Qi et al. BMC Psychiatry ~ (2025) 25:124 BMC Psych iatry
https://doi.org/10.1186/512888-025-06531-x

Check for
updates

Effects of otolaryngological diseases on sleep
quality, anxiety, and depression: a multicenter
observational study

Cheng-Lin Qi'", Qin-Ying Wang'", Mi Wang'", Lin-Bin Cai', Meng-Qing Shen', Kan Liu?, Jin-Long Zhu?, Cong Wang’,
Qi-Bing Chen', Ting-Ting Wu', Shui-Hong Zhou'" and Jin-Hua Pan*’

Abstract

Background The impact of otolaryngological diseases on sleep quality, anxiety, and depression has garnered
significant attention. However, research has primarily focused on unveiling the effects of only one or two specific
diseases, without analyzing the impact of multiple concurrent diseases. Furthermore, investigation into the interaction
mechanisms among these factors has been lacking.

Objectives This study reveals the effects of different otolaryngological diseases on sleep quality, anxiety, and
depression, and investigates their interaction mechanisms.

Methods In total, 2,080 patients with otolaryngological diseases were recruited from six centers in mainland

China. Data on sociodemographics, history of smoking and alcohol consumption, diagnosis, anxiety, depression,

and sleep quality were collected through hospital information system queries and questionnaires. We uncovered

the psychological status and sleep quality of otolaryngology outpatients with different diseases and revealed the
interaction mechanisms between these diseases and anxiety, depression, and sleep quality. Multivariable polynomial
linear regression models explored the impact of different otolaryngological diseases on anxiety, depression and sleep
quality, and mediation analysis explored the interaction mechanisms.

Results Chronic laryngitis, eustachian tube disorders, laryngeal swelling, laryngopharyngeal reflux, neck lymphatic
inflammation, snoring, sudden deafness, tinnitus, nasopharyngeal lesions, and trauma had a significant impact

on Pittsburgh Sleep Quality Index scores. Chronic tonsillitis, chronic laryngitis, and laryngopharyngeal reflux had

a significant impact on Zung Self-Rating Depression Scale scores. Patients with giddiness (P=0.006) and tinnitus
(P=0.006) tended to have higher Zung Self-Rating Anxiety Scale scores. Anxiety mediated the effect of tinnitus on
sleep quality (70.41%; 95% confidence interval [CI]: 40.07, 76.00), and depression also had a mediation effect (13.24%;
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sleep quality.

improve patients’sleep quality and quality of life.

95% Cl: 4.46, 28.58). Other diseases also exhibited mediating effects and interactions with anxiety, depression, and

Conclusions Sleep quality significantly mediates the relationships of specific otolaryngological diseases with anxiety
and depression. Similarly, anxiety and depression play important mediating roles in the relationships of different
diseases with sleep quality. By revealing the interactive effects of different otolaryngological diseases on anxiety,
depression, and sleep quality, this study could aid early interventions aiming to reduce anxiety and depression and

Keywords Otolaryngological diseases, Anxiety, Depression, Sleep quality

Panel: research in context

Evidence before this study

We searched PubMed, Embase, Web of Science, Scopus
and Google Scholar for studies in any language pub-
lished up to Dec 12, 2024 with the terms “Otolaryngo-
logical diseases’, “Anxiety’, “Depression’;, “Sleep quality’,
“Vocal leukoplakia’;, “Vocal cord polyp’, “Trauma’, “Tonsil
stones’, “Tinnitus’, “The pharyngeal mass’, “Sudden deaf-
ness’, “Stun’, “Snoring’; “Pharyngeal ulcer’, “Pharyngeal
paraesthesia’, “Otitis media’, “Otitis externa’, “Neck lym-
phatic inflammation’, “Nasopharyngeal lesion’, “Nasal
bone fracture’, “Mycosis of the ear canal’, “Laryngopha-
ryngeal reflux’, “Laryngeal swelling’, “Hoarseness”, “Hear-
ing loss”, “Giddy’; “General examination’, “Foreign body
in pharynx’, “Auditory meatus eczema’, “Eustachian tube
disorders’, “Epistaxis’, “Earwax impaction’, “Ear mass’,
“Dry rhinitis’, “Cough’; “Congenital preauricular fistula’,
“Chronic tonsillitis, “Chronic sinusitis’, “Chronic rhi-
nitis”, “Chronic pharyngitis’, “Chronic nasopharyngitis’,
“Chronic laryngitis’, “Auricular abscess’, “Allergic rhini-
tis”, “Allergic pharyngitis’, “Adenoid hypertrophy’, “Acute
tonsillitis”, “Acute sinusitis’, “Acute rhinitis”, “Acute phar-
yngitis’, “Acute otitis media’, and “Acute laryngitis” Sev-
eral studies have investigated the associations between
anxiety, depression, and sleep quality in patients with
otolaryngological diseases. For example, Alt et al. [1].
examined sleep quality in patients with chronic rhino-
sinusitis before and after functional endoscopic sinus
surgery. Hou et al. [2]. employed a retrospective cohort
study to explore the association between anxiety disorder
and tinnitus. Wang et al. [3]. investigated the character-
istics of sleep disorders and anxiety in tinnitus patients,
though very few studies have simultaneously explored
psychological health and sleep quality across various ear,
nose, and throat diseases. Brandsted et al. [4]. estimated
that the prevalence of depression in patients with chronic
rhinosinusitis is in the range of 20-25%. Kratzsch et al.
reported that, of patients with decompensated tinni-
tus (severe tinnitus distress), 40-60% suffer from major
depression, 15—-60% from anxiety disorders, and 20-50%
from somatoform disorders. Only 7-11% of these
patients do not suffer from any psychiatric disorder [5].

It has been found that certain other ear, nose, and throat
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disorders may also lead to a certain degree of anxiety and
depression [6, 7]. However, the existing literature only
reveals the impact of one or two specific types of diseases
on anxiety, depression, and sleep quality [1-3, 8]. More-
over, research into the interaction mechanisms between
these diseases and their effects on anxiety, depression,
and sleep quality remains limited.

Added value of this study

We conducted a multicenter observational study in oto-
laryngology outpatient departments, uncovering the
psychological status and sleep quality of otolaryngology
outpatients with different diseases. The study provides
insights into the variations in anxiety, depression, and
sleep quality among otolaryngology outpatients with dif-
ferent diseases. Additionally, it reveals interactive mecha-
nisms and the direct and indirect effects of the diseases
on anxiety, depression, and sleep quality.

Implications of all the available evidence

To our knowledge, this study is the first to explore the
sleep quality, anxiety, and depression status of otolar-
yngology outpatients with different diseases, while also
revealing the interrelationships of these variables. We
found that sleep quality significantly mediates the rela-
tionships of specific otolaryngological diseases with anxi-
ety and depression. Similarly, anxiety and depression play
important mediating roles in the relationships of different
diseases with sleep quality. By elucidating the interactive
effects of various otolaryngological diseases on anxiety,
depression, and sleep quality, this study can guide early
interventions to reduce anxiety and depression, enhance
sleep quality, and improve the overall quality of life for
patients. These insights can facilitate more personalized
management and care for otolaryngology outpatients,
ultimately reducing the incidence of depression and anxi-
ety, and improving sleep quality and quality of life.

Background

Sleep is an essential physiological need of human beings
that can relieve fatigue and restore physical strength.
Many diseases of the ear, nose, and throat, such as snor-
ing, tinnitus, and allergic rhinitis, have been extensively
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studied and confirmed by numerous researchers to have
a profound impact on the quality of sleep of patients [9—
11]. Poor sleep quality often leads to fatigue, poor con-
centration, poor reflexes, and impaired judgment, which
increases the risk of traffic accidents, industrial acci-
dents, medical errors, and decreased productivity [12].
Additionally, studies have shown that poor sleep quality
is often accompanied by feelings of anxiety and depres-
sion in patients. Complaints of poor sleep are reported by
up to 90% of people with diagnosed depression [13] and
up to 70% of people with anxiety [14].

The global incidence of anxiety and depression is
continuously increasing, making it a significant public
health concern worldwide [15]. According to data from
the World Health Organization, more than 200 mil-
lion people worldwide suffer from depression, and over
370 million people suffer from anxiety disorders [16]. The
symptoms of anxiety and depression include persistent
psychological distress, appetite changes, fatigue, and lack
of concentration, severely impacting the quality of life of
those affected. Depression is also closely associated with
an increased risk of suicide, with approximately 750,000
individuals worldwide losing their lives due to suicide
each year, a significant proportion of whom have depres-
sion. Many diseases related to the ear, nose, and throat
not only increase the likelihood of anxiety and depres-
sion among patients by affecting sleep quality but also
directly exacerbate depression and anxiety. Brandsted et
al. estimated that the prevalence of depression in patients
with chronic rhinosinusitis is in the range of 20-25% [4].
Kratzsch et al. reported that, of patients with decompen-
sated tinnitus (severe tinnitus distress), 40—60% suffer
from major depression, 15-60% from anxiety disorders,
and 20-50% from somatoform disorders [5]. Only 7-11%
of these patients do not suffer from any psychiatric disor-
der [5]. It has been found that certain other ear, nose, and
throat disorders may also lead to a certain degree of anxi-
ety and depression [6, 7]. Therefore, anxiety, depression,
and sleep quality in patients with different diseases of the
ear, nose, and throat have garnered significant attention
from researchers and society.

However, the existing literature only reveals the
impact of one or two specific types of diseases on anxi-
ety, depression, and sleep quality [1-3, 8], with very few
studies simultaneously exploring psychological health
and sleep quality across different ear, nose, and throat
diseases. Moreover, there has been limited research on
the interaction mechanisms between these diseases and
their impact on anxiety, depression, and sleep quality.
Therefore, we put forward the research question of this
study: which diseases of otolaryngology have the greatest
impact on patients’ anxiety, depression and sleep quality,
and whether there are interaction mechanisms between
these diseases and anxiety, depression and sleep quality.
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We conducted a multicenter observational study in oto-
laryngology outpatient departments, uncovering the psy-
chological status and sleep quality of otolaryngology
outpatients with different diseases. The study provides
insights into the variations in anxiety, depression, and
sleep quality among otolaryngology outpatients with dif-
ferent diseases. Additionally, it reveals interactive mecha-
nisms and the direct and indirect effects of the diseases
on anxiety, depression, and sleep quality.

Methods

Study design

This multicenter observational study collected data
on the sleep quality, anxiety, and depression status of
patients with different otolaryngological disorders. Base-
line recruitment was conducted from May 2022 to May
2023, and patients were followed regarding pregnancy
outcomes. Patients visiting the otolaryngology outpatient
departments of six hospital campuses across three dis-
tricts of Zhejiang Province were recruited when they met
the following inclusion criteria: any disease of the ear,
nose, or throat; and resident of Hangzhou, Shaoxing, or
Jiaxing during the past half year. We excluded individu-
als with intellectual impairments unable to comprehend
the questionnaire and provide accurate answers, and
individuals who could not be followed up with respect
to their clinical examination results. The patients com-
pleted the survey questionnaires while waiting in line for
their appointments. The study was approved by the insti-
tutional review boards of the First Affiliated Hospital of
Zhejiang University School of Medicine (11T20230317B),
Zhejiang Xin'an International Hospital (XA-K-2023-008),
and Shaoxing Second Hospital (SxXSH-ECAL-2023-033).
All patients gave written informed consent at the time of
enrollment.

Covariates

Data on covariates, including gender, age, education level,
employment status, marital status, region of residence,
smoking, and alcohol consumption, were collected when
patients presented to the otorhinolaryngology outpatient
clinic seeking consultations. Information on disease diag-
noses was obtained through the hospitals’ medical elec-
tronic information systems, which automatically record
information during each visit.

Subjective sleep quality was assessed using the Pitts-
burgh Sleep Quality Index (PSQI) [17], which includes 18
items representing seven components. Each item is rated
on a scale ranging from 0 to 3, and the sum of the com-
ponent scores yields the total PSQI score. Higher scores
indicate poorer sleep quality, with total scores ranging
from O to 21. The total score ranged from 0 to 21, with
a score of >7 indicating poor sleep quality (sleep distur-
bance) in this study, with 98% high sensitivity and 90%
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specificity (kappa=0.89, p<0.01), suitable for Chinese
[18].

Depression status was assessed using the Zung Self-
Rating Depression Scale (SDS) [19], which comprises 20
questions, suitable for Chinese [20]. Participants pro-
vided their responses via a four-point scale ranging from
1 (ever or very rarely) to 4 (most or all of the time). The
raw score was obtained by summing all the responses,
and the standard score was calculated by multiplying the
raw score by 1.25. A diagnosis of depression was made
for participants with an index score > 50.

The assessment of anxiety status was conducted using
the Zung Self-Rating Anxiety Scale (SAS) [21], which
comprises 20 questions, suitable for Chinese [20]. Par-
ticipants rated their responses on a four-point scale rang-
ing from 1 (ever or very rarely) to 4 (most or all of the
time). By summing all the responses, the raw score was
obtained, which was then multiplied by 1.25 to calculate
the standard score. Participants with an index score of
>50 were identified as having anxiety.

Mediation analysis

A multiple mediation model was used to estimate the
direct and indirect effects of different otolaryngological
diseases on sleep quality metrics, anxiety, and depres-
sion. Linear regression with the product of coefficients
method was used to estimate the effect of the exposure
on the mediators (ai; i = 1, 2), the effect of the mediators
on the outcome (bi; i = 1, 2), and the direct effect of the
exposure on the outcome after adjusting for the media-
tors (¢’). The average causal mediation effect for each
mediator was then calculated as yi = ai x bi; i = 1, 2 and
the proportion mediated by the i h mediator was given by
100 x yi/ (¢ ' + y1 + y2). Using the R package lavaan (ver-
sion 0-6—12), confidence intervals (Cls) for the average
causal mediation effects were computed using a boot-
strap approach (1,000 resamples) to relax the assumption
of normally distributed residuals.

Statistical analysis

Mean values with corresponding 95% Cls were used to
represent continuous variables, whereas median values
with interquartile ranges were used for ordinal variables.
Multivariable linear regression models were used to esti-
mate the regression coefficients, and their 95% Cls, in the
analysis of the relationships of SAS, SDS and PSQI scores
with different diseases. The 95% Cls for regression coeffi-
cients were obtained using a residual bootstrap approach
with 1,000 resamples. Proportions of categorical vari-
ables were compared using x> tests. Pairwise compari-
sons were conducted using the Welch t-test. To control
the false discovery rate, a Bayesian procedure was applied
to adjust for multiple comparisons. All statistical analy-
ses were conducted in R (version 4.2.0; R Development
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Core Team, Vienna, Austria), with p<0.05 considered
significant.

Results

Participant recruitment

A total of 2,080 participants were enrolled from oto-
laryngology outpatient departments, of whom 1,979
(95.14%) ultimately took part (1,168 [59.02%] partici-
pants from four campus locations at the First Affiliated
Hospital of Zhejiang University School of Medicine, 379
[19.15%] participants from Zhejiang Xin’an International
Hospital, and 432 [21.83%] participants from Shaoxing
Second Hospital). In total, 1,857 of 1,979 (93.84%) partic-
ipants who submitted complete questionnaires, and for
whom complete clinical information was available, were
included in the final analysis (Figure S1).

Basic characteristics

Among the 1,857 patients included in the final analysis,
50.3% (934) were male, 68.7% (n=1,275) were unem-
ployed, 70% (n=1,300) had a bachelor degree or above,
52.6% (n=977) were married, 13.1% (n=243) lived in the
countryside, 78.7% (n=1,462) had never smoked, and
63.0% (n=1,169) had never drunk alcohol. The mean
age at baseline was 32.88 years (standard deviation [SD]:
12.41 years) (Table 1). The results for each variable,
grouped by disease category, are shown in Table S1.

Sleep quality, anxiety, and depression

In this study, the average global PSQI score was 6.06 (SD:
3.71). Of the otolaryngology outpatients who partici-
pated, 31.2% (n=580) had poor sleep quality. The aver-
age SAS standard score was 34.09 (SD: 8.88), and 7.1%
(n=132) of patients met the diagnostic threshold for
anxiety. The average SDS standard score was 34.82 (SD:
10.65), and 11.6% (n=215) of patients met the diagnos-
tic threshold for depression (Table 1). The results for each
variable, grouped by disease category, are shown in Table
S1.

A total of 48 different diseases were recorded among
the otolaryngology outpatients, including 14 types of ear
disorders, 6 types of throat disorders, 15 types of pharyn-
geal disorders, 1 type of neck disorder, 8 types of nasal
disorders, and 4 diseases classified of “other” (including
trauma and diseases diagnosed on the basis of general
medical examinations). Allergic rhinitis was the most
prevalent disease (173 patients), followed by tinnitus (158
patients) (Fig. 1). The average SAS, SDS, and PSQI scores
were highest for patients with neck disorders (Figure S2).
The five diseases associated with the highest SAS scores
were giddiness, chronic tonsillitis, trauma, chronic laryn-
gitis, and tinnitus. Patients with these diseases were more
likely to have anxiety symptoms. The five diseases associ-
ated with the highest SDS scores were chronic tonsillitis,
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Table 1 Demographic, anxiety, depression, and sleep quality
data of the study participants

Overall n
case 1857
Age (mean (SD)) 32.88(12.41)
Categories
Ear disorders 803 (43.3%)
Nasal disorders 407 (21.9%)
Neck disorders 16 (0.9%)
Pharyngeal disorders 468 (25.2%)
Throat disorders 54 (2.9%)
Other 108 (5.8%)
Sex=Male 934 (50.3%)
Occupation=Unemployed 1275 (68.7%)
Education
Senior high school and below 323 (17.4%)
Senior high school 234 (12.6%)
Bachelor's degree 1078 (58.1%)
Master degree or above 222 (12.0%)
Marriage
Married 977 (52.6%)
Unmarried 830 (44.7%)
Other 50 (2.7%)
Region
Countryside 243 (13.1%)
Provincial capital city 564 (30.4%)
Town/county 382 (20.6%)
Urban area 668 (36.0%)
Smoking
Never 1462 (78.7%)
Now 237 (12.8%)
Previously 158 (8.5%)
Drinking
Never 1169 (63.0%)
Now 393 (21.2%)
Previously 295 (15.9%)
SAS standard score (mean (SD)) 34,09 (8.88)
SDS standard score (mean (SD)) 34.82 (10.65)
PSQI (mean (SD)) 6.06 (3.71)
poor sleep=YES 580 (31.2%)
anxiety=YES 132 (7.1%)
depression=YES 215 (11.6%)

chronic laryngitis, giddiness, trauma, and laryngopha-
ryngeal reflux. Patients with these diseases were more
likely to have depressive symptoms. The five diseases
associated with the highest PSQI scores were trauma,
laryngeal swelling, nasopharyngeal lesions, chronic lar-
yngitis, and neck lymphatic inflammation. Patients with
these diseases were more likely to have poor sleep quality.
Patients undergoing general medical examinations had
the lowest SAS, SDS, and PSQI scores (Figure S3).
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Distribution of SAS, SDS, and PSQI scores among patients
with different characteristics
There were significant differences in SAS scores among
the different age groups (P<0.001). The highest SAS
scores were found in the 18—45 years age group, followed
by the >60 years and 45—-60 years age groups. The low-
est SAS scores were observed in the <18 years age group.
The same pattern was observed for the SDS scores. The
highest PSQI scores (indicating the poorest sleep quality)
were in the 45-60 years age group. The group aged > 60
years had the second-highest PSQI scores, whereas the
sleep quality was best in the group aged < 18 years (Fig. 2).
Men had lower SAS, SDS, and PSQI scores compared
with women (Figure S4). There were no statistically sig-
nificant differences in SDS or SAS scores according to
smoking status, but patients who had smoked in the
past had higher PSQI scores compared with those who
had never smoked, suggesting that former smokers may
have poorer sleep quality than non-smokers (Figure S5).
Similar patterns were observed regarding the impact of
alcohol consumption on the SDS, SAS, and PSQI scores
(Figure S6). The distribution of the SAS, SDS, and PSQI
scores according to region of residence, education level,
and marital status is shown in Figures S7-S9.

Associations between sleep quality and different diseases
The relationships between sleep quality and different dis-
eases were assessed. Without adjusting for the SAS and
SDS scores, patients with chronic laryngitis, eustachian
tube disorders, laryngeal swelling, laryngopharyngeal
reflux, neck lymphatic inflammation, snoring, sudden
deafness, tinnitus, and trauma tended to have higher
PSQI scores, indicating poorer sleep quality (Fig. 3).
After adjusting for the SAS and SDS scores, patients with
eustachian tube disorders, laryngeal swelling, laryngo-
pharyngeal reflux, neck lymphatic inflammation, snoring,
sudden deafness, tinnitus, and nasopharyngeal lesions
tended to have higher PSQI scores, suggesting a higher
likelihood of poor sleep quality (Fig. 3).

Associations between depression and different diseases
The relationships between SDS scores and different dis-
eases were assessed. Without adjusting for the SAS and
PSQI scores, patients with chronic tonsillitis, chronic
laryngitis, and laryngopharyngeal reflux tended to have
higher SDS scores, indicating a higher likelihood of
depression in these individuals (Figure S10). After adjust-
ing for the SAS and PSQI scores, patients with chronic
tonsillitis and chronic laryngitis tended to have higher
SDS scores, indicating a higher likelihood of depression,
whereas patients with giddiness tended to have lower
SDS scores (Figure S10).
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Fig. 1 The distribution of disease types in this study. The height of the bars represents the number of cases of the various diseases, while the color of the

bars represents the category to which each disease belongs

Associations between anxiety and different diseases

The relationships between sleep quality and different dis-
eases were assessed. Without adjusting for the SDS and
PSQI scores, patients with giddiness and tinnitus tended
to have higher SAS scores, indicating a higher likelihood
of anxiety in these individuals (Figure S11). After adjust-
ing for the SAS and PSQI scores, patients with giddiness
tended to have higher SAS scores, indicating a higher
likelihood of anxiety, whereas patients with acute tonsil-
litis tended to have lower SAS scores (Figure S11).

Mediation analysis

On examining the effects of different diseases on sleep
quality, it was found that the outcomes were different
between analyses adjusted and unadjusted for SAS and
SDS scores. We speculate that there might be a medi-
ating effect of SDS and SAS scores on the relationships
between sleep quality and diseases. Therefore, media-
tion analyses were conducted separately for diseases that
had a sufficient number of cases (>50) and significantly
affected sleep quality.

Mediation analysis was done to investigate the roles
of anxiety and depression in mediating the relationship
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Fig. 2 The distribution of Zung Self-Rating Anxiety Scale (SAS), Zung Self-Rating Depression Scale (SDS), and Pittsburgh Sleep Quality Index (PSQI) scores
by age group. (A) The distribution of SAS standard scores by age group. (B) The distribution of SDS standard scores by age group. (C) The distribution
of PSQI scores by age group. The top row of each panel displays the following data: parameters, statistics, significance levels, effect sizes, confidence
intervals, and number of observations. The bottom right corner of each panel shows the p-value-correction methods applied for pairwise comparisons.
Significant differences in pairwise comparisons are indicated by continuous lines above the graph, with the corresponding p-values displayed

between sleep and tinnitus (Fig. 4A). Anxiety mediated
the effect of tinnitus on sleep quality (70.41% [95% CI:
40.07, 76.00]), and depression also had a mediation effect
(13.24% [95% CI: 4.46, 28.58]; Fig. 4B, Table S2). Simi-
larly, anxiety mediated the effect of sudden deafness on
sleep quality (59.49% [95% CI: 27.83, 71.97]), and depres-
sion also had a mediation effect (17.12% [95% CI: 3.05,
39.32]; Figure S12, Table S3). Anxiety and depression did
not have a mediating effect on the relationship between
eustachian tube disorders and sleep quality (Figure S13,
Table S4).

We also evaluated the mediating effects of sleep qual-
ity and anxiety on the relationship of laryngopharyngeal
reflux with depression: anxiety mediated the effect of
laryngopharyngeal reflux on depression (80.26% [95% CL:
46.94, 83.52]), and depression had a similar mediation
effect (4.09% [95% CI: 1.20, 9.09]; Figure S14, Table S5).

Finally, we evaluated the mediating effects of sleep
quality and depression on the relationship of tinnitus
with anxiety: depression mediated the effect of tinnitus
on depression (59.71% [95% CI: 42.85, 68.45]), and sleep

quality also had a mediation effect (14.06% [95% CI: 7.78,
21.02]; Figure S15, Table S6).

Discussion

To our knowledge (Table S7), this study is the first to
explore the sleep quality, anxiety, and depression status of
otolaryngology outpatients with different diseases, while
also revealing the interrelationships of these variables.
In this study, the five diseases associated with the high-
est SAS scores were giddiness, chronic tonsillitis, trauma,
chronic laryngitis, and tinnitus. Patients with these dis-
eases were more likely to have anxiety symptoms. The
five diseases associated with the highest SDS scores
were chronic tonsillitis, chronic laryngitis, giddiness,
trauma, and laryngopharyngeal reflux. Patients with
these diseases were more likely to have depressive symp-
toms. The five diseases associated with the highest PSQI
scores were trauma, laryngeal swelling, nasopharyngeal
lesions, chronic laryngitis, and neck lymphatic inflam-
mation. Patients with these diseases were more likely to
have poor sleep quality. Among all patients, those who
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Factors
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OR (95%CI) P

Chronic laryngitis 2.63(0.26,5.00) 0.029454
Adjusted Chronic laryngitis 1.84(-0.15,3.83) 0.070050
Eustachian tube disorders — 1.44(0.28,2.60) 0.014671
Adjusted Eustachian tube disorders —_— 1.19(0.22,2.16) 0.016190
Laryngeal swelling = 5.11(1.87,8.36) 0.002050
Adjusted Laryngeal swelling . 4.06(1.34,6.78) 0.003460
Laryngopharyngeal reflux _— 1.65(0.40,2.90) 0.009650
Adjusted Laryngopharyngeal reflux —_— 1.11(0.06,2.15) 0.038510
Neck lymphatic inflammation = 2.55(0.61,4.49) 0.010195
Adjusted Neck lymphatic inflammation 2.05(0.42,3.68) 0.013590
Snoring —_— 1.81(0.31,3.31) 0.018125
Adjusted Snoring — 1.65(0.29,2.80) 0.016020
Sudden deafness 1.65(0.53,2.77) 0.003846
Adjusted Sudden deafness 1.16(0.22,2.10) 0.015950
Tinnitus 1.94(0.93,2.94) 0.000165
Adjusted Tinnitus 1.12(0.27,1.96) 0.009610
Nasopharyngeal lesion 2.69(-0.57,5.96) 0.106250
Adjusted Nasopharyngeal lesion 3.34(0.60,6.07) 0.016940
Trauma 3.82(0.57,7.07) 0.021318
Adjusted Trauma 2.58(-0.15,5.30) 0.063690

r T T T T T T T 1
-1 0 1 2 3 4 5 6 7 8
The estimates

Fig. 3 Associations between different diseases and PSQI scores. Both unadjusted (squares) and multivariable (circles) polynomial linear regression coef-
ficients are shown, alongside 95% confidence intervals and p-values. In both the unadjusted and multivariable polynomial linear regression models,
associations were adjusted for age, sex, occupation, education, region of residence, smoking, drinking, and marital status. In the multivariable polynomial
linear regression models, we additionally adjusted for the Zung Self-Rating Depression Scale scores and Zung Self-Rating Anxiety Scale scores. The refer-

ence standard for the diagnosis is general medical examination

underwent general medical examinations had the lowest
SAS, SDS, and PSQI scores.

Tinnitus is a condition in which sound is perceived
in the absence of a clear external auditory stimulus. In
patients with severe tinnitus, a number of psychologi-
cal disorders are often present, such as anxiety and sleep
disorders [22]. In our study, the SAS scores of the tinni-
tus patients were in the top five among the various dis-
eases of all otolaryngology outpatients. Jia et al. reported
that transcranial direct current stimulation combined
with tinnitus retraining therapy had obvious therapeutic
effects on chronic tinnitus, markedly reducing its sever-
ity and improving patients’ sleep quality and psychologi-
cal status [23]. When in the sleep state, the activity state
of the human brain changes from a passive response
caused by external stimuli to a response dominated by
internal initiative. Tinnitus is categorized into subjective
tinnitus and objective tinnitus, with subjective tinnitus

accounting for the majority of tinnitus patients [24].
Like sleep, patients with subjective tinnitus exhibit self-
perception of sound by the brain in the absence of an
internal or external objective sound source. Therefore,
patients with tinnitus, especially subjective tinnitus, may
have some potential correlation with sleep states in terms
of brain activity. According to the research surface, the
effect of sleep on brain plasticity would lead to abnormal
activity in neural pathways that would exacerbate tinnitus
[25]. In this study, there was a strong correlation between
tinnitus and patients’ sleep quality. In addition, tinnitus
was included among the 10 disorders with the highest
PSQI scores in the prior study, consistent with other pre-
vious studies, suggesting that patients with tinnitus may
need to be treated with a combination of anxiolytic medi-
cations to improve sleep and the overall treatment out-
come. The majority of trauma patients presenting to the
otolaryngology department are acutely traumatized (with
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a; b,
c!
Tinnitus Sleep quality
a,
R
Proportion mediated: 13.24%
B f 1 \
—> Depression —
Tinnitus > Sleep quality

\

—  Anxiety

)

|

Proportion mediated: 70.41%

Fig. 4 The mediating effects of anxiety and depression on the relationship between tinnitus and sleep. (A) Mediation model framework: mediation
models were used to investigate whether anxiety and depression mediated the relationship between sleep quality and tinnitus. The detailed results are
reported in Supplementary Table S2. The pathway labelled ¢’ represents the direct effect of tinnitus on sleep quality. The pathways labelled ai represent
the effect of tinnitus on the hypothesized mediators (anxiety and depression). Lastly, the pathways labelled bi represent the effect of the mediators on
sleep quality, calculated while controlling for tinnitus. (B) The results of the mediation models. Mediation models were used to investigate the mediating
effects of depression and anxiety on the association between tinnitus and sleep disturbance

trauma occurring within the week prior to presentation).
In our study, trauma was found to be among the top five
outpatient otolaryngology disease categories associ-
ated with high SDS, SAS, and PSQI scores. Research has
shown that, following trauma, most people experience
extreme arousal and emotional distress, accompanied
by varying degrees of sleep disturbance and anxiety or
depression [26]. Our research findings align well with
these observations.

The human pharynx has a dense distribution of nerves
and is one of the main channels through which humans
come into contact with external stimuli. In patients with
persistent stress, lack of sleep, infections, and low immu-
nity, it is often easy to induce discomfort in the throat,
including sensations of burning, foreign body, itching,
and obstruction. Such patients presenting to the otorhi-
nolaryngology department with symptoms persisting

for more than 3 weeks will usually be diagnosed with
chronic laryngitis; however, the correct diagnosis for
such patients is abnormal sensation in the pharynx,
which can be caused by neurological disorders, physi-
ological or structural factors, and psychological factors
[27]. According to our findings, the SDS, SAS and PSQI
scores of patients with chronic laryngitis were in the top
five among all otolaryngology outpatient disorders, sug-
gesting that psychological interventions could be consid-
ered in the treatment of these patients.

The highest SAS scores in this study were found in the
18-45 years age group, possibly due to many of those
individuals being in the early stages of their careers, jug-
gling family and work responsibilities, or experiencing
intense job competition and high work pressure. The low-
est SAS scores were observed in the <18 years age group,
which may be attributed to their having relatively fewer
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responsibilities and pressures compared with adults. The
same pattern was observed for the SDS scores. The high-
est PSQI scores were observed in the 45-60 years age
group, indicating that the sleep quality of these individu-
als was generally poorer compared with the other age
groups. Men had lower SAS, SDS, and PSQI scores com-
pared with women, consistent with other literature find-
ings [28, 29]. Patients who had a history of smoking and
alcohol consumption had higher PSQI scores compared
with those who had never smoked or consumed alcohol,
in line with other literature findings [30].

In this study, chronic laryngitis, eustachian tube disor-
ders, laryngeal swelling, laryngopharyngeal reflux, neck
lymphatic inflammation, snoring, sudden deafness, tin-
nitus, nasopharyngeal lesions, and trauma were found to
have a significant negative impact on PSQI scores, indi-
cating poorer sleep quality in these patients. Chronic
tonsillitis, chronic laryngitis, and laryngopharyngeal
reflux had a significant negative impact on SDS scores,
indicating a higher likelihood of depression in these indi-
viduals. Patients with giddiness and tinnitus tended to
have higher SAS scores, indicating a higher likelihood of
anxiety in these individuals.

The otorhinolaryngology is directly connected to the
outside world, and patients with psychological disorders
usually show different degrees of sensory abnormalities of
the five senses. Clinicians usually pay too much attention
to physical disorders and neglect patients’ mental status,
so we selected otolaryngology outpatients as our study
subjects. In our study, we analyzed SAS, SDS and PSQI
scores of patients with different outpatient disorders in
otorhinolaryngology by using questionnaires collected
from patients attending multicenter otorhinolaryngology
clinics to assess patients’ anxiety, depression, and sleep
status in that order. This study can help otolaryngology
clinicians to recognize which outpatients are more likely
to have comorbid psychologically related disorders, and
therefore provide more data to refer to in the diagnosis
and treatment of this group of patients. We also per-
formed mediation analysis to explore the effects of differ-
ent diseases on sleep quality, anxiety, and depression, as
well as the underlying mechanisms through which differ-
ent diseases impact anxiety, depression, and sleep quality.
We found that tinnitus can affect patients’ sleep quality,
with 70.41% of this effect being attributed to anxiety and
13.24% to depression. We also found an effect of sudden
deafness on sleep quality, 59.49% of which was mediated
by anxiety and 17.12% by depression. Fan et al. performed
a dynamic cohort study and drew similar conclusions.
They discovered that depression serves as a mediator of
the bidirectional relationship between sleep disorders
and pain [31]. Therefore, timely psychological counseling
can be recommended for patients with these diseases, to
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improve their sleep quality and reduce the likelihood of
various adverse outcomes caused by poor sleep.

Human beings mainly use subjective senses and sen-
sations, such as taste, smell, vision, hearing, touch, and
pain, to contact and communicate with the world. The
sensory organs are mainly located in the head and neck,
so physical or “psychological” lesions are often accompa-
nied by subjective sensory symptoms. Subjective sensory
changes may also lead patients to worry excessively about
organ disease and could induce psychological disorders.
Most of these patients directly consult an otolaryngology
clinic. Therefore, this study used a questionnaire to col-
lect data from patients in multiple otolaryngology out-
patient departments. This was deemed more conducive
to observing the actual physical and mental illness status
of these patients, and the data will serve as a reference
for physicians making clinical diagnoses and treatment
decisions.

This study has several strengths. First it surveyed oto-
laryngology outpatients in multiple hospitals, shedding
light on the anxiety, depression, and sleep quality of
patients with different diseases and uncovering the inter-
action mechanisms between these diseases and anxiety,
depression, and sleep quality. Furthermore, this study
provides real-time, long-term observational data that
help us understand the progression of these patients’
conditions and changes in their psychological status.
This could help doctors track disease progression and
make timely adjustments to treatment plans. Moreover,
by recruiting patients from multiple medical centers in
different regions, this study provides broad and compre-
hensive observational data. The results will help us iden-
tify potential trends and differences between regions,
serving as a reference for personalized and localized
medical services. Additionally, the study adopted a ques-
tionnaire survey as an economical and efficient data col-
lection method. Patients could fill out the questionnaire
while waiting in line, saving time and resources. Finally,
the study holds significance for uncovering the relation-
ships between otolaryngology diseases and sleep qual-
ity, anxiety, and depression. It provides a foundation for
further research on the impact on psychological health of
otolaryngological diseases and could promote attention
and awareness among healthcare professionals, possibly
leading to further improvement in the overall treatment
outcomes of patients.

However, there are also certain limitations to this study.
First, as an observational study, the analysis could only
establish correlations and not causal relationships; the
survey findings pertain to a specific period, and long-
term follow-up results are lacking. We intend to follow up
on these patients in a subsequent phase and will report
our long-term follow-up results in the near future to fur-
ther substantiate the outcomes of this study. Second, the
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data collection methods employed in the study relied on
subjective reports and questionnaire responses, posing a
risk of memory bias or information distortion. However,
we aimed to control for the psychological (including anx-
iety) status of the researchers, and to mitigate recall bias,
while also seeking to use a range of objective indicators
to minimize information bias. Moreover, the Body Mass
Index (BMI) could potentially influence our results; how-
ever, this study did not collect BMI data during question-
naire collection, which is a limitation. In our follow-up
study, we plan to focus on otolaryngology inpatients and
include observation indices such as BMI and patient effi-
cacy to more comprehensively analyze the relationship
between sleep, anxiety, depression status of otolaryngol-
ogy consultation patients, and their respective condi-
tions. Lastly, the study may not have accounted for all
potential influencing factors, which could have affected
the accuracy and reliability of the findings. Therefore,
caution is needed when interpreting the results, and fur-
ther rigorous research is required to validate and refine
these findings.

In conclusion, many otolaryngological diseases can
lead to poor sleep quality and increase the likelihood of
depression and anxiety. By uncovering the effects of dif-
ferent diseases on anxiety, depression, and sleep qual-
ity, as well as their interaction mechanisms, we aimed
to achieve a better understanding of the psychological
health status of otolaryngology outpatients with various
diseases. This knowledge could allow for more person-
alized management of otolaryngology outpatients with
various diseases. Our findings highlight the importance
of a healthy mental state for individuals with different
otolaryngological diseases.
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