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Abstract
This study examined the prevalence of depression and anxiety symptoms in OSA patients, and predictors of mood disturbance 
in male and female patients. N = 344 consecutive OSA patients (mean age 51.6 SD 14.1 years, 176 women) completed the 
Epworth Sleepiness Scale and the Hospital Anxiety and Depression Scale. 42.3% of females reported significant depressive 
symptoms compared to 32.7% of males, and 29.7% of females compared to 21.4% of males reported significant anxiety. In 
women, sleepiness, anxiety, and BMI were significant predictors of depression, whereas only sleepiness and anxiety were 
significant predictors of depression in males. Obesity was a stronger predictor of depression among women, suggesting a 
complex interaction between weight, sleep, and depression in female patients.
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Introduction

Obstructive sleep apnea (OSA) is a common sleep-related 
breathing disorder that is associated with daytime sleepi-
ness, fatigue, and cognitive deficits [1]. One of the most 
deleterious comorbidities in OSA patients is depression, 
which is associated with poorer quality of life [2]. Higher 
rates of depressive and anxiety symptoms are endorsed by 

OSA patients relative to controls [3, 4], with rates of clini-
cal depression in OSA cohorts estimated at 23% [2]. OSA 
is also associated with other psychopathologies, including 
anxiety [5, 6].

Gender differences in the presentation of mood distur-
bance in patients attending the sleep laboratory are likely to 
be apparent [6, 7]. Both depression [6] and anxiety [5] are 
more prevalent in female than male OSA patients. Women 
are more likely to present with non-specific symptoms, such 
as night sweats, insomnia, and fatigue [8], which may or may 
not be related to depression.

The mechanism underlying the relationship between OSA 
and mood disturbance is not fully elucidated. Severity of 
OSA appears to be a poor predictor of depression in sleep 
clinic cohorts [6, 9]. Excessive daytime sleepiness is asso-
ciated with depression and anxiety in OSA samples [3, 5, 
7]. Obesity is a strong risk factor for OSA, which is also 
related to depression in non-OSA samples [10]. In a study 
of moderate-to-severe OSA patients, there was a significant 
association between obesity and depression; however, this 
was specific to women only [3]. In other sleep clinic sam-
ples, no association between BMI and depression or anxiety 
was found, although gender differences were not specifically 
reported [11]. Thus, the relationship between obesity and 
depression in OSA may be stronger in women and warrants 
further investigation.
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This study examined (1) the prevalence of depression and 
anxiety symptoms in a large cohort of patients with OSA, 
(2) gender differences in depression and anxiety symptoms 
in these patients, and (3) whether depression and anxiety 
symptoms are differentially associated with the degree of 
daytime sleepiness, BMI, and OSA severity in male and 
female patients.

Materials and methods

Three hundred and forty-four consecutive patients (mean 
age 51.6, SD 14.1 years, range 18–88; 60% males) attending 
the Austin Health sleep laboratory for a routine in-hospi-
tal overnight PSG between June and December 2014 and 
subsequently diagnosed with OSA (AHI ≥ 5) completed 
the Epworth Sleepiness Scale (ESS) [12] and the Hospital 
Anxiety and Depression Scale (HADS) [13]. Depression 
was defined as an HADS-D subscale score ≥ 8, and anxiety 
was defined as a HADS-A score ≥ 11 [14]. This audit study 
was approved by the Austin Health Human Research Ethics 
Committee.

Descriptive analyses were conducted to examine the 
prevalence of depression and anxiety symptoms in the 
sample. Two participants had missing HADS-D scores, 
15 patients had missing BMI data, and 3 had missing ESS 
data. Independent samples t tests were conducted to examine 

differences in demographic and PSG variables between par-
ticipants with high (≥ 8) and low (< 8) depression scores 
and high (≥ 11) and low (< 11) anxiety scores within each 
gender. Logistic regression analysis was performed for the 
HADS-A and HADS-D (binary: high vs low) to examine 
which variables predicted depression and anxiety symptoms. 
Each predictor variable was run by itself initially, and those 
meeting the criterion of p < 0.1 were entered into a back-
wards regression model. These analyses were repeated for 
males and females separately.

Results

The proportion of patients with significant HADS-A (≥ 11) 
and HADS-D (≥ 8) was 24.7% and 36.3%, respectively. As 
shown in Table 1, 42.3% of females reported significant 
depression compared to 32.7% of males, and 29.7% of 
females compared to 21.4% of males reported significant 
anxiety. For males, those with high depressive symptoms 
reported more daytime sleepiness than those with low 
symptoms, whereas for women, those with high depressive 
symptoms had a higher BMI, daytime sleepiness and stage 
N2 sleep, and lower stage N3 sleep and sleep efficiency, 
than those with low depression (Table 1). Similarly, males 
endorsing high anxiety reported greater daytime sleepi-
ness and had more stage N2 sleep than those with low 

Table 1   Demographic and polysomnographic variables by gender for patients with high and low HADS depression and anxiety scores

Results are mean (SD) unless otherwise stated
> 90%SaO2 oxygen saturation minimum, AHI apnea–hypopnea index, AI arousal index, BMI body mass index, ESS Epworth Sleepiness Scale, 
HADS-D Hospital Anxiety and Depression Scale depression score, HADS-A Hospital Anxiety and Depression Scale anxiety score, PSG poly-
somnography, REM rapid eye movement sleep, SE sleep efficiency
*p < 0.05 within genders

Males Females Males Females

HADS-D < 8 HADS-D ≥ 8 HADS-D < 8 HADS-D ≥ 8 HADS-A < 8 HADS-A ≥ 8 HADS-A < 8 HADS-A ≥ 8

N = 138 N = 67 N = 79 N = 58 N = 162 N = 44 N = 97 N = 41

N (%) 138 (67.3) 67 (32.7) 79 (57.7) 58 (42.3) 162 (78.6) 44 (21.4) 97 (70.3) 41 (29.7)
Demographics
 Age (years) 50.8 (15.0) 51.0 (13.2) 54.5 (13.9) 50.5 (13.3) 50.5 (14.4) 51.6 (14.5) 54.0 (13.8) 50.3 (13.5)
 BMI 33.3 (8.1) 32.3 (5.9) 34.5 (8.9)* 39.1 (10.0) 33.0 (7.9) 32.8 (5.6) 35.7 (9.4) 38.3 (10.1)
 ESS 7.8 (4.5)* 10.8 (5.7) 7.3 (4.3)* 10.5 (5.4) 7.8 (4.6)* 12.1 (5.7) 8.0 (4.5)* 10.1 (5.8)

PSG indices
 AHI 36.2 (30.5) 37.1 (30.5) 28.7 (25.9) 24.9 (22.4) 37.0 (30.7) 34.1 (29.2) 28.8 (26.8) 22.9 (17.0)
 AI 31.4 (21.5) 33.0 (22.9) 28.5 (16.7) 24.2 (15.5) 31.7 (21.3) 32.3 (24.1) 28.5 (17.0)* 21.9 (13.3)
 Time in REM (min) 45.4 (28.3) 41.9 (29.3) 43.8 (27.2) 46.1 (28.5) 44.1 (28.4) 44.7 (29.6) 44.1 (28.6) 45.9 (25.6)
 Time in N1 (min) 40.6 (40.9) 38.6 (33.8) 27.9 (36.3) 25.1 (19.9) 40.2 (40.1) 39.1 (32.9) 27.7 (34.3) 24.2 (17.9)
 Time in N2 (min) 148.0 (57.1) 144.9 (61.0) 116.3 (58.1)* 128.5 (52.7) 143.9 (59.0)* 158.0 (54.1) 115.3 (54.5)* 150.7 (54.2)
 Time in N3 (min) 33.1 (27.7) 32.0 (28.3) 41.4 (32.2)* 29.4 (25.8) 33.8 (28.1) 28.5 (26.6) 38.6 (31.0) 31.4 (27.5)
 < 90% SaO2 12.3 (23.0) 14.1 (23.7) 14.1 (27.2) 9.7 (21.2) 12.1 (22.5) 15.0 (25.8) 15.1 (27.3)* 5.0 (15.1)
 SE (%) 66.6 (18.0) 63.2 (21.0) 62.9 (20.7)* 70.3 (15.4) 65.0 (19.4) 67.4 (17.1) 64.4 (19.3) 69.8 (17.5)
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anxiety, whereas women with high anxiety had more day-
time sleepiness and stage N2 sleep, and less arousals and 
hypoxia, than those with low anxiety (Table 1).

The variables that met the criterion for inclusion into 
the logistic regression model for HADS-D were ESS, 
HADS-A (categorical), BMI, and time in N3 sleep. HADS-
A and ESS were the only significant predictors of HADS-
D, predicting 35.6% of the variance (Wald χ2 = 98.88, 
p < 0.001). For anxiety, the variables that met the crite-
rion for inclusion into the logistic regression model for 
HADS-A were ESS, HADS-D (categorical), BMI, AHI, 
and time in N2 and N3 sleep. HADS-D, time in N2 sleep, 
and ESS were the only significant predictors of HADS-A 
status, predicting 37.8% of the variance (Wald χ2 = 99.28, 
p < 0.001).

The contribution of these variables to HADS-D and 
HADS-A in men and women separately was examined 
(Table 2). For women, ESS, BMI, and anxiety status were 
significant predictors of HADS-D, with the model account-
ing for 26.4% of the variance in depression. Depression 
status was the only significant predictor of anxiety sta-
tus for women, accounting for 23.6% of the variance. For 
men, ESS and anxiety status were significant predictors 
of depression status, and ESS and depression status were 
significant predictors of anxiety status, explaining 26.6% 
and 32.6% of the variance, respectively.

Discussion

In this untreated sample of OSA patients, high rates of 
both depression and anxiety symptoms were observed, 
consistent with the previous studies [11, 14]. These symp-
toms were particularly prevalent in females, with 42% 
reporting significant depressive symptoms and 30% report-
ing significant anxiety. When examining predictors, more 
daytime sleepiness and anxiety symptoms were associated 
with depression, whereas depression status, more time in 
stage N2 sleep, and sleepiness were significant predic-
tors of HADS-A status. These predictors differed between 
males and females, where sleepiness was a significant pre-
dictor of depression in males, but both sleepiness and BMI 
were significant predictors of depression for women. With 
regard to anxiety symptoms, daytime sleepiness was the 
strongest predictor of anxiety for males only.

The higher prevalence of depression among women is 
consistent with previous OSA cohorts [8], and reflects this 
gender discrepancy found in the general population. When 
gender effects were examined, BMI was only a significant 
predictor of depression in women. Obesity is a strong risk 
factor for OSA, and women with OSA are more likely to 
be overweight or obese, as found in the current study. This 
raises the question of whether we simply see higher rates 
of depression in OSA patients, because these patients are 
generally more obese. Postmenopausal women are also at 
a greater risk of OSA than premenopausal women [15]. 
Thus, changes in body composition during menopause 
may increase the risk of developing OSA during this stage 
of life. Further research is needed to explore the asso-
ciations between menopausal stage, BMI, and depression 
among women with OSA.

One of the key findings is that 25% of our sample 
reported significant anxiety symptoms, consistent with a 
previous study in elderly OSA patients [6]. One explana-
tion for this high prevalence is that our patients completed 
the HADS on the night of their diagnostic sleep study and, 
therefore, may have had heightened “state” anxiety about 
attending the laboratory and having a possible sleep disor-
der. Anxiety may also arise in response to neural changes 
associated with the sleep disorder [16]. There was also a 
large overlap in depression and anxiety symptoms, with 
the presence of one strongly predicting the presence of 
the other.

Depression has been associated with OSA severity and 
higher nocturnal hypoxemia in some studies [3], but not 
others [4, 6, 9]. While a high prevalence of symptoms of 
anxiety and depression was evident in this sample, the 
various sleep parameters did not explain a significant pro-
portion of the variance in mood symptoms. This suggests 
that the astute clinician should not only be aware of the 

Table 2   Logistical regression of predictors of HADS-D and HADS-A 
scores for women and men separately

BMI body mass index, ESS Epworth Sleepiness Scale, HADS-D Hos-
pital Anxiety and Depression Scale depression score, HADS-A Hospi-
tal Anxiety and Depression Scale; depression and anxiety status (low/
high)

Model B Std. Error χ2 p

Women
HADS-D (N = 132)
 ESS 0.117 0.043 7.11 0.008
 BMI 0.044 0.022 3.99 0.046
 Anxiety status − 1.355 0.43 9.93 0.002

HADS-A (N = 133)
 Depression status − 1.404 0.421 11.12 0.001

Men
HADS-D (N = 197)
  ESS 0.079 0.035 5.27 0.022
 Anxiety status − 1.965 0.41 22.84 < 0.001

HADS-A (N = 197)
 ESS 0.12 0.039 9.68 0.002
 Depression status − 1.95 0.41 22.74 < 0.001
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possibility of these symptoms, but also not simply attrib-
ute them to daytime sleepiness.

Some limitations should be noted. This was a cross-
sectional sample of consecutive OSA patients attending the 
sleep laboratory, who may have presented with a range of 
comorbidities and antidepressant use, which were not con-
trolled for or assessed in the current study. In addition, some 
patients may have had comorbid insomnia which may have 
also affected the findings. The results of this study can only 
explain a small amount of variance in anxiety and depres-
sion scores, and other factors are likely to be contributing to 
mood disturbance in patients with OSA. This study also did 
not address anxiety and depression in the large proportion of 
individuals with undiagnosed OSA. It could be speculated 
that that anxiety and depression could even be greater, in 
this wider group, than those who seek medical advice for 
their sleep issues.

Depressive and anxiety symptoms are highly prevalent 
in OSA patients, and may have differing aetiologies across 
males and females. Given the association between depres-
sion and poor treatment adherence across a broad range of 
medical conditions, it is important that depression and anxi-
ety are assessed for, and concurrently treated, to ensure the 
best treatment outcomes for patients with OSA.
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