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Abstract

Background and purpose: Individuals with obstructive sleep-disordered breathing (OSDB) commonly report symptoms of depression;

however, the percentage of individuals with major depressive disorder (MDD) who experience OSDB is less clear. This study aimed to

examine OSDB in a sample of individuals with MDD, unselected for sleep-related complaints, along a continuum of ventilatory and hypoxic

abnormalities.

Patients and methods: The overnight sleep-related breathing of 19 individuals with MDD and 15 non-depressed controls was recorded using

an unattended nasal pressure-based home sleep monitoring device. The device recorded nasal airflow, breathing effort, heart rate, oxygen

saturation, and body position.

Results: The two groups varied significantly on three sleep-related breathing variables: major flow-limitation events, major flow-limitation

events accompanied by a desaturation, and average saturation throughout the evening; and these groups approached significance on minor

flow-limitation events accompanied by a desaturation and average number of desaturations throughout the evening. Sleep-related breathing

variables predicted accurate grouping in 81.3% of those with MDD and 80.6% of the non-depressed participants.

Conclusions: These results suggest that OSDB may play a more important role in MDD than previously recognized. OSDB may contribute to

or exacerbate the condition of someone predisposed to MDD, and the treatment of OSDB may ameliorate or possibly prevent depressive

symptoms.

q 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Numerous studies demonstrate a high rate of depressive

symptoms in individuals with obstructive sleep-disordered

breathing (OSDB) [1]. The interaction of OSDB and mood

is reciprocal and complex [2–3]. In randomized controlled

trials of positive airway pressure, pre-treatment depressed

mood reportedly improved [4]. A population study using the

Sleep-EVAL expert system questionnaire reported that after
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controlling for obesity and hypertension, the odds of having

a Diagnostic and Statistical Manual of Mental Disorders—

Fourth Edition (DSM-IV) breathing-related sleep disorder

diagnosis was 5.6 for individuals with a major depressive

disorder [5]. Two decades ago, a report [6] found a 15.1%

prevalence rate of at least ‘some degree of sleep apnea’

(p. 566) within a depressed group of 86 inpatients. The

authors concluded that the percentage is neither clinically

significant nor an indication for routine OSDB screening.

This conclusion may be premature given the following: (1)

OSDB was described as present or absent, rather than

studied along a continuum of disordered breathing events,

(2) groups included a heterogeneous in-patient population

that included individuals with unipolar major depression,

bipolar, and schizoaffective disorder, (3) the study lacked a

non-depressed control group, (4) the study employed

thermistors to monitor airflow, an inaccurate method for
Sleep Medicine 7 (2006) 131–139
www.elsevier.com/locate/sleep

http://www.elsevier.com/locate/sleep


P.J. Deldin et al. / Sleep Medicine 7 (2006) 131–139132
detecting partial airflow obstructions (hypopneas) [7], and

(5) only apneas were scored.

1.1. Symptom profile commonalities between OSDB

and major depressive disorder (MDD)

Patients with OSDB experience repetitive episodes of

complete or partial airway obstruction, coupled with

variable degrees of intermittent oxygen desaturation. The

consequent sleep fragmentation may result in excessive

daytime sleepiness, executive dysfunction and mood

impairment [8]. Other symptoms include restless sleep,

snoring, morning headaches, sexual dysfunction, irritability,

impatience, and anxiety [9–11]. With the exception of

snoring, all of the above symptoms have also been

associated with MDD [12–14]

1.2. Neurological and pharmacological similarities between

OSDB and MDD

Deficits in concentration, working memory, and execu-

tive cognitive functioning are common to OSDB [15–16]

and MDD [17–19]. Auditory tone-induced sleep fragmenta-

tion causes changes in memory, attention and mood [20].

Beebe and Gozal (2002) theorize that sleep fragmentation

and hypoxia during sleep lead to a disruption of sleep-

related restorative effects on the prefrontal cortex. In turn,

this may result in ‘executive dysfunction,’ which refers to

the capacities crucial for organization, planning, and

adaptation [21]. In addition, functional magnetic resonance

imaging (fMRI) results suggest that OSDB is associated

with reduced lateral prefrontal activation during working

memory tasks [22]. Functional neuroimaging abnormalities

within the prefrontal cortex have also been associated with

MDD [24–25].

Symptoms of depression in patients with OSDB may

improve following treatment with continuous positive

airway pressure [26–27], though this has not always been

observed [28]. The use of the wake-promoting drug

Modafinil improves a range of cognitive symptoms and

sleepiness in sleep apnea [29] and preserves prefrontal

activation on working memory tasks following overnight

sleep deprivation [30]. This drug is also effective as an

augmenting agent in depression [31]. In summary, several

clinical, neuropsychological, and functional neurobiological

phenomena are common to OSDB and MDD, and treatment

of sleep-disordered breathing has lead to a reduction in both

depressive symptoms and neuropsychological impairment.

The purpose of the present study was to explore whether

there was abnormal respiration and nocturnal oxygen

desaturation within a group of individuals diagnosed with

MDD. Unlike prior work on the relationship between MDD

and OSDB, which has involved examining the number of

individuals with MDD who meet certain limited criteria, the

current study measures the relationship between MDD and

OSDB along a continuum of ventilatory and hypoxic
disturbances. A study with this methodology allows for an

exploration of smaller, yet potentially significant, sleep-

related breathing and desaturation phenomena. Our sample

was comprised entirely of outpatient, unipolar-depressed

individuals. In addition, a control group was included,

providing critical normative data for the technique used to

monitor airflow, a nasal cannula-pressure transducer

technique; this method has been found to be a more

accurate measure of abnormal sleep-related respiration than

thermistors [7], including when it is used without sleep

monitoring [32].
2. Materials and methods

2.1. Participants

Participants were recruited through newspaper adver-

tisements and flyers, announcing a study on thoughts and

emotions, intended to recruit participants for a larger study

on depression and memory. No reference to sleep or the

examination of sleep was mentioned. A phone screen served

as a preliminary test for study eligibility.

One hundred and sixty-eight individuals were inter-

viewed using the Structured Clinical Interview for the

DSM-IV Axis I Disorders Patient Edition (SCID-I/P: [33]),

by a doctoral-level clinical psychologist (PJD) or clinical

psychology graduate students trained in SCID adminis-

tration. All interviews were audiotaped for reliability

purposes. Sixty-five percent of the tapes of the individuals

in the major depression group and 93% of the tapes of the

individuals in the control group were reviewed to ensure

diagnosis. The inter-rater reliability was 100%.

Fifteen non-depressed controls were found to have no

current or past Axis I psychiatric diagnosis and no current or

past diagnosis of OSDB, and none had a history of taking

psychotropic medication. Nineteen individuals met DSM-

IV criteria for a current major depressive episode (MDE).

The average age of onset of the current major depressive

episode was 30.79 (SDZ12.09) with a mean duration of

17.61 months (SDZ29.83). Eighty-four percent (nZ16)

had experienced at least one previous MDE. Twenty-one

percent (nZ4) had a history of hospitalization. Forty-seven

percent had sought treatment in the past for a MDE (nZ9),

and 37% (nZ7) were currently taking antidepressants.

Sixteen percent (nZ3) were taking sedative-hypnotics.

The demographic variables collected include gender,

ethnicity, age, education level (in years completed), and

body mass index (BMI). The major depression group

consisted of 15 women and 4 men, 13 of whom were

Caucasian, 5 African-American, and 1 Portuguese-Amer-

ican, with a mean age of 34.37 years (SDZ11.52),

education of 14.71 years (SDZ2.47), and body mass

index (BMI) of 26.13 (SDZ7.40). The control group was

made up of 10 women and 5 men, 13 of whom were

Caucasian, 1 African-American, and 1 Asian-American,



Table 1

Participant characteristics

Characteristic Mean (SD) df T p

Control group MDD group

Gender 10F;5M 15F;4M 1 X2Z0.292 ns

Education 14.71 (2.47) 16.13 (2.13) 32 1.738 ns

Age 34.27 (13.33) 34.37 (11.52) 32 .024 ns

Ethnicitya 13C;1AA;1A 13C;5AA;1P 3 X2Z4.073 ns

BMI 24.53 (5.10) 26.13 (7.40) 29 0.500 ns

BDI 1.64 (2.02) 25.84 (8.24) 31 10.710 !0.01

STAI-T 31.54 (8.79) 57.50 (11.51) 29 6.812 !0.01

Self-report sleep indices

PSQI 4.00 (2.20) 7.87 (3.11) 29 3.64 0.001

ESS 5.54 (3.48) 6.93 (4.93) 29 0.742 ns

HO 51.38 (12.33) 46.87 (12.86) 28 1.033 ns

SE 91.38 (8.50) 77.67 (15.18) 28 2.798 0.010

SL 18.85 (12.10) 31.80 (25.40) 28 1.655 ns

a C, Caucasian; AA, African American; P, Portuguese; A, Asian.
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with a mean age of 34.27 years (SDZ13.33), education of

15.85 years (SDZ2.15), and BMI of 24.53 (SDZ5.10)

(Table 1).

Exclusionary criteria for both the depressed and non-

depressed groups eliminated those who reported or

diagnosed via interview: current or past mania, cognitive

impairments (learning disabilities), head injuries resulting

in loss of consciousness for more than 10 min, anorexia

nervosa, or seizure disorders. Since this study was

performed in the context of a larger study employing

psychophysiology, exclusion criteria were identical to those

of the larger study.

All study procedures were approved by the Harvard

Institutional Review Board. The details of the study were

explained to all participants, and after all questions were

addressed, written informed consent was obtained.

Participants were compensated $10 for each hour of the

SCID interview and $50 for the overnight sleep

monitoring.
2.2. Measures

Participants completed a battery of questionnaires to

assess current depressive and anxiety symptom severity and

current sleep patterns. The Beck Depression Inventory

(BDI) was used to evaluate each participant’s self-rated

current level of depression [34]. The Spielberger Trait

Anxiety Inventory (STAI-T: [35]) provided indices of

general patterns of anxiety. Participants also completed

three questionnaires to assess the following: (1) sleep

difficulties (Pittsburg Sleep Quality Index, PSQI) [36], (2)

the degree to which one is a ‘morning person’ versus a

‘night person’ (Horne and Ostberg, MEQ) [37], and 3) the

severity of daytime sleepiness during certain activities

(Epworth Sleepiness Scale (ESS) [38]). Additional items

were selected from the PSQI to be analyzed separately.

These included self-reported sleep latency (SLZamount of

time on average it takes one to fall asleep at night) and sleep
efficiency (SEZreported total time in bed/reported time

asleep). In addition, we took special note of the responses to

the SCID A module. The specific module A items noted

include depressed mood, anhedonia, appetite, sleep,

psychomotor change, energy, worthlessness, concentration,

and suicidality.
2.3. Sleep-related breathing recordings

The Starduste (Respironics Inc, Murrayville, USA)

system, an empirically validated portable device for the

diagnosis of obstructive sleep apnea [39], consists of a

recording device and host software. The device is a portable,

computerized polysomnographic system that allows for the

recording of physiologic inputs within the participant’s

natural sleep environment. The participants were asked to

take the device home with them and to return the machine

the following day; thus, the sleep studies took place at the

homes of the participants. The signals recorded were body

position (measured by the position of the recorder itself),

nasal airflow and respiratory rate (through a nasal cannula-

pressure transducer system), oximetry and heart rate

(through a finger pulse oximeter), and respiratory effort

(through a respiratory effort belt). Sampling rates and filter

settings were as follows: airflow bandwithZ0.05 to 2 Hz,

sample rateZ200 samples per second, and storage rateZ10

per second; effort bandwithZ0.03 to 3.2 Hz, sample rateZ
200 samples per second, storage rateZ10 per second;

Sp02Z8 s weighted average, and heart rateZ8 s weighted

average; body position bandwithZ1 Hz; and patient event

marker bandwithZ1 Hz.

The recorder digitized and stored physiologic inputs

from the sensors. Data were later downloaded by serial

connection to a computer with loaded Stardust Host

software, designed to download, scan, display, and sort

the data. Participants used an event button to record lights-

off and lights-on, which was used to estimate recorded time
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as a surrogate of total sleep time, as well as other events that

signified wake (e.g. using the bathroom).
2.4. Scoring of respiratory events

The Stardust host software scanned, according to

predetermined parameters located in a series of configur-

ation files for pathological events, distinguished by their

length, associated pulse rate and/or saturation decrease. The

system continually modified a model, which at any point

was based on the last 16 breaths, of the participant’s

breathing and saturation. After the system scanned for major

abnormalities, detailed event-by-event manual scoring was

performed and abnormalities categorized as ‘major’ or

‘minor’ respiratory events rather than apneas and hypopneas

(Fig. 1), as oral airflow was not recorded and the

untransformed nasal pressure signal is not linearly related

to flow. A major respiratory event consisted of a flat nasal

flow signal for R10 s that was terminated by an abrupt

recovery of sinusoidal flow or a large recovery breath. A

minor flow-limitation event was scored when there was

clear evidence of inspiratory flow-limitation for a similar

duration or a clearly visible (cut-off of 20%) reduction in

amplitude of the nasal flow signal that terminated in an

abrupt return to sinusoidal flow or a large recovery breath

(see Fig. 1). Major and minor events were scored without

regard to the occurrence of oxygen desaturation. An O2

saturation drop % parameter, set at 3%, specified the percent

SaO2 drop required to annotate a major or minor event as

‘with SaO2 drop’; the system also calculated the total

number of drops in SaO2 throughout the night’s sleep,

irrespective of the association of a respiratory event. A

board certified sleep specialist (RT), blind to diagnosis,
Fig. 1. Scoring of Respiratory Variables. Samples of scored respiratory events. A ‘m

‘minor’ event shows flow limitation but evidence of individual breaths.
validated each individual respiratory event and manually

made required changes. The Stardust software computed

relevant summary statistics.
2.5. Data analyses

Variables analyzed were total scores from the BDI,

STAI-T, and the three self-report sleep questionnaires

(PSQI, H-O, ESS); sleep latency (SL) and sleep efficiency

(SE); and each scored module A SCID item. The Stardust

system events analyzed included total number of major and

minor events (i.e. the respiratory disturbance index (RDI),

regardless of change in oxygen saturation), number of major

flow-limitation events per hour (MJ), percentage of major

events accompanied by at least a 3% drop in SaO2 (%MJ),

number of minor flow-limitation events per hour (MN),

percentage of minor events accompanied by at least a 3%

drop in SaO2 (%MN), mean SaO2 throughout the evening

(%AVG), and number of drops in SaO2 per hour (DST). In

addition, to obtain a measure of sleep apnea according to the

conventional style, we calculated the total number of major

events plus the number of minor events accompanied by a

desaturation of 3% or more, per hour of sleep. Those

individuals who experienced greater than five events per

hour were classified as having sleep apnea. The majority of

the participants slept with the machine for a single night.

A binary hierarchical logistic regression analysis was

performed to determine if respiratory variables could

correctly classify those with MDD verses the non-depressed

controls. The logistic regression was followed up with two

multivariate analyses of covariance (MANCOVAS) and a

t-test to evaluate specific differences between groups on each

of the self-rated mood and sleep scales, SL, SE, and each of
ajor’ event is associated with a ‘flat line’ in the nasal pressure trace, while a
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the Stardust system recorded events. Because BMI is often

correlated with OSDB, BMI was covaried within the

analyses. Correlations were performed among all of the

variables between and within each group to examine, in

particular, whether there were any relationships between

respiratory variables and (1) severity of depressed mood,

using the BDI, (2) module A SCID items, (3) current or past

history of medications, and (4) number of previous episodes.
3. Results

No significant differences in any of the breathing

variables or the sleep scales were found between those

who were and were not taking antidepressant or sedative

hypnotic medications. The sleep-related breathing of

individuals with and without MDD was recorded for a

mean duration of 6.09 h (SDZ2.30 h.) and 6.58 h (SDZ
1.84 h), respectively. No significant differences were found

between the two groups in the amount of time spent in the

supine position versus non-supine position (for MDD group,

mean percentage of time in the supine positionZ46.08

(30.09); for the non-depressed control group, mean

percentage of time in supineZ42.07 (30.19)). Finally, no

significant between-group differences were found on any of

the demographic variables.
3.1. Self-rated questionnaires

As expected, significant differences were found on the

BDI between groups, with a mean BDI score of 25.84

(SDZ8.24) for the MDD group and a mean BDI score of

1.64 (SDZ2.02) for the control group. Trait anxiety scores

also varied between groups with a mean Trait score of 57.50

(SDZ11.51) for the MDD group and a mean Trait score of

31.54 (SDZ8.79) for the control group. A MANCOVA

(FZ2.906, PZ.038, eta2Z.410) revealed significant differ-

ences between the groups on the PSQI (PZ.001) and on

Sleep Efficiency (PZ.01). The Epworth sleepiness scores

were not significantly different, and there were no

significant morningness-eveningness group differences.
Table 2

Mean number of respiratory events per hour by group

Sleep variable Mean (SD)

Control group MDD group

MN 33.48(19.37) 34.18(24.60)

MN% 16.54(13.69) 29.46(20.20)

MJ 0.42(.51) 4.65(5.95)

MJ% 15.32(30.48) 48.87(33.85)

RDI 33.90(19.57) 38.82(29.66)

AVG 98.86(1.17) 97.06(2.24)

DST 6.07(5.63) 13.72(13.05)

MN, Number of minor events; MN%, Percentage of minor events accompanied by

of major events accompanied by a desaturation of at least 3%; RDI, Respirator

desaturations by at least 3%.
3.2. Sleep-disordered breathing

All of the sleep-related breathing indices (MN, %MN,

MJ, %MJ, AVG%, and DST) were included in the

hierarchical logistic regression analysis. The RDI was not

included in the logistic regression analysis because the RDI

is equal to the combination of the number of MN and MJ,

and would thus be a redundant factor. Because of the

relationship between BMI and OSDB, body mass was

entered first. Next, the sleep-related breathing variables

were entered together. A Hosmer-Lemeshow statistic [40]

was employed to ensure the use of a good model (x2Z9.403,

PZ.309). The regression was performed to determine

whether respiratory variables could correctly predict group

membership. Indeed, 81.3% of those with MDD and 80.0%

of the non-depressed group were correctly classified.

Overall correct classification was 80.6% (x2Z17.88,

PZ.013).

MANCOVA revealed significant differences between

those with MDD and non-depressed controls (FZ2.880,

PZ.033, partial eta2Z.451) on the following respiratory

variables: major events, percentage of major and minor

events accompanied by at least a 3% desaturation, and

average SaO2 throughout the night (Table 2). Five out of 19

(25%) individuals with MDD experienced greater than five

major events per hour. The mean number of major events

per hour of sleep in the controls was 0.42, while the MDD

group average was 4.19. The severity of the events in the

MDD group was higher, evidenced by the higher percentage

of events accompanied by an oxygen desaturation (46.98%

vs. 15.32%). The minor events associated with desaturation

showed a similar relationship for the MDD versus the non-

depressed participants (28.09% vs. 16.54%). The difference

in average nocturnal saturation was small (98.86% in non-

depressed controls vs. 97.40% in the MDD group) and,

although statistically significant, was well within the normal

range [41]. Ten of the individuals with MDD and five of the

healthy controls evidenced more than a total of five major

events plus minor events per hour accompanied by a

desaturation. There was no significant difference between

the two groups on this measure (x2Z1.630, PZ.202).
df F p

30 0.012 0.92

30 3.287 0.08

30 5.996 0.02

30 7.045 0.01

30 tZ0.751 0.27

30 6.259 0.02

30 3.305 0.08

a desaturation of at least 3%; MJ, Number of major events; MJ%, Percentage

y disturbance index; AVG, Average oxygen saturation; DST, Number of
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Significance might have been reached with greater power;

however, this analysis reveals that traditional methods of

categorization may be insufficient in capturing group

differences that, according to our findings, occur along a

continuum of breathing and O2 saturation abnormality.

To examine whether medication might account for the

sleep-related breathing differences between the two groups,

we reanalyzed the data without those individuals currently

taking antidepressants (nZ7) and/or sedative hypnotics

(nZ3, one of whom was not also taking an antidepressant).

The binary logistic regression remains significant (x2Z
28.841, P!.001) and prediction of classification increases

to 100%. Furthermore, overall differences between the two

groups on the six sleep-related breathing variables remains

significant (MANCOVA: FZ3.330, PZ.030, partial eta2Z
.588). There were no differences between those taking

medications and those not taking medications on any of the

demographic, sleep self-report, or sleep-related breathing

variables.

Within the depressive group, correlations were found

between psychomotor agitation and the following respirat-

ory events: RDI (rZ.537, PZ.02), MN (rZ.515, PZ.03),

MJ (rZ.514, PZ.03) MJ% (rZ.500, PZ.041), and DST

(rZ.592, PZ.01). Within the non-depressed control group,

there was a significant relationship between being male and

MN% (tZ3.141, PZ.008), MJ% (tZ2.457, PZ.029), and

DST (tZ4.976, PZ.000).
4. Discussion

The purpose of this study was to investigate the

relationship between sleep-related breathing abnormalities

and depression; specifically, we compared sleep-related

respiration in a group of individuals with MDD diagnosed

by DSM-IV, unselected for sleep abnormalities, in

comparison to that of a healthy control group. Sleep-related

breathing indices were measured along a continuous

spectrum of abnormality in addition to a present/absent

dichotomy. A nasal cannula-pressure transducer system

detected a spectrum of respiratory events. Individuals with

MDD experienced a greater number of self-reported sleep

abnormalities, major flow-limitation events per hour,

percentage of major flow-limitation events accompanied

by a desaturation, and average nocturnal saturation. In

addition, those with MDD showed a trend toward a higher

percentage of minor flow-limitation events accompanied by

a desaturation and average number of desaturations (3%)

per hour. The decreased mean saturation in the MDD group,

although not clinically significant with respect to absolute

levels, may suggest an increased burden of abnormal

respiration. Finally, the high rate of accuracy in discrimi-

nation of group by respiratory events (80.6%) suggests that

OSDB is likely an important factor in MDD. The fact that

removing those individuals who were taking antidepressants

at the time of the study improved prediction of group
membership (MDD versus control) raises the possibility that

antidepressant medications may improve the sleep-related

breathing in individuals who are clinically depressed.

However, this study is not powered to address this

hypothesis.

While there was a difference between groups on the

PSQI, there was no significant difference in subjective

sleepiness as measured by the ESS, even though MDD

patients had greater degrees of sleep-disordered breathing.

Patients with MDD often present with insomnia and

hyperarousal (a minority do indeed present with hypersom-

nia), and this may continue into the daytime and inhibit

overt sleepiness behavior (similar to the difficulty patients

with psychophysiological insomnia experience trying to nap

in the daytime). Several antidepressants, such as fluoxetine

and buproprion, have stimulating properties and may reduce

sedation. It is possible that as a group the severity did not

reach the threshold to induce subjective sleepiness, and

individual differences to the effect of sleep fragmentation

may have a role. In large samples such as in the Sleep Heart

Health Study, a significant proportion of those with

moderate or greater degrees of sleep apnea had minimal

daytime sleepiness, confirming that the correlation between

ESS and RDI is low [42]. It is possible that the individual

response to chronic sleep fragmentation will be determined

by trait and state factors, and the outcome could be

dominated by subjective sleepiness, depression, an attention

deficit phenotype, or fatigue. The results do suggest that

subjective sleepiness alone would not adequately discrimi-

nate between individuals with MDD who have a secondary

cause of sleep fragmentation.

4.1. Assessment of sleep-related breathing

The gold standard for the diagnosis of sleep-disordered

breathing (SDB) is attended polysomnography. This allows

accurate discrimination between sleep versus wake, as well

as the effect of sleep stages on respiration. The gold standard

for measuring airflow is the pneumotachograph; however,

current evidence strongly suggests that the signal obtained

using a nasal cannula-pressure transducer system provides

comparative or even superior information [42]. If quanti-

tative (% reduction in flow signal) and qualitative (flow-

limitation terminating with abrupt reversals) are both

incorporated into a scoring rule, as in this study, the entire

spectrum of respiratory abnormality is captured. To our

knowledge, this is the first use of this technique in a sample

of individuals with major depression, and it is possible that

previously published literature report an underestimation of

the true prevalence and severity of respiratory abnormality

in this population.

4.2. SDB and mood disorders

As stated above, depression and SDB can interact in

multiple ways. Abnormalities in sleep architecture common
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to depression and SDB at a macroscopic level are well

documented, and the most typical features include increased

wake time after sleep onset, reduced REM sleep latency and

slow-wave sleep, increased awakenings, and reduced total

sleep time [43]. At the microscopic level, the percentage of

non-rapid eye movement (NREM) sleep with the cyclic

alternating pattern morphology (a marker of sleep state

instability) is increased in depression [44]. In addition, sleep

fragmentation by auditory stimuli, which shares character-

istics with the sleep fragmentation associated with SDB,

impairs mood [20].

Functional magnetic resonance imaging reveals hypo-

frontality in patients with OSDB [22–23] and in those with

MDD [24–25]. Specifically, OSDB patients with and

without hypoxia show impairments of lateral prefrontal

activation on a working memory task [22]. Similarly, a

single night of auditory sleep fragmentation induces

hypofrontality on working memory and Stroop-type tasks

(Thomas, unpublished data). Further, when scanned early

in circadian time, reduced activation following sleep

deprivation is the dominant effect demonstrated [45–48].

Lastly, subjects with narcolepsy may exhibit hypofrontality

when performing under fatiguing conditions. As mentioned

above, depression is associated with impaired prefrontal

metabolism and function [24–25], suggesting a common

neurobiological substrate for sleep fragmentation and

impaired mood. Sleepiness and fatigue associated with

depression may explain some of the hypofrontality

associated with depression. OSDB may contribute to or

exacerbate the condition of someone who is predisposed to

MDD, and the treatment of OSDB may ameliorate or

prevent depressive symptoms.

4.3. Relevant participant characteristics

We found that variables of sleep-related breathing

correlated with increased daytime psychomotor agitation.

Specifically, individuals who through self-report described

feeling fidgety and restless showed increased abnormalities

in sleep-related breathing. In addition, gender of participant

appeared to play a role among the non-depressed controls,

as males experienced a greater percentage of minor flow-

limitation events accompanied by a desaturation, percentage

of major events accompanied by a desaturation, and total

number of desaturations per hour, than female non-

depressed participants. This supports previous findings in

the literature concerning an increase of sleep-related

respiratory events in males [8].

4.4. Limitations

Limitations of the current study include the constraints of

the take-home sleep monitoring device and the relatively

small sample sizes. The Stardust system involves an

unattended recording of sleep events; therefore, sensor

stability during the recording can vary. In addition, sleep
architecture of the participants was not measured; therefore,

the difference between the groups in the amount of time

spent in rapid eye movement (REM) sleep is unknown.

Further, the number of arousals and the time spent in stage 1

sleep is unknown. A follow-up study that would include

sleep architecture would clarify the impact of these factors

on group differences. There are several possible expla-

nations for the high number of ‘minor’ events in controls

other than by chance (i.e. that an unusual number of selected

healthy subjects had sub-clinical sleep-disordered breath-

ing): (1) the technique usually detects more events than

possible with the thermistor; (2) respiratory events while

awake and normal sleep-onset respiratory instability may be

erroneously scored; (3) oral breathing was not monitored;

and (4) events in REM sleep may be over-scored, as the

sensitivity of the nasal pressure technique allows identifi-

cation of respiratory changes that are normal components of

this stage, but cannot be confidently categorized as such

without sleep staging. However, respiratory events, such as

those illustrated in the Fig. 1, generally do not occur during

periods of wake in otherwise healthy individuals. As we

carefully evaluated the flow-morphology of each event (also

see Fig. 1), we are confident that the vast majority of

respiratory abnormality scored did occur during sleep.
5. Conclusion

Considering the overlap with respect to symptom

presentation, neuropsychological impairment, and prefron-

tal-based dysfunction, the relationship between OSDB and

MDD appears important enough to consider a more

definitive study: a randomized placebo-controlled trial of

positive airway pressure in individuals with MDD versus

healthy controls. Additionally, accurate assessments of

sleep-related breathing may usefully contribute to the

management of MDD patients. Respiratory-related sleep

fragmentation or hypoxia-induced prefrontal dysfunction is

a biologically plausible link between depressed mood and

sleep-disordered breathing. Routine assessment of sleep-

related respiration in those diagnosed with MDD may be

indicated, particularly in those who report sleep abnormal-

ities or psychomotor agitation or who are of male gender.

Continued exploration of the extent of this overlap through

additional measures, such as those aimed at examining sleep

architecture, functional neuroanatomical substrates, and

receptor biology, will add further insight into the underlying

mechanisms of OSDB and MDD and their potential mutual

roles as risk, exacerbation, or treatment response-modifying

factors.
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