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SUMMARY: Objectives. Dysphonia poses a major occupational risk for teachers. Despite the growing in-
terest in this area of research, there is still no comprehensive understanding of the risk factors.

Methods. This systematic review examined risk factors for voice disorders among K-12 teachers. It analyzed
111 publications from 33 countries that were published between January 2013 and February 2024. The novel
SIMU Matrix was used to categorize the factors as social/individual or modifiable/unmodifiable.

Results. Based on the proportion of studies that reported significant associations, 10 factors demonstrated the
strongest association with voice disorders. Unmodifiable social factors included elementary teaching (14/29
studies). Unmodifiable individual factors included gender (21/40 studies), age (12/41 studies), and professional
experience (12/34 studies). Notably, a paradox regarding gender emerged: women reported more voice problems
through self-assessments yet demonstrated better vocal health through laryngological and acoustic examina-
tions. Modifiable social factors included workload (13/31 studies) and noise exposure (14/21 studies).
Modifiable individual factors included ENT symptoms (17/23 studies), chronic stress (12/15 studies), loud
speaking (11/14 studies), and frequency of sick leave (11/13 studies). Assessment methods varied considerably,
with a concerning reliance on single-item measurements, despite the fact that voice disorders are recognized as
multidimensional conditions.

Conclusions. This review identified numerous factors associated with voice disorders in teachers, demon-
strating the complexity of this issue. Some of these factors are modifiable, offering concrete intervention op-
portunities regarding workplace conditions and health behaviors. However, despite extensive research
investigating an even broader range of potential influences, there is still no consensus on key risk factors. This
may reflect methodological limitations, including heterogeneous assessments, inadequate statistical corrections,
and predominantly cross-sectional designs. Future research requires standardized assessment approaches, ap-
propriate statistical rigor, and longitudinal designs to establish causal relationships and inform evidence-based
prevention strategies.
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INTRODUCTION
Voice disorders represent an occupational hazard for tea-
chers, who rely extensively on their vocal apparatus as a
primary tool in their professional practice. Voice disorders
are referred to as dysphonia, which is “characterized by
altered vocal quality, pitch, loudness, or vocal effort that
impairs communication and/or quality of life.”' Teachers
face disproportionate risk compared with other profes-
sions, making vocal health preservation a critical occupa-
tional priority. Identifying specific factors associated with
voice disorders in teaching professionals is not merely
academic research, but an essential step toward developing
effective preventive strategies—interventions that should
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take precedence over treatment approaches. Beyond pro-
fessional implications, vocal impairments often coincide
with broader health concerns, including stress, sleep dis-
turbances, and upper respiratory tract conditions.” © Un-
derstanding contributing factors enables a more
comprehensive approach to health promotion among
educators. Additionally, the economic burden of voice
disorders—through work absences and medical treat-
ments—presents a substantial cost that could be mitigated
through targeted preventive measures.’ '

Recent reviews of teacher vocal health have identified nu-
merous risk factors while highlighting important research gaps.
Cantor-Cutiva et al'' conducted the first systematic review in
2013, examining 23 publications that revealed connections
between classroom acoustics and vocal disorders, though they
noted methodological inconsistencies across studies. The au-
thors recommended future investigations incorporate objective
measurements of workplace conditions (eg, reverberation time
and speech intelligibility) alongside objective voice function
assessments to complement self-reported data. Additionally,
the authors emphasized the urgent need for longitudinal stu-
dies examining how vocal disorders develop, their occupational
risk factors, and their effects on teaching performance
over time.

One year later, Martins et al'” published a narrative re-
view identifying environmental conditions, ambient sound
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levels, and personal health as primary contributors to voice
problems among teachers. They emphasized the im-
portance of evaluating prevention program effectiveness.

Through meta-analysis, Byeon'” established several risk
factors: “gender, upper airway problems, caffeine con-
sumption, speaking loudly, number of classes per week,
and resignation experience due to voice problems.” Their
work highlighted the necessity of precalculated sample sizes
and standardized assessment protocols to enable cross-
country comparisons.

Carrillo-Gonzalez et al® expanded research focus with a
systematic review on specific factors, demonstrating that
elevated stress levels corresponded with increased vocal
difficulties, while adequate sleep duration was associated
with improved vocal function. Due to the limited quality of
included studies, the authors advocated for additional re-
search in this area.

Since previous reviews relied on earlier data and included
expectations for future research, this study provides an
updated analysis of the literature to identify current risk
factors for voice disorders among teachers, which com-
plements a current meta review. In addition to examining
these risk factors, we evaluate whether the expectations
outlined in prior reviews have been met, focusing particu-
larly on assessment methodologies, longitudinal investiga-
tions especially on prevention programs. Through this
approach, we aim to map the current research landscape
and highlight existing knowledge gaps in the field of teacher
vocal health.

This systematic review addresses therefore the following
research questions:

1. What are the current identified risk factors for voice
disorders among teaching professionals based on re-
search published since the last systematic reviews?

2. In recent research, to what extent have recommenda-
tions from previous reviews been implemented, parti-
cularly with regard to methodological improvements
in assessing and measuring voice disorders and their
risk factors in teacher populations?

METHOD
The study protocol was prospectively registered with PROS-
PERO under the identifier CRD42024604667. A compre-
hensive search of both PROSPERO and Cochrane databases
was conducted to verify the absence of existing systematic
reviews  addressing  identical  research  objectives.
Supplementary materials are available through the Open
Science Framework (OSF) project repository (https://osf.io/

9jgtp)).

Literature search

A comprehensive literature search was conducted on
February 12, 2024, using three major databases: PubMed/
MEDLINE and the two Web of Science Core Collections,
“Science Citation Index Expanded” and “Social Sciences

Citation Index” to achieve creditable results. The study
acknowledges the presence of alternative databases such as
IEEE Xplore, ACM Digital Library, ScienceDirect,
JSTOR, EBSCO, and Taylor & Francis. However, we
found through sample verification that most publications
from these sources are already contained within the Web of
Science or PubMed/MEDLINE databases. For the Web of
Science, we searched within the “Topic” field, applying
“Article” as a refinement category, while in PubMed, we
searched within the “Title/Abstract” field with no further
refinement. The search was limited to publications from
January 2013 to February 2024, written in English or
German. We constructed a search string using the fol-
lowing terms: (teacher* OR teaching OR Ilehr*) AND
(“vocal health” OR “voice screening” OR “vocal fatigue”
OR “voice disorder*” OR “voice problem*” OR “vocal
load” OR “vocal loading” OR “vocal dose” OR “voice
handicap” OR hoarseness OR stimm* OR dysphonie OR
heiserkeit).

Literature selection

Selection involved a two-step screening process conducted in-
dependently by each author to select articles with an eye to-
ward maximizing inclusion. The first round of screening
assessed based on title and abstract whether the focus was
voice health of K-12 teachers (primary and secondary educa-
tion). Relevant, retrievable publications advanced to the
second round of screening, which involved full-text review
using predefined exclusion criteria. Those encompassed both
formal and thematic dimensions. Formally, we required em-
pirical ~ studies published in peer-reviewed journals.
Thematically, we excluded studies that: (1) deliberately re-
cruited individuals with pathological conditions, (2) did not
predominantly focus on K-12 teachers, or (3) did not assess
vocal health or dysphonia. A PRISMA flow diagram docu-
mented the selection process and coded studies.

Content coding
All publications were read in their entirety and assessed for
answers to review questions. Basic information was re-
corded, including country of study, study design (cross-
sectional or longitudinal), study timeframe, sample size,
and teachers’ grade level.

For each statistical analysis using vocal health as the
dependent variable, we systematically coded:

1. Assessment method (eg, VHI-10, VHI-30, VFI,
and laryngoscopic examination)
2. Statistical model (eg, mean difference, multifactorial
regression)
. Risk factor (eg, gender, age, and workload)
4. Statistical significance (P < 0.05 or P > 0.05)

w

Similar risk factors received identical codes. We ad-
ditionally coded interventions or environmental changes
(eg, COVID-19, school building renovations). Our
coding conventions further specified that: (1) associations
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between two measures of voice health were not coded,
and (2) fundamental frequency was coded as a risk factor
and not as a measure of voice health, as we assume that
fundamental frequency represents a physiological char-
acteristic of voice production rather than a direct in-
dicator of vocal health or pathology.

To ensure coding reliability and reduce some risk of bias,
the first 10% of articles (n = 12) were coded independently
by all four researchers. Using MAXQDA 2024,"" segment
overlap was calculated for all six coder pair combinations
for each article, with a minimum code overlap threshold of
95%. Kappa'” was used as the agreement metric to account
for chance-based code selection probabilities. Initial high
variability (x < 0.75) prompted coding scheme refinement
and additional coder training. A subsequent round of
coding (n = 6) achieved a sufficient mean agreement of «
= 0.93 (range of all pairwise combinations: 0.77-1.00).

Analytic strategy

Due to the diversity of assessment methods, ranging from
single items to comprehensive, validated instruments and
objective clinical assessments, a meaningful meta-analytic
synthesis could not be achieved without substantially re-
ducing the included literature. Consequently, a systematic
review was selected as the optimal approach to offer a
thorough examination of the research landscape and illu-
minate potential risk factors amidst methodological varia-
bility. Utilizing MAXQDA 2024 and R (version 4.4.2 “Pile
of Leaves”),'® we examined the code convergence of each
coded risk factor and its statistical significance to determine
the level of evidence. By simultaneously considering the
codes for assessment methods and statistical models, we
enabled a more nuanced understanding of the existing
evidence.

RESULTS

Sample characteristics

Figure 1 illustrates the identification process for relevant
publications. All publications and decisions made at every
step can be found in the OSF Appendix Table 1. The lit-
erature search yielded 618 potentially eligible publications
after removing duplicates. Of these, 416 articles were ex-
cluded during the first screening based on title and abstract
review. An additional 10 articles were not retrievable in full
text. The second screening of full-text articles resulted in 81
further exclusions, with specific reasons detailed in the
PRISMA flow diagram. The final analysis included 111
publications on teacher voice health from 33 countries.
Brazil dominated the research landscape (n = 20), followed
by India (n = 11) and the United States (n = 10). Moderate
contributions came from Iran (n = 8), China (n = 6), Italy
(n =5), and Saudi Arabia (n = 5). European representation
included Finland, Germany, and Spain (each n = 4), the
United Kingdom (r = 3), and Belgium, Latvia, Portugal,
and Sweden (each n = 2). African research was limited to
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FIGURE 1. PRISMA flow diagram.

Egypt (n = 2) and Nigeria (n = 1). Single publications
originated from Chile, Cyprus, Denmark, France, Ireland,
Jordan, Korea, New Zealand, Poland, Taiwan, Turkey,
and the United Arab Emirates.

The review encompassed 30 longitudinal and 81 cross-
sectional studies. Longitudinal investigations examined
teachers’ voices over different periods of time. Short-term
studies measured changes within a single hour or day, ty-
pically assessing voice before and after teaching or vocal
loading tasks.'” ** Medium-term research spanned weeks
to months, often evaluating intervention effects.”” *® The
longest studies tracked teachers from one to ten years.”” *
Notably, only half of the longitudinal studies (15 out of 30)
focused on intervention evaluation.

As shown in Figure 2, publications spanned from 2013 to
2025, with one additional manuscript listed as “in press”.
These figures represent print dates rather than online
publication dates, which for some journals can precede
print publication by up to 2 years, explaining why some
studies appear with print dates beyond the original search
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FIGURE 2. Number of publications by year.
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Logopedics Phoniatrics Vocology . 4

Indian Journal of Otolaryngology and Head & Neck Surgery . 4

Folia Phoniatrica et Logopaedica . 4

International Journal of Environmental Research and Public Health I 3

European Archives of Oto-Rhino-Laryngology I 3
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FIGURE 3. Number of publications by journal with more than
two publications.

timeframe. Research output demonstrated an overall up-
ward trend from 2013 (n=15) to a peak in 2021 (n=14),
with occasional fluctuations.

Figure 3.

Sample sizes across the selected studies exhibited sub-
stantial heterogeneity, ranging from small-scale investiga-
tions with fewer than 20 participants to large cohorts of
47 823 participants.”* Gender distribution revealed a pro-
nounced female predominance, with 17 studies recruiting
exclusively female cohorts.

Assessment methods

From the 111 publications identified in our systematic re-
view, 88 papers contained codable information beyond
basic study characteristics and were selected for in-depth
analysis (Table 1 for the 88 studies and OSF Appendix
Table 2 for all 111 studies). The remaining 23 papers lacked
substantive information relevant to our research questions
(eg, studies only correlated different voice health measures
without risk factors, studies lacked statistical analysis of
risk factors). Our coding revealed considerable hetero-
geneity in assessment tools across studies (for a detailed
list, see OSF Appendix Table 3). The most frequently em-
ployed instruments included validated questionnaires such
as the Voice Handicap Index (VHI) in various forms (VHI-
30, VHI-12, VHI-11, and VHI-10), the Vocal Fatigue Index
(VFI), and the Voice-Related Quality of Life (V-RQOL).
Some studies utilized acoustic parameters, including jitter,
shimmer, harmonics-to-noise ratio (HNR), noise-to-har-
monics ratio (NHR), and maximum phonation time
(MPT). Perceptual evaluations commonly involved the
GRBAS scale, while physiological examinations included
laryngoscopy. Notably, numerous studies relied on single-
item questions or self-designed questionnaires.

SIMU matrix of risk factors

To categorize the multifaceted risk factors affecting vocal
health in educational settings, we developed the SIMU
Matrix (Social, Individual, Modifiable, Unmodifiable; see
Figure 4). This framework organizes factors along two
dimensions—social versus individual and modifiable versus
unmodifiable—creating four quadrants that provide a

structured approach to understanding variables influencing
vocal health outcomes:

» System Constants (Unmodifiable and Social): These
represent structural elements of the educational
system that remain relatively fixed and are determined
at a societal level, including aspects of school orga-
nization and institutional parameters.

Individual Prerequisites (Unmodifiable and Individual):
These factors constitute the unchangeable individual
characteristics that form the foundation of a person’s
vocal profile, including sociodemographic variables and
occupational background.

Societal Scope of Action (Modifiable and Social): This
domain encompasses environmental and workplace
conditions that can be altered through collective ac-
tion or institutional policy changes, such as organi-
zational factors and classroom acoustics.

Individual ~Scope of Action (Modifiable and
Individual): This quadrant contains factors under in-
dividual control to varying degrees, including physical
and mental state of health, vocal usage patterns, life-
style habits, and pedagogical choices.

In the following sections, we report all coded risk factors
for each of the four areas of the SIMU Matrix. We in-
cluded variables that appeared in more than two papers,
resulting in a total of 57 categories (for a detailed list in-
cluding paper references, see OSF Appendix Table 4).

System constants (social and unmodifiable)
Age-based educational level

Of the 29 studies investigating grade level and type of
school, which were grouped together due to their shared
focus on the age of pupils, 14 (N =120-47 823) demon-
strated significant relationships with voice health in-
dicators. Nine studies found elementary school teachers
faced more voice problems compared with other school
types, measured via VHI-30,””"° VHI-10,'"" VFI,*
VTD,'"" and single items.””*>’%" Conversely, two studies
reported contradictory findings.””** Additionally, three
studies found that kindergarten was associated with lower
voice problem risk compared with elementary and sec-
ondary schools,”*’"'%” whereas one study noted the op-
posite trend.”’ For secondary school variations, a Korean
study found more frequent hoarseness among middle
school teachers than high school teachers.”” Importantly,
two studies revealed gender-specific patterns, with school-
type effects observable only in female teachers.”"’

School location

Among  eight studies exploring school loca-
tion, three revealed significant results. One study
(N =47 823) found rural teachers experienced more voice
problems than urban teachers through comprehensive
medical examinations.”* Another (N =140) revealed tea-
chers in schools near other schools reported more voice



Jonas Hauck, et al

TABLE 1.

Overview of the 88 Studies With In-Depth Analysis

First Author (Year) Country Teachers Nonteachers Dependent Variable

Abo-Hasseba (2017)*° Egypt 85F, 55 M Single item

Acurio (2014)" Chile 18F, 9M VHI-30, jitter, shimmer, HNR,
NHR, MPT, and GRBAS

Akinbode (2014)*° Nigeria 275F, 66 M 128 F, 27 M"  Self-designed questionnaire

Alanazi (2018)" Saudi Arabia 186 F/M 260 F/M" VHI-10

Alarfaj (2024)"® Saudi Arabia 262F, 73M VHI-10, single item

Alarouj (2022)* Kuwait 988 F, 832 M 357F, 398 M® VHI-10

Albustan (2018)°° Kuwait 180F, 180 M 50F, 50 M VHI-30

Alexander (2019)%* India 15F, 15M Jitter, shimmer, and HNR

Alkhunaizi (2025)°" Saudi Arabia 271F, 224 M VHI-10

Alrahim (2018)°? Saudi Arabia 103F, 84 M Single item

Alshuhayb (2025)>* Saudi Arabia 229 M, 375 F Single item

Alva (2017)** India 88F, 17M Single item

Andriollo (2023)*° Brazil® 56 F MPT

Arya (2022)'® India® 50 F, 50 M Vocal Fatigue Questionnaire,
single item, jitter, shimmer,
and HNR

Banks (2018)°° United States 506 F VFI

Banks (2025)°° United States 593 F, 147 M VFI

Bottalico (2017)°’ ltaly 24F, 2 M Holistic medical examination

Bovo (2013)%° [taly? 40 M VHI-30, VAS

Cantarella (2023)°® ltaly 195 F VF

Cantor-Cutiva (2015)°° Colombia 441F, 180 M 34F, 27 M Self-designed questionnaire

Cantor-Cutiva (2016)*° Colombia 407 F, 167 M GRBAS

Cantor-Cutiva (2016)%° Colombia 407 F, 167 M Single item

Cantor-Cutiva (2017)°’ Italy 27F VAS

Cantor-Cutiva (2022)°? United States 542 F, 124 M VFI

Cardoso (2021)%° Portugal 18F, 6 M Self-designed questionnaire

Cardoso (2021)%* Portugal 18F, 6 M Self-designed questionnaire

Chowdhury (2019)%° India 60 F/M VHI-10

de Brito Mota (2019)°° Brazil 160 F, 48 M SIVD

de Magalhaes (2025)°’ Brazil 526 F, 108 M SIVD

Devadas (2017)%° India 622F, 122 M Single item

Faham (2016)?’ Iran 127F VHI-30

Faham (2017)%° Iran 99 F Single item

Feng (2022)"° China 2758 F, 382 M VHI-30

Fu (2023)* China 35617 F, 12206 M Holistic medical examination

Gadepalli (2019)”" United Kingdom 356 F, 98 M 191F, 113M VHI-10

Garcia-Real (2024)"? Spain 65F, 25 M Multidimensional Vocal Scale for
Teachers

Gassull (2020)*® Spain 22 FIM VHI-10, self-designed
questionnaire, and GRBAS

Hermes (2016)"* Brazil 335F, 59 M Single item

Herndon (2019)" United States® 9F, 3M VAS, single item, CPP, and low/
high ratio

Hunter (2017)7% United States 518 F, 122 M VFI

Hunter (2020)”° United Kingdom 96F, 26 M VFI

Joshi (2022)7° India 200 F Laryngoscopy

Karatayli Ozgursoy Turkey 81F, 28M VHI-10, self-designed

(2022)°° questionnaire, single item, VSRS,

and multivariate assessment

Karjalainen (2020)°" Sweden 23F, 2M VHI-11, VAS

Khoramshahi (2021)%° Iran 129F, 50 M 15F, 14M"  VTD, VFI

Kristiansen (2014)*" Denmark 35 F/M Single item

Kyriakou (2020)"7 Cyprus 422F, 27M VHI-12

Leao (2015)"® New Zealand 1363 F, 516 M Self-designed questionnaire,
single item

Lee (2018)"°

Korea

789F, 512 M

Single item
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TABLE 1 (Continued)

First Author (Year) Country Teachers Nonteachers Dependent Variable
Lépez (2017)%° Spain 85F, 31 M VHI-10, jitter, shimmer, NHR,
MPT, GRBAS, PPQ, and RAP
Lu (2017)®' China 569 F, 295 M VHI-10, V-RQOL
Lyberg-Ahlander (2014)°”  Sweden 24F, 4M Single item
Marie (2014)%° Jordan 140 F, 149 M 50F, 50 M°>  VHI-10
Menon (2021)% India 651F, 51 M VHI-30, single item
Moy (2015)%° Malaysia 5066 F, 973 M VHI-10
Munier (2016)%° Ireland 304 M/F Self-designed questionnaire
Narasimhan (2022)?? India 15F, 15M VFI, jitter, shimmer, HNR, and CPP
Nusseck (2020)%” Germany® 400F, 136 M VHI-12, single item, laryngoscopy,
and DSI
Nusseck (2021)*' Germany 67F, 21 M VHI-12, DSI
Patjas (2021)%® Finland 106 F, 15 M VHI-10, single item
Penha (2023)%° Brazil® 39F, 20 M V-RQOL, SIVD, and VHHQ
Pereira (2015)** Brazil 24F, 7M VHI-10, noise/Rauschen, jitter,
shimmer, and GNE
Phadke (2019)%° Egypt 85F, 55 M Single item
Pizolato (2013)>° Brazil 63F, 7M V-RQOL
Putus (2024)** Finland 1296 F, 320 M Single item
Remacle (2018)** France 22F Jitter, shimmer, and HNR
Remacle (2021)° Belgium 66F, 21M VHI-30, single item
Rezende (2023)°" Brazil 5078F, 1246 M Single item
Rocha (2013)%? Brazil 525F, 50 M VHI-30
Rocha (2015)%* Brazil 525F, 50 M VHI-30
Rocha (2017)*° Brazil 277F, 22 M VHI-30
Rocha (2021)*° Brazil 144F, 8M VHI-30
Rocha (2021)°* Brazil 245F, 20 M VHI-30
Rosow (2015)%° United States ~ 728F, 167 M Single item
Rossi-Barbosa (2016)°° Brazil 226 F Single item
Santos (2020)°’ Brazil 283F, 42M SIVD
Seifpanahi (2016)°° Iran 69F, 35 M 41 F/MP Self-designed questionnaire
Sharp (2024)%° United Kingdom 967 F, 233 M, 1 not VoiSS
specified, and 4
missing data
Silva (2017)"%° Brazil 23F Holistic medical examination
Sundram (2019)°° Malaysia 62F, 24 M VHI-10
Tahamtan (2023)'"" Iran 60F, 60 M VTD
Tao (2020)"'%? China 393F, 21 M VHI-10, single item
Thomas (2022)'%° India 60F VFI
Trinite (2017)'%* Latvia 522 F/M VHI-30, VHI-10, and single item
Trinite (2021)"%° Latvia® 41F 20 F/M® Self-designed questionnaire
Usha (2022)** India® 20F Jitter, shimmer, HNR, and MPT
Vertanen-Greis (2020)"'°° Finland 970F, 228 M
Zurek (2021)"'%7 Poland 112F, 16 M VTD, single item, and NRS

2 Country based on affiliation of first author.
® Nonteachers were not included in the review analysis.

problems than those by quiet streets.”” A Brazilian study
(N =6 324) showed northern/northeastern teachers reported
greater voice limitations than southeastern counterparts.’’

School authority
In the analysis of six studies examining school authority
(public vs private), three studies (N = 140-496) from Egypt,

Nigeria, and Saudi Arabia consistently demonstrated that
teachers working in public schools reported more voice
problems than their colleagues in private institutions. Voice
problems were assessed by a single item””” or custom
questionnaires.*

In summary, the findings for system constants show that
the school environment is strongly associated with teachers’
voice health. Elementary school teaching is particularly
frequently linked to increased voice problems. Limited
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studies on school location and authority type suggest
possible associations.

Individual prerequisites (individual and
unmodifiable)
Sociodemographic

Age. Of 41 studies that examined age, 12 (N = 87-3 140)
revealed significant associations with voice health
indicators. Eight studies demonstrated that advanced age
correlated with diminished voice health, as measured
through VTD,'"" VFI,”* VHI-30,"""" VHI-12,"” VoiSS,”
GRBAS,” and laryngoscopic examination.”” One study
identified gender differences, with age-related voice
deterioration present in females but not in males.”’
Conversely, four studies reported alternative patterns,
with middle-aged cohorts showing increased VHI-10""
and VFI” scores, and increased vocal difficulties in the
30-39%" or 50-59'% age groups (both single items).

Gender. Among 40 gender-focused studies, 21 (N =105-
47 823) revealed significant findings. Females demonstrated
more voice problems across perceptive or self-reported
measures:  VFL'*” VHI-30,"" VHI-10,"”"*""" VoiSS,”
SIVD,”” GRBAS,* custom questionnaires,m(’ and through
single items. "> 7891799453.104 Gtrikingly, objective assessments
contradicted these findings: females exhibited fewer
physiological vocal problems (videolaryngostroboscopy), and
superior DSI scores compared with males,”” and had a lower
prevalence of throat and voice disorders.*!

Ethnicity. A total of three studies investigated ethnicity,
but in different ways, with two studies revealing significant
results. The first (N =6 039) revealed differences in VHI-10
scores across Malaysian ethnic groups, with Chinese
participants showing the highest scores.”” The other
(N =6 324) found that non-White teachers reported more
voice problems based on a single item.”’

Socioeconomic  status. None of the four
investigations examining socioeconomic status found
significant associations with voice health indicators.
However, three of these studies utilized the identical
sample'f\‘).dl()»‘)l

Marital status. Only 1 out of 10 studies examining
marital status revealed that partnered teachers had higher
rates of vocal difficulties than their single counterparts.®’

Own children. None of the seven studies examining the
number of own children as a risk factor for voice disorders
reported significant findings.

In summary, age and gender are the sociodemographic
factors that demonstrate the strongest associations with
voice health. Despite objective measures indicating lower
actual prevalence rates, women consistently report higher
rates of voice problems compared with men. The re-
lationship between age and voice health remains incon-
clusive. Ethnicity, socioeconomic status, marital status, and
number of children show limited or inconsistent associa-
tions with voice disorders.

Occupational background

Level of education. Out of 10 studies examining
teachers’ educational level, only 1 (N =3 140) found that
higher levels of education were associated with higher VHI-
30 scores. "

Previous voice training. Of eight studies that
examined voice training, two (N =1 082-1 §879) reported
significant but conflicting results: whereas longer singing
education was associated with more voice problems,”
teachers with more than 10 hours of voice training had
fewer voice problems.’®

Teaching subjects. Among 11 studies examining
teaching subject area, five (N =23-3 140) revealed that
voice health risk varies by subject discipline. Art, music,
and science teachers demonstrate increased VHI-10
scores,”” increased vocal pathology (single item),”””” and
greater self-perceived voice alteration (single item, VAS).""’
Physical education presents contradictory findings.’’">*
Language teaching shows variable risk patterns, with
Islamic studies (single item)™” and Chinese instruction
(VHI-10)"" showing increased vulnerability.

Professional = experience. Among 34  studies
examining professional experience, 12 (N =87-47 823)
reported significant findings. Similar to age-related
findings, the results showed mixed patterns: eight studies
found increased professional experience associated with
more voice problems measured by comprehensive medical
examination,” single item,”'"*°*?° VHI-30,”" SIVD,"**’
and laryngoscopic examination.”® Gender differences also
appeared in studies showing effects only in women. "
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Unlike age findings, two studies report inverse relationships
for professional experience measured via VHL™ and
Multidimensional Vocal Scale for Teachers.”” One
additional study finding has no specific direction.'”

In summary, teachers’ occupational background shows
inconsistent relationships with voice health, with limited or
conflicting findings across educational level, voice training
effects, teaching subjects (though arts, music, and science
teachers appear at higher risk), and professional experi-
ence, suggesting no clear trend in how these career-related
factors influence voice problems.

Family history of voice problems

Among four studies examining family history of voice
disorders, three Saudi Arabian investigations (N = 187-604)
showed that teachers with voice disorders in their family
reported higher VHI-10 scores,”’ and more voice problems
assessed by single items.’>””

Societal scope of action (social and modifiable)
Workplace conditions

Violence and crime in schools. Among the
three studies examining violence, vandalism, and theft,
two Brazilian studies (N =634-6 324) found that teachers
experiencing student violence had higher scores on the
SIVD,"” and that both verbal and physical violence from
students were associated with greater voice-related
limitations, as measured by a single item.”’

Workload. The literature reviewing 31 studies on
workload (eg, number of lessons per week) indicates that
13 (N=060-47 823) identified significant correlations
between increased teaching demands and deteriorated
voice health indicators. These findings were established
through VHI-30,"" VHI-10,'"*"°  SIVD,"” single
items,”'/7 3104197 Jaryngoscopic  examination,”©  and
comprehensive medical assessments.”* Furthermore, the
emotional subscale of the VHI-10 particularly correlated
with heightened workload in one study.®”

Class size. Of 25 studies that examined class size,
nine (N =140-47 823) showed a correlation between
larger classes and increased voice disorders as assessed
through comprehensive medical examinations,” VoiSS,””
SIVD,"’ custom questionnaires,”” and single
items.”"#*%221%% " This  association was particularly
evident among female teachers in one investigation."

Teaching format. Among four studies examining
teaching format (face-to-face/hybrid/digital), two (N =128-
3 140) demonstrated a negative correlation between online
teaching and vocal health: one revealed elevated VHI scores
associated with virtual teaching,”’ whereas the other indicated
that extended online instruction (> 6 months) corresponded
with increased vocal difficulties as assessed by a single item.'"’

Nonteaching duties. Among three studies exploring
the relationship between nonteaching duties and voice
disorders, only 1 (N=1 879) identified a higher
prevalence of regular voice disorders among secondary
school teachers serving as homeroom teachers, though this
relationship was only significant in univariate analysis.’”

Working conditions. Significant relationships emerged
in 6 of 8 studies (N=140-6 324) exploring work
environments, where five studies established correlations
between deteriorated vocal health and suboptimal working
conditions: lack of structural and material resources,’’
unfavorable working environments,’® open doors and
windows,”” excessive work demands with limited social
support,””  and  excessive work  requirements.”
Additionally, presenteeism negatively impacted
hoarseness and voice loss.”” Interestingly, one study
found protective factors within work environments (eg,
sufficient time for task completion, work autonomy)
correlating with fewer voice limitations.”'

In summary, the findings regarding workplace condi-
tions reveal preliminary evidence suggesting a link between
voice problems and factors such as class size, higher
workloads, and inadequate resources. Additionally, the
first evidence of supportive conditions that protect voice
health is emerging.

Environmental conditions

Ambient temperature. Of four studies examining
ambient temperature, none demonstrated significant
relationships with voice health indicators.

Air quality. Among nine studies examining air quality,
four (N=121-1 198) demonstrated that subjectively
perceived poor air quality, including high humidity,
correlated with increased voice problems, as measured
through VHI-10,"'"” a custom questionnaire,'’® and a
single item.'"

Dust. Of six studies that looked at dust exposure, only 1
(N =522) found a significant effect showing that exposure
to chalk dust was associated with voice problems measured
with a single item.'"

Noise. Among 21 studies examining noise exposure, 14
(N=35-47, 823) studies demonstrated significant
relationships with voice health indicators. Thirteen
studies showed that increased noise exposure correlated
with voice problems, as measured through comprehensive
medical examinations,” VHI-12,”” VHI-10,”"*® custom
questionnaires,””'’* and single items.”'”#7:104.08.90.60 The
noise sources varied across studies, including classroom
noise,” "> external noise,”’”*”” and student-generated
noise.'”* However, not all studies distinguished between
different types of noise. One study found that discussing
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noise management strategies was associated with fewer
voice problems (VoiSS).””

Room acoustics. Among seven studies examining
room acoustics, three (N =449-682) demonstrated that
poor acoustics correlated with voice problems measured
by a custom questionnaire,” a single item,”’ and VHI-12.”

In summary, environmental factors associated with voice
disorders demonstrate a clear hierarchy of importance,
with noise exposure and poor air quality showing the most
consistent relationships to voice problems, followed by
room acoustics, while minimally researched dust exposure
and ambient temperature appear to have negligible to no
significant impact on voice health.

Individual scope of action (individual and modifiable)
Physical well-being

Overweight. Of three studies that examined body
weight, only 1 (N=27) found that normal-weight
individuals had lower HNR values after vocal stress,
while overweight individuals had increased HNR values.'’

ENT condition. Among 23 studies examining ear, nose,
and throat (ENT) conditions, 17 (N=105-1 721)
demonstrated significant associations with voice disorder
symptoms. Upper respiratory tract infections showed clear
links,”7%**>* as did asthma™***""'%° and thyroid conditions,
especially  hypothyroidism.”*'*“®  Additional ~conditions
linked to voice disorder symptoms included nasal septum
deviation,” allergic  rhinitis,”®  (chronic) respiratory
diseases,”'"*"" throat pain,”*'"* throat discomfort,”® nasal
obstruction,”” respiratory problems,”””° and self-reported
illnesses.”” Interestingly, one study observed that non-
medically confirmed respiratory infections increased vocal
symptoms, whereas medically confirmed cases had fewer
symptoms than those without infection.” Assessment
methods varied across studies, utilizing VHI-30,”” VHI-12,”

. oG . . 4 )6.63 .
VHI-10,”" VoiSS,” custom questionnaires,”*'"** and single
itel’nS 42,78,52,88,54,104,68,96,73,82

Hearing problems. Among the ENT conditions
examined, hearing problems were coded separately.
Among five studies examining hearing problems,
two studies (N =187-495) found that hearing problems
correlated with voice problems, as measured through VHI-
10°" and a single item.””

Non-ENT condition. Out of 15 studies investigating
non-ENT  diseases, eight (N=109-634) indicated
associations between voice disorders and self-reported
health status,””°"'"*”* particular conditions including
gastrointestinal,”® digestive/spinal problems,”” endocrine
dysfunction,'” and other comorbidities.””’® Voice
disorders were assessed through GRBAS,*” SIVD,"’ VHI-
30,”"  laryngoscopic  examination,” and  single
items.}()jll()élﬂ?w

Reflux/GERD. In 12 studies on reflux, eight (N =105-
47 823) identified significant associations with voice health
indicators. These studies demonstrated that people with
reflux symptoms had higher voice problems, as measured
through VHI-10,""" VFL" VoiSS,”” single items,'’*>**
and comprehensive medical examination."

Allergies. Among 12 studies, eight (N =200-1721)
reported significant associations between allergies and
voice problems, as measured through laryngoscopic
examination,”® VHI-12,”7 VHI-10," VFL® custom
questionnaires,'’® and single items.””'**”° Specifically,
these studies found associations between voice disorders
and various allergic conditions: atopic dermatitis,”'"
respiratory, nasal, or seasonal allergies,””’""!*”® and
recurrent allergies.’

Neck and shoulder tension. Among four studies
examining neck and shoulder tension, all (N =24-47 823)
showed associations with voice issues using comprehensive
medical examinations,” custom questionnaires,”’ and
single items.”*'""  Findings indicated that shoulder
tension,”"'” and neck pain during speaking® all
correlated with voice problems. One study found this
relationship specifically in females.’

In summary, there is strong evidence that respiratory and
ENT-related factors (including allergies and reflux), as well
as musculoskeletal issues such as neck and shoulder ten-
sion, consistently correlate with indicators of voice health.
Family history, hearing problems, and non-ENT condi-
tions show some association, but the evidence on re-
lationships with body weight remains unclear.

Mental well-being

Job satisfaction. Among three studies examining job
satisfaction, all revealed significant relations (N =208-
1721) and demonstrated that poor job satisfaction
correlated with voice problems, measured through single-
question assessments’>'"* or SIVD.®°

Health-related quality of life. Among three studies
examining health-related quality of life, all demonstrated
that voice problems correlated significantly with
diminished quality of life (N =105-6 039). Voice problems
were assessed with VHI-10," SIVD,”” and a single item.”*
Specifically, voice problems were associated with lower
quality of life,”* poorer mental health,*” and reduced health
satisfaction.”’

Chronic stress. Among 15 studies examining chronic
stress, 12 (N = 247-47 823) found significant associations. Ten
studies demonstrated that higher stress levels correlated with
increased self-reported voice problems as measured through
VHI-12,”” VHI-10,”"*%"" custom questionnaires,'"***'"> and
single items.””'"*%*** Supporting these findings, one large-
scale study (N=47 823) with comprehensive medical
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examination further demonstrated that higher stress levels
corresponded with increased voice problems among female
participants.™

Burnout. Among three studies examining burnout
symptoms, all studies demonstrated that burnout
correlated with voice problems (N = 90-634), as measured
through SIVD°*®” and the Multidimensional Vocal Scale
for Teachers.’”

Depression. The same three (out of four) studies also
showed that depressive symptoms,®’ current depressive
episodes,”” and history of depression’” were associated
with increased voice problems.

Anxiety. Among five studies examining anxiety,
three studies (N =90-495) demonstrated that increased
anxiety correlated significantly with diminished voice
health, as measured through VHI-12,”” VHI-10,”" and the
Multidimensional Vocal Scale for Teachers.’”

In summary, the evidence consistently demonstrates
strong associations between all the mental well-being fac-
tors examined and the voice health indicators assessed in
teachers. It is worth noting that both voice problems and
mental health were mostly assessed through self-reports.

Managing illness

Medication use. Among eight studies examining
medication use, four (N =495-6324) revealed significant
relationships with voice health indicators. General
medication use was associated with voice problems
assessed with VHI-10,”" and a single item.”® More
specifically, one study showed that use of anxiolytics or
antidepressants was linked to greater voice-related
limitations,”' and another found that bronchodilators and
corticosteroids were associated with voice problems as
measured by a custom questionnaire.'”® These
relationships are closely linked to other analyses
representing the different diseases.

Medical assistance. Poorer voice health indicators
were associated with seeking or receiving professional
intervention in five studies (N =105-758) out of
the seven examined. Specifically, teachers with voice
problems more frequently sought professional help,”
while those who had sought or received professional
assistance showed  higher  VHI-10 scores.” !
Additionally, physician visits for voice problems were
associated with more acute and chronic voice problems,””
and a history of vocal cord surgery was linked to
hoarseness. ™

Sick leave. Among 13 studies examining illness-related
absences, 11 (N=105-6039) identified significant
relationships. Ten studies demonstrated that voice-related
absences correlated with more voice disorder symptoms as

measured through VHI-30,”""*"° VHI-12,”” VHI-10,”"-""-*
and single items.””>*”° One study established a relationship
between voice problem severity and absences.’”

In summary, a consistent relationship emerged indicating
that various aspects of illness management were sig-
nificantly associated with poorer voice health indicators
among teachers. Those factors may also closely relate to
the mental and physical well-being of teachers.

Lifestyle and habits

Smoking. Among 24 studies examining smoking, 7
(N=109-47 823) demonstrated that smoking correlated
with increased voice problems, as measured by a
comprehensive medical examination,” laryngoscopic
examination,”” VHI-12,”" and single items.”’’”>*"
Notably, in two studies, smoking was significantly
associated with voice symptoms only in univariate
analyses but not when controlling for other factors in
multivariate models.”””” Additionally, one study identified
effects for both active and passive smoking exposure. ™ It is
worth noting that smoking prevalence was relatively low in
some samples, with single-digit percentages.”’°

Alcohol consumption. Out of 10 studies on alcohol
consumption, significant correlations with voice health
indicators were discovered in only two studies (N = 226-
47 823). The first study found that consuming more than
one unit of alcohol correlated with chronic and acute vocal
alterations, though consumption frequency was not
significant in multivariate models.”” The second large-
sample study showed alcohol consumption was associated
with voice problems through comprehensive medical
examination.™

Caffeine intake. Among nine studies investigating
caffeine consumption, only two (N =200-496) reported
significant associations with dysphonia assessed by
laryngoscopic examination, and a custom
questionnaire.*

Dietary habits. None of the three studies investigating
dietary habits (eg, eating flavored food) demonstrated
significant associations with voice health indicators.

Water intake. Among 11 studies examining water
consumption, only two (N =226-477 823) demonstrated
significant associations with voice health indicators. One
study using a single item found that lower water
consumption (<4 glasses per day) was associated with
acute voice problems; however, this relationship did not
extend to chronic voice issues.”® In contrast, another study
revealed that frequent water consumption during teaching
activities correlated with fewer voice problems
(comprehensive medical examination) compared with
occasional drinking, though this effect was statistically
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significant only in male participants and solely in univariate
analysis, not in the multivariate model.”™*

Physical activity. From five studies assessing physical
activity, significant associations with voice health
indicators were observed in three Brazilian studies
(N =23-6324). Two studies demonstrated that lack of
physical activity was associated with voice problems, as
measured through comprehensive medical examination'"’
and SIVD."” Conversely, one study revealed that engaging
in physical activity reduced perceived limitations due to
voice problems, as assessed by a single item.”’

Sleep. Among six studies examining sleep, two
(N=1301-6324) revealed significant associations with
voice health indicators. One study demonstrated that
sleeping less than 6hours was associated with regular
hoarseness or voice loss.”” Another study showed that
sleep loss due to worrying correlated with greater perceived
voice-related limitations, both measured through single
self-report items.”!

In summary, the evidence indicates that smoking, the
most extensively studied lifestyle factor, is most con-
sistently associated with indicators of voice health. Physical
activity and sleep, which have been studied moderately,
also demonstrate notable associations. In contrast, there is
less consistent evidence for the relationships between voice
health and alcohol, caffeine, water consumption, and
dietary habits.

Vocal usage and hygiene

Microphone/camera usage. Among nine studies
investigating the wuse of microphones or cameras,
five (N =60-6039) reported significant associations with
voice health indicators. Three studies found that
microphone use was associated with teachers experiencing
more voice problems, as measured through a single item,”
VHI-10,*" and VFL"° Conversely, one study demonstrated
that teachers who taught without microphones also
exhibited higher VHI-10 scores.”” Regarding camera
usage during teleteaching, one study found no clear
trend, though teachers who mostly kept cameras on
tended to have higher VHI-10 scores.”’

Speaking pitch. In the examination of speaking
fundamental frequency across 10 studies, significant
associations with voice health indicators emerged in
five (N =23-574). Two studies demonstrated that reduced
fundamental frequency was associated with more voice
problems as measured by GRBAS*™ and VFL'"”
Conversely, two studies indicated that elevated pitch
corresponded to higher VHI-30"" and VHI-10 scores.'"”
Additionally, individuals with dysphonia demonstrated
greater pitch deviations based on comprehensive medical
examination.'"

Speaking volume. Among 14 studies examining
speaking loudness, 11 (N =23-47 823) revealed significant
relations with voice health indicators. Ten studies
demonstrated that higher speaking loudness was
associated with diminished voice health, as measured
through comprehensive medical examinations,”*'" VHI-
12,7 VHI-10,”"'" VoiSS,” and single items."*7"'0%%
Specifically, self-reported loud speaking,””'"" frequent
loud classroom speech,'’***!"* and disciplining students
loudly’’ were linked to increased voice issues. Additionally,
one study found associations between having more voice
problems and higher sound pressure-level variability.”'
Except for three studies,’”’**°" all relied on teachers’
self-assessments of loudness.

Speaking duration. Out of nine studies,
seven examining speaking duration revealed significant
relations with voice health indicators (N =26-1198). Six
studies demonstrated that longer speaking duration
correlated with diminished voice health, as measured
through  comprehensive ~ medical  examination,’’
multivariate assessment (VHI-10 and VSRS),”’ visual
analog scale,”’ VHI-10,'” and single items.”””® One
additional study found that individuals with voice
disorder symptoms (custom questionnaire) exhibited
different voice usage patterns during leisure time, though
the direction remained unclear.'’® Of all the studies, just
three objectively measured speaking duration.**%'’

Speaking breaks. Of the four studies examining speech
pauses, 3 (N=26-575) demonstrated significant
associations with voice health indicators. One study
showed that individuals with organic voice disorders had
longer speech pauses (> 1second) compared with those
without disorders,”’ while two studies found that
insufficient pause time was associated with higher VHI-
307 and VHI-12 scores.’’

Nonteaching voice use. Only one study (N = 522) out
of six that examined extracurricular voice use (eg, coaching
duties, choir, or music group outside working hours) found
it to be associated with voice problems (single item).'"”

Music/singing. Among three studies examining music
and singing, only one study (N =47 823 N) demonstrated
that teachers who never sang outside of their teaching
duties had more voice problems (comprehensive medical
examination).™

Vocal habits. Among eight studies examining vocal
habits, six (N =414-47 823) revealed significant relations
with voice health indicators. Assessment methods included
the VHI-12,'"”  VHI-30,””" comprehensive medical
examination,” and single-question assessments.”*'"* The
results showed that negative voice behaviors correlated with
diminished voice health, particularly throat
clearing,™'"*7" 194 coughing,""” inappropriate breathing
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management,(’h

cycle,77 monotone voice,”® classroom shouting,
jaw angle.”®

In summary, the evidence consistently shows that in-
creased vocal load factors, such as loud speaking, extended
speaking duration, insufficient speech pauses, and negative
vocal habits like throat clearing, are linked to poorer voice
health among teachers. However, findings regarding mi-
crophone use, fundamental frequency, and extracurricular
vocal activities are inconclusive.

speaking beyond the natural breathing
' and low

Pedagogical factors

Among four studies examining teaching methods, the only
risk factor in this category, two (N =105-3140) revealed
significant relations with voice health indicators. One study
found teachers with voice problems (single question) were
more likely to change their teaching methods compared
with colleagues without issues.”* A second study showed
teachers with voice disorders (VHI-30) used multimedia
teaching less frequently and relied more on blackboard or
combined methods.”’

DISCUSSION

This systematic review synthesized evidence on risk factors
for voice disorders in teachers, identifying 59 risk factor
categories across 88 publications. Our first research ques-
tion identified 10 risk factors with the strongest evidence
base for voice disorders among teachers, determined by
studies reporting significant associations (minimum 10
studies per factor). The SIMU Matrix provides a structured
approach to understanding these priority factors across
modifiability and scope dimensions, offering practical im-
plications for prevention and intervention strategies.

This discussion first addresses unmodifiable risk factors,
both social and individual, that cannot be easily changed.
One variable falls within the System Constants quadrant:
educational level based on age, comprising relatively fixed
structural elements of the school system. It showed sig-
nificant correlation with voice problems in 14 of 29 studies,
with elementary school teachers representing a particular
risk group. Three factors belong to the Individual
Prerequisites quadrant, encompassing given characteristics.
Gender was analyzed as a sociodemographic risk factor in
40 studies, with 21 showing significant associations.
Women reported voice problems more frequently and ex-
hibited hoarser voices, despite performing better in lar-
yngological and acoustic examinations than men. Age
emerged as a significant factor in 12 of the 41 studies, in-
dicating that either middle-aged or older teachers were
more likely to experience voice problems. Professional ex-
perience showed significant correlations with voice health
in 12 of 34 studies, with similar findings to those for age.

Turning to modifiable risk factors, several significant
associations were identified. Two risk factors can be as-
signed to the Social Scope of Action as they relate to

workplace conditions or environmental factors that can
potentially be modified. Higher workload was associated
with poorer voice health in 13 of 31 studies. Additionally,
14 of 21 studies demonstrated significant correlation be-
tween noise exposure (eg, classroom noise, external noise)
and voice problems. Four risk factors can be assigned to
the Individual Scope of Action quadrant, which can be in-
fluenced to varying degrees. ENT symptoms such as upper
respiratory tract infections, throat pain, and chronic re-
spiratory diseases correlated significantly with voice pro-
blems in 13 of 20 studies. Chronic stress level showed
significant correlations with both perceived and medically
diagnosed voice problems in 12 of 15 studies. Regarding
vocal usage and vocal hygiene, loud speaking voice use
correlates significantly with reduced vocal health or in-
creased vocal problems in 11 of 14 studies. Finally, 11 of 13
studies found significant correlation between the frequency
of absence from work and the severity or frequency of
voice problems.

Turning to our second research question, which focuses
on the extent to which recommendations from previous
reviews have been implemented—particularly with regard
to methodological improvements in the assessment and
measurement of voice disorders and their risk factors in
teacher populations—our review revealed substantial
methodological heterogeneity. This limits the ability to
draw definitive conclusions about risk factor relationships
and may explain why there are contradictory findings
throughout the literature.

The field’s reliance on a variety of assessment instru-
ments, ranging from comprehensive medical examinations
to various validated scales such as the VHI-30, VHI-12,
and VHI-10, complicates cross-study comparisons. Most
studies relied on self-reported symptoms, and there were
substantial differences in the recall period. Some studies
extended beyond the recommended maximum of 12
months to avoid recall bias.'"'”* Of greater concern is the
widespread use of single-item measurements to evaluate
voice phenomena, even though other clinical domains ad-
vocate that “scales should be validated for at least con-
struct validity, internal consistency, and interrater
reliability.”'"” This is despite the fact that well-established
definitions recognize voice disorders as complex, multi-
dimensional conditions involving physical, functional, and
psychosocial components. This mismatch between con-
ceptual understanding and measurement practice poten-
tially leads to inconsistent findings across studies where the
effects of voice training, microphone usage, and speaking
pitch all show conflicting results.

The limited use of objective assessment methods, with only
three studies in our review employing instrumental assessments
through videolaryngoscopy or indirect laryngoscopy, re-
presents a significant gap in the literature. As Cantor-Cutiva
and colleagues emphasized over 10 years ago, objective voice
assessments such as laryngoscopy and acoustic analysis pro-
vide valuable information on vocal status and physiology.
These assessments offer much-needed complementary data to



Jonas Hauck, et al

13

self-reports.' """ This is particularly important because

there are substantial differences between subjective and objec-
tive assessment methods, which lead to contradictions in the
literature. Self-reports may be affected by symptom awareness,
health-seeking behaviors, occupational pressures, or cultural
norms. In contrast, objective measurements evaluate physio-
logical parameters that may not align with functional limita-
tions or perceived challenges. This mismatch in measurements
is especially evident in gender-related findings in voice re-
search® """ as well as in other health domains.''" '*'

Beyond methodological concerns regarding assessment
approaches, the statistical analysis methods employed
across studies present equally problematic issues. Most
studies employ multiple univariate analyses without proper
correction procedures, substantially inflating Type 1 error
probability. With 40 tests at a = 0.05, the probability of at
least one false positive reaches 87% —suggesting many
“significant” findings may merely represent statistical noise.
Multivariate approaches would better account for shared
variance among risk factors while establishing more robust
causal pathways, while multiple comparisons necessitate
correction methods such as Bonferroni adjustments to
maintain appropriate statistical rigor.

Sampling considerations further affect interpretation of
findings and generalizability across different contexts. The
gender imbalance in study samples may limit our under-
standing of potential gender-specific risk factors, as female-
predominant samples can restrict statistical power for analyses
involving male participants and may obscure important occu-
pational or physiological differences between genders. The
geographic distribution of studies—concentrated in Brazil,
India, and the United States—raises questions about the gen-
eralizability of findings across different educational systems,
cultural voice norms, native language phonetic demands, and
working conditions. Cultural factors may influence both voice
disorder development and reporting patterns, as different so-
cieties may have varying expectations for vocal use, tolerance
for voice problems, and help-seeking behaviors. Additionally,
teaching circumstances such as type of teaching equipment,
duty to provide virtual and in-person teaching, school building
quality, type of employment, regular working hours, and social
standing of the teaching profession may differ between coun-
tries and regions, potentially affecting vocal health outcomes.
Age-related sampling effects may also introduce remediation
selection bias, potentially explaining the counterintuitive
finding that middle-aged teachers show higher voice disorder
prevalence than older cohorts in some studies. This pattern
may reflect early career departure among teachers with severe
voice problems, as general population data clearly demonstrate
increasing voice symptoms with age.'*” The systematic under-
representation of older teachers with voice disorders in occu-
pational samples may therefore mask the true age-related
progression of voice problems in the teaching profession. It is
worth noting that by limiting our review to English and
German publications, we may have overlooked valuable re-
search published in other languages, potentially contributing to
this geographic bias.

Despite growing literature on teacher voice health, long-
itudinal research remains scarce, showing only modest progress
since Cantor-Cutiva’s 2013 systematic review. As they noted,
“longitudinal studies are urgently required to get more insight
into the development of voice disorders, their work-related
determinants, and the consequences of these voice disorders for
functioning and work performance among teachers.”'' Our
findings confirm this gap persists, with only 30 longitudinal
studies compared with 81 cross-sectional designs in the current
literature. Moreover, the existing longitudinal research varies
widely in scope—from single-day voice loading experiments to
rare multiyear investigations—with half focused solely on in-
tervention evaluation rather than establishing causal pathways
of voice disorders. The few studies spanning 1 to 10 years’’ *
represent promising but insufficient steps toward under-
standing the long-term trajectory of teacher voice disorders.
This limited longitudinal focus not only hinders progress in
distinguishing whether identified conditions are antecedents or
consequences of voice disorders among teachers, but also
prevents investigation of protective factors and resilience me-
chanisms that allow some teachers to maintain vocal health
despite occupational demands.

Enhancing methodological transparency presents several
promising opportunities for addressing the limitations
identified in current research. The adoption of pre-
registration protocols for hypotheses, primary outcomes,
and analytical strategies may help safeguard against post
hoc alterations and selective reporting that contribute to
the current statistical noise in the literature. Publishing
study protocols prior to data collection could establish
clear methodological commitments while reducing re-
searcher degrees of freedom and improving reproducibility.
Furthermore, open data practices constitute a particularly
valuable approach for facilitating secondary analyses and
replication attempts, potentially accelerating scientific dis-
covery through collaborative investigation and enabling
more robust meta-analytic syntheses despite the current
methodological heterogeneity.

Interdisciplinary collaboration between voice medicine,
speech science, educational psychology, and occupational
health may facilitate a more comprehensive understanding
of voice disorder etiology in teachers, potentially leading to
more effective, theoretically grounded interventions for this
occupationally vulnerable population. Such collaborative
approaches could bridge the gap between self-reported
experiences and objective voice measurements, develop
culturally sensitive assessment tools, and create interven-
tion strategies that address both individual and systemic
risk factors identified through the SIMU Matrix.

LIMITATIONS
This systematic review has several limitations that merit
consideration when interpreting our findings. Despite our
comprehensive search strategy, publication bias remains a
concern, as studies with significant results tend to be pub-
lished more frequently, potentially amplifying the apparent
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strength of associations between risk factors and voice
disorders.

Our exclusion of gray literature (such as unpublished studies,
conference proceedings, technical reports, and dissertations)
may have resulted in relevant data being omitted, further
contributing to publication bias. Additionally, restricting our
search to English and German publications may have in-
troduced selection bias, particularly given the international
scope of research in this domain.

The heterogeneity in methodological approaches, out-
come measures, and reporting practices across included
studies limited our ability to conduct meta-analyses for
many outcomes. Samples may also have differed across
studies in important ways, such as age groups or other
demographic characteristics, which could influence the
generalizability of findings. This heterogeneity also com-
plicated direct comparisons between studies and potentially
obscured important nuances in the relationships between
risk factors and voice disorders.

Whereas systematic, our synthesis approach involved
subjective judgments when categorizing risk factors and
evaluating evidence consistency. Alternative categorization
frameworks might have yielded different interpretations of
the literature.

Finally, the studies included span different time periods,
populations, and contexts, potentially limiting the gen-
eralizability and applicability of our findings to specific
clinical or demographic settings.

CONCLUSION

The distribution of identified risk factors within the SIMU
Matrix provides valuable insights for developing targeted
prevention and intervention strategies for voice disorders in
teaching professionals. The framework reveals that while
some factors remain largely unmodifiable, they serve cru-
cial roles in risk identification, whereas others present
concrete opportunities for intervention.

One factor classified as System Constants (educational level,
with primary teachers at elevated risk) and three Individual
Prerequisites (gender, age, and professional experience) high-
light the importance of early identification of vulnerable po-
pulations. The paradoxical finding that women report more
voice problems despite superior laryngological examinations
underscores the need for gender-sensitive approaches that ad-
dress perceptual, social, and occupational factors. These largely
unmodifiable characteristics should guide targeted screening
programs and preventive training during teacher education,
particularly for primary school teachers.

Four factors within the Individual Scope of Action offer di-
rect opportunities for behavioral interventions: ENT symptom
management, chronic stress reduction, vocal hygiene practices,
and addressing loud speaking habits. Prevention programs
should emphasize vocal hygiene education, stress management
techniques, and early treatment of ENT conditions. The bi-
directional relationship between stress and voice problems
suggests that comprehensive approaches addressing both psy-
chological well-being and vocal health are essential.

Two factors in the Social Scope of Action (workload and
noise exposure) require systemic interventions at institutional
and policy levels. Reducing excessive teaching loads, improving
classroom acoustics, and implementing noise control measures
represent critical environmental modifications. The dose-re-
sponse relationship between workload and voice problems in-
dicates that institutional policies limiting excessive vocal
demands and providing recovery times are necessary for long-
term vocal health preservation. This can also have a positive
effect on stress perception and voice use.

The SIMU Matrix’s multidimensional approach enables
precise targeting of preventive measures across different
career stages. Initial teacher education should incorporate
comprehensive voice training, particularly for high-risk
groups, while continuing professional development should
address environmental adaptation strategies and long-term
vocal health maintenance.

Future prevention frameworks should integrate both
individual behavioral modifications and systemic environ-
mental changes, recognizing that effective voice disorder
prevention in educational settings requires coordinated ef-
forts across multiple intervention levels.

Methodological challenges significantly limit the field’s
progress. Despite definitions recognizing voice disorders as
complex, multidimensional conditions, researchers rely on
single-item measurements that cannot capture this com-
plexity. Heterogeneous assessment instruments, incon-
sistent recall periods, and limited objective voice
evaluations contribute to substantial variation in reported
findings. Statistical concerns, including inadequate correc-
tion for multiple comparisons, suggest many reported as-
sociations may represent statistical noise.

The scarcity of longitudinal research hinders under-
standing of causal relationships, while geographic con-
centration in three countries (Brazil, India, and the
United States) raises generalizability concerns. Future re-
search priorities include multimodal assessment ap-
proaches combining validated measures with objective
evaluations; longitudinal studies with appropriate recall
periods; and interdisciplinary collaboration to develop
theoretically grounded interventions addressing both in-
dividual and systemic risk factors.
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