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Study Objective: To determine if symptoms of sleep disordered breathing (SDB) are associated with depression symptomology in a national sample.

Design: National Health and Nutrition Examination Survey
Setting: U.S., 2005-2008.
Participants: 9,714 adults (= 18 years)

Measurements: Respondents were asked about frequency of snoring and snorting, gasping, or stopping breathing while asleep and completed
the PHQ-9 (a 9-item depression screener). Odds ratios (OR) and 95% confidence intervals (Cl) for SDB symptom-associated probable major de-
pression (defined as a PHQ-9 score = 10) were obtained from sex-specific logistic regression analyses adjusted for body mass index, age, race/

ethnicity, and education.

Results: Among men, 6.0% reported physician-diagnosed sleep apnea, 37.2% snored = 5 nights/week, 7.1% snorted/stopped breathing = 5
nights/week, and 5.0% had PHQ-9 scores = 10. Among women, 3.1% reported sleep apnea, 22.4% snored = 5 nights/week, 4.3% snorted/stopped
breathing = 5 nights/week, and 8.4% had PHQ-9 scores = 10. Sleep apnea was associated with probable major depression (OR = 2.4; 95% CI: 1.5,
3.6 among men; OR = 5.2; 95% Cl: 2.7, 9.9 among women). Snoring was not associated with depression symptoms in men or women. Snorting/
stopping breathing = 5 nights/week compared to never was strongly associated with probable major depression in men (OR = 3.1; 95% CI: 1.8,

5.2) and women (OR = 3.0; 95% CI: 1.6, 5.4).

Conclusion: Frequent snorting/stopping breathing was associated with probable major depression by the PHQ-9 in a national sample of adults.
Additional research may be needed to determine whether regular screening for these conditions by mental health professionals and sleep special-

ists should be recommended.
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INTRODUCTION

Sleep disordered breathing (SDB) is characterized as abnor-
mal breathing patterns that result in sleep disturbances. SDB
encompasses obstructive sleep apnea (OSA), in which partial
or complete closure of the airways disrupts breathing during
sleep, as well as snoring and upper airway resistance syndrome.
Risk factors for OSA include being male, being older, obesity,
and craniofacial morphology.' In Western countries, up to 5% of
adults may have undiagnosed obstructive sleep apnea syndrome
(OSA with daytime sleepiness), and up to 20% are estimated to
have at least mild OSA.>* Undiagnosed (and therefore untreat-
ed) OSA may contribute to hypertension* and other cardiovas-
cular morbidity,>” sleepiness,' and impaired cognitive function.®

High rates of depression (up to 63%) have often been found
among patients with OSA.>'? Most investigations into the as-
sociation between OSA and depression have been conducted
in relatively small populations of patients diagnosed with mod-
erate to severe OSA, but less is known about the association
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between depression and the symptoms of SDB in the general,
non-clinical population. Analysis of data from a large telephone
survey (nearly 20,000 individuals aged 15-100 years and se-
lected from the general population of 5 European countries)
was conducted to evaluate the association between breathing-
related sleep disorders and major depressive episodes.!* De-
pressed individuals were 5 times more likely to have a DSM-1V
breathing-related sleep disorder, which required the presence
of insomnia, excessive daytime sleepiness, disrupted sleep, or
nonrestorative sleep in addition to breathing-related symptoms,
than nondepressed individuals. However, no data was present-
ed regarding specific SDB symptoms independent of daytime
sleepiness or other sleep complaints. In a study of Veterans
Health Administration (VHA) patient records (approximately
4 million unique cases) from 1998 to 2001, the odds of hav-
ing a depression diagnosis among patients with a sleep apnea
diagnosis was nearly three times that for patients without sleep
apnea.'* These results may not be generalizable to the general
population since veterans who use the VHA system tend to be
older men and have multiple comorbidities. Using data from the
Hordaland Health Study in Norway, Sivertsen et al. studied the
association of self-reported OSA symptoms with long-term sick
leave and work disability (7,028 subjects, aged 40-45 years)."
In this study sample, the crude prevalence of depression was
significantly higher among participants who reported snor-
ing and breathing cessation in addition to daytime sleepiness,
but further elaboration on this association was not included in
the report since the study focused on sick leave and disability.
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Table 1—Patient Health Questionnaire (PHQ-9)?

Over the last two weeks, how often have you been bothered by the
following problems (Not at all, Several days, More than half the days,
Nearly every day):

1. Little interest or pleasure in doing things?

2. Feeling down, depressed, or hopeless?

3. Trouble falling or staying asleep, or sleeping too much?
4. Feeling tired or having little energy?

5. Poor appetite or overeating?

6. Feeling bad about yourself - or that you are a failure or have let
yourself or your family down?

7. Trouble concentrating on things, such as reading the newspaper
or watching TV?

8. Moving or speaking so slowly that other people could have
noticed? (Or the opposite — being so fidgety or restless that you
have been moving around a lot more than usual?)

9. Thoughts that you would be better off dead or of hurting yourself
in some way?

aThe PHQ-9 questions are based on the nine Diagnostic and Statistical
Manual of Mental Disorders (4™ edition) signs and symptoms for depression.

As part of the Wisconsin Sleep Cohort Study, 1,408 working
adults underwent polysomnography and were evaluated for
depression using the Zung depression scale.'® Using longitu-
dinal models, a dose-response relationship was found between
SDB severity (based on apnea-hypopnea index) and odds of
developing depression (> 50 on the Zung scale). Finally, in one
small study of individuals with major depression recruited from
the general population, the number of major airflow limitation
events during sleep was higher in the depressed group than in
non-depressed controls.!”

Given the lack of literature about the possible association
between SDB symptoms and depression in the general popu-
lation, we used data from the National Health and Nutrition
Examination Survey (NHANES) for the years 2005-2008 to as-
sess whether the frequency of symptoms specific to SDB was
associated with depressive symptomology.

METHODS

Study Population

Conducted annually by the National Center for Health Statis-
tics, Centers for Disease Control and Prevention, NHANES is a
stratified, multistage probability sample of the civilian non-insti-
tutionalized U.S. population. Each year, approximately 5,000 in-
dividuals are interviewed in their homes and complete the health
examination components that include medical, dental, and labo-
ratory test evaluations, usually administered in mobile exami-
nation centers. Low-income persons, persons aged > 60 years,
and non-Hispanic blacks were oversampled in both the 2005-
2006 and 2007-2008 NHANES cycles. Additionally, Mexican-
Americans and adolescents were oversampled in the 2005-2006
NHANES, and all Hispanics were oversampled in the 2007-2008
NHANES. For this study, adults aged > 18 from NHANES 2005-
2008 were included. NHANES was approved by the Research
Ethics Review Board of the National Center for Health Statistics.
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As NHANES is a public-use dataset, this study was exempt from
additional review by an institutional review board.

Sleep Disordered Breathing

The sleep disorders questionnaire was administered in the
home using computer-assisted personal interviewing during the
initial survey participant interview. Participants were asked 2
questions about frequency of SDB symptoms: “In the past 12
months, how often did you snore while sleeping?” and “In the
past 12 months, how often did you snort, gasp, or stop breathing
while asleep?” Possible responses were “never,” “rarely (1-2
nights/week),” “occasionally (3-4 nights/week), or “frequently
(5 or more nights/week).” Participants were also asked if they
had ever been told they had a sleep disorder by a doctor or other
health professional. If the participant’s response to this question
was “Yes,” they were asked what the sleep disorder was, with
sleep apnea as a possible response.

Depression Screener

The depression screener questionnaire was administered
during the computer-assisted personal interview at the mobile
examination center. The series of 9 symptom questions, com-
monly referred to as the Patient Health Questionnaire (PHQ-9),
are presented in Table 1. Each question is scored based on the
frequency of the symptom over the previous 2 weeks: “0 (not
at all),” “1 (several days),” “2 (more than half the days),” or “3
(nearly every day).” A total PHQ-9 score > 10 (out of a pos-
sible 27) has a sensitivity of 88% and a specificity of 88% for
major depression.'® The 2 following items on the PHQ-9 may
be associated with sleep in the absence of depression: “trouble
falling asleep, staying asleep, or sleeping too much” and “feel-
ing tired or having little energy.” Therefore, we also assessed a
depression score based on only the first 2 items of the PHQ-9
(“little interest or pleasure in doing things” and “feeling down,
depressed, or hopeless™), referred to as the PHQ-2 score. A total
PHQ-2 score > 3 (out of a possible 6) has a sensitivity of 83%
and a specificity of 92% for major depression.'® References to
“depression” when describing respondents in this study indi-
cate the probable presence of major depression as determined
by having a PHQ-9 score > 10 or a PHQ-2 score > 3. This termi-
nology, however, does not reflect a clinical diagnosis of depres-
sion made by a health professional in a clinical setting.

Covariates

Information was collected during the home interview com-
ponent on covariates which included sex, self-reported race/
ethnicity (non-Hispanic white, non-Hispanic black, Mexican-
American, other/multiracial), age category (18-24,25-34,35-44,
45-54,55-64,> 65 years), and education (< high school diploma,
high school diploma or equivalent, some college, college gradu-
ate). Body mass index (BMI) was calculated from weight and
height measured at the mobile examination center (weight [kg]/
height [m?]). BMI was categorized according to the following
National Heart, Lung, and Blood Institute criteria: underweight
(BMI < 18.5), normal weight (18.5 < BMI <25), overweight (25
<BMI < 30), obese class I (30 < BMI < 35), obese class II (35 <
BMI < 40), and obese class 111 (BMI > 40).%

A total of 11,791 adults aged > 18 years participated in the
2005-2006 and 2007-2008 NHANES cycles. Participants who
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responded “refused” to the questions regarding snoring or snort-

ing/stopping breathing were excluded (n = 4). Of the remaining Table 2—Selected population characteristics: NHANES, 2005-2008

number, 461 did not participate in further examinations at the Men Women
mobile examination centers. From the resulting eligible popula- Characteristic ne A ne %b
tion (n = 11,326), 1,114 individuals missing depression screen- Total 4,947 4,767
er variables were excluded. Also excluded were 388 pregnant Race/Ethnicity
women or women with a positive pregnancy urine test, 106 in- White, non-Hispanic 2418 T15 2215 718
dividuals missing BMI, and 5 participants whose response to Black, non-Hispanic 1,001 105 1084 118
the education level question was “don’t know” or “refused.” Mexican-American 931 9.1 894 7.0
The final study sample consisted of 9,714 individuals (82.4% Other/Multiracial 507 8.9 574 94
of adult NHANES participants in 2005-2008). Age
18-24 78 137 700 11.4
Statistical Analysis 25-34 745 179 668  15.7
All analyses were conducted using SAS 9.2 (SAS Institute, 35-44 794 195 771 195
Inc., Cary, NC) with SUDAAN 10.0.0 (RTI International, Re- 45-54 91 217 792 210
55-64 705 1341 747 14.4

search Triangle Park, NC), which accounted for the complex

sampling design and applied the MEC sample weights for all 65+ 1134 142 1089 181
analyses. The proportion of participants with depression (PHQ- Educa.uon Level .
9 score > 10 or PHQ-2 score > 3) and the odds ratio (OR) and < High school diploma 1,523~ 20.0 1330 176
95% confidence intervals (CI) for the likelihood of depression High school diploma 1257 261 1192 251
. . . . Some college 1,258 28.8 1,387 321
associated with SDB symptoms were obtained from sex-specific
.. .. . . College graduate 909 251 858 252
multivariate logistic regression analyses that adjusted for race/ )
ethnicity, age gategory, education level, and BMI. category. We B,\lﬂ.llnder\n/eight 69 12 "3 94
performed similar analyses to assess the association between a .
hysician di s of sl d the f £ SDB Normal weight 1,391 273 1,466 352
physician diagnosis of sleep apnea and the frequency o Overweight 1916 393 1356 275
symptoms. We present results of analyses in which responses Obese-Class | 1004 210 96 173
of “don’t know” for SDB questions were coded as “missing.” Obese-Class Il 353 7.1 530  10.3
Coding “don’t know” responses as “never” gave similar results. Obese-Class Il 214 4.2 376 74
Sleep Apnea Diagnosis
RESULTS Yes 269 60 140 31
Weighted population characteristics are shown in Table 2. No 4678 940 4627  96.9
Approximately 72% of participants were non-Hispanic white, Snore
16% were aged > 65 years, and 25% were college graduates. Don’t know® 415 71 642 113
Overall, 72% of men and 63% of women were overweight or Never 1179 219 1469 316
obese. In this study, 6.0% of men and 3.1% of women reported 1-2 nights/week 783 164 817 187
a diagnosis of sleep apnea by a health professional and 37.2% 3-4 nights/week 848 173 750  16.0
of men reported snoring > 5 nights/week, compared to 22.4% 2 5 nights/week 1,722 372 1,089 224
of women. Most participants reported that they never snort/stop Snort/Stop Breathing
breathing, but 22.7% of men and 15.4% of women reported Don’t know? 371 7.2 434 75
snorting/stopping breathing at least one night/week, while 7.1% Never 349 7041 3,608 772
of men and 4.3% of women reported snorting/stopping breath- 1-2 nights/week 423 86 325 71
ing > 5 nights/week. More women (8.4%) than men (5.0%) 3'4 nights/week 341 7.0 215 40
were depressed (PHQ-9 score > 10). 25 nlghts/ week 317 71 185 4.3
Among men, the prevalence of physician-diagnosed sleep Depression
apnea was lower in those who reported snoring 1-2 nights/ Using PHQ-9 criteria®
week or 3-4 nights/week compared to never snoring (Table 3). No 4648 950 4286 916
Among women, physician-diagnosed sleep apnea prevalence ves o 299 50 481 84
was higher in those who reported snoring > 5 nights/week Using PHQ-2 criteria’
No 4595 941 4294 921

compared to never-snorers. Among both men and women, the
prevalence of physician-diagnosed sleep apnea increased with
higher frequency of snorting/stopping breathing (linear trend _ . )
P-value < 0.0001). More than 80% of participants who reported | Gnvelghted h{"(j-s"g’vg'gB*:\tAeli Fgc%]tage- Lrjm??zeng% (Eh:;l(l)) < 169
: : . . . ormal weig 5< , Overweig < , Obese-
;E‘;?énv%/ifflosgler;gazr;:flmg = 5 nights/week had not been diag- Class | (30 < BMI < 35), Obese-Class Il (35 < BMI < 40), Obese-Class
. Il (BMI = 40). Due to the small number of underweight individuals, the
Among men, the prevalence of depression (PHQ-9 score underweight and normal weight BMI categories were pooled in logistic

> 10) was 2 times higher (P < 0.05) among those who reported

- . . . - regression analysis. “Responses of “don’t know” for either symptom of
physician-diagnosed sleep apnea (adjusted odds ratio [OR] =2.4 sleep-disordered breathing were coded as “missing.” ¢Total score = 10 on

[95% CL 15, 3-@ (Table 4). Although snoring was not aSSOCi.at' full 9-item screener (PHQ-9). Total score = 3 on 2-item screener (PHQ-2).
ed with depression among men, frequency of snorting/stopping

Yes 352 5.9 473 7.9
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Table 3—Prevalence (%) of physician-diagnosed sleep apnea? by frequency of selected sleep disordered breathing symptoms: NHANES, 2005-2008

Men Women
% (Unadjusted)® %° OR* (95% CI) % (Unadjusted)® %° OR* (95% CI)

Snore

Never 6.8 9.2 Referent 15 25 Referent

1-2 nights/wk 4.2 5.0 0.5(0.3-0.9) 1.2 1.6 0.6 (0.2-1.6)

3-4 nights/wk 4.1 42 0.4(0.2-0.7) 3.0 2.6 1.0 (0.5-2.1)

2 5 nights/wk 8.0 6.5 0.7 (0.4-1.1) 7.7 47 2.0 (1.1-3.6)
Snort/stop breathing

Never 33 3.7 Referent 1.2 1.3 Referent

1-2 nights/wk 9.2 8.2 2.5(1.6-3.8) 45 4.0 3.3(1.5-7.2)

3-4 nights/wk 12.1 9.7 3.1(1.7-5.7) 114 9.0 8.6 (4.0-18.3)

> 5 nights/wk 25.9 18.2 7.1(4.4-11.6) 27.6 15.9 8.5(9.6-35.5)

aSelf-report of physician-diagnosed sleep apnea. "Weighted, unadjusted percentage. ‘Percentages and odds ratios (OR) are weighted and adjusted for age,
race/ethnicity, education, and body mass index.

Table 4—Prevalence (%) of depression among adults aged = 18 years by sleep apnea diagnosis and selected sleep disordered breathing symptoms:
NHANES, 2005-2008

Men Women
Depression (PHQ-9 criteria®) %" OR" (95% ClI) Linear trend P-value® % OR (95% ClI) Linear trend P-value

Sleep apnea diagnosis?

Yes 10.2 2.4 (1.5-3.6) 28.3 5.2(2.7:9.9)

No 4.7 Referent 7.8 Referent
Snore

Never 49 Referent 7.8 Referent

1-2 nights/wk 34 0.7 (0.4-1.3) 74 1.0 (0.6-1.4)

3-4 nights/wk 49 1.0 (0.6-1.7) 71 0.9 (0.6-1.3)

2 5 nights/wk 5.3 1.1(0.7-1.7) 0.384 10.9 1.5(1.0-2.2) 0.115
Snort/stop breathing

Never 37 Referent 7.3 Referent

1-2 nights/wk 6.3 1.8 (1.2-2.7) 8.9 1.3(0.8-2.0)

3-4 nights/wk 8.7 2.6 (1.5-4.5) 18.5 3.1(1.8-5.0)

=5 nights/wk 10.2 3.1(1.8-5.2) <0.001 18.1 3.0 (1.6-5.4) <0.001

Men Women
Depression (PHQ-2 criteria) % OR (95% ClI) Linear trend P-value % OR (95% ClI) Linear trend P-value

Sleep apnea diagnosis?

Yes 8.5 1.5(0.9-2.5) 247 45(2.6-7.8)

No 5.8 Referent 74 Referent
Snore

Never 6.9 Referent 6.9 Referent

1-2 nights/wk 45 0.6 (0.4-1.0) 6.4 0.9 (0.6-1.5)

3-4 nights/wk 5.6 0.8 (0.5-1.3) 71 1.0 (0.6-1.7)

= 5 nights/wk 6.0 0.9 (0.6-1.2) 0.660 10.7 1.7 (1.1-2.4) 0.019
Snort/stop breathing

Never 5.0 Referent 6.9 Referent

1-2 nights/wk 6.4 1.3(0.8-2.2) 9.4 1.4(0.9-2.2)

3-4 nights/wk 9.6 2.1(1.3-3.3) 15.1 2.5(1.5-4.0)

=5 nights/wk 10.1 2.2 (1.2-3.8) 0.008 17.2 2.9(1.7-5.0) <0.001

Depression based on total score = 10 on full 9-item screener (PHQ-9). "Percentages and odds ratios (OR) are weighted and adjusted for age, race/ethnicity,
education, and body mass index. °P-value for Wald F test for linear trend by frequency of SDB symptoms. “Depression based on total score = 3 on 2-item
screener (PHQ-2).

breathing was positively associated with a higher likelihood of ~ snort/stop breathing. Among women, the prevalence of depres-
depression (linear trend P-value < 0.001), with an adjusted OR sion was 5 times higher (P < 0.05) among those who reported
of 3.1 (95% CI: 1.8, 5.2) for > 5 nights/week compared to never ~ physician-diagnosed sleep apnea (OR = 5.2 [95% CI: 2.7, 9.9]).
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Table 5—Prevalence (%) of depression among adults aged = 18 years without physician-diagnosed sleep apnea by selected sleep-disordered breathing
symptoms: NHANES, 2005-2008
Men Women
Depression (PHQ-9 criteria’) %" OR" (95% ClI) Linear trend P-value® % OR (95% CI) Linear trend P-value
Snore
Never 4.1 Referent 7.5 Referent
1-2 nights/wk 34 0.8 (0.4-1.6) 74 1.0(0.7-1.5)
3-4 nights/wk 45 1.1(0.7-1.9) 59 0.8 (0.5-1.1)
= 5 nights/wk 5.2 1.3(0.8-2.0) 0.124 9.5 1.3(0.9-1.9) 0.392
Snort/stop breathing
Never 35 Referent 7.0 Referent
1-2 nights/wk 54 1.6 (0.9-2.9) 8.8 1.3(0.8-2.1)
3-4 nights/wk 8.0 2.4 (1.5-4.0) 15.9 2.6 (1.5-4.7)
> 5 nights/wk 1.5 3.7(2.2-6.4) <0.001 14.0 2.3(1.2-4.3) 0.009
Men Women
Depression (PHQ-2 criteria) % OR (95% CI) Linear trend P-value % OR (95% ClI) Linear trend P-value
Snore
Never 6.5 Referent 6.6 Referent
1-2 nights/wk 46 0.7 (0.4-1.1) 6.2 0.9 (0.6-1.5)
3-4 nights/wk 5.5 0.8 (0.5-1.4) 6.1 0.9 (0.6-1.5)
= 5 nights/wk 5.9 0.9 (0.6-1.2) 0.795 9.8 1.6 (1.1-2.2) 0.032
Snort/stop breathing
Never 5.0 Referent 6.6 Referent
1-2 nights/wk 54 1.1(0.6-1.9) 9.1 1.4(0.9-2.2)
3-4 nights/wk 9.7 2.1(1.3-3.5) 13.8 2.3(1.4-3.9)
> 5 nights/wk 1.3 2.5(1.5-4.3) 0.002 13.7 2.3(1.34.2) 0.003
aDepression based on total score = 10 on full 9-item screener (PHQ-9). *Percentages and odds ratios (OR) are weighted and adjusted for age, race/ethnicity,
education, and body mass index. °P-value for Wald F test for linear trend by frequency of SDB symptoms. “Depression based on total score = 3 on 2-item
screener (PHQ-2).

As among men, snoring was not associated with depression
among women, but the frequency of snorting/stopping breathing
was positively associated with a higher likelihood of depression
(linear trend P-value < 0.001), with an adjusted OR of 3.0 (95%
CI: 1.6, 5.4) for > 5 nights/week compared to never snort/stop
breathing. Using the PHQ-2 criteria for depression, the effects of
sleep apnea diagnosis on depression were somewhat attenuated
for both men and women, such that the effect was no longer sig-
nificant for men. The effect of snorting/stopping breathing was
slightly attenuated for men but largely unchanged for women.
When limiting our analyses to participants without physician-di-
agnosed sleep apnea, the frequency of snorting/stopping breath-
ing remained positively associated with a higher likelihood of
depression for both men and women (Table 5).

The likelihood of a positive response to nearly all individual
PHQ-9 items was significantly higher (P < 0.05) if individuals
reported snorting/stopping breathing > 1 night/week for both
men and women (Table 6). Snorting/stopping breathing was
most strongly associated with positive responses for “hopeless”
(OR =1.9[95% CI: 1.4, 2.6] for men and OR = 2.5 [95% CI:
1.8, 3.4] for women). As expected, the prevalence of reporting
“sleep difficulties” and “low energy” was higher for those re-
porting snorting/stopping breathing > 1 night/week.

DISCUSSION
In this large, nationally representative study population, we
found that the likelihood of depression was significantly higher
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for men and women who reported a previous diagnosis of sleep
apnea, which is in agreement with prior research.'>*' In addi-
tion, men and women who reported that they snort, gasp, or
stop breathing while they sleep were also more likely to be de-
pressed. The likelihood of depression also increased with the
frequency of snorting/stopping breathing.

There is evidence from intervention studies to suggest a
causal link between OSA and depression. In their longitudinal
analysis of data from the Wisconsin Sleep Cohort Study, Pep-
pard et al. found a dose-response relationship between SDB
severity and odds of subsequently developing depression.'® Nu-
merous studies have documented improvements in depression
after treatment of OSA with continuous positive airway pressure
(CPAP), the most common treatment for OSA.?**° These stud-
ies have demonstrated positive results after short-term treatment
(two weeks to three months)*?*26? or longer-term treatment
(six months to a year).””**3 Studies have also observed a posi-
tive effect on mood or depression with alternative treatments
of SDB, including use of oral appliances and surgery, although
these studies have been small and/or have failed to include ap-
propriate control groups.*'** Borak et al.** found no statistically
significant improvement in depression as assessed using the
Beck Depression Index score after three and twelve months of
CPAP treatment, but the study was small (20 patients), and the
mean baseline BDI score was within the “not depressed” range.

Suggested pathways linking OSA to an increased risk for
depression include sleep fragmentation and hypoxia. Episodic
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Table 6—Comparison of the prevalence of positive responses? to
individual items on depression screener between adults who reported
never snorting/stopping breathing and those who reported snorting/
stopping breathing = 1 night/week: NHANES, 2005-2008
Men Never 2 1 night/week
PHQ-9 Item % % OR" (95% ClI)
Disinterested 4.2 6.9 1.7 (1.2-2.4)
Hopeless 3.7 6.6 1.9 (1.4-2.6)
Sleep difficulties 10.2 15.4 1.6 (1.3-2.0)
Low energy 9.5 16.1 1.9 (1.4-24)
Appetite issues 44 75 1.8 (1.1-2.9)
Feel like failure 26 4.6 1.8 (1.2-2.6)
Difficulty concentrating 32 5.3 1.7 (1.1-2.6)
Slow or fidgety 2.1 3.0 1.5(0.9-2.4)
Better off dead 2.7 4.0 1.5(1.0-2.3)
Women Never 2 1 night/week
PHQ-9 Item % % OR"® (95% CI)
Disinterested 53 9.7 2.0(1.2-3.2)
Hopeless 5.7 12.8 25(1.8-3.4)
Sleep difficulties 15.0 19.6 1.4 (1.0-1.9)
Low energy 15.8 25.2 1.8 (1.4-2.4)
Appetite issues 8.4 134 1.7 (1.2-2.4)
Feel like failure 45 10.0 2.4 (1.8-3.3)
Difficulty concentrating 49 8.7 1.9 (1.4-2.6)
Slow or fidgety 2.7 5.3 2.1(1.2-3.6)
Better off dead 2.7 5.1 1.9(1.2-3.2)
2For the first eight items, a positive response is at least “more than half the
days.” For the last item, a positive response is any response other than
“not at all.” The weighted percentage is adjusted for age, race/ethnicity,
education, and body mass index. °Odds ratio (OR) with never snort/stop
breathing as the referent group, adjusted for age, race/ethnicity, education,
and body mass index in a multivariate logistic regression model.

hypoxia from OSA has been linked to altered neuronal activ-
ity and decreased gray and white matter in the brain, possibly
through induction of oxidative stress, inflammation, or endo-
plasmic reticulum stress.** Support for these mechanisms has
come from correlational studies as well as intervention stud-
ies, although results have not been consistent. Some of these
studies found that higher depression scores were associated
with measures of sleep fragmentation,''” while another small
study showed improved overall psychological well-being for
either CPAP or oxygen supplementation, but improved de-
pression scores only with oxygen supplementation.? Of note,
experimentally induced sleep fragmentation changed mood in
one study.*

Given the high prevalence and underdiagnosis of both SDB
and depression, screening for each of these disorders in the
presence of the other has the potential to alleviate some of the
burden of undiagnosed and untreated disease. As discussed
above, treatment of underlying SDB in depressed individuals
may improve depression outcomes, especially if sleepiness is
a chief complaint. Habukawa and colleagues® focused their
study on patients with residual depression after pharmaco-
therapy and found that two months of CPAP improved their
depression scores. This finding warrants further investigation.
A possible added benefit to screening patients with SDB for
depression is that treatment for depression may improve CPAP
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adherence. Depression has been found to be associated with
low patient adherence to treatment for diabetes,”” asthma,*® and
chronic obstructive pulmonary disease.” Baseline depression
has been found to be a predictor of CPAP compliance in one
study,*® but not in others.*-*

The cross-sectional nature of the study did not permit us to
assess causality in the relationship between SDB and depres-
sion. Another limitation of the study was that we had to rely on
self-report of symptoms and bed partners were not asked about
participants’ symptoms. Since SDB symptoms occur during
sleep, some individuals may not be aware of the symptoms or
may underestimate symptom frequency, especially if they sleep
alone. In addition, for individuals reporting an OSA diagnosis,
there is no information about treatment for OSA. For this rea-
son, we repeated our analyses to include only participants with-
out a diagnosis of sleep apnea, who we reasonably assume are
not being treated for OSA. There is also no information about
treatment for depression.

In contrast to previous research that has investigated patient
populations, we analyzed the association between SDB-specific
symptoms and depression in a large, population-based sample
rather than in a patient sample. This is an important feature of
our study since both SDB and depression are considerably un-
derdiagnosed. We also evaluated frequency of SDB symptoms
in addition to OSA diagnosis and were able to control for BMI.
There are many tools that have been used to determine depres-
sion. Some, such as the Symptom Checklist-90 and the Min-
nesota Multiphasic Personality Inventory, are better measures
of stable personality traits and are not specific to depression,
whereas the PHQ-9, used in our study, is specific to depression
and is more sensitive to changes in symptoms.'’

CONCLUSION

Frequent snorting/stopping breathing, but not snoring, was
associated with higher prevalence of probable major depres-
sion, even after adjustment for BMI. Additional intervention
research is needed to determine whether routine screening for
and referral for treatment of depression by sleep specialists
may be indicated. Further intervention studies are necessary to
determine if treatment of depression may result in less fatigue
and higher quality of life for patients than treatment for sleep
apnea alone. Studies to determine if treatment of depression
may improve CPAP compliance may also be called for. Mental
health professionals may consider asking patients about SDB
symptoms since diagnosis and treatment of SDB by a sleep
specialist may improve depressive symptoms. Mental health
professionals often ask about certain sleep problems, such as
unrefreshing sleep and insomnia, but likely do not realize that
SDB may have an impact on their patients’ mental health. Ad-
ditional intervention research is needed to determine whether
treatment of SDB among depressed patients will reduce the
need for antidepressant medication and improve outcomes.
Sleep is essential and healthy sleep should be as important as
healthy nutrition, physical activity, and smoking cessation in
promoting overall health.
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