Influence of Inhaled Corticosteroids on Voice Quality:

A Systematic Review™
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Summary: Objective. To investigate the incidence of dysphonia and the related voice quality assessment
impairment in patients treated with inhaled corticosteroids.

Methods. A laryngologist and librarian conducted a PubMED, Scopus, and Cochrane Library systematic
review related to the voice quality features in patients treated with inhaled corticosteroids through the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statements.

Results. Of the 366 identified studies, 21 publications met inclusion criteria (15 026 subjects). Dysphonia pre-
valence ranged from 3.0% to 34.0% according to patients and 53.3%-89.0% according to practitioners. Subjective,
laryngostroboscopic, and objective voice evaluations (aerodynamic and acoustic) showed impairments influenced
by IC doses, treatment duration, and particle sizes. Mean MINORS score was 5.8 = 2.1. Substantial hetero-
geneity existed across studies regarding IC drugs, inclusion/exclusion criteria, and outcomes. There was no study
considering a multidimensional voice quality evaluation. Most studies failed to address key confounding factors,
including laryngopharyngeal reflux disease, tobacco consumption, and active allergic rhinitis.

Conclusion. Inhaled corticosteroids significantly impact voice quality, with substantial discrepancy between
patient-reported and clinician-reported dysphonia rates. The drug features influence the occurrence of dys-
phonia, despite methodological limitations. Future research requires standardized multidimensional voice
quality assessments and better control of confounding factors to clarify the underlying pathophysiological
mechanisms.
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INTRODUCTION

Inhaled corticosteroids (IC) are one of the most used drugs
in Europe and the United States of America for the treat-
ment of asthma and chronic obstructive pulmonary disease
(COPD)." To date, an estimated 300 million people
worldwide currently suffer from asthma, and an additional
> 100 million persons are likely to suffer from this disease
by the year 2025, leading to a substantial burden on so-
ciety in morbidity, quality of life, and healthcare costs.” IC
are potentially associated with systemic and local adverse
events in up to 81.5% of cases,” with a dose- and use-de-
pendence according to meta-analyses.” Voice quality dis-
orders may affect 5%-58% of the patients.” The exact
mechanisms underlying the development of dysphonia in
these patients remain poorly investigated, and the origins
of dysphonia may have multiple confounding factors.”
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The present review aims to investigate the incidence of
dysphonia and related voice quality assessment impair-
ments in patients treated with ICs.

MATERIALS AND METHODS

The criteria for publication inclusion and exclusion have
been based on the population, intervention, comparison,
outcome, timing, and setting framework.” Two in-
dependent investigators conducted the literature search
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) checklist for
systematic reviews."

Patient population

Prospective, retrospective, controlled, uncontrolled, or rando-
mized clinical studies published from January 1985 to January
2025 were considered. Studies were published in English peer-
reviewed journals and reported data for more than 10 adult
individuals. The inclusion criteria, specifically the disease of
included patients (eg, asthma, COPD) under ICs, had to be
specified in studies. The criteria used for the asthma or COPD
diagnosis were collected. There were no exclusion criteria based
on age, ethnicity, socioeconomic status, and comorbidities.
Data from population-based registries, cross-sectional surveys,
or clinical hospital studies were considered. Case reports, pe-
diatric, and animal model studies were excluded.

Intervention and comparison
The investigators considered studies assessing the occur-
rence of voice quality disorders in patients treated with IC.
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Controlled studies comparing several groups according to
the doses, the molecules, or other therapeutic findings were
considered.

Outcomes

The demographic and study outcomes were collected, ie,
study design, number of patients, gender ratio, and age
(mean/median). The primary outcomes included the pa-
tient’s disease, stage, IC drugs, doses, voice quality out-
comes, and results. The secondary outcomes included the
prevalence of dysphonia, definition and methods of voice
quality outcome measurements, potential other IC adverse
events, and substantial comorbidities that could affect the
outcome investigation (eg, allergy, occupational factors,
tobacco consumption, laryngopharyngeal reflux disease,
and other respiratory comorbidities).

Timing and setting
There were no criteria for specific stages or timing in the
“disease process” of the study population.

Search strategy

The author and a trained librarian conducted the literature
search on PubMED, Scopus, and Cochrane databases. The
databases were screened for abstracts and titles referring to
the description of IC-related voice quality disorders in
adults. The following keywords were associated with AND/
OR in databases: “voice,” “ICs,” “dysphonia,” “adverse
event,” “vocal fold,” “incidence,” “prevalence,” “acoustic,”
“aerodynamic,” “asthma,” and “COPD.” The two in-
vestigators analyzed the full texts of the selected publica-
tions. The results of the search strategy were reviewed for
relevance, and the reference lists of the selected publica-
tions were examined for additional pertinent studies.
Potential discrepancies in extracted and synthesized data
were discussed and resolved by the investigators. The type
of stu)dy was classified according to the levels of evidence
(I-V)."

99 ¢

Bias analysis

The bias analysis was performed with the Methodological
Index for Non-Randomized Studies (MINORS) tool,
which is a validated instrument designed for assessing the
quality of non-randomized surgical studies.'"” The
MINORS includes 12 items for the analysis of methodo-
logical points of comparative and noncomparative studies.
The items were scored O if absent, 1 when reported but
inadequate, and 2 when reported and adequate. The aim of
the study was rated as clearly stated (2), unclear (1), or
absent (0). The inclusion of patients was rated as optimal
(2) for clearly stated consecutive patients, suboptimal for
unclearly stated consecutive patients (1), or absent mention
of consecutive inclusion pattern (0). The prospective data
collection was rated as prospective (2), retrospective ana-
lysis of prospectively recruited patients (1), or absent (0).
The quality of endpoints was considered as high (2) if the
authors assessed the voice quality with validated subjective

and objective voice quality outcomes.'' The voice quality
evaluation with subjective or objective approach was con-
sidered as suboptimal (1), while the lack of use of validated
subjective or objective outcomes was considered as low (0).
The follow-up period outcome consisted of the time be-
tween the start of the IC and the voice quality evaluation. It
was considered as adequate (2) for at least 6 months of
treatment. A shorter follow-up was considered as less re-
liable to evaluate accurately the potential effect of IC on
voice quality (0). Finally, a 5% rate of lost-to-follow-up
patients was considered as the threshold in the MINORS,
while the study size prospective calculation needed to be
carried out (2), mentioned as unnecessary (1), or absent (0).
The ideal MINORS score was 16 for non-comparative
studies and 24 for comparative studies.'

RESULTS

Of the 366 identified studies, 21 publications'” ** met the
inclusion criteria (Figure 1). There were seven prospective
uncontrolled,'>'!% 202232 five prospective con-
trolled,'?!>*%?*" five cross-sectional,'’***>?*3! and four
retrospective' *'***?" studies (Table 1). The present sys-
tematic review reports findings of 15 026 subjects. Some
studies reported the primary diagnosis of included patients,
while others just mentioned having included IC users
(Table 2). The data of 6722 healthy controls have been
included. There were 8646 females and 6337 males. Gender
was not specified in one study.”” The mean age ranged from
20.7 to 58.9 years (Table 2). The demographic and drug
data are reported in Table 2. Budesonide and beclo-
methasone dipropionate were the most used drugs across
studies. Eight studies reported findings of patients treated
with a single IC therapy,'® ***>*"*” ! while in 10 stu-
dies,'” 7?72?52 there was a myriad of several IC thera-
pies pooled into one cohort of patients. The IC was
unspecified in three studies.”’****

Voice quality outcomes

The key findings of voice quality outcomes are summarized
in Table 3. Both subjective and objective voice quality
outcomes have been used to investigate the voice changes
from pre- to post-IC treatments or the voice quality dif-
ferences between IC users versus occasional or nonusers
(considered as healthy individuals). Among subjective
evaluations, most outcomes consisted of unvalidated pa-
tient- or practitioner-reported dysphonia or voice dis-
orders. The patient-reported dysphonia prevalence ranged
from 3.0% to 34.0% of cases, ”' "' with potential dose-
and IC use duration effects.”**” Patients typically reported
hoarseness and voice intensity reduction (11.5% to 16.0%),
while the Voice Handicap Index was used in only one
study.”’ The prevalence of practitioner-reported dysphonia
ranged from 53.3% to 89.0% of cases,'*”° with an IC use
duration effect.”” GRBAS was used in three studies, which
demonstrated moderate impairments of grade of dys-
phonia, roughness and breathiness, and significantly higher
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FIGURE 1. PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

scores in long-time IC users compared with new users
(Table 3)."*!”>* Only one study reported conflicting data
with no association between the use of IC and the voice
subjective scale.””

Laryngostroboscopy has been wused in six stu-
dies.!*!*16192627 Sty dies commonly showed that IC users had
a substantial number of stroboscopic abnormalities, with IC
use duration'” and particle size' effects. Thus, the particle size

influenced the videolaryngostroboscopy (VLS) examination
with significantly higher abnormalities in patients using stan-
dard particles versus those using small particles.” In a com-
parative study, Krishnan et al reported a significantly higher
number of VLS abnormalities in > 6-month IC users com-
pared with new users, including asymmetrical mucosal wave,
reduced amplitude and frequency, absent mucosal wave, in-
complete glottic closure, and non-periodic vibration.'” In terms
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TABLE 2.

General Outcomes

Outcomes N %

Patients (n, %) 15 026 100
Asthma—IC users 7440 49.5
Other conditions—IC users 864 5.8
Healthy controls 6722 44.7

Gender
Females (n, %) 8646 57.5
Males (n, %) 6337 42.2
Unspecified gender (n, %) 43 0.3

Age
Mean age (range, years) 20.7-58.9 -

Median age (range, years) 37.0-59.0 -

Drugs N References
BUdeSOnide 10 12,15-18,25,26,28,30,31
Fluticasone 5 [edio 220 28
Fluticasone + salmeterol 4 AN A
Budesonide + formoterol 2 bl
Ciclesonide and beclomethasone dipropionate 1 [
Budesonide + formoterol and fluticasone 1 (k.
Beclomethasone dipropionate 8 CiliZa2 2028 28 20 52
Budesonide + beclomethasone 1 17
Unspecified IC 3 s
Triamcinolone acetonide 2 2052
Unspecified bronchodilators 1 =l

Abbreviations: IC, inhaled corticosteroids; N, number.

of abnormalities, Gallivan et al reported abnormal mucosal
wave symmetry/periodicity in 63%-76% of IC users with self-
reported dysphonia, and abnormal mucosal wave amplitude/
magnitude in 35%-50% of cases. Phase and glottic closure
abnormalities occurred in 63% to 74%, and 59% to 63% of
cases, respectively.”” Hassen and Hasseba reported in 30
asthma patients the following VLS abnormalities: vocal fold
erythema (56.7%), interarytenoid thickening (56.7%), vocal
fold edema (5.3%), and vocal fold atrophy (5.5%)."° Among
vocal fold abnormalities, leukoplakia was reported in 7/9 IC
user patients with a complaint of dysphonia in the study of
Mirza et al. who additionally supported a potential high pre-
valence of reflux disease in these patients.”’

The voice quality of IC users was objectively assessed
with acoustic measurements and aerodynamics in
gIO18192223.2930.32 414 three studies, respectively.203032
Percent jitter and percent shimmer reported elevated values
in IC users with a dose effect.'®”**’ Three studies suggested
abnormal values of noise-to-harmonic ratio, soft palate
index, or some spectral outcomes.'®'*!” Controversial re-
sults were found regarding the potential influence of ICs on
the FO0,'*'”*%** phonation threshold pressure or quo-
tient,””"” and maximum phonation time.”"*

Bias analysis and confounding factors
There was a substantial heterogeneity across the study for in-
clusion and exclusion criteria. The literature analysis for

confounding factors revealed partial information about reflux,
smokers, and allergic patients. Reflux information was not
reported in 11'%'* '%2? % studies. In the others, the pre-
valence of gastroesophageal reflux disease/laryngopharyngeal
reflux disease symptoms ranged from 26% to 52.6%,” "%
while some authors have carefully excluded patients with reflux
symptoms and/or findings.'*'” *'**** Similar heterogeneity
was found for tobacco without information in nine stu-
dies.!>!* 10:22:27:293032 Iy others, the proportion of smokers or
former smokers ranged from 13% to 44.5%."7>2*%*! Allergy,
especially allergic rhinitis, details were provided in six stu-
dies,' 1242 \ith only two studies reporting the pre-
valence of allergic patients (42.6% and 55%)." >

Table 4 reported the bias analysis details (MINORS).
The mean MINORS is 5.8 = 2.1. The low MINORS score
is related to the predominance of cross-sectional, retro-
spective, and survey-based studies, highlighting the limited
number of prospective studies assessing multidimensional
voice quality. Indeed, there was no study using both vali-
dated and standardized patient-reported outcome ques-
tionnaires and perceptual evaluations combined with
acoustic and aerodynamic measurements. Concerning
follow-up, the longitudinal studies reported a wide range of
durations, including 2hours,” 6days,'® 12 weeks,'”"
16 weeks,”” and 1 to 2 years.”” There was no formal study
size calculation in prospective studies, while the rate of lost-
to-follow-up was adequate in only four studies.'**"->***
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TABLE 3.
Voice Quality Outcomes
Results
Outcomes Primary References Controversial References
Subjective voice quality
Patient-reported dysphonia Variable prevalence: 3.0% to 34.0% [zzE sl No VoiSS-IC use 22
association
Long-time > short-time users 24 -
Dose-dependance 2 -
Patient-reported reduced voice Moderate prevalence in IC users UGS -
intensity (11.5%-16.0%)
Long-time > short-time users 24 -
Voice Handicap Index Not impaired in IC users 20 -
Perceptual evaluations Blinded evaluations
Otolaryngologist-reported Asthma/IC users > controls 12 No
dysphonia
Variable prevalence: 53.3%-89.0% ez No
GRBAS Long-time > short-time users 3 No
Moderately impaired in IC users 222 No
Otolaryngologist-reported Asthma/IC users > controls 21 No
voice weakness
VLS abnormalities Significant abnormalities in IC users 6192627
Long-time > short-time users 13 -
Standard > small particles 14 -
Objective voice quality Controversial
Acoustics
FO Abnormal values in IC users e No change related to  '9*°
IC use
Jitter % Abnormal values in IC users s No change related to  *°
IC use
Dose-dependance 2320 -
Shimmer % Abnormal values in IC users gt -
Dose-dependance =S -
Noise-to-harmonic ratio Abnormal values in IC users 16 -
Soft palate index Abnormal values in IC users 16 -
Formants Potentially impaired values in IC users '® -
Mean first spectral peak Potentially impaired values in IC users '® -
Spectral tilt Potentially impaired values in IC users '® -
Amplitude quotient No impact of IC o -
distribution
Closed quotient distribution Impaired in IC users 22 No impact of IC 9
Dose-dependance 22 -
Aerodynamics
Phonation threshold pressure/ Impaired 2-hour post-IC use 20 No change related to  *°
quotient IC use
Maximum phonation time Impaired in IC users 2 No change related to  *°
IC use

Abbreviations: IC, inhaled corticosteroids; GRBAS, grade of dysphonia, roughness, breathiness, asthenia, strain; VLS, videolaryngostroboscopy; VoiSS, Voice

Subjective Scale.

DISCUSSION
Laryngologists commonly encounter patients with IC therapy
and dysphonia. This systematic review supported the clinical
relationship between IC use and the development of dys-
phonia, as well as impairments in aerodynamic and acoustic
measurements. However, the exact prevalence of dysphonia
in IC users remains unknown. The patient-reported dys-
phonia rate appears substantially lower than the practitioner-

reported dysphonia, while many studies demonstrated the
influence of IC intrinsic factors, including doses, types of
particles, and duration of treatment.'*'*** >>*

The pathophysiological mechanisms underlying these
observations are still unknown. Interestingly, the associa-
tion between particle size and the occurrence of dysphonia
could be explained by the respiratory tract deposition of
small particles lower than the larynx. The particle sizes of
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commonly prescribed inhalers range from 1.1 to 4.5 um.”
The use of small particles (around 1 um) can be associated
with fewer adverse events because they predominantly
reach distal airways.”* The size of the particles is particu-
larly important in the interpretation of the results of this
review. The studies included reported substantial varia-
bility in the evaluated IC drugs. Pressurized meter hydro-
fluoroalkane suspension inhalers, including Fluticasone
propionate, have larger particle sizes than pressurized me-
tered-dose hydrofluoroalkane solution inhalers, such as
Beclomethasone dipropionate, Flunisolide, and Cicleso-
nide, which can explain the variability of dysphonia in-
cidence across studies in the present review.

The duration of IC therapy and the doses are additional
factors that can explain potential discrepancies across stu-
dies. From a pathophysiological standpoint, ICs could be
associated with dryness of the vocal folds and potential
steroid-induced myopathy, which both lead to modifications
of the biomechanical properties of the vocal folds and re-
lated voice quality impairments.”” While this hypothesis is
supported by VLS observations, including vocal fold dry-
ness, supraglottic muscle tension, and vocal forcing in IC
users, ' *10:19:20273¢ there are no investigations of histolo-
gical vocal fold changes in IC users or animal models. In-
terestingly, it has been suggested that the delivery system
(metered-dose inhalers versus dry powder inhalers) could be
a key factor in the development of dysphonia in IC users.’’
In a study of 154 patients who were treated for 2 years with
an IC administered via metered-dose inhaler followed by
2 years of administration via dry powder inhalers, the fre-
quency of hoarseness decreased from 21% to 6%."’

Some extrinsic factors can similarly influence the findings
of studies. Laryngopharyngeal reflux disease, tobacco
consumption, and allergy may constitute three prevalent
confounding factors, which were poorly controlled in the
studies. The VLS abnormalities identified in IC users are
nonspecific and can be found in laryngopharyngeal reflux
disease. Indeed, laryngopharyngeal reflux disease is com-
monly associated with mucosa dryness, endolaryngeal
sticky mucus, and laryngopharyngeal erythema.”® *’ Si-
milar to IC laryngitis, a pathophysiological model of re-
flux-induced dysphonia suggests that the macro- and
microscopic vocal fold mucosa alterations related to reflux
can be associated with modifications of the biomechanical
properties of the vocal folds, leading to compensatory
(forcing) vocal behaviors.” These similarities across both
conditions highlight the importance of controlling for lar-
yngopharyngeal reflux disease in studies investigating the
impact of IC use on voice quality. Similar observations can
be made for tobacco, which is associated with lar-
yngopharyngeal mucosa inflammation and related func-
tional impact.”’

Although many authors did not report allergy findings, it
is assumed that a significant number of patients with
asthma and IC use have allergy, including allergic rhinitis.
Allergic rhinitis and the related postnasal drip can be a
confounding factor for throat symptoms and dysphonia in

this population of patients. Future studies should compare
the voice quality of allergic versus nonallergic IC users,
while controlling for other intrinsic and extrinsic con-
founding factors. Furthermore, ICs can be prescribed in
the treatment of chronic cough, which may incur its own
changes to the vocal folds. The prevalence of patients with
IC prescription related to chronic cough was not reported
in studies, which is an additional confounding factor. In the
same vein, most studies did not report nondysphonia ad-
verse laryngeal events associated with IC use, such as
candidiasis and fungal laryngitis. These factors need to be
considered in future studies.

The increase of asthma triggers and the related in-
crease of the incidence of asthma worldwide support the
need to conduct future high-quality prospective long-
itudinal studies investigating multidimensional voice
quality in IC users, while considering all confounding
factors.

The primary outcome was voice quality in IC users.
Voice quality was evaluated through a myriad of outcomes,
mostly being unvalidated subjective assessments. Acoustic
and aerodynamic outcomes were measured in some studies
through several methods (type of vowel, vowel portion
selection for acoustic measures, etc), which limits the
drawing of valid conclusions. Voice quality was not as-
sessed through recommended multidimensional validated
approaches considering patient-reported and perceptual
evaluations alongside acoustic and aerodynamic measure-
ments.'"  Adherence to expert consensus on multi-
dimensional voice quality assessment could substantially
improve the understanding of pathophysiological me-
chanisms underlying the development of dysphonia in IC
users.

The low quality of studies, the lack of multidimensional
voice quality evaluations, and the heterogeneity across
studies in terms of inclusion and exclusion criteria, drug
features, outcomes, and follow-up are the primary limita-
tions of this review. Despite substantial heterogeneity, the
overall trends support an association between the use of
ICs and the development of dysphonia in a moderate
proportion of patients.

Future prospective longitudinal studies are needed to
clarify the incidence of dysphonia in IC users and to un-
derstand the pathophysiological mechanisms underlying
the development of dysphonia while considering numerous
intrinsic and extrinsic confounding/influencing factors.

CONCLUSION

ICs significantly impact voice quality, with substantial dis-
crepancy between patient-reported and clinician-reported
dysphonia rates. The drug features influence the occurrence
of dysphonia, despite methodological limitations. Future
research requires standardized multidimensional voice
quality assessments and better control of confounding
factors to clarify the underlying pathophysiological me-
chanisms.
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