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Abstract: Background: Obstructive sleep apnea (OSA) is characterized by repeated airway obstruc-
tions during sleep, causing hypopnea, apnea, intermittent hypoxia, and sleep fragmentation. The
severity of OSA is measured using the apnea–hypopnea index (AHI), with AHI ≥ 5 indicating OSA.
This study aims to assess the frequency and type of depressive disorder characteristics of OSA patients
and to evaluate the impact on quality of life, also considering the presence of hyperactivity. Methods:
A case-control study using OSA patients referred to Cagliari’s sleep disorder center. Controls were
matched by age and sex from community databases. OSA diagnoses were made with AHI > 15.
Depressive episodes were identified using BDI-SF, and H-QoL (Health related Quality of Life) was
measured with the SF-12, focusing on item 10 for hyper-energy. Results: The clinical sample (n = 25)
had a higher frequency of depressive episodes (36%) compared to controls (7% and 4%). Depressed
OSA patients had worse H-QoL and higher hyper-energy scores, but the additional burden from
depression was relatively low. Conclusions: The OSA sample has a higher frequency of depressive
episodes compared to the general population. Depressive episodes in OSA patients are linked to
higher scores on item 10 of the SF-12, indicating hyper-energy despite lower overall quality of life
scores. While OSA significantly impacts quality of life, the additional burden from depression is less
severe than in other chronic diseases. These findings suggest that depressive episodes in OSA may
be related to rhythm dysregulation and hyperactivity (DYMERS).

Keywords: obstructive sleep apnoea; mood disorder; bipolar disorder; quality of life; rhythm
dysregulation; sleep disorder

1. Introduction

Obstructive sleep apnea (OSA) is characterized by repetitive upper airway obstruction
during sleep, resulting in cycles of partial (hypopnea) or complete (apnea) cessation of
airflow associated with intermittent hypoxia, sleep fragmentation, and intra-thoracic pressure
changes [1]. The degree of OSA severity has traditionally been measured by the apnea–
hypopnea index (AHI), which is the average number of apneas and hypopneas per hour of
sleep. OSA is the most common sleep-related breathing disorder affecting nearly one billion
people, with approximately half having moderate to severe disease (AHI ≥ 15) [2], which
has significant implications for cardiovascular health, driving safety, mental disorders, and
quality of life [3].

The association between OSA and mental health disorders has recently gained sig-
nificant attention. Depression is highly prevalent in OSA patients, and its presence can
exacerbate sleep disturbances and decrease treatment adherence. A recent meta-analysis
and systematic review estimated that the prevalence of depressive episodes in OSA pa-
tients was as high as 35% [4]. Moreover, Kaufman et al. showed that OSA patients were
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3.11 times more likely to be depressed, 2.75 times more likely to have suicidal thoughts, and
2.88 times more likely to experience severe mental stress compared to individuals without
OSA [5].

A recent large database study using Mendelian randomization found that genetic
predisposition for major depressive disorder (MDD) increases the risk of OSA and that
genetic predisposition for OSA may have a causal effect on ADHD. This study found no
association with other mental health conditions [6]. Other recent studies using similar
methodologies have confirmed the association of OSA with MDD [7,8]. Other studies found
OSA associated with bipolar disorder (BD) [9], with great variability in different studies
of the co-morbidity frequency of OSA in BDs, i.e., from 2.9% to 69% [10]. A meta-analysis
reported an average 24.5% prevalence of OSA in people with BP in clinical settings [11].
This discrepancy could be due to the methods of identification of depressive episodes and
the consequent diagnoses of either MDD or BD. There is a wide debate about the clear
distinction between these disorders, with opposing views of the American Psychiatric
Association, which marked a strict distinction in the DSM-5 classification [12] and the so-
called neo-Kraepelinian view, which encompasses the entire spectrum of bipolar disorders,
including MDD and BD [13–15]. This view also considers the spectrum as a continuum
between clear clinical pictures, subthreshold forms, and hyperergic hyperthymic tempera-
ments that are not necessarily pathological [16–18]. This debate is particularly interesting
in the field of OSA because a syndrome characterized by hyperactivity, stress, and loss of
biological rhythms (DYMERS) has recently been described as an area of shared risk between
different pathologies, especially bipolar spectrum disorders. DYMERS is a proposed con-
dition characterized by the dysregulation of behavioral rhythms, affecting sleep patterns,
eating habits, and social interactions. It is considered an intermediate state between normal
adaptive energy increase and hyperactivity during manic episodes. DYMERS is associated
with a continuous stimulation of stress hormones and may lead to depressive episodes,
burnout, and altered immune responses. It is seen as a vulnerable condition that can evolve
into other disorders, such as bipolar disorder, depending on individual susceptibility and
stress levels. [19–21]. In OSA, parasympathetic activation is observed during apneas, which
causes phases of hyperactivation with consequent cardiovascular risks [22]. Furthermore,
transcutaneous oxygen saturation measured overnight was found to be negatively associ-
ated with hyperactivity/impulsivity scores in the SNAP-IV questionnaire of the ADHD
symptom scale in children with sleep-disordered breathing [23]. The dysregulation of
biological rhythms and the consequent dysregulation of behavioral rhythms (sleeping,
eating, having social contacts) is a characteristic of OSA [24] to the point that this condition
has been defined as a disorder of biological rhythms [25].

It has recently been seen that item 10 of the SF-12 scale [26,27], one of the most used
tools in the world to assess health-related quality of life, can measure hyperactivity [28]
with good reliability with an instrument such as the Mood Disorder Questionnaire [29] that
was initially conceived as a screening tool for BD but later turned out to be a good tool for
identifying DYMERS syndrome [30,31].

Starting from these assumptions, our work aims to measure the frequency of depres-
sive episodes in a sample of patients suffering from OSA and referring to a clinical center
and compare the frequency with that of a control sample, without the condition, taken from
the database of a community study. With a similar methodology, the study aims to measure
the difference in the perception of quality of life in patients with OSA and a balanced
sample of the general population to compare the burden of OSA in worsening the quality
of life with that of other chronic pathologies and to measure the impact of depression on
quality of life. Finally, we will try to verify, at least in a preliminary way, whether the
hyperactivity measured with item 10 of SF-12 characterizes depressive episodes in OSA.
Our hypothesis is that, at least in part, the depressive episodes in OSA are attributed to
a syndrome of dysregulation of rhythms and hyperactivity attributable to the historical
spectrum of bipolar disorders.
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2. Methods

This is a case-control study. The case sample consists of consecutive patients referred
for treatment at the sleep disorder center of the University Hospital of Cagliari over the age
of 18, without limitations relating to sex. Patients with non-affective psychotic pathologies
were excluded. Control groups: two control groups were drawn from two community
databases, the first allowing the prevalence of depressive episodes by screening methods
similar to that adopted in the clinical sample [32], the second allowing the measure of
the prevalence of major depressive episodes by means of a structured clinical interview
according to DSM-IV criteria [33] and the measure of the health-related quality of life by
means of SF-12 [34]. For each clinical case, a matched block with people of the same age
(or in the case of the first control sample ±1 year) and a sex-healthy control was created.
From each cell, four controls were randomly selected. Once drawn out, the subject was
automatically excluded from the remaining blocks.

2.1. Measures
2.1.1. Clinical Diagnosis of OSA

Subjects eligible for the study were selected from patients referred to the sleep disor-
ders center of the University Hospital of Cagliari for suspected OSA. After the initial clinical
evaluation, all patients underwent a home sleep apnea test, polygraphy type III (Embla
System, Natus Medical Inc., Oakville, Ontario L6H 5S1 Canada). The following parameters
were recorded during the sleep study: nasal pressure and oral thermistor for oronasal
flow assessment, thoracic and abdominal respiratory inductance plethysmography belts
for evaluation of respiratory efforts and for detection of thoraco-abdominal asynchronism
or paradox, pulse-oximetry, 1-lead EKG, and body position. A trained physician scored
polysomnographic recordings manually using Remologic software (version Embla 3.4.1).
Respiratory events were scored using the latest AASM criteria [35] as follows: apnea was
defined as a drop of at least 90% of airflow from baseline, lasting 10 s or longer, and hypop-
nea as a ≥30% drop of airflow lasting at least 10 s, associated with either arousal or a ≥3%
oxygen saturation drop. The average number of apneas and hypopneas per hour of sleep
(AHI) was calculated. In accordance with the American Academy of Sleep Medicine [36],
the diagnosis and classification of OSA severity was performed based on the AHI. We
prospectively included patients with AHI > 15.

In the general population sample, the presence of chronic diseases was revealed by an
anamnestic form. Given the different methods of ascertainment between cases and controls
and the delay in the diagnosis of OSA, it is possible that there will be some unrecognized
cases among the controls. The implications of this possibility, which would, in any case, be
entirely to the advantage of the null hypotheses, will be discussed within the limits.

2.1.2. Diagnosis of Depressive Episodes

The assessment of depressive symptoms in the first control sample (“A”) was carried
out using the BDI-SF, a short form of the BDI composed of 13 items [37]. The BDI-SF
appears to have a level of internal consistency (coefficient alphas) comparable to that of
the long form [38]. Pearson product–moment correlation coefficients between the BDI and
the BDI-SF have ranged from 0.89 to 0.97, indicating that the short form is an acceptable
substitute for the long [39].

2.1.3. Measurement of Health-Related Quality of Life

The total score of the self-administered Italian version [40] of the Short Form Health
Survey, 12-item version (SF-12) [26,27], was used for measuring the perception of the
health-related quality of life (H-QoL). Item 10 of the SF-12 was used as a measure of the
hyperactivity in depressed and not-depressed people in cases and the control group.
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3. Statistical Analysis

Data were collected anonymously using subject ID numbers. The difference between
the frequencies in depressive episodes in the cases and controls was measured using chi-
square, with Yates correction if required. The attributable burden of OSA on the worsening
of H-QoL was calculated as the difference between the overall score of SF-12 in a control
group matched for sex and age within the community and that of the study sample.
Differences in H-QoL score among subgroups were carried out by means of one-way
analysis of variance (ANOVA). Furthermore, the burden of OSA in worsening H-QoL was
compared to the burden of other diseases, as calculated in previous case-control studies
from the same dataset used to select the control groups [41–49]. Subsequently, the specific
and adjunctive burden related to depressive episodes was calculated as the difference in
the SF-12 scores of individuals with OSA without depression and those with OSA and
depression. A similar method was used in prior studies that utilized the same dataset to
draw control groups. Thus, we compared the burden attributed to current co-morbid major
depressive episodes in several chronic diseases to those observed in OSA.

4. Results

Table 1 shows the characteristics of the clinical sample (N = 25) and the two control
groups (N = 100) perfectly balanced for sex and age because of the randomization by
blocks. The clinical sample had a preponderance of male subjects (64%) and a medium-high
average age of 63.12 years. The case group was obese with a body mass index of 31 ±
7 kg/m2 and had classic OSA co-morbidities: 76% had artery hypertension, 64% had
dyslipidemia, 36% had diabetes, 32% had chronic ischemic heart disease, and 16% had
atrial fibrillation. OSA was severe (AHI 49 ± 25) and associated with severe nocturnal
oxygen desaturation (time with SpO2 < 90% of 33 ± 23% of the total recording time). The
frequency of depressive episodes in the clinical sample was higher than in both the control
group that used a similar screening tool (36% vs. 7%, OR = 7.47, CI 95% 2.4–22.9) as well
as in the control group adopting a clinical diagnosis according to DSM-IV (36% vs. 4%,
OR = 18.20, CI 95% 4.4–74.5). Male OSA patients were at risk of depression compared to
male subjects of both control groups, 31.25% versus 3.12% if we consider the control sample
that used a screener to identify the depressive episodes (OR = 14.09, CI 95% 2.4–81.9) and
3.12% if we consider the control sample that used a clinical diagnosis (OR = 14.09, CI 95%
2.4–81.9). Females OSA patients, on the other hand, although recording a higher frequency
than the two control groups, reached a statistically significant difference only compared to
the control sample that used the clinical investigation (44.4% vs. 5.5%, OR = 28.00 CI95%
4.4–74.5). Table 2 shows that OSA patients with depression have a worse perception of
quality of life than those without depression, but the difference is not statistically significant
(29.44 ± 2.54 vs. 31.12 ± 3.79, p = 0.239). In controls, the presence of a depressive episode
produces a worsening of the level of perception of quality of life (38.50 ± 5.2 versus
31.5 ± 4.15, p = 0.003) (however, the small sample size is at the limits of the applicability
of the Kruskal–Wallis test). With regards to item 10 of the SF12, this was higher in OSA
patients with depression compared to those without depression (5.00 ± 0.66 vs. 3.43 ± 1.95,
one-way ANOVA, 1, 24 df, F =8.837, p = 0.007); an opposite result, i.e., a lower SF-10 score
in those with depression was found in the community sample (2.75 ± 0.43 vs. 4.31 ± 1.10,
H = 7.6812, p = 0.006 Kruskal–Wallis test).

As shown in Table 3, the attributable burden on worsening QoL of OSA is like that
found in major depressive disorder, multiple sclerosis, carotid atherosclerosis, and systemic
lupus erythematosus. The attributable burden on worsening QoL of OSA was higher
with respect to chronic diseases with a more unfortunate outcome probability, such as
solid cancers (attributable burden 4.67 ± 6.64 vs. 7.70 ± 4.84, p = 0.030), or other chronic
diseases such as Wilson’s disease (attributable burden 4.4 ± 1.7 vs. 7.70 ± 4.84, p < 0.0001 ),
Celiac disease (attributable burden 2.4 ± 1.0 vs. 7.7 ± 4.84, p < 0.0001), or chronic psychi-
atric disorders such as obsessive–compulsive disorder (attributable burden 2.9 ± 6.0 vs.
7.70 ± 4.84, p < 0.0001), post-traumatic stress disorder (attributable burden 3.9 ± 1.0 vs.
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7.70 ± 4.84, p < 0.0001), or specific phobia (attributable burden 0.4 ± 4.9 vs. 7.70 ± 4.84,
p < 0.0001).

Table 1. Study samples and frequencies of depressive episodes in cases and two control groups.

OSA
N = 25

Control Group A
*
Randomized by
Blocks (4/1)
From a
Community
Data Bank
N = 100

Control Group B
**
Randomized by
Blocks (4/1)
From a
Community
Data Bank
N = 100

Age 63.12 ± 11.96 63.46 ± 12.28 Matching 63.12 ± 11.96 Matching

Sex M 16 (64%) 64 (64%) Matching 16 (64%) 64 (64%) Matching

Screened
Positive for
Depression

9/25 (36%) 7/100 (7%)
Chi-square
15.070
p < 0.0001

OR 7.47
CI 95%
(2.4–22.9)

4/100 (4%)

Chi-square
Yates corrected
Chi-square
18.078
p < 0.0001

OR = 18.20
CI 95%
(4.4–74.5)

Positives for
Depressive
Episodes
Females

4/9 (44.4%) 5/36 (13.8%)

Chi-square
Yates corrected
2.509
p = 0.113

OR 4.96
CI 95%
(0.98–25.0)

2/36 (5.5%)

Chi-square
Yates corrected
8.798
p = 0.002

OR = 28.00
CI 95%
(4.4–74.5)

Positives
for Depressive
Episodes
Males

5/16
(31.25%)

2/64
(3.12%)

Chi-square
Yates corrected
9.403
p = 0.002

OR 14.09
CI 95%
(2.4–81.9)

2/64 (3.12%)

Chi-square
Yates corrected
9.423
p = 0.012

OR 13.6
CI 95%
(2.4–81.9)

* Group A: prevalence of depressive episodes by screening methods similar to that adopted in the clinical sample,
** prevalence of major depressive episode by means of a structured clinical interview according to DSM-IV
criteria.

Table 2. Comparison of SF-12 total score and item 10 SF-12 score in people with and without
depressive episodes in cases and in controls (sample “B”).

OSA with
Depression N = 9

OSA Without
Depression N = 36 p

Major
Depressive
Episode
Control B N
= 4

Without
Major
Depressive
Episode
Control B
N = 96

Kruskal–
Wallis p

SF-12 Total 29.44 ± 2.54 31.12 ± 3.79

ANOVA
one-way
1,24 df
F = 1.463

0.239 31.5 ± 4.15 38.50 ± 5.2 H = 8.3885 0.003

SF-12 Item 10 5.00 ± 0.66 3.43 ± 1.95

ANOVA
one-way
1,24 df
F = 8.837

0.007 2.75 ± 0.43 4.31 ± 1.10 H = 7.6812 0.006

The component attributable to co-morbidity with depression in the worsening of the
quality of life is extremely low in OSA; in fact, it is the lowest among the pathologies
considered, and the difference due to the presence of depression in lowering the perception
of quality of life is statistically significant against systemic lupus erythematosus (decrease
in the SF-12 score attributable to co-morbidity with depression 9.43 ± 5.10 in SLE versus
1.68 ± 4.0 in OAS, p < 0.0001), fibromyalgia (decrease in the SF-12 score attributable to
co-morbidity with depression 4.77 ± 5.76 versus 1.68 ± 4.0 in the OAS, p = 0.014), and solid
cancers (decrease in the SF-12 score attributable to co-morbidity with depression 10.1 ± 5.7
versus 1.68 ± 4.0 in the OAS, p <0.0001), as shown in Table 4.
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Table 3. Attributable burden on worsening QoL in patients with OAS in comparison to the attributable
burden due to other chronic diseases.

Disease SF-12
(Mean ± SD)

Attributable Burden
on QoL

Comparison with
OAS

(One-Way ANOVA)

Major Depressive
Disorder

[34]
33.8 ± 9.2 5.6 ± 3.6

(N = 37)
F = 3.779, df 1, 60; p =

0.057

Multiple Sclerosis
[42] 29.5 ± 7.3 7.0 ± 3.5

(N = 201)
F = 0.810, df 1, 225; p

= 0.369

Wilson’ Disease
[41] 33.8 ± 9.0 4.4 ± 1.7

(N = 23)
F = 34.949, df 1, 47

p < 0.001

Carotid
atherosclerosis

[44]
30.6 ± 8.1 6.2 ± 5.0

(N = 46)
F = 1.490, df 1, 70;

p = 0.226

Celiac Disease
[43] 35.83 ± 5.72 2.4 ± 1.0

(N = 60)
F = 66.231, df 1, 84;

p < 0.001

Obsessive–
Compulsive Disorder

[45]
35.4 ± 6.9 2.9 ± 6.0

(N = 88)
F = 13.278, df 1, 112;

p < 0.0001

PTSD
[47] 36.3 ± 6.1 3.9 ± 1.0

(N = 26)
F = 13.038, df 1, 46, 56

p < 0.0001

Specific Phobia
[46] 38.3 ± 5.2 0.4 ± 4.9

(N = 28)
F = 29.654 df 1, 52, 58

p < 0.0001

Solid cancer
[49] 32.34 ± 6.764 4.67 ± 6.64

(N = 151)
F = 4.775; df 1, 175; p

= 0.030

Systemic Lupus
Erythematosus

[49]
32.96 ± 7.09 5.37 ± 4.46

(N = 32)
F = 3.555; df 1, 56

p = 0.067

OAS 30.52 ± 3.34 7.70 ± 4.84
(N = 25) PIVOT

Table 4. Attributable burden on worsening QoL in patients with OAS in comparison to the attributable
burden due to other chronic diseases.

-
Attributable Burden to

Major Depressive
Disorder

One-Way ANOVA
F

(df)
p

Solid Cancers
(N = 151)

[48]
10.1 ± 5.7 50.806(1;175) <0.0001

Multiple Sclerosis
(N = 201)

[42]
2.9 ± 7.4 0.698(1;225) 0.405

Fibromyalgia
(N = 71) 4.77 ± 5.76 6.291(1;95) 0.014

Wilson’s Disease
(N = 61)

[41]
3.2 ± 7.9 0.878(1;85) 0.351

Celiac Disease
(N = 60)

[43]
3.4 ± 5.4 2.156(1;84) 0.146
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Table 4. Cont.

-
Attributable Burden to

Major Depressive
Disorder

One-Way ANOVA
F

(df)
p

Carotid
Atherosclerosis

(N = 46)
[44])

3.4 ± 8.2 0.954(1;53) 0.333

Systemic Lupus
Erythematosus

(N = 31)
[49]

9.43 ± 5.10 38.951
(1;55) <0.0001

OAS (N = 25) 1.68 ± 4.0 Pivot

5. Discussion

Our study confirms that patients suffering from OSA have a much higher frequency
of depressive episodes identified by a screening test than the general population. These
depressive episodes are characterized by a male predominance by a paradoxical increase
in hyperactivity assessed by item 10 of the SF-12, while the perception of quality of life
according to the general score on the SF-12 questionnaire is the same in OSA patients with
and without depression. The score on item 10 alone in the control sample with depression is
lower than in controls without depression. Although OSA appears to have a strong impact
on compromising the quality of life, and this occurs to a greater extent than diseases with
more unfortunate outcomes such as solid cancers or chronic psychiatric pathologies such
as obsessive–compulsive disorder, the co-morbidity with depression worsens the impact
on quality of life but to a lesser extent than in many other diseases. In conclusion, we can
say that what is identified as depression as per the screener tools presents paradoxical
characteristics of hyper-energy, has a greater frequency in males than in women in relation
to what is expected in major depressive disorder, and impacts the quality of life in the
negative sense but to a much lesser extent than in other chronic diseases. All of this is in a
general framework of dysregulation of behavioral and biological rhythms typical of OSA.

Robust research has underlined how screening for mental health conditions conducted
with paper and pencil tests identifies people with psychosocial distress but does not always
coincide with those to whom the specific clinical diagnosis is attributed. This has been
reported both in the case of major depressive disorder [50] and in bipolar disorders [51,52].
Another possible error due to the use of pen and paper tests is that these identify the current
frequency of depressive episodes, but in diagnostic terms, a depressive episode can be part
of both a lifetime diagnosis of bipolar disorder and major depression [53].

In our study, this possible bias was balanced by the fact that we compared our exper-
imental sample both with a control sample in which a screener had been used and with
a control sample that had used a clinical interview to identify depressive episodes. We
can, therefore, state that the emerging differences are typical of depression in OSA and
not the result of bias due to the use of a screening test. It must be underlined from this
point of view that the presence of a hyperactivity/hyper-energy component suggests that
the episodes identified in OSA may belong to the so-called bipolar spectrum and that the
higher prevalence in males can be interpreted in the same sense [54]. However, the impact
of these episodes on the worsening of quality of life is present, but it is less than expected if
they were part of a full diagnosis of bipolar disorder II. It has, in fact, been highlighted that
bipolar type II is associated with a stronger, poorer quality of life not only against healing
controls but even compared to type I bipolar disorder and during periods of euthymia
without residual symptoms [55].

Based on previous studies by our group [21,56], the following three different levels
of hyperactivation/hyper-energy can be defined, ranging from an adaptive response to
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psychological distress to conditions of dysregulation of biorhythms and, therefore, up to
frank mental disorders:

(1) The first level is an adaptive increase in energy in response to exceptional demands.
Typical of a person who prepares to face a difficult task but who pushes himself to-
wards success. For example, in trained athletes, the increase in adaptive energy can be
strong; in fact, some sports champions report having achieved excellent performances
even if they had not slept the day before the performance precisely because they were
in a state of hyperactivation [57];

(2) The second is an increase in energy linked to distress and is associated with a dys-
regulation of biological and social rhythms (such as sleep, social relationships, and
eating rhythms) [58]. This condition is typical of strong and persistent stress over
time or vice versa of conditions in which stress is combined with dysregulation of
rhythms, as in the stress of shift workers [59]. In these cases, the increase in energy can
be focused on the goal/problem that produces the stress but is ineffective, which is
typical of professional burnout. In fact, it is known that hyperactivation accompanies
stress syndromes [60,61]. Many of those positive on the screener for major depression
in OSA could belong to this category, which is, however, associated with distress,
compromised quality of life and can represent a serious risk condition for further
mental disorders [49];

(3) The third level is hyperactivation and increased energy in episodes of hypomania or
frank mania. In this context, hyperactivation ends up being out of the individual’s
control and ends up no longer being aimed at adaptive objectives (hyperactivation
in burnout stress, however, as mentioned in the previous point, although ineffective,
is still focused on overcoming difficulties). For an episode of mania to occur, the
environmental risk factors must be associated with specific personal risk conditions,
perhaps of a genetic nature. A predisposition to hyperactivity could be the substrate
of the disorder if triggered by severe stress.

Our results seem to suggest that at least some of the mood impairment conditions
highlighted in OSA by positivity to the depression screener may, in reality, be rhythm
dysregulation and hyperactivity syndromes (DYMERS), which, although associated with
a lower quality of life impairment than that of a full depressive episode (in the course of
major depressive or bipolar disorder) still represent an area of strong risk for the evolution
of more serious conditions.

Our results will, however, need to be confirmed by studies centered on more accurate
syndromic assessments that study large numbers of patients with OAS over time.

6. Limits

Our study shows objective limitations: first of all, the small size of the clinical sample,
then the fact that the control groups were taken from databases of studies in the general
population in which the measurement of the absence of OSA was much less accurate
than in the sample of cases. In fact, it is possible that among the controls, there was the
presence of some unrecognized cases, given the delay in diagnosis of OSA. However, this
is an infrequent condition (5–10% of the general population) and an elderly sample (over
60 years on average) where the risk of non-recognition decreases with age. The implications
of the possibility of contamination with false positives in the controls, however, would be
entirely to the advantage of the null hypotheses. Therefore, the effect would have been to
annul the hypotheses that have been proven. However, future studies will have to take
these aspects into account.

7. Conclusions

Patients with obstructive sleep apnea (OSA) have a significantly higher frequency of
depressive episodes characterized by increased hyperactivity, which significantly impacts
their quality of life. The presence of hyperactivity suggests that these depressive episodes
may belong to the bipolar spectrum, particularly given the higher prevalence in males.



J. Clin. Med. 2024, 13, 4396 9 of 12

OSA is a condition closely related to sleep and eating disorders, and the study suggests
that at least some of the mood impairment conditions highlighted in OSA by positivity to
the depression screener may be DYMERS, which, although associated with a lower quality
of life impairment than that of a full depressive episode (in the course of major depressive
or bipolar disorder) still represent an area of great risk for the evolution of more serious
conditions. These suggestions need to be confirmed by studies centered on more accurate
syndromic assessments and large numbers of patients with OAS followed over time.
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25. Šmon, J.; Kočar, E.; Pintar, T.; Dolenc-Grošelj, L.; Rozman, D. Is obstructive sleep apnea a circadian rhythm disorder? J. Sleep. Res.

2023, 32, e13875. [CrossRef] [PubMed]
26. Ware, J., Jr.; Kosinski, M.; Keller, S.D. A 12-Item Short-Form Health Survey: Construction of scales and preliminary tests of

reliability and validity. Med. Care 1996, 34, 220–233. [CrossRef] [PubMed]
27. White, M.K.; Maher, S.M.; Rizio, A.A.; Bjorner, J.B. A meta-analytic review of measurement equivalence study findings of the

SF-36® and SF-12® Health Surveys across electronic modes compared to paper administration. Qual. Life Res. 2018, 27, 1757–1767.
[CrossRef] [PubMed]

28. Ouali, U.; Aissa, A.; Rejaibi, S.; Zoghlami, N.; Larnaout, A.; Zgueb, Y.; Zid, M.; Skhiri, H.A.; Kalcev, G.; Tusconi, M.; et al.
Hyperactivity and risk for dysregulation of mood, energy, and social rhythms syndrome (DYMERS): Standardization of a simple
one-item screener versus the Mood Disorder Questionnaire. J. Clin. Med. 2024; in press.

29. Hirschfeld, R.M.; Williams, J.B.; Spitzer, R.L.; Calabrese, J.R.; Flynn, L.; Keck, P.E., Jr.; Lewis, L.; McElroy, S.L.; Post, R.M.;
Rapport, D.J.; et al. Development and validation of a screening instrument for bipolar spectrum disorder: The Mood Disorder
Questionnaire. Am. J. Psychiatry 2000, 157, 1873–1875. [CrossRef]

30. Primavera, D.; Cossu, G.; Marchegiani, S.; Preti, A.; Nardi, A.E. Does the Dysregulation of Social Rhythms Syndrome (DYMERS)
be Considered an Essential Component of Panic Disorders? Clin. Pract. Epidemiol. Ment. Health 2024, 20, e17450179293272.
[CrossRef]

31. Giovanni Carta, M.; Kalcev, G.; Scano, A.; Aviles Gonzalez, C.I.; Ouali, U.; Pinna, S.; Carrà, G.; Romano, F.; Preti, A.; Orrù, G.;
et al. The impact of MDQ positivity on quality of life impairment: Does it support the hypothesis of “Dysregulation of Mood,
Energy, and Social Rhythms Syndrome” (DYMERS)? Public Health Res. 2023, 12, 22799036231208356. [CrossRef]

32. Moro, M.F.; Angermeyer, M.C.; Matschinger, H.; Holzinger, A.; Piras, A.P.; Cutrano, F.; Mura, G.; Carta, M.G. Whom to Ask for
Professional Help in Case of Major Depression? Help-Seeking Recommendations of the Sardinian Public. Adm. Policy Ment.
Health 2015, 42, 704–713. [CrossRef]

33. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders; American Psychiatric Association:
Washington, DC, USA, 2000.

34. Carta, M.G.; Aguglia, E.; Caraci, F.; Dell’Osso, L.; Di Sciascio, G.; Drago, F.; Del Giudice, E.; Faravelli, C.; Hardoy, M.C.; Lecca,
M.E.; et al. Quality of life and urban/rural living: Preliminary results of a community survey in Italy. Clin. Pract. Epidemiol. Ment.
Health 2012, 8, 169–174. [CrossRef] [PubMed]

35. Berry, R.B.; Brooks, R.; Gamaldo, C.E.; Harding, S.M.; Lloyd, R.M.; Marcus, C.L.; Vaughn, B.V.; American Academy of Sleep
Medicine. The AASM Manual for the Scoring of Sleep and Associated Events: Rules, Terminology and Technical Specifications,
Version 3. Available online: www.aasmnet.org (accessed on 9 October 2023).

36. American Academy of Sleep Medicine. International Classification of Sleep Disorders, 3rd ed.; text revision (ICSD-3-TR); American
Academy of Sleep Medicine: Darien, IL, USA, 2023.

37. Beck, A.T.; Beck, R.W. Screening depressed patients in family practice: A rapid technic. Postgrad. Med. 1972, 52, 81–85. [CrossRef]
[PubMed]

https://doi.org/10.1016/j.jad.2007.04.013
https://www.ncbi.nlm.nih.gov/pubmed/17499855
https://doi.org/10.1007/s00406-018-0927-x
https://www.ncbi.nlm.nih.gov/pubmed/30032467
https://doi.org/10.2174/17450179-v19-e230419-2022-50
https://www.ncbi.nlm.nih.gov/pubmed/37916197
https://doi.org/10.2174/17450179-v19-e230419-2022-53
https://www.ncbi.nlm.nih.gov/pubmed/37916199
https://doi.org/10.1177/22799036241248022
https://www.ncbi.nlm.nih.gov/pubmed/38680762
https://doi.org/10.3390/jcm12155162
https://doi.org/10.3390/healthcare12010087
https://doi.org/10.3390/clinpract13040077
https://doi.org/10.1038/s41440-024-01631-9
https://www.ncbi.nlm.nih.gov/pubmed/38548911
https://doi.org/10.1177/15500594241234828
https://doi.org/10.3390/diagnostics11061082
https://doi.org/10.1111/jsr.13875
https://www.ncbi.nlm.nih.gov/pubmed/36922163
https://doi.org/10.1097/00005650-199603000-00003
https://www.ncbi.nlm.nih.gov/pubmed/8628042
https://doi.org/10.1007/s11136-018-1851-2
https://www.ncbi.nlm.nih.gov/pubmed/29663258
https://doi.org/10.1176/appi.ajp.157.11.1873
https://doi.org/10.2174/0117450179293272240328053722
https://doi.org/10.1177/22799036231208356
https://doi.org/10.1007/s10488-014-0604-y
https://doi.org/10.2174/1745017901208010169
https://www.ncbi.nlm.nih.gov/pubmed/23248678
www.aasmnet.org
https://doi.org/10.1080/00325481.1972.11713319
https://www.ncbi.nlm.nih.gov/pubmed/4635613


J. Clin. Med. 2024, 13, 4396 11 of 12

38. Aaron TBeck Robert ASteer Margery, G. Carbin, Psychometric properties of the Beck Depression Inventory: Twenty-five years of
evaluation. Clin. Psychol. Rev. 1988, 8, 77–100. [CrossRef]

39. Beck, A.T.; Rial, W.Y.; Rickels, K. Short form of depression inventory: Cross-validation. Psychol. Rep. 1974, 34, 1184–1186.
[CrossRef] [PubMed]

40. Ruotolo, I.; Berardi, A.; Sellitto, G.; Panuccio, F.; Polimeni, A.; Valente, D.; Galeoto, G. Criterion Validity and Reliability of SF-12
Health Survey Version 2 (SF-12v2) in a Student Population during COVID-19 Pandemic: A Cross-Sectional Study. Depress. Res.
Treat. 2021, 2021, 6624378. [CrossRef] [PubMed]

41. Carta, M.; Mura, G.; Sorbello, O.; Farina, G.; Demelia, L. Quality of Life and Psychiatric Symptoms in Wilson’s Disease: The
Relevance of Bipolar Disorders. Clin. Pract. Epidemiol. Ment. Health 2012, 8, 102–109. [CrossRef]

42. Carta, M.G.; Moro, M.F.; Lorefice, L.; Picardi, A.; Trincas, G.; Fenu, G.; Cocco, E.; Floris, F.; Bessonov, D.; Akiskal, H.S.; et al.
Multiple sclerosis and bipolar disorders: The burden of comorbidity and its consequences on quality of life. J. Affect. Disord. 2014,
167, 192–197. [CrossRef]

43. Carta, M.G.; Conti, A.; Lecca, F.; Sancassiani, F.; Cossu, G.; Carruxi, R.; Boccone, A.; Cadoni, M.; Pisanu, A.; Francesca Moro, M.;
et al. The burden of depressive and bipolar disorders in celiac disease. Clin. Pract. Epidemiol. Ment. Health 2015, 11, 180–185.
[CrossRef]

44. Carta, M.G.; Lecca, M.E.; Saba, L.; Sanfilippo, R.; Pintus, E.; Cadoni, M.; Sancassiani, F.; Moro, M.F.; Craboledda, D.; Lo Giudice,
C.; et al. Patients with carotid atherosclerosis who underwent or did not undergo carotid endarterectomy: Outcome on mood,
cognition and quality of life. BMC Psychiatry 2015, 15, 277. [CrossRef]

45. Carta, M.G.; Moro, M.F.; Pinna, F.L.; Testa, G.; Cacace, E.; Ruggiero, V.; Piras, M.; Romano, F.; Minerba, L.; Machado, S.; et al. The
impact of fibromyalgia syndrome and the role of comorbidity with mood and post-traumatic stress disorder in worsening the
quality of life. Int. J. Soc. Psychiatry 2018, 64, 647–655. [CrossRef]

46. Sancassiani, F.; Romano, F.; Balestrieri, M.; Caraci, F.; Di Sciascio, G.; Drago, F.; Hardoy, M.C.; Moro, M.F.; Roncone, R.; Piras, M.;
et al. The Prevalence of Specific Phobia by Age in an Italian Nationwide Survey: How Much Does it Affect the Quality of Life?
Clin. Pract. Epidemiol. Ment. Health 2019, 15, 30–37. [CrossRef]

47. Sancassiani, F.; Carmassi, C.; Romano, F.; Balestrieri, M.; Caraci, F.; Di Sciascio, G.; Drago, F.; Faravelli, C.; Hardoy, M.C.; Moro,
M.F.; et al. Impairment of Quality of Life Associated with Lifetime Diagnosis of Post-traumatic Stress Disorder in Women—A
National Survey in Italy. Clin. Pract. Epidemiol. Ment. Health 2019, 15, 38–43. [CrossRef] [PubMed]

48. Aviles Gonzalez, C.I.; Angermeyer, M.; Deiana, L.; Loi, C.; Murgia, E.; Holzinger, A.; Cossu, G.; Massa, E.; Romano, F.; Scartozzi,
M.; et al. The Quality of Life of People with Solid Cancer is Less Worse than Other Diseases with better Prognosis, Except in the
Presence of Depression. Clin. Pract. Epidemiol. Ment. Health 2021, 17, 315–323. [CrossRef] [PubMed]

49. Primavera, D.; Carta, M.G.; Romano, F.; Sancassiani, F.; Chessa, E.; Floris, A.; Cossu, G.; Nardi, A.E.; Piga, M.; Cauli, A. Quality of
Life in Systemic Lupus Erythematosus and Other Chronic Diseases: Highlighting the Amplified Impact of Depressive Episodes.
Healthcare 2024, 12, 233. [CrossRef] [PubMed]

50. Smith, M.L.; Sanchez, S.E.; Rondon, M.; Gradus, J.L.; Gelaye, B. Validation of the Patient Health Questionnaire-9 (PHQ-9) for
Detecting Depression Among Pregnant Women in Lima, Peru. Curr. Psychol. 2022, 41, 3797–3805. [CrossRef] [PubMed]

51. Zimmerman, M.; Galione, J.N.; Ruggero, C.J.; Chelminski, I.; Dalrymple, K.; Young, D. Are screening scales for bipolar disorder
good enough to be used in clinical practice? Compr. Psychiatry 2011, 52, 600–606. [CrossRef] [PubMed]

52. Zimmerman, M.; Galione, J.N.; Ruggero, C.J.; Chelminski, I.; Young, D.; Dalrymple, K.; McGlinchey, J.B. Screening for bipolar
disorder and finding borderline personality disorder. J. Clin. Psychiatry 2010, 71, 1212–1217. [CrossRef] [PubMed]

53. Carta, M.G.; Moro, M.F. Autoimmune Thyroiditis and Depression. JAMA Psychiatry 2018, 75, 1203–1204. [CrossRef]
54. Martino, D.J.; Valerio, M.P. Revisiting the concept of bipolar depression: Comparison of diagnostic validators between melancholic

and non-melancholic episodes. Eur. Arch. Psychiatry Clin. Neurosci. 2024, 274, 507–514. [CrossRef]
55. Maina, G.; Albert, U.; Bellodi, L.; Colombo, C.; Faravelli, C.; Monteleone, P.; Bogetto, F.; Cassano, G.B.; Maj, M. Health-related

quality of life in euthymic bipolar disorder patients: Differences between bipolar I and II subtypes. J. Clin. Psychiatry 2007, 68,
207–212. [CrossRef]

56. Carta, M.G.; Kalcev, G.; Scano, A.; Primavera, D.; Orrù, G.; Gureye, O.; Cossu, G.; Nardi, A.E. Is Bipolar Disorder the Consequence
of a Genetic Weakness or Not Having Correctly Used a Potential Adaptive Condition? Brain Sci. 2022, 13, 16. [CrossRef] [PubMed]

57. Gaudette, J. Will a Bad Night’s Sleep before a Race Affect Performance? RunnersConnect, Inc.: San Luis, AZ, USA, 2023.
58. de Azevedo Bringel, J.M.; Abreu, I.; Muniz, M.M.C.; de Almeida, P.C.; Silva, M.R.G. Health professionals’ chronotype association

with salivary cortisol and occupational stress in neonatal intensive care units. Int. J. Environ. Res. Public Health 2023, 20, 5683.
[CrossRef] [PubMed]

59. Yang, D.F.; Huang, W.C.; Wu, C.W.; Huang, C.Y.; Yang, Y.S.H.; Tung, Y.T. Acute sleep deprivation exacerbates systemic
inflammation and psychiatry disorders through gut microbiota dysbiosis and disruption of circadian rhythms. Microbiol. Res.
2023, 268, 127292. [CrossRef] [PubMed]

https://doi.org/10.1016/0272-7358(88)90050-5
https://doi.org/10.1177/003329417403403s01
https://www.ncbi.nlm.nih.gov/pubmed/4424377
https://doi.org/10.1155/2021/6624378
https://www.ncbi.nlm.nih.gov/pubmed/34394986
https://doi.org/10.2174/1745017901208010102
https://doi.org/10.1016/j.jad.2014.05.024
https://doi.org/10.2174/1745017901511010180
https://doi.org/10.1186/s12888-015-0663-y
https://doi.org/10.1177/0020764018795211
https://doi.org/10.2174/1745017901915010030
https://doi.org/10.2174/1745017901915010038
https://www.ncbi.nlm.nih.gov/pubmed/30972141
https://doi.org/10.2174/1745017902117010315
https://www.ncbi.nlm.nih.gov/pubmed/35444707
https://doi.org/10.3390/healthcare12020233
https://www.ncbi.nlm.nih.gov/pubmed/38255120
https://doi.org/10.1007/s12144-020-00882-2
https://www.ncbi.nlm.nih.gov/pubmed/35757832
https://doi.org/10.1016/j.comppsych.2011.01.004
https://www.ncbi.nlm.nih.gov/pubmed/21406301
https://doi.org/10.4088/JCP.09m05161yel
https://www.ncbi.nlm.nih.gov/pubmed/20361913
https://doi.org/10.1001/jamapsychiatry.2018.1801
https://doi.org/10.1007/s00406-022-01546-x
https://doi.org/10.4088/JCP.v68n0205
https://doi.org/10.3390/brainsci13010016
https://www.ncbi.nlm.nih.gov/pubmed/36671999
https://doi.org/10.3390/ijerph20095683
https://www.ncbi.nlm.nih.gov/pubmed/37174200
https://doi.org/10.1016/j.micres.2022.127292
https://www.ncbi.nlm.nih.gov/pubmed/36608535


J. Clin. Med. 2024, 13, 4396 12 of 12

60. Paterniti, S.; Bisserbe, J.C. Factors associated with false positives in MDQ screening for bipolar disorder: Insight into the construct
validity of the scale. J. Affect. Disord. 2018, 238, 79–86. [CrossRef] [PubMed]

61. Graves, R.E.; Alim, T.N.; Aigbogun, N.; Chrishon, K.; Mellman, T.A.; Charney, D.S.; Lawson, W.B. Diagnosing bipolar disorder in
trauma exposed primary care patients. Bipolar Disord. 2007, 9, 318–323. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jad.2018.05.058
https://www.ncbi.nlm.nih.gov/pubmed/29864713
https://doi.org/10.1111/j.1399-5618.2007.00449.x

	Introduction 
	Methods 
	Measures 
	Clinical Diagnosis of OSA 
	Diagnosis of Depressive Episodes 
	Measurement of Health-Related Quality of Life 


	Statistical Analysis 
	Results 
	Discussion 
	Limits 
	Conclusions 
	References

