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Abstract

Study objective Since, OSA affects various parts of the body, there has been little interest about the effect of OSA on voice. The

objective of this study was to evaluate the risk of benign vocal fold lesions (BVFL) in OSA patients Methods This retrospective

cohort study used data from the National Health Insurance Service (NHIS) database. The study group was defined as the group

diagnosed with OSA between 2008 and 2011. Non-OSA groups were selected based on propensity score matching. Incidence of

BVFL among participants during the follow-up was analyzed. Cox proportional hazard regression analyses were performed to

evaluate the association between OSA and incident BVFL. Results The HR value of the OSA group calculated by considering

eight variables indicates that the risk of developing BVFL is 79% higher than that of the control group. Further, among OSA

patients, patients with a history of OP had a 35% lower risk of developing BVFL. The relationships between BVFL and seven

individual variables considered were as follows: 1) For age, HR for the 40-59 years group was 1.20 (95%CI, 1.09-1.32). 2) For

sex, the HR in the female group was 1.22 (95%CI, 1.10-1.35). 3) For residential areas, the HR values for “Seoul” 1.39(95%CI,

1.23-1.59). 4) In the high economic status group, the HR was 1.10 (95%CI, 1.01-1.21). Conclusions and Relevance This

observational study indicated that OSA is associated with an increased incidence of BVFL. The incidence of BVFL increased

with older age, female sex, and high SES.

Association between Obstructive sleep apnea and risk of Benign vocal fold lesions : A nation-
wide 9-year follow-up cohort study

Abstract

Objective Since, OSA affects various parts of the body, there has been little interest about the effect of
OSA on voice. The objective of this study was to evaluate the risk of benign vocal fold lesions (BVFL) in
OSA patients.

Methods This study used data from the National Health Insurance Service (NHIS) database. The study
group was defined as the group diagnosed with OSA between 2008 and 2011. Non-OSA groups were selected
based on propensity score matching. Incidence of BVFL among participants during the follow-up was
analyzed. Cox proportional hazard regression analyses were performed to evaluate the association between
OSA and incident BVFL.

Results The HR value of the OSA group calculated by considering eight variables indicates that the risk
of developing BVFL is 79% higher than that of the control group. Further, among OSA patients, patients
with a history of OP had a 35% lower risk of developing BVFL. The relationships between BVFL and seven
individual variables considered were as follows: 1) For age, HR for the 40-59 years group was 1.20 (95%CI,

1



P
os

te
d

on
25

N
ov

20
22

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
66

93
59

11
.1

42
32

17
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

1.09-1.32). 2) For sex, the HR in the female group was 1.22 (95%CI, 1.10-1.35). 3) For residential areas,
the HR values for “Seoul” 1.39(95%CI, 1.23-1.59). 4) In the high economic status group, the HR was 1.10
(95%CI, 1.01-1.21).

Conclusions This observational study indicated that OSA is associated with an increased incidence of
BVFL. The incidence of BVFL increased with older age, female sex, and high SES.

Key Words : obstructive sleep apnea, benign vocal fold lesion, voice disorder

Highlight

* Although, OSA affects various parts of the body, there has been little interest about the effect of OSA on
voice.

*Recent research revealed that OSA patient have poor voice quality, which might be caused by vocal fold
inflammation.

*The OSA group calculated by considering eight variables indicates that the risk of developing BVFL is 79%
higher than that of the control group.

*Further, among OSA patients, patients with a history of OSA surgery had a 35% lower risk of developing
BVFL.

*Further, BVFL increased with older age, female sex, and high economic status.

1. INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by recurring episodes of partial or complete upper airway
obstruction while sleeping. It is estimated that 4 to 7% of adults in the general population are affected.[1]
Reduced neural activation and upper airway anatomic abnormalities are the primary causes of obstructive
hypopneas and apneas in patients with OSA.

OSA has a wide range of effects on the body, including the cardiovascular, neurologic, and respiratory
systems. Moreover, OSA has been linked to upper airway inflammation, such as a thicker soft palate,
hypertrophic tonsils, or a thickened pharynx, as well as tongue base lymphoproliferation, which can affect
one’s voice.[3] The inflammatory reaction of the upper airway, as well as the dryness of the upper airway
caused by mouth breathing, can both have a deleterious impact on the vocal cord mucosa and result in a voice
issue. Work environment, psychological variables, personality traits, and voice abuse have been identified as
risk factors for voice disorders. Meanwhile, recent research has revealed that people with sleep apnea have
poor voice quality, which might be caused by vocal fold inflammation.[4]

The objective of this study was to assess the risk of benign vocal fold lesions (BVFL) in OSA patients, which
is currently unknown. This research will help us better understand the association between OSA and vocal
disorders.

2. METHODS

Data source

The National Health Insurance Service (NHIS) database is used in this investigation. The NHIS provides
insurance claims data for 50 million subscribers in Korea, and this study was created using data from a sample
of 3.5 million persons from 2008 to 2019. This information contained general medical history information
(diagnosis code, hospitalization date, treatment code, and death information) as well as patient information
(age, gender, residential area, economic status, and death information). (NHIS-2021-1-689) We used The
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Statement.

Study populations

The study group was made up of people who were diagnosed with OSA between 2008 and 2011, and who
had a diagnostic history based on International Classification of Diseases (ICD-10) Code G473 10th Edition.

2
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Furthermore, for a more accurate analysis, the following exclusion criteria were established: 1) Patients
diagnosed with OSA between 2011 and 2019. 2) Patients who had ICD-10 codes J381, J382, or J383 or
BVFL prior to being diagnosed with OSA. The control (non-OSA) group consisted of patients who had not
been diagnosed with OSA and were matched using Propensity Score (PS) matching. PS was estimated with
age in mind to ensure that only patients with comparable tendencies to the OSA group were included and
to prevent any bias from confounders.

The control (non-OSA) group consisted of patients who had not been diagnosed with OSA and were matched
using Propensity Score (PS) matching. PS was estimated with age, gender, economic position, and comor-
bidities in mind to ensure that only patients with similar tendencies to the OSA group were included and to
eliminate any bias from confounders. Non-OSA groupings were then chosen using greedy method matching
based on this PS. The non-OSA group had 8,415 patients in total.(Figure 1)

Clinical variables

In all, eight variables were created: four for demographics, three for comorbidities, and one for OSA surgery
history. We separated each age group into three subgroups (40-60 years old, Others). Economic status
was classified according to income quantiles; the top 30% had high economic status, while the bottom
70% had poor economic status. Residential areas were divided into three subgroups (Seoul, Metropolitan,
and Rural). The ICD-10 code for diagnosis and medicine prescribing was used to describe comorbidities
such as hypertension (HTN), diabetes (DM), and chronic kidney disease (CKD). OSA surgical history was
characterized among OSA patients as those with Q2196, Q2197, Q2195, Q2280, Q2281, Q2300, or Q2310
insurance code records prior to BVFL records.

Statistical analysis

The standardized mean difference (SMD) in Table 1 provides a quantitative assessment of the imbalance
between the study and control groups. In general, if the SMD value is less than 0.1, no imbalance exists
between the two groups. To assess the relationship between OSA and incident BVFL, Cox proportional
hazard regression analysis were used. Unadjusted hazard ratios (HR) were not adjusted in Table 2, but
adjusted HR were adjusted for eight clinical factors. Further 10000-person year (PYs) is defined as the
number of new disease cases in one year in the population at risk of disease occurrence.

Ethical considerations

Using KNHIS-NSC data, all investigations were conducted in compliance with the Helsinki Declaration. The
Institutional Review Board authorized the study (IRB file number 2022-04-021). The Institutional Review
Board, which authorized the study, waived informed consent.

3. RESULTS

Patient characteristics

This study looked at data from 8,415 OSA patients and 8,415 healthy controls. The male-to-female ratio in
the OSA group was quite high at 77 percent, and the prevalence of HTN, CKD, and DM was also significant.
The proportion of patients who underwent OSA surgery (OP) after being diagnosed with OSA but before
the follow-up period was completed was 30.7 percent. Because the SMD value was less than 0.1 in Table 1,
it can be objectively validated that the seven variables utilized for matching were well matched. The SMD
values, on the other hand, reveal that the two groups show differences in BVFL and OP.

Primary Analysis

During the follow-up period, 1,142 cases of BVFL were diagnosed among the 8,415 OSA patients. The
10,000-PYs of 139.14 in Table 2 indicates that on an annual basis, there are around 139 patients per 10,000,
which is 1.62 times greater than OSA patients. The OSA group has a 79 percent tendency to develop BVFL
than the control group, according to the HR value estimated using eight factors [HR: 1.79, 95 percent CI:

3
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1.62–1.97]. In addition, individuals with a history of OP had a 35% decreased tendency to develop BVFL
[HR: 0.74, 95 percent CI: 0.65–0.85].(Figure 2)

Subgroup Analyses

In the OSA and control group analyses, the following associations were found between BVFL and seven
individual variables: 1) For age, HR for the 40-59 years group was 1.20 (95%CI, 1.09-1.32). 2) For sex, the
adjusted HR in the female group was 1.22 (95%CI, 1.10-1.35) compared to the male group. 3) For residential
areas, the HR values for “Seoul” and “Rural” were 1.39(95%CI, 1.23-1.59) and 1.08 (95%CI, 0.96-1.22),
respectively, compared to the Metropolitan group. 4) In the high economic status group, the adjusted HR
was 1.10 (95%CI, 1.01-1.21) compared to the low economic status group. 5), 6), 7) For underlying diseases,
the adjusted HRs for the HTN, DM, and CKD groups were 1.06(95%CI, 0.95-1.17), 1.54 (95%CI, 1.38-1.71),
and 1.63 (95%CI, 1.40-1.89), respectively, compared to the equivalent groups without underlying diseases
(Table 2, Figure 3,4).

4. DISCUSSION

The prevalence of obstructive sleep apnea with concomitant daytime drowsiness is between 3 and 7 percent
for adult males and 2 to 5 percent for adult women [1,3]. OSA is defined by recurrent blockage of the upper
airway during sleep, which is associated by episodic hypoxia, wakefulness, and sleep fragmentation. Upper
airway anatomic anomalies, such as a thicker palate, hypertrophic tonsils, or a thickened pharynx with
decreased neural activity, lead to obstructive apneas and hypopneas in OSA. OSA causes long-term damage
to the cardiovascular, neurologic, and respiratory systems. According to a meta-analysis, OSA is associated
with increased risks of significant adverse cardiac events, coronary heart disease, stroke, and cardiac death.
OSA is also related to inflammation, since repeated bouts of hypoxia increase systemic oxidative stress and
contribute to the development of a systemic inflammatory state.[4] Recent research has discovered higher
exhaled nitric oxide in OSA exhaled air, which contributes to upper airway inflammation.[5] In this regard,
OSA has been associated with the alteration of voice resonance and articulation through thickened soft
palate, hypertrophic tonsils, or a thickened pharynx and tongue base lymphoproliferation.[6] However, there
has been little research in the effect of OSA on voice to yet.

A cross-sectional analysis of data from the national longitudinal research found a relationship between OSA
and vocal disorders. People with OSA symptoms exhibited a higher prevalence of voice abnormalities than
those without OSA symptoms (6.7 percent vs. 4.7 percent) in a study of 14,794 young adults in the United
States.[6] N. Roy et al. also discovered that 28% of OSA patients had vocal abnormalities, which was greater
than the general population.[7] However, in these research, vocal abnormalities were assessed by patients’
subjective voice pain, rather than objective voice characteristics or diseases like BVFL.

The mouth cavity, pharynx, and larynx known as the vocal tract, are structures that influence speech
production. Speech impairment is caused by functional or structural abnormalities in these structures. The
Bernoulli effect and enhanced pharyngeal dynamic compliance can explain pharyngeal narrowing and thick-
ening in OSA. As a result, it is assumed that increased vocal tract compliance leads to OSA resonance and
articulation problems. Many studies have observed vocal alterations following OSA surgical treatment.[8,9]
Eun et al., for example, found that uvulopalatopharyngoplasty alters the formant frequencies of vowels,
resulting in alterations in resonance after OSA surgery.[8] However, the changes that occur in the larynx in
OSA patients have received less attention. Elongated epiglottis and redundancy in this structure can cause
collapse and alterations in glottic and supraglottic structures.[10] Furthermore, Krieger et al. proposed that
OSA causes repeated glottic spasm and paradoxic glottic narrowing.[11]

OSA patients frequently breathe via their mouths, which produces a reduction in moisture in the inhaled air,
leading the vocal cords to dry. Water loss from the sol layer caused by oral breathing increased the viscosity
of respiratory epithelium and overlaying mucus, increased tracheal mucus velocity, and reduced mucociliary
clearance.[12] Normal human oral breathing for 15 minutes revealed effects that are most likely the result
of superficial dehydration on the vocal cords and increased vocal effort.[13] In a research of air inhalation,
Hemler et al. discovered that perturbation measurements were significantly higher after inhaling desiccated
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air than ordinary air.[14] Many research, on the other hand, have observed low phonation threshold pressures
in people exposed to hydrated or ”wet” circumstances.[15] In summary, OSA patients have long-term mouth
breathing, which causes higher vocal effort due to superficial dehydration of the vocal fold.

As previously stated, there have been few reports on the impact of OSA on voice. For example, Mono-
son and Fox and Fox et al. found that the relationship between OSA and voice disorder and discovered
that 60 to 70% of OSA patients exhibited a combination of phonation, articulation, and resonance abnor-
malities.[16,17] Based on objective acoustic parameters, Wei et al. recently showed that OSA patients had
vibration irregularity, inadequate glottal closure, and greater hoarseness compared to normal individuals.[18]

Unlike prior research that investigated at voice quality, we used a nationwide cohort study to evaluate at the
prevalence of BVFL in OSA patients. Multiple studies, including the National Institutes of Health (NIH)
epidemiology study, define voice disorder as ”anytime the voice does not work, perform, or sound as it
normally should, so that it interferes with communication,” implying that it is defined based on subjective
symptoms based on individual judgment.[19] Meanwhile, BVFLs such as vocal nodules, vocal polyps, and
Reinke’s edema are pathologic changes in the superficial layer of the lamina propria that otolaryngologists
identify with a laryngoscope. These lesions can be caused by voice abuse, misuse, smoking, alcohol con-
sumption, or larygopharyngeal reflux (LPR). However, the influence of OSA as a cause of BVFL has yet to
be studied. In this study, the prevalence of benign vocal fold lesions (BVFL) was reported to be 1.79 times
greater in the OSA group than in the control group. Those who had OSA surgery were 35% less likely to
be diagnosed with BVFL during the study period.

In a subgroup analysis, the HR for BVFL was greater in female OSA patients than in male OSA patients
(HR: 1.22[1.10-1.35]). Females are more likely to have voice disorders in general, and females had a greater
rate of BVFL in the literature.[20] Female vocal folds contain less hyaluronic acid in the superficial layer of
the lamina propria, resulting in a lower absorption ability to endure phonotrauma, according to Butler et
al..[21]

Other risk factors for BVFL include being aged from 40 to 60 years (HR: 1.20 [1.09-1.32]), living in a major
city (HR: 1.39 [1.23-1.59]), and having a higher socioeconomic status (HR: 1.10[1.01-1.21]). Roy et al. showed
that among randomly chosen participants, the age range of 40–59 years appeared to constitute a high-risk
age group for the reporting of voice problems.[22] Both of these findings are similar to the findings of Russell
et al., who found that teachers over the age of 50 had higher voice difficulty than younger teachers.[23] Hur
et al. identified health inequalities among people in the United States with voice difficulties, indicating that
racial minorities and those with low income tend to avoid treatment owing to a lack of transportation.[24] It
is well recognized in the literature that persons with poor income or insufficient health insurance face greater
hurdles accessing medical services.[25] Similarly, the greater prevalence of BVFL in metropolitan regions can
be explained.

We used PS matching in our study to reduce selection bias and confounding variables between the two groups.
We used PS matching with the following characteristics to achieve a fair comparison between groups: age,
gender, residence, socioeconomic status, and underlying diseases. This is the first study to examine the risk
of BVFL in OSA patients using large-scale real-world data. Although we produced significant results, there
are some limitations that need be addressed in future study. First, despite the fact that this registry-based
method resulted in a large number of unselected research participants, information about classic BVFL risk
factors such as work environment, psychological factors, personality traits, voice abuse, and smoking was
insufficient. Second, in our analysis, surgical treatment of OSA was related with a lower incidence of BVFL.
We were unable to compare the impact of continuous positive airway pressure (CPAP), which is more often
used for OSA therapy, due to a lack of data in the NHIS-NSC database, as CPAP has only recently become
covered by Korean medical insurance. Third, because OSA was only recognized using diagnostic codes, the
severity of the condition could not be determined.

According to this observational study, OSA is related with an increased incidence of BVFL. Subgroup analysis
revealed that the incidence of BVFL in OSA patients increased with age, female sex, and high socioeconomic
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status. Our study also found that surgical correction of OSA decreased the incidence of BVFL. Physicians
should be aware of the possibility of developing BVFL in OSA patients, which leads to poor voice outcomes.
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Figure Legends

Figure 1. Flow chart showing the study design.

Figure 2. Left panel: overall cumulative hazard ratios for BVFL in the OSA group and the control (non-OSA)
group. Right panel: cumulative incidence rates for BVFL in those with OSA operation and those with no
OSA operation. OSA, Obstructive Sleep Apnea; BVFL, Benign Vocal Fold Lesion

Figure 3. Forest plot of the cumulative hazard ratio for each factor (OSA, OSA surgery, age, sex, residential
area, economica status, underlying diseases (hypertension, diabetes, chronic renal disease))

Figure 4. Subgroup analysis of age, residential area, economic status, and sex.
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