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Introduction  Obstructive sleep apnea (OSA) is
a chronic condition characterized by recurrent
pauses in breathing during sleep caused by com-
plete or partial collapse of the upper respiratory
airways, resulting in arousals, sleep fragmenta-
tion, and oxygen desaturation during the night.’
The number of patients with OSA has been con-
tinuously rising in recent decades. It is estimat-
ed to reach close to 1 billion adults worldwide,
with a prevalence exceeding 50% in some popula-
tions,' which highlights the significant burden of
the disorder. Outside of its impact on sleep quali-
ty, OSA is associated with multiple comorbidities.
The most deeply explored ones include cardiovas-
cular and metabolic complications, since OSA is
an independent risk factor for arterial hyperten-
sion, type 2 diabetes mellitus, and metabolic syn-
drome, among many others."? Recently, however,
more attention has been paid to neurocognitive
and psychiatric comorbidities, and recognizing
factors that might help identify OSA subgroups
at the highest risk of these complications. Many
studies reported a high frequency of anxiety and
depressive symptoms among patients with OSA.?

Chronotype is defined as an individual circadi-
an preference of functioning, including a sched-
ule of sleep and activity. It is most commonly as-
sessed on the morningness-eveningness (ME)
scale, and is usually divided into a morning (ear-
ly, so-called larks), evening (late, so-called owls),
and intermediate chronotype. Recently, other
chronotype orientations have been investigated—
Oginska et al* reported distinctness of rhythm
(DI) as an additional chronotype dimension that
is associated with the individual’s ability to ad-
just their activity to different times of the day.
In the general population, eveningness has been
associated not only with an increased risk of de-
pressive symptoms but also with greater severi-
ty of such symptoms, as well as with limited re-
sponse to treatment.® ® Similarly, it has been ob-
served that insomnia symptoms and usage of

sleep medication are more frequent among indi-
viduals with an evening, as compared with those
with a morning chronotype.’

Data regarding the chronotype among patients
with OSA are limited and inconsistent. Kim et al®
suggested an intermediate chronotype to be a pro-
tective factor against OSA, as they found the dis-
order was more severe in individuals with morn-
ing and evening chronotypes. On the other hand,
a study by Lucassen et al’ reported that the prev-
alence of OSA was twice as high in patients with
an evening chronotype, as compared with those
with a morning chronotype. Sansom et al'® did
not find any differences between the frequency
of individual chronotypes in either mild, mod-
erate, or severe OSA, nor did they observe a dif-
ference in OSA severity across all chronotypes.
Even less data are available regarding sleepiness,
insomnia, and depressive symptoms in the con-
text of OSA."" To date, no studies have evaluat-
ed the DI of the chronotype in OSA patients. In
light of the above, the aim of this study was to
assess the association between various chrono-
type dimensions, subjective and objective sleep
parameters, and depressive symptoms among pa-
tients with OSA.

Patients and methods Sample The study group
consisted of 332 individuals referred to the Sleep
and Respiratory Disorders Center in £6dz, Po-
land with a presumptive diagnosis of OSA. All
participants underwent a standard nocturnal
polysomnography (PSG) examination. Based
on the apnea-hypopnea index (AHI), they were
divided into a healthy control group (n = 86;
AHI <5) and an OSA group (n = 246; AHI >5).
The latter was further stratified into a mild OSA
(AHI 25 and <15), moderate OSA (AHI 215 and
<30), and severe OSA group (AHI 230). The ex-
clusion criteria comprised inflammatory diseas-
es (eg, connective tissue diseases or inflammato-
ry bowel diseases), chronic respiratory diseases
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(eg, bronchial asthma or chronic obstructive pul-
monary disease), any infection within 1 month
of blood collection, diagnosis of cancer (active or
in medical history), major neurologic conditions,
psychiatric disorders, including insomnia, and
taking medications affecting sleep (eg, benzodi-
azepines or melatonin). The study was approved
by the Ethics Committee of the Medical Universi-
ty of Lodz (RNN/432/18/KE). All patients provid-
ed their written informed consent to participate.

Polysomnography The participants were admit-
ted to the sleep laboratory at approximately 9 PM
(or up to 30 minutes before/ after that time),
and underwent physical examination (measure-
ment of body mass, height, heart rate, and blood
pressure). The following channels were record-
ed during PSG: electroencephalography (C4\Al,
C3\A2), chin muscle and anterior tibialis electro-
myography, electrooculography, measurements of
the oronasal airflow (a thermistor gauge), snor-
ing, body position, respiratory movements of
the chest and abdomen (piezoelectric gauges),
unipolar electrocardiogram, and oxygen satura-
tion (SpO,). The examination was performed us-
ing an Alice 6 device (Phillips-Respironics, Mur-
rysville, Pennsylania, United States). The criteria
based on the 30-second epoch standard were used
to score sleep stages in the recorded PSG. Apnea
was defined as a reduction of airflow to less than
10% of the baseline for at least 10 seconds. Hy-
popnea was described as a reduction of airflow
by at least 30% for at least 10 seconds, accompa-
nied by an over 3% decrease in SpO, or arousal.
The American Academy of Sleep Medicine guide-
lines were used to score the arousals.

Questionnaires The questionnaires used in
the study included 5 research instruments: the
Caen Chronotype Questionnaire (CCQ), Pitts-
burgh Sleep Quality Index (PSQI), Beck Depres-
sion Inventory (BDI), Athens Insomnia Scale
(AIS), and Epworth Sleepiness Scale (ESS). All
of them were filled out by each participant in
the morning following the PSG examination with
the assistance of a physician.

Caen Chronotype Questionnaire  The CCQ scale con-
sists of 16 questions pertaining to 2 scales: the ME
scale, where a higher score indicates a greater pref-
erence for evening activity, and the DI scale, which
reflects the ability of a person to sense or adjust
his or her levels of energy depending on the time
of day, where a higher score indicates greater DI.*

Pittsburgh Sleep Quality Index PSQI is a self-
-evaluation questionnaire assessing 7 various
sleep-related aspects in adults. It evaluates sleep
quality parameters, such as difficulties with falling
asleep, problems with maintaining the continuity
of sleep, and functioning during the day. It also
includes questions regarding the most frequent
causes of sleep disorders over the past 4 weeks.
The score range is 0 to 21 points. A result higher
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than 5 points indicates low sleep quality and is
a threshold differentiating patients with poor
sleep quality from those with good sleep quali-
ty, with higher scores corresponding to poorer
quality of sleep.

Beck Depression Inventory The BDI self-evalua-
tion questionnaire consists of 21 questions, each
assessing the intensity of a depression symp-
tom on a 4-grade scale (0-3 points). All answers
are summed, giving a maximum score of 63
points. BDI is a quick and simple screening test.
Based on the results, patients are divided into 4
groups: minimal depression (0-13 points), mild
depression (14-19 points), moderate depression
(20-28 points), and severe depression (29-63
points). The questionnaire does not define a lack
of depression.

Athens Insomnia Scale  AIS is a questionnaire con-
sisting of 8 questions designed to quantify the
severity of insomnia. The first 5 questions are
based on the criteria for insomnia diagnosis list-
ed in the International Classification of Diseases,
Tenth Revision. They include the assessment of
difficulty with sleep induction, awakening, total
sleep time, and overall quality of sleep. The last
3 items evaluate consequences of insomnia dur-
ing the day, such as subsequent well-being, func-
tioning, and daytime sleepiness. Each question is
scored from O to 3 points, corresponding to “no
problem at all” to “a very serious problem”, respec-
tively. The maximum score is 24 points.

Epworth Sleepiness Scale The ESS questionnaire
consists of 8 questions, in which a patient as-
sesses their likeliness to fall asleep in a given sit-
uation on a scale of 0 to 3. It is used to assess ex-
cessive daytime sleepiness.

Statistical analysis The level of statistical signifi-
cance was set at P below 0.05. Statistical analysis
was performed using SPSS 28.0 software (IBM,
Chicago, Illinois, United States). The normality of
distribution of the variables was evaluated with
the Shapiro-Wilk test. The parameters with nor-
mally distributed data were presented as mean
(SD) and were compared using the independent-
-sample t test and 1-way ANOVA with the post
hoc Tukey test. Comparisons of the variables
that did not follow the normal distribution were
performed using the Mann-Whitney test and
the Kurskal-Wallis test with the post hoc Dunn
tests, and the variables were presented as medi-
an and interquartile range (IQR). The ¥? test was
used to compare the categorical variables. The
Spearman rank correlation coefficient was used
to assess correlations. Multivariable linear regres-
sion with a stepwise procedure was performed to
identify the factors predicting eveningness and
a greater DI of the chronotype.

Results Baseline characteristics of the study
participants, including demographic data, PSG



parameters, questionnaire results, and compar-
isons between the control group and the OSA
group, as well as between the control group and
the OSA subgroups are shown in TABLE 1. Among all
the analyzed questionnaire results, only the ME
scale of CCQ differed between the control and
OSA groups (P = 0.001), with OSA participants
achieving higher scores. Furthermore, in the sub-
group assessment, higher scores on the ME scale
were achieved in the mild OSA group (P = 0.046)
and in the severe OSA group (P = 0.01), as com-
pared with the control group. No differences were
observed between the groups in terms of the DI
scale of CCQ (P = 0.18).

In the OSA group, the factors that were associ-
ated with higher scores on the ME scale were older
age (r = 0.251; P <0.001; Supplementary material,
Figure S1A), longer REM latency (r = 0.13; P = 0.04;
Supplementary material, Figure S1B), greater
arousal index (r = 0.152; P = 0.02; Supplemen-
tary material, Figure SIC), and higher minimum
SpO, (r = 0.145; P = 0.03; Supplementary material,
Figure S1D). No significant correlations were ob-
served between the DI score and the demograph-
ic or PSG parameters. Both ME and DI scores cor-
related with the results of the following question-
naires: ESS (r = -0.287; P = 0.001; Supplementa-
ry material, Figure S2A and r = -0.276; P = 0.002;
Supplementary material, Figure S2B, respective-
ly), AIS (r = -0.342; P <0.001; Supplementary ma-
terial, Figure S2C and r = -0.459; P = 0.002; Sup-
plementary material, Figure S2D, respectively),
PSQI (r = -0.228; P <0.001; Supplementary mate-
rial, Figure S2E and r = -0.215; P <0.001; Supple-
mentary material, Figure S2F, respectively), and
BDI (r = -0.268; P <0.001; Supplementary mate-
rial, Figure S2G and r = -0.535; P <0.001; Supple-
mentary material, Figure S2H, respectively). Last-
ly, an association between ME and DI scores was
observed (r = 0.165; P = 0.01; Supplementary ma-
terial, Figure S2I).

Among the participants with OSA, a multi-
variable linear regression was constructed for
both chronotype dimensions (ME and DI) by
stepwise elimination. For eveningness, the mod-
el explained 23.7% of the variance (P <0.001),
and the only significant parameter included was
the ESS score (B =-0.206; P = 0.03). For the great-
er DI of the chronotype, the obtained model ac-
counted for 36.8% of the variance (P <0.001),
and the significant parameters were the ESS
score (B = 0.153; P = 0.04), AIS score (B =-0391;
P <0.001), PSQI score (B = 0.320; P = 0.01), and
BDI score (B = -0.264; P <0.001). The full list of
parameters included in the regression models is
shown in Supplementary material, Table S1.

Discussion In the present study, we showed
that, in comparison with healthy controls, pa-
tients with OSA had a higher ME score, suggest-
ing a tendency toward an evening chronotype in
this group. The outcomes of the few prior studies
on the topic were inconsistent. Our results are in
line with those obtained by Lucassen et al,’ who

reported higher OSA prevalence among individ-
uals with an evening chronotype.’ However, in
a recent study from Australia,'? the distribution
of all chronotypes was found to be similar regard-
less of OSA severity. Most of the available stud-
ies did not report a direct association between
OSA severity and eveningness. Similarly, we did
not observe a correlation between the AHI and
ME scores; however, a weak dependence was not-
ed between OSA severity and the arousal index.
While the available studies exploring the topic of
chronotype in OSA did not report such associa-
tion, Mongrain et al'? did not notice any differ-
ences in reaction to sleep fragmentation among
individuals with various chronotypes,'? which
implies a lack of relevance of this observation.

To the best of our knowledge, this is the first
study evaluating not only the ME dimension of
the chronotype among patients with OSA but
also the DI dimension. However, no significant
association was found between OSA severity or
other PSG parameters and the distinctiveness of
the chronotype, neither did the DI dimension dif-
fer between the healthy participants and the in-
dividuals with disordered breathing.

In the present study we found a weak asso-
ciation between objective sleep parameters and
the chronotype. However, both dimensions of
the chronotype correlated with subjective sleep
quality, daytime sleepiness, and in particular, in-
somnia severity and the presence of depressive
symptoms in the OSA group. Of note, along with
an increase in the ME and DI scores (suggesting
a tendency toward eveningness and greater DI of
the chronotype) among the OSA patients, insom-
nia severity and pronouncement of depression
symptoms decreased. This is in contrast to most
of the available data suggesting that an evening
chronotype is associated with the presence of de-
pressive symptoms, depressive episodes, as well as
subclinical presentation of depression.®'® The re-
sults of some studies are in line with our observa-
tions, for example, Lemoine et al,'* found individ-
uals with a morning chronotype to be more likely
to suffer from depression. Similarly, eveningness
was previously recognized to be connected with
insomnia severity and excessive daytime sleep-
iness.”'® Only a single study'' investigated sub-
jective sleep-related complaints in patients with
OSA, and found that a morning chronotype was
protective against increased daytime sleepiness
only in combination with longer sleep duration.
It is worth pointing out that these results are in
line with our findings in the OSA group and in
contrast to the results obtained in healthy con-
trols. It could be hypothesized that longer sleep
duration, if ineffective (thus presenting as exces-
sive daytime sleepiness), might be a cause for per-
sons with a tendency for hypersomnia to have an
evening chronotype.'® Moreover, in the regression
model for eveningness among the OSA partici-
pants, a decrease in excessive daytime sleepiness
was the only predictor, which is in line with the re-
sults obtained by Verent et al.'® The interplay
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TABLE 1 Baseline characteristics of the study population (continued on the next page)

Parameter Control group 0SA (n = 246) Mild OSA (n = 81) Moderate OSA (n = 58) Severe OSA (n = 107) P value (control, mild OSA,
(n = 86) moderate OSA, and severe 0SA

groups)

Age, y 47 (36-58.5) 54 (45-64) <0.001 52 (42.5-62.5) 54.5 (48-64) 54 (45-65) <0.001; 0.04% 0.002%; <0.001¢

Sex Men, n (%) 54 (62.79) 178 (71.95) 0.1 51(62.94) 43 (74.14) 84 (78.5) 0.1

Women, n (%) 32 (37.21) 68 (27.64) 30(37.04) 15 (25.86) 23(21.5)

BMI, kg/m? 27.58 (24.34-32.77)  31.1(27.78-36.11) <0.001 28.63 (25.8-31.59) 30.99 (27.44-36.59) 33.45(30.25-38.99) <0.001; 0.007°; <0.001¢; 0.01¢;
<0.001¢

Sleep efficiency, % 82.75 (68.23-89.4) 83.8 (74.3-89.9) 0.26 79 (70-89.6) 87.6 (80.3-91.9) 84.5 (74.35-89.3) 0.26

Sleep onset latency, min 23.75(10.63-35.88)  18.5(10.5-34) 0.26 19.5 (11-40.5) 18.25 (12.5-34.13) 17.5 (8.5-31) 0.26

Sleep maintenance efficiency, % 89.6 (79.7-96.1) 90.5 (82.4-94.6) 0.76 87.9 (78.7-95) 92.7 (88-95.4) 89.9 (83-93.85) 0.76

REM sleep latency, min 98.5 (77.5-143.5) 94 (63.5-139.55) 0.27 98.75 (69.75-141.65) 81(59.13-116) 105 (58-166) 0.27

TST, h 6.05 (5.38-6.7) 6.2 (5.2-6.89) 0.93 5.95 (5.15-6.66) 6.2 (5.52-6.98) 6.4 (5.2-6.99) 0.93

REM duration, h 1.27 (0.76-1.68) 1.15(0.8-1.57) 0.4 1.14 (0.83-1.58) 1.35(0.92-1.79) 11.03 (0.7-1.46) 0.4

nREM duration, h 4.71 (4.13-5.45) 4,91 (4.23-5.48) 0.56 4.76 (4.08-5.29) 4.86 (4.4-5.37) 5.03 (4.2-5.69) 0.56

Arousal index, events/h 9.9 (6.7-17.6) 17.4 (10.95-26.05) <0.001 11.9 (8-18) 14.6 (10.1-18.42) 25.9 (18.6-36.4) <0.001; <0.001¢; <0.001¢;
<0.001f

AHl in REM, events/h 2.17 (0-4.78) 26.34 (9.18-49.59) <0.001 8.75 (4.79-16.38) 24.35(12.4-32.9) 50.45 (32.17-66.31) <0.001; 0.02%; <0.001%; <0.001¢;
<0.001¢;, <0.001¢; <0.001f

AHI in nREM, events/h 1.28 (0.66-2.79) 20.84 (9.3-44.49) <0.001 6.98 (4.33-9.77) 18.60 (14.32-21.86) 47.58 (35.58-67.18) <0.001; <0.0012; <0.001¢;
<0.001¢; <0.001¢; <0.001¢;
<0.001f

Total AHI, events/h 1.6 (0.9-3.3) 25.1 (11.05-47.85) <0.001 8.3(7-11) 20.3 (17.35-25.35) 51.3 (39-70.6) <0.001; <0.001%; <0.001¢;
<0.001¢; <0.001¢; <0.001¢;
<0.001f

Desaturations, n 12 (5-22.5) 146 (68-290) <0.001 51 (35-68) 129 (105-169) 304 (228.5-406.5) <0.001; <0.001% <0.001%;
<0.001¢; 0.02% <0.001¢; 0.002

Desaturation index, events/h 2(1-3.38) 25.5(11.08-51.15) <0.001 8.9 (6-11.4) 20.55 (18-26.25) 54 (40-70.4) <0.001; <0.0017; <0.001Y;
<0.001¢; <0.001¢; <0.001¢;
<0.001f

Basal Sp0,, % 94.05 (92.28-95) 92.4 (91-93.7) <0.001 93.3 (92-94) 92.55(91.98-93.93) 91.3(88.7-92.9) <0.001; 0.005°; <0.001¢; <0.001¢;
<0.001°

Mean Sp0, during desaturations, % 90.45 (88.75-92.4) 88 (85.48-90) <0.001 89.8 (88-91.4) 88.75 (87.55-89.7) 85.4 (81.5-88) <0.001; 0.001%; <0.001¢; 0.03¢;
<0.001¢; <0.001°

Minimum Sp0,, % 88.15 (84.68-90.9) 79.9 (71-83.98) <0.001 84.45 (81.9-86.93) 80 (75.98-82.03) 71 (62.93-79) <0.001; 0.02%; <0.001%; <0.001¢;
<0.001¢;, <0.001¢; 0.001f

ME score of CCQ 18.5 (15-23) 21 (18-24.25) 0.001 20 (18.5-24.5) 20 (17-25) 22 (18-24) 0.01; 0.0467 0.01¢

DI score of CCQ 18 (15-21) 19 (16-22) 0.15 18 (16-21) 20 (15.75-24) 20 (16-22) 0.46



Baseline characteristics of the study population (continued from the previous page)

TABLE 1

between insomnia, depression, and chronotype
is complicated, and many mechanisms of action
have been proposed. Hasler et al'” suggested that
changes in neural structures might be involved
in the aforementioned relationship. This is par-
ticularly relevant in the context of OSA, since it
has been documented that due to recurrent hy-
poxia irreversible changes in brain structures are
present in this group of patients.'® Nevertheless,
further research is needed to better understand
these complicated underlying mechanisms. Ad-
ditionally, Knauert et al'® recognized the morn-
ing chronotype as a predictor of better adher-
ence to OSA treatment. However, this singular
observation needs to be investigated in the con-
text of comorbidities, such as insomnia and de-
pression, which were previously shown to be con-
nected with all chronotype orientations among
OSA patients.

The strength of our study is a relatively large
study group. On the other hand, its main limi-
tation is the usage of CCQ to evaluate the chro-
notype, and not the Munich Chronotype Ques-
tionnaire (MCQ).?° However, it should be not-
ed that CCQ allows for the assessment of both
the ME and DI dimensions of the chronotype,
while MCQ only accounts for the EM dimension.
The variety of questionnaires used in the present
study reduced the possibility of direct compari-
sons with other analyses, and might be the rea-
son for the disparities in the obtained results.
Nevertheless, the inclusion of several tools to
evaluate the quality of sleep and symptoms of
insomnia and depression made the results more
reliable.

To conclude, patients with OSA presented with
higher ME scores, which suggests a tendency to-
ward eveningness in this group, as compared with
healthy individuals. However, no direct associa-
tions between the OSA severity and chronotype
characteristics were observed. Both dimensions of
the chronotype, eveningness and greater distinc-
tiveness, were associated with a decreased severi-
ty of insomnia and depression as well as with pa-
rameters reflecting subjective sleep quality, rath-
er than with objective sleep evaluation parame-
ters assessed through PSG.

moderate OSA, and severe 0SA

P value (control, mild OSA,
groups)

0.17
0.41
0.19

Severe 0SA (n = 107)

9(7-13)
6 (5-9)
10 (5-15)

Moderate OSA (n = 58)

9(6-11)
6 (4-8)
10 (4-14)

o
I
=
<
(%2}
o
=
=

9 (6.5-12)

6 (4-9)
10 (5-15)

P value
0.29
5

0.18
0

OSA (n = 246)

9(7-13)
6 (4-9)
10 (5-15)

SUPPLEMENTARY MATERIAL

Supplementary material is available at www.mp.pl/paim.

Control group
(n = 86)

10 (7-13)

6 (5-10)
10.5 (8-17)
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