2-day) nor long-term (3-month) treatment
with CPAP significantly changed melatonin lev-
els; however, our results seem to indicate that a
3-month period of CPAP treatment may be help-
ful in restoring the physiological rhythm of mel-
atonin in patients with OSA with a disrupted se-
cretion profile.

Contribution statement MB, PB, and RCh desig-
ned the study. MB, MM-W, PB, and MK were re-
sponsible for literature search, patient recruit-
ment, and data analysis. MB and MM-W prepared
the first draft. All authors critically reviewed the
manuscript and contributed to the final version.

REFERENCES

1 Brzezinski A. Melatonin in humans. N Engl J Med. 1997; 336: 186-195.

2 Claustrat B, Brun J, Chazot G. The basic physiology and pathophysiolo-
gy of melatonin. Sleep Med Rev. 2005; 9: 11-24.

3 Macchi MM, Bruce JN. Human pineal physiology and functional signifi-
cance of melatonin. Front Neuroendocrinol. 2004; 25: 177-195.

4 Scheer F, Czeisler Ch. Melatonin, sleep and circadian rhythms. Sleep
Med Rev. 2005; 9: 5-9.

5 Zhdanova |, Tucci V. Melatonin, circadian rhythms and sleep. Curr Treat
Options Neurol. 2003; 5: 225-229.

6 Reiter RJ. Melatonin: clinical relevance. Best Pract Res Clin Endocrinol
Metab. 2003; 17: 273-285.

7 Lewy AJ, Wehr TA, Goodwin FK, et al. Light suppresses melatonin se-
cretion in humans. Science. 1980; 210: 1267-1269.

8 Nathan PJ, Wyndham EL, Burrows GD, et al. The effect of gender on
the melatonin suppression by light: a dose response relationship. J Neural
Transm. 2000; 107: 271-279.

9 Wetterberg L, Bratlid T, Knorring L, et al. A multinational study of the
relationships between nighttime urinary melatonin production, age, gen-
der, body size and latitude. Eur Arch Psychiatry Clin Neurosci. 1999; 249:
256-262.

10 Moller M, Baeres FM. The anatomy and innervation of the mammalian
pineal gland. Cell Tissue Res, 2002; 309: 139-150.

11 Ferracioli-Oda E, Qawasmi A, Bloch MH. Meta-Analysis: Melatonin for
the treatment of primary sleep disorders. PLoS One. 2013; 8: 63773.

12 Brzezinski A, Vangel MG, Wurtman RJ, et al. Effects of exogenous mel-
atonin on sleep: a meta-analysis. Sleep Med Rev. 2005; 9: 41-50.

13 Srinivasan V, Spence DW, Pandi-Perumal SR, et al. Jet lag: Therapeutic
use of melatonin and possible application of melatonin analogs. Travel Med
Infect Dis. 2008; 6:17-28.

14 Reid KJ, Abbott SM. Jet lag and shift work disorder. Sleep Med
Clin. 2015; 10: 523-535.

15 Peppard PE, Young T, Barnet JH, et al. Increased prevalence of sleep-
disordered breathing in adults. Am J Epidemiol. 2013; 177: 1006-1014.

16 Ptywaczewski R, Czystowska M, Skoczylas A, et al. Relationship be-
tween age and cardiovascular complications in obstructive sleep apnoea.
Pneumonol Alergol Pol. 2009; 77: 235-241.

17 Kumor M, Bielicki P, Barna$ M, et al. Prevalence of metabolic syn-
drome diagnosis in patients with obstructive sleep apnoea syndrome ac-
cording to adopted definition. Pneumonol Alergol Pol. 2013; 81: 417-423.

18 Krasinska B, Miazga A, Cofta S, et al. Effect of eplerenone on the se-
verity of obstructive sleep apnea and arterial stiffness in patients with resis-
tant arterial hypertension. Pol Arch Med Wewn. 2016; 126: 330-339.

19  Dobrowolski P, Florczak E, Klisiewicz A, et al. Pulmonary artery dila-
tion indicates severe obstructive sleep apnea in patients with resistant hy-
pertension: the Resist-POL Study. Pol Arch Med Wewn. 2016; 126: 222-229.

20  McArdle N, Douglas NJ. Effect of continuous positive airway pressure
on sleep architecture in the sleep apnea-hypopnea syndrome; a randomized
controlled trial. Am J Respir Crit Care Med. 2001; 164: 1459-1463.

21 Wikner J, Snanborg E, Wetterberg L, et al. Melatonin secretion and
excretion in patients with obstructive sleep apnea syndrome. Sleep. 1997;
20: 1002-1007.

22 Brzecka A, Piesiak P, Zareba-Bogdat E, et al. Rhythm of melatonin ex-
cretion in obstructive sleep apnea syndrome. Pneumonol Alergol Pol. 2001;
69: 650-654.

23 Ulfberg J, Micic S, Strom J. Afternoon serum melatonin in sleep disor-
dered breathing. J Intern Med. 1998; 244: 163-168.

24 Hernandez C, Abreu J, Abreu P, et al. Nocturnal melatonin plasma
levels in patients with OSAS: the effect of CPAP. Eur Respir J. 2007; 30:
496-500.

25 American Academy of Sleep Medicine Task Force. Sleep-related
breathing disorders in adults: recommendations for syndrome definition
and measurement techniques in clinical research. Sleep. 1999; 22: 667-689.

26 Johns MW. A new method for measuring daytime sleepiness: the
Epworth Sleepiness Scale. Sleep. 1991; 14: 540-545.

27 Rechtschaffen A, Kales A. A manual of standardized, techniques and
scoring system for sleep stages in human subjects. Washington DC, US
Government Printing Office, 1968. NIH Publication No. 204.

28 Indications and standards for use of nasal continuous positive airway
pressure (CPAP) in sleep apnea syndromes. American Thoracic Society. Of-
ficial statement adopted March 1994. Am J Respir Crit Care Med. 1994;
150: 1738-1745.

29 Manz B, Seidel A, Alexander H, et al. Development and validation of a
radioimmunoassay for serum melatonin. J Clin Chem Clin Biochem. 1989;
27:797-802.

30 Cipolla-Neto J, Amaral FG, Afeche SC, et al. Melatonin, energy metab-
olism, and obesity: a review. J Pineal Res. 2014; 56: 371-381.

31 Jing J, Huang T, Cui W, Shen H. Effect on quality of life of continuous
positive airway pressure in patients with obstructive sleep apnea syndrome:
a meta-analysis. Lung. 2008; 186: 131-144.

32 Doherty LS, Kiely JL, Swan V, et al. Long-term effects of nasal contin-
uous positive airway pressure therapy on cardiovascular outcomes in sleep
apnea syndrome. Chest. 2005; 127: 2076-2084.

33 Kumor M, Bielicki P, Przybytowski T, et al. Three month continuous pos-
itive airway pressure (CPAP) therapy decreases serum total and LDL cho-
lesterol, but not homocysteine and leptin concentration in patients with ob-
structive sleep apnea syndrome (OSAS). Pneumonol Alergol Pol. 2011; 79:
173-183.

ORIGINAL ARTICLE CPAP treatment and serum melatonin in 0SA 595



596

34 Colish J, Walker JR, Elmayergi N, et al. Obstructive sleep apnea : ef-
fects of continuous positive airway pressure on cardiac remodeling as as-
sessed by cardiac biomarkers, echocardiography, and cardiac MRI. Chest.
2012; 141: 674-681.

35 Carratu P, Carratu L, Resta 0. What is more affected in patients with
obstructive sleep apnea: the right or the left heart? Pol Arch Med Wewn.
2016; 126: 217-218.

36 Meurice JC, Dore P, Paguereau J, et al. Predictive factors of long-term
compliance with nasal continuous positive airway pressure treatment in
sleep apnea syndrome. Chest. 1994; 105: 429-433.

37 Ptywaczewski R, Bednarek M, Jonczak L, et al. Sleep disordered
breathing in a middle-aged and older Polish urban population. J Sleep Res.
2008; 17: 73-81.

38 Zhdanova IV, Wurtman RJ, Balcioglu A, et al. Endogenous melatonin
levels and the fate of exogenous melatonin: age effects. J Gerontol A Biol
Sci Med Sci. 1998; 53: B293-B298.

39  Chojnacki C, Walecka-Kapica E, Klupifiska G, et al. Serotonin and mela-
tonin secretion and metabolism in patients with liver cirrhosis. Pol Arch Med
Wewn. 2012; 9: 392-397.

40 Reutrakul S, Siwasaranond N, Nimitphong H, et al. Associations be-
tween nocturnal urinary 6-sulfatoxymelatonin, obstructive sleep apnea se-
verity and glycemic control in type 2 diabetes. Chronobiol Int. 2017; 34:
382-392.

POLISH ARCHIVES OF INTERNAL MEDICINE  2017; 127 (9)



