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Background: Psychological problems are prevalent in the general population, and

their impacts on sleep health deserve more attention. This study was to examine the

associations of OSA risk with depression, anxiety, and life events in a Chinese population.

Methods: A total of 10,287 subjects were selected from the Guangzhou Heart Study.

Berlin Questionnaire (BQ) was used to ascertain the OSA. The Center for Epidemiologic

Studies Depression Scale (CES-D) and Zung’s self-rating anxiety scale (SAS) were used

to define depression and anxiety. A self-designed questionnaire was used to assess life

events. Odds ratio (OR) with 95% confidence interval (95% CI) was calculated by using

the logistic regression model.

Results: There were 1,366 subjects (13.28%) classified into the OSA group. After

adjusting for potential confounders, subjects with anxiety (OR: 2.60, 95% CI: 1.63–4.04)

and depression (OR: 1.91, 95% CI: 1.19–2.97) were more likely to have OSA. Subjects

suffering from both anxiety and depression were associated with a 3.52-fold (95% CI:

1.88–6.31) risk of OSA. Every 1-unit increment of CES-D score and SAS index score was

associated with 13% (95% CI: 1.11–1.15) and 4% (95% CI: 1.03–1.06) increased risk of

OSA. Neither positive life events nor adverse life events were associated with OSA.

Conclusions: The results indicate that depression and anxiety, especially co-occurrence

of both greatly, were associated with an increased risk of OSA. Neither adverse life events

nor positive life events were associated with any risk of OSA. Screening for interventions

to prevent and manage OSA should pay more attention to depression and anxiety.
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BACKGROUND

Obstructive sleep apnea (OSA), a relatively common sleep
disorder in both general and specific disease-related populations
(1), is characterized by recurrent episodes of a partial or
complete collapse of the upper airway during sleep (2), with
consequent oxygen desaturation, frequent arousals, and sleep
fragmentation (3). The prevalence of OSA ranged from 9 to
38% in Europe and America (1) and was around 7% in Asia
(4) and 24.2% in China (5). Approximately one billion adults
aged 30–69 years worldwide are suffering from OSA and about
425 million required medical treatment (5). Moreover, OSA can
further result in severe cardiovascular diseases and cognitive
impairment (6–9).

Many factors including aging, male, obesity, snoring, and
craniofacial and upper airway abnormalities were found to
be associated with OSA occurrence (10, 11). Increasing
literature is highlighting the critical effects of social and
psychological problems on OSA-related sleep disorders (6,
12–14). According to Rezaeitalab et al. (15), anxiety and
depression are the two most common comorbidities of sleep
disorders and respiratory diseases. A meta-analysis found
that the prevalence of OSA was 25.7% among patients with
serious mental illness (16). Studies have found that anxiety
and depression could disrupt sleep rhythm, and chronic
disturbance of normal sleep could aggregate sleep apnea (13, 17–
19). Depression and anxiety may occur simultaneously; it is
found that about 85% of depressive patients have significant
anxiety, and 90% of patients with anxiety disorder have
depression (20). However, there lack of studies to examine the
independent and joint effects of anxiety and depression on the
occurrence of OSA.

Adverse life events, one of the major sources of social stress,
were found to be related to the onset of a wide range of
psychiatric disorders, such as depression, anxiety, and substance
use (21). Some common adverse life events include divorce
or separation, widowed, bereavement, serious illness of family
members, serious natural disaster, unemployment, violence, and
bankruptcy (21). Adverse life events are very common in the
general population with most adults (60.7% of men and 51.2%
of women) reporting having experienced at least one event in
their lifetime (22). Tripathi et al. (23) found that early stressful
life events might initiate and aggravate tissue inflammation,
leading to deregulation in the hypothalamo-pituitary axis
and an increase in serum levels of cortisol and C-reactive
protein, and in turn finally result in the development of OSA.
Nevertheless, the association between OSA risk and life events
is unclear.

Therefore, this study aimed to investigate the associations of
depression, anxiety, and life events with OSA occurrence.

Abbreviations: OSA, obstructive sleep apnea; BQ, Berlin Questionnaire; CES-D,
The Center for Epidemiologic Studies Depression Scale; SAS, Zung’s self-rating
anxiety scale; OR, Odds ratio; CI, confidence interval; BMI, body mass index; GC,
glucocorticoid; CRP, C-reactive protein; LTPA, leisure-time physical activity; DAG,
directed acyclic graph.

MATERIALS AND METHODS

Setting and Subjects
Subjects in this cross-sectional study were selected from the
baseline survey of an ongoing prospective longitudinal study-
the Guangzhou Heart Study. A detailed description of the
cohort has been presented in our previous reports (24, 25).
In brief, a total of 12,013 permanent residents aged ≥35 years
accomplished the baseline survey during the year 2015-2017.
In this study, 1,726 participants were excluded for the age
of more than 74 years (1,043 participants), incomplete OSA-
related information (5 participants), or suffering from a chronic
obstructive pulmonary disease (678 participants). Finally, a total
of 10,287 subjects were included in the following analysis. The
flow chart for the selection process of subjects can be seen in
Figure 1. This study was approved by the Ethical Committee
of Guangdong Provincial People’s Hospital and by the Ethical
Review Committee for Biomedical Research, School of Public
Health, Sun Yat-sen University. The study was performed in line
with the Declaration of Helsinki and all participants provided
informed consent.

OSA Ascertainment
The risk of OSA was assessed with Berlin Questionnaire (BQ)
(26). The 10-item questions comprise three categories: frequency
and intensity of snoring (category 1, items 1–5), frequency of
daytime sleepiness or fatigue (category 2, items 6–9), body mass
index (BMI), and hypertension (category 3, item 10). The first
and second categories were assessed as positive if persistent
symptoms (>3 to 4 times/week) were reported, while category
3 was positive if there was a history of hypertension or a BMI of
higher than 30 kg/m2. If two or more categories were positive, the
participant was considered at high risk of OSA and classified into
the OSA group, otherwise at low risk of OSA and classified into
the non-OSA group (27).

Depression, Anxiety, and Life Events
Assessment
Depression and anxiety were measured using the Center for
Epidemiologic Studies Depression Scale (CES-D) (28) and Zung’s
self-rating anxiety scale (SAS) (29), both of which have been
demonstrated to have credible internal consistency and adequate
test-retest repeatability in the Chinese population (29, 30). The
CES-D scale contains 20 items. Each participant was asked to
answer the frequency of feelings or behaviors for each item over
the past week. Ratings were based on a 4-point scale from 0
(rarely or none of the time) to 3 (most or all the time); the items
of 4, 8, 12, and 16 are reverse-scored; the scores for all items are
added to get the total score, that is the CES-D score (28). The
CES-D score ranges from 0 to 60 and a participant with the score
of≥16 was defined as having depression and otherwise having no
depression (28, 31).

The SAS is a 20-item scale, adopting a 4-point scale ranging
from 1 (none, or a little of the time) to 4 (most, or all
the time). Fifteen items presented adverse experiences, and 5
items presented positive experiences with reverse scoring. Each
participant was asked to select the frequency of each item and the

Frontiers in Medicine | www.frontiersin.org 2 April 2022 | Volume 9 | Article 799792

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Duan et al. Depression, Anxiety and OSA Risk

FIGURE 1 | Flow chart for the selection process of subjects.

total score was calculated by adding the score of each item. The
raw total score ranged from 20 to 80, and then the raw total score
was converted to an index score by dividing the sum of the raw
score by 80 andmultiplying by 100 (29). Therefore, the SAS index
score ranged from 25 to 100 and a participant with the SAS index
score of ≥45 was judged as having anxiety, otherwise as having
no anxiety (29, 32).

Considering that depression and anxiety often coexist (33)
and the depression and anxiety comorbidity may lead to higher
severity of illness (34), we categorized all participants into
three groups (Neither, One, Both) according to the status of
the combination of depression and anxiety. Participants in the
Neither group means they had neither depression nor anxiety;
participants in the One group means they had either depression
or anxiety; participants in the Both group means they had both
depression and anxiety. Neither group was taken as the reference
group for further analysis. In addition, the CES-D score and
SAS index score were converted from continuous variables into
categorical variables based on cut-off points of tertiles of scores.

Life event was defined as a social experience or change with
a specific onset and course that has a psychological impact on
a person (21). A self-designed 10-item structured questionnaire
was used to collect the information of the ten life events
commonly occurring in daily life (Supplementary Figure 1).
The questionnaire was examined twice with 2 month-intervals
among 180 local adults and found to have moderate to good
reliability and reproducibility (unpublished). This questionnaire
contained eight items of adverse life events and two items of
positive life events. Eight adverse life events included divorce
or separation, widowed, bereavement, serious illness of family
members, serious natural disaster, unemployment or lay-off,
suffering from violence, and bankruptcy or large property loss;
two positive life events included winning the lottery or a windfall,
and joyful events. Each participant was asked to answer whether

he or she had experienced a certain life event during the past year;
if the response was “yes,” it meant that he or she had experienced
the corresponding event, otherwise not. For the adverse life
events, a point of 0 was assigned to each item if the response was
“no” and a point of 1 was assigned if the response was “yes;” for
the positive life events, a point of 0 was assigned to each item
if the response was “no” and a point of 1 was assigned if the
response was “yes.” Then, we calculated the total scores of adverse
life events and positive life events, respectively; if the total score
of adverse life events or positive life events of a participant was
non-zero, this participant was deemed to have experienced an
adverse or positive life event, otherwise not experienced. Some
studies have investigated the overall effect of both adverse and
positive life events (35, 36), we also calculated the life event score
for each participant by summing each score of all life events, and
divided the participants into three groups with zero as the cut-
point:<0 (means that the number of positive life events exposure
exceeds the number of adverse life event exposure), 0 (means that
the number of positive life events exposure equals to the number
of adverse life event exposure, or means that the participant dose
not expose to any life events), >0 (means that the number of
adverse life events exposure exceeds the number of positive life
event exposure).

Potential Confounding Factors
A self-administered questionnaire was used to collect
demographic and lifestyle information, including age (years),
sex (male, female), education (primary school or lower, junior
high school, senior high school, and college or above), and
marital status (married and others), smoking (non-smoker,
ex-smoker, and current smoker), alcohol drinking (never,
occasion and frequent), fruit intake (≥once/day, <once/day),
vegetable intake (≥once/day, <once/day) and leisure-time
physical activity (LTPA). The total volume of leisure-time
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TABLE 1 | Baseline characteristics of the participants by OSA.

Characteristic Non-OSA

group

(N = 8,921)

OSA group

(N = 1,366)

P-value

Age (years), mean (S.D.) 56.02 (10.01) 57.89 (9.17) <0.001a

Leisure-time physical activity,

MET-h/week, median (IQR)

35.70

(17.90, 59.20)

33.60

(12.43, 57.10)

<0.001d

Body mass index, kg/m2,

mean (S.D.)

23.61 (3.24) 26.74 (3.97) <0.001a

Waist-hip ratio, mean (S.D.) 0.88 (0.07) 0.92 (0.07) <0.001a

Age, N (%) <0.001b

35–54 3,922 (43.96) 501 (36.68)

55–74 4,999 (56.04) 865 (63.32)

Sex, N (%) <0.001b

Male 2,797 (31.35) 712 (52.12)

Female 6,124 (68.65) 654 (48.87)

Education, N (%) 0.003b

Primary school or less 3,185 (35.70) 489 (35.80)

Junior high school 2,259 (25.32) 342 (25.04)

Senior high school 2,261 (25.35) 392 (28.70)

Junior college or higher 1,216 (13.63) 143 (10.46)

Marital status, N (%) <0.001b

Married 7,801 (87.45) 1,251 (91.58)

Others 1,120 (12.55) 115 (8.42)

Smoke, N (%) <0.001c

Non-smoker 7,218 (80.91) 945 (69.18)

Ex-smoker 396 (4.44) 127 (9.30)

Current-smoker 1,307 (14.65) 294 (21.52)

Alcohol drinking, N (%) <0.001c

Never 7,043 (78.95) 962 (70.43)

Occasion 1,394 (15.63) 265 (19.40)

Frequent 484 (5.42) 139 (10.17)

Fruit intake, N (%) <0.001b

≥Once/day 5,778 (64.77) 799 (58.49)

<Once/day 3,143 (35.23) 567 (41.51)

Vegetable intake, N (%) 0.310b

≥Once/day 8,608 (96.49) 1,310 (95.90)

<Once/day 313 (3.51) 56 (4.10)

Hypertension, N (%) <0.001b

No 7,024 (78.74) 240 (17.57)

Yes 1,897 (21.26) 1,126 (82.43)

Cardiovascular disease, N (%) <0.001b

No 442 (4.95) 112 (8.20)

Yes 8,479 (95.05) 1,254 (91.80)

Dyslipidemia, N (%) <0.001b

No 2,755 (30.88) 338 (24.74)

Yes 6,166 (69.12) 1,028 (75.26)

Depression, N (%) 0.138b

No 8,975 (98.59) 1,339 (98.02)

Yes 126 (1.41) 27 (1.98)

Anxiety, N (%) 0.018b

No 8,807 (98.72) 1,337 (97.87)

Yes 114 (1.28) 29 (2.12)

(Continued)

TABLE 1 | Continued

Characteristic Non-OSA

group

(N = 8,921)

OSA group

(N = 1,366)

P-value

Combination of depression and anxiety 0.017c

Neither 8,733 (97.89) 1,328 (97.22)

One 136 (1.52) 20 (1.46)

Both 52 (0.58) 18 (1.32)

Adverse life event, N (%) 0.857b

No 8,061 (90.36) 1,237 (90.56)

Yes 860 (9.64) 129 (9.44)

Positive life event, N (%) 0.047b

No 8,264 (92.64) 1,265 (91.07)

Yes 657 (7.36) 124 (8.93)

aP-value for t-test.
bP-value for chi-square test.
cP-value for Cochran-Armitage trend test.
dP-value for Wilcox rank sum test.

physical activity was the sum of the volume of each type of
leisure-time physical activity, which was obtained by multiplying
the intensity of the physical activity by its duration and by its
frequency. The physician-diagnosed disease of hypertension
(yes, no), dyslipidemia (yes, no), cardiovascular disease (yes,
no) was required to report. Cardiovascular disease included any
myocardial infarction, stroke, valvular heart disease, heart failure,
and atrial fibrillation. Physical measurements, including height,
weight, waist circumference, hip circumference, and blood
pressure, were performed in line with standard instruments and
protocols. Body mass index was calculated as weight divided by
height squared (kg/m2). The waist-hip ratio was calculated by
dividing waist circumference (cm) by hip circumference (cm).

Statistical Analyses
Shapiro-Wilk test was used to examine the normality; then
the chi-squared test, t-test, and Wilcoxon rank-sum test were
used to examine the distribution of categorical and continuous
variables between the OSA group and the non-OSA group.
Cochran-Armitage trend test was used for the distribution
of a combination of depression and anxiety. We established
three models: model 1 was not adjusted for any variable;
model 2 was adjusted for age, sex, education, marital status,
waist-hip ratio, leisure-time physical activity, smoking, alcohol
drinking, fruit intake, vegetables intake, and dyslipidemia; model
3 was adjusted for body mass index as well as the covariables
adjusted in the model 2. All confounders were selected based
on the directed acyclic graph (DAG) model of OSA and the
minimal sufficient adjustment sets for estimating the direct
effect of anxiety, depression, life events on OSA were adopted
(Supplementary Figure 2). Unadjusted and adjusted odds ratios
(OR) with 95% confidence intervals (CI) were estimated by
using logistic regression. Given the depressive and anxiety
symptoms often co-occurred, we estimated the association of
combined exposure of depression and anxiety with OSA risk.
To examine the stability and robustness of the results, we did
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TABLE 2 | Association of depression, anxiety, and life events with OSA risk.

Na Effect estimates

Non-OSA group OSA group Unadjusted OR (95% CI) Adjusted OR (95% CI)b Adjusted OR (95% CI)c

Depression

No 8,975 1,339 1.00 1.00 1.00

Yes 126 27 1.41 (0.91, 2.11) 1.60 (1.02, 2.44) 1.91 (1.19, 2.97)

Anxiety

No 8,807 1,337 1.00 1.00 1.00

Yes 114 29 1.68 (1.09, 2.49) 2.11 (1.35, 3.20) 2.60 (1.63, 4.04)

Combination of depression and anxiety

Neither 8,733 1,328 1.00 1.00 1.00

One 136 20 0.97 (0.59, 1.51) 1.18 (0.71, 1.87) 1.35 (0.80, 2.19)

Both 52 18 2.28 (1.29, 3.83) 2.70 (1.49, 4.70) 3.52 (1.88, 6.31)

P for trend 0.017 0.018 <0.001

Adverse life event

No 8,061 1,237 1.00 1.00 1.00

Yes 860 129 0.98 (0.80, 1.18) 1.06 (0.87, 1.30) 1.08 (0.87, 1.33)

Positive life event

No 8,264 1,244 1.00 1.00 1.00

Yes 657 122 1.23 (0.99, 1.50) 1.27 (1.03, 1.56) 1.24 (0.99, 1.54)

Life event score

<0 589 104 1.00 1.00 1.00

0 7,529 1,147 0.86 (0.70, 1.08) 0.83 (0.66, 1.04) 0.84 (0.67, 1.07)

>0 803 115 0.81 (0.61, 1.08) 0.85 (0.63, 1.14) 0.89 (0.65, 1.21)

P for trend 0.165 <0.001 <0.001

Every 1-unit increment 0.92 (0.80, 1.04) 0.95 (0.82, 1.09) 0.96 (0.83, 1.11)

aN represents sample size for the non-OSA group or for the OSA group; OSA represents obstructive sleep apnea.
bAdjustment for age, sex, education, marital status, waist-hip ratio, leisure-time physical activity, smoking, alcohol drinking, fruit intake, vegetables intake, and dyslipidemia.
cAdditional adjustment for body mass index.

the sensitivity analysis by excluding participants aged 60 years
or above and excluding those with cardiovascular disease. In
addition, overweight and obesity are related to anxiety and
depression, so we conducted a sensitivity analysis by using the
OSA subitems [snoring (category 1), daytime sleepiness (category
2), obesity (category 3, defined as BMI more than 30 kg/m2),
and hypertension (category 3)] as the outcomes to eliminate
the potential bias. Statistical analysis was conducted by using R
(version 3.6.3). All tests were two-tailed and a P-value of < 0.05
was considered statistically significant.

RESULTS

A total of 10,287 participants were included in this study, of
which 8,921 (86.72%) were classified into the non-OSA group
and 1,366 (13.28%) into the OSA group (Table 1). There were
153 participants having depression, 143 having anxiety, and 70
having both depression and anxiety. In comparison with the
non-OSA group, the OSA group has a higher proportion of
patients with anxiety and positive life events (P < 0.05). There
was no significant difference in the occurrence of depression and
adverse life events between the non-OSA group and the OSA
group (P > 0.05).

The means of age, BMI and waist-hip ratio were all larger
in the OSA group than those in the non-OSA group (all P <

0.05), whereas, the mean of the volume of leisure-time physical
activity was higher in the non-OSA group (P < 0.05). Besides,
more participants in the non-OSA group than in the OSA group
were non-smoker, non-drinker, ate fruits at least once per day, ate
vegetables at least once per day, and did not have hypertension,
dyslipidemia, or cardiovascular disease (all P < 0.05).

Participants suffering from anxiety (OR: 2.60, 95% CI: 1.63–
4.04) and depression (OR: 1.91, 95% CI: 1.19–2.97) were
associated with an increased risk of OSA after considering
potential confounders (Table 2). In comparison to participants
with neither depression nor anxiety, those who only suffered
from depression or only suffered from anxiety were associated
with 1.35-fold (95% CI: 0.80–2.19) risk of OSA, those suffering
from both depression and anxiety were associated with 3.52-fold
(95% CI: 1.88–6.31) risk of OSA; a significant exposure-response
trend was also observed (P < 0.001). Neither adverse life events
nor positive life events were associated with any risk of OSA.
The life event score was not associated with the risk of OSA,
even every 1-unit increment of life event score did not reach a
significant result.

The risk of OSA increased with the increment of the CES-D
score and SAS index score (Table 3). Every 1-unit increment of
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TABLE 3 | Association of CES-D score and SAS index score with OSA risk.

Na Effect estimates

Non-OSA group OSA group Unadjusted OR (95% CI) Adjusted OR (95% CI)b Adjusted OR (95% CI)c

CES-D score

Tertile 1 3,694 565 1.00 1.00 1.00

Tertile 2 2,471 361 0.96 (0.83, 1.10) 1.06 (0.91, 1.22) 1.15 (0.99, 1.34)

Tertile 3 2,756 440 1.04 (0.91, 1.19) 1.15 (1.00, 1.32) 1.27 (1.10, 1.47)

P for trend 0.579 <0.001 <0.001

Every 1-unit increment 1.13 (1.11, 1.14) 1.13 (1.11, 1.15) 1.13 (1.11, 1.15)

SAS index score

Tertile 1 3,591 513 1.00 1.00 1.00

Tertile 2 2,595 402 1.08 (0.94, 1.25) 1.16 (1.01, 1.34) 1.19 (1.02, 1.38)

Tertile 3 2,735 451 1.15 (1.01, 1.32) 1.30 (1.12, 1.49) 1.40 (1.21, 1.62)

P for trend 0.038 <0.001 <0.001

Every 1-unit increment 1.02 (1.01, 1.03) 1.03 (1.02, 1.05) 1.04 (1.03, 1.06)

aN represents sample size for the non-OSA group or for the OSA group; OSA represents obstructive sleep apnea; CES-D score represents the Center for Epidemiologic Studies

Depression Scale score; SAS index score represents index score from Zung’s self-rating anxiety scale.
bAdjustment for age, sex, education, marital status, waist-hip ratio, leisure-time physical activity, smoking, alcohol drinking, fruit intake, vegetables intake, and dyslipidemia.
cAdditional adjustment for body mass index.

CES-D score was associated with a 13% increased risk of OSA
(OR: 1.13, 95% CI: 1.11–1.15) and every 1-unit increment of SAS
index score was associated with a 4% increased risk of OSA (OR:
1.04, 95% CI: 1.03–1.06) after adjustment for confounders; when
comparing with the lowest tertile of the score, the highest tertile
of the CES-D score and SAS index score were associated with 27%
(95% CI: 1.10–1.47, P−trend < 0.001) and 40% (95% CI: 1.21–
1.62, P−trend < 0.001) increased risk of OSA after considering
potential confounders.

In sensitivity analysis, repeated analyses were conducted after
excluding the subjects aged 60 years or above and similar
consistent results were obtained (Supplementary Tables 1, 2).
We also did the analysis after excluding participants with
cardiovascular disease, and similar results were obtained
except for depression (Supplementary Table 3); however, when
comparing the highest with lowest tertiles, CES-D score was
associated with increased OSA risk and every 1-unit increment
of the CES-D score was associated with 1.12-fold (95% CI:
1.10–1.14) risk of OSA after adjusting for potential confounders
(Supplementary Table 4). In the sensitivity analyses by using
OSA subitems as outcomes, depression, anxiety, adverse life
events, and positive life events were all not associated with obesity
and hypertension. However, depression and anxiety, especially
their coexistence, were associated with an increased risk of
snoring and daytime sleepiness; exposure to adverse life events
was associated with a 34% increased risk of daytime sleepiness
(Supplementary Tables 5–8).

DISCUSSION

The results from this study manifest that the presence of anxiety
and depression was associated with an increased risk of OSA and
the coexistence of depression and anxiety had a more significant

adverse effect on OSA risk. Neither adverse life event nor positive
life event was associated with OSA risk.

In this study, participants with anxiety were 2.60 times more
likely to suffer from OSA than those without anxiety after
adjustment for all potential confounders. This was consistent
with the results from a lifestyle intervention that the persistence
of anxiety was independently associated with elevated levels of
sleep-disordered breathing (37). Moreover, we also observed
that every 1-unit increment of SAS index score was associated
with a 4% increased risk of OSA, indicating that the impact of
anxious mood accumulation on OSA may be progressive. The
possible mechanism may be due to that anxiety could influence
several brain regions, including ventral medial prefrontal,
cingulate, parietal, and insular cortices, and the uncus of the
hippocampal formation, extending to the amygdala (38). These
regions oversaw the regulation of respiratory control, fear
emotion, cognition, sensory and motor action (38). Besides,
anxiety-like behavior can cause stress, which in turn can raise
the level of cortisol and then act on glucocorticoid (GC)
receptors (39, 40). GC-induced neurotoxicity can damage the
hippocampus, amygdala, and prefrontal cortex accompanying
repeated episodes of apnea and anxiety (41). After a single
GC exposure, hippocampal dendrites showed reversible damage,
and repeated exposure may elicit injury. The hippocampal
loss was also reported to be correlated with the severity of
OSA (42). Both animal and human researches corroborated
that physiological, psychological, and metabolic consequences
of increased sympathetic nerve tone associated with anxiety
and inflammatory mediators can contribute to the pathogenesis
of OSA (39, 43). The Lifelines study with 54,326 participants
has demonstrated that anxiety disorders were associated with
higher serum C-reactive protein (CRP) levels after adjusting
for all covariates (43). Persistent anxiety disrupted autonomic
nervous system functions and provoked low-grade inflammation,
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and pronounced pro-inflammatory states have also been directly
linked to both anxiety and OSA (37).

Depression was observed to improve the risk of OSA in this
study, which was consistent with results from a population-
based longitudinal study among Taiwanese (18). Subjects might
suffer from age-related diseases with aging, and the latter was
reported to have a relationship with OSA (44–47). In this
study, we yielded similar results that depression was associated
with an increased risk of OSA after excluding subjects aged 60
years or more. The association of OSA risk with depression
did not reach statistical significance after excluding participants
with cardiovascular disease. This may be due to that most of
the subjects with cardiovascular diseases aged more than 60
years old and only a few subjects left after excluding subjects
with cardiovascular diseases. However, our study found that
every 1-unit increment of CES-D score was associated with
a 13% increased risk of OSA, indicating the even very mild
symptom of depression could increase the risk of adverse health
consequences. The possible effects of depression on OSA might
be due to that depression can lead to notably difficulties falling
asleep, frequent awakenings during the night and early morning
awakenings, a shortened rapid eye movement latency as well as
non-refreshing sleep (48). In addition, depression and anxiety
could increase the risk of snoring and daytime sleepiness, which
was consistent with previous studies (49–51). A population-
based 10-year follow-up study found that anxiety and depression
were the most important factors for predicting incidents of
excessive daytime sleepiness (49). Gould et al. found that affective
anxiety symptoms and depressive symptoms have independent
associations with sleep disturbance (50). A Chinese cohort
study of 0.5 million adults demonstrated the significant positive
association between depression and daytime napping, as well as
daytime dysfunction and snoring (51).

We found that the impact of both depression and anxiety
exposure on OSA risk was much more significant than that
of the single exposure. Although depression and anxiety have
essentially been seen as distinct conditions, the two disorders
were not mutually exclusive and often coexist to varying degrees
in the same patient possibly due to the overlapped risk factors
(33). In this study, nearly half of depressed participants suffered
from anxiety simultaneously. Patients who have depression and
anxiety comorbidity tend to have higher severity of illness
and significantly greater impairment in work functioning,
psychosocial functioning, and quality of life than patients not
suffering from comorbidity (34).

Positive life event exposure was not observed to be related to
the OSA risk, which was inconsistent with reports by Tripathi
et al. (23). Studies have found that adverse life events could
induce acute or chronic stress, which might lead to deregulation
in the hypothalamo-pituitary axis and eventually accelerated the
occurrence of OSA by increasing serum levels of cortisol and
CRP (23). Vahtera et al. (52) found that exposure to adverse
life events was strongly associated with sleep disturbances.
However, no association between adverse life events and OSA
risk was found in this study. This might be due to the limited
number of adverse life events collected in our study, which
might not well reflect the whole impact of multiple dimensional

life events on OSA. However, the sensitivity analysis showed
that exposure to adverse life events was associated with a
34% increased risk of daytime sleepiness, which indicated that
adverse life events might impair nighttime sleep and leading to
daytime sleepiness.

Given the significant discrepancy in life experience and
physical functioning between middle-aged and elderly adults
(53, 54), we excluded older adults aged more than 60
years for sensitivity analysis and obtained consistent results.
Older people experienced retirement, relocation to more
appropriate housing, and others; their lifestyles might be changed
accordingly (54). Studies have demonstrated that exposure to
adverse life events could have an especially erosive effect on
older adults than younger and middle-aged adults (53). In
addition, Geriatric syndrome can develop as the elderly age
(55), and obstructive sleep apnea of geriatric patients was
generally associated with sarcopenia, poor sleep quality, cognitive
dysfunction, and nocturia different from the classic syndrome
of obstructive sleep apnea of middle-age (56). Moreover,
there are also many common risk factors between OSA and
chronic diseases such as cardiovascular disease, the sensitivity
analysis which excluded older adults aged more than 60 years
or excluded subjects with cardiovascular disease could rule
out potential bias caused by aging and other comorbidities.
Our four sensitivity analyses implied that depression and
anxiety were associated with the increased risk of snoring
and daytime sleepiness but not obesity or hypertension. The
effect of depression and anxiety on OSA was not mediated or
confounded by obesity, which improved the reliability of this
study greatly.

This study has several strengths. First, we used international
standardized questionnaires to ascertain OSA, depression,
and anxiety, which help to minimize information bias and
benefit the comparisons with counterpart studies. Second,
selection bias was minimized by using the multi-stage
sampling method, which could to some degree make sure
that participants in this study had good representativeness.
Third, we adjusted as many as covariates to control the
confounders using the multivariate model. Fourth, we performed
several sensitivity analyses to examine the stability of our
results, and the consistent results indicate the robustness of
our results.

The limitations of this study are as follows. First, the
prevalence of depression (1.49%) and anxiety (1.39%) in this
study was lower than those in other studies which used the
same instruments to assess depression and anxiety (16). Because
of social stigma and the diverse nature of psychotic symptoms
in China (57), the prevalence of depression and anxiety as
obtained by a face-to-face interview in community surveys
might be underestimated. Nevertheless, we found that OSA risk
increased with the increment of the CES-D score and the SAS
index score, indicating that the risk caused by depression and
anxiety on OSA was credible to a large degree. Second, the
diagnosis of OSA was based on Berlin Questionnaire, which
was mostly used as a clinical screening test and epidemiological
tool; we could not classify the severity of OSA due to the
lack of polysomnography. Third, causal inference can not be
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made due to the restriction of cross-sectional analysis, so it is
essential to be alert to reverse causality. However, our results
were comparable to other studies (18, 23, 33, 37), which
indicating that to some degree our results were credible. In the
coming future, we will solve these problems with a prospective
longitudinal design and more precise measurements of exposure
and outcome.

CONCLUSIONS

The results indicate that depression and anxiety, especially co-
occurrence of both greatly, were associated with an increased
risk of OSA. Neither adverse life events nor positive life events
were associated with any risk of OSA. Screening for interventions
to prevent and manage OSA should pay more attention to
depression and anxiety.
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