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Abstract

Background

Occupational environments with dust, noise, and high vocal demands can
adversely impact voice production. Iron and steel workers encounter
several environmental risk factors that may impair vocal function,
nevertheless, objective acoustic and self-reported voice outcomes in this
population have not been thoroughly investigated. This study aimed to
evaluate the acoustic and self-reported voice characteristics of iron and
steel manufacturing workers and compare these findings with those of a

normophonic control group.



Methods

This cross-sectional comparative research comprised 128 male participants:
64 steel and iron factory workers and 64 normophonic controls. Voice
evaluation consisted of FO, jitter, shimmer, noise-to-harmonics ratio,
smoothed cepstral peak prominence, Acoustic Voice Quality Index,
maximum phonation time, Voice Handicap Index-10 and Voice-Related
Quality of Life. Mann-Whitney U tests or Welch’s t-tests were used for
between-group comparisons, as appropriate.

Results

Iron and steel workers had significantly lower FO and smoothed cepstral
peak prominence values and higher jitter, shimmer, noise-to-harmonics
ratio, and Acoustic Voice Quality Index scores than controls (all p < 0.01).
The maximum phonation time was significantly shorter in workers (p <
0.001). The mean Voice Handicap Index-10 score among workers exceeded
the Turkish threshoid, and the Voice-Related Quality of Life scores were
significantly lower than those of controls (p < 0.001).

Conclusions

Iron and steel industry workers had lower acoustic and self-reported
markers of voice quality than normophonic individuals. These findings
indicate that exposure to industrial noise and airborne irritants may be
associated with subclinical changes in voice characteristics. In occupational

health, a comprehensive voice assessment can serve as a time-saving, non-



invasive screening tool to support early diagnosis and prevention of work-
related voice problems.

Keywords: Occupational voice health, iron and steel workers, acoustic
voice analysis, industrial exposure, smoothed cepstral peak prominence,
Acoustic Voice Quality Index, voice handicap

Background

Voice is a fundamental component of human communication and has an
impact on professional performance and quality of life. Occupational voice
health is an interdisciplinary field that examines the effects of workplace
factors on voice function, which is a part of general cccupational health [1].
The primary objective of occupational health is io avoid illnesses and health
consequences brought on by exposures at work, such as non-communicable
diseases caused by inhaled chemicals, particulates, and ergonomic risk
factors.

The larynx is a physiologically and functionally vulnerable target organ for
work-related adverse health effects, as it is the major organ exposed during
inhalation and is necessary for occupational voice use [2]. Therefore,
variables associated with the workplace may negatively impact the
structure and function of the vocal folds, potentially leading to occupational
voice disorders [3]. Due to their detrimental effects on psychological well-
being, social involvement, communication effectiveness, and job
productivity, these conditions represent a public health problem [4].

Contributors to vocal dysfunction include prolonged vocal use, insufficient



vocal rest, poor acoustics, ambient noise, psychological stress, dehydration,
and exposure to airborne toxins or allergens [5-7]. Occupational noise
exposure stands out among these factors because people who work in noisy
environments often raise their vocal volume and fundamental frequency to
preserve speech intelligibility, a phenomenon known as the Lombard effect
[8]. This adaptive vocal response raises vocal stress and might eventually
lead to the rise of voice problems [9].

Iron and steel factories and other heavy industrial settings pose several
occupational risks, including constant exposure to high noise levels,
airborne chemicals and dust, demanding physical work, and limited
opportunities for voice rest. Although the effects of such conditions on
diverse health aspects of iron and steel workers have been extensively
studied [10-13], to our knowledge, no research has been conducted on the
laryngeal function and veice aspects of these workers. The use of objective
acoustic measurements, and self-reported voice-related quality of life in a
comprehensive voice assessment may provide a sensitive, non-invasive
method for detecting early functional changes in voice production that
reflect stress on the larynx and related respiratory systems triggered by
occupational irritants and work environment conditions. Acoustic voice
analysis provides objective, non-invasive measures of voice quality that can
detect subtle changes in vocal function [14]. Key acoustic parameters
include fundamental frequency (F0), jitter, shimmer, noise-to-harmonics

ratio (NHR), and smoothed cepstral peak prominence (CPPS). The Acoustic



Voice Quality Index (AVQI) is a multiparametric measure that combines
several acoustic parameters to provide overall assessment of voice quality
[15]. Self-reported measures capture the patient’s perception of voice
problems and their impact on daily life [16]. Therefore, this study aimed to
evaluate the acoustic and the self-reported voice characteristics of iron and
steel manufacturing workers in Turkiye and compare these findings with
those of a normophonic group. It was hypothesized that iron and steel
workers would exhibit poorer acoustic voice quality and report higher self-
perceived impact of voice problems on daily life.

Methods

Study design and participants

This cross-sectional comparative study was conducted between February
2024 and November 2024. The study comprised 128 male participants: 64
workers employed in production activities at a single iron and steel factory
in Turkiye, and 64 normophonic controls recruited from the local
community.

Inclusion criteria for the worker group were male sex, at least 1 year of
employment in the iron and steel industry, and willingness to participate in
the study. For both groups exclusion criteria were a history of laryngeal
surgery, current upper respiratory tract infection, cognitive impairment,
speech or language disorders, self-reported or diagnosed hearing problems,
neurodegenerative, progressive neurological, laryngeal, or respiratory

system disorders, professional voice use outside work, poor general health,



and smoking. Workers were under routine audiological monitoring at the
factory, and the included participants had no reported abnormal results on
hearing screening.

Control participants met the same sex and adult age-range criteria and had
no history of voice problems, occupational voice use, or smoking. To ensure
normophonic voice characteristics, additional criteria were applied to the
control group, including normal perceptual voice quality (GRBAS (Grade,
Roughness, Breathiness, Asthenia, and Strain) scale scores of 0 across all
dimensions) [17], and no voice-related complaints, as evidenced by a Voice
Handicap Index-10 score of 0. Written informed conseiit was obtained from
all participants prior to enrollment.

Data collection procedures

Data collection included self-reported voice surveys, objective acoustic
analyses, and maximum phonation time measurements, all conducted under
standardized conditions.

Voice recording and acoustic analysis

All voice assessments were conducted by the second author, who is a
certified speech and language therapist. Voice recordings were made at the
iron and steel factory’s audiology cabin, which is regularly used for
occupational audiological exams. The recordings were performed in
accordance with the recommendations of Deliyski et al. [18, 19],
maintaining a signal-to-noise ratio (SNR) of more than 30 dB. Recordings

were made using a SAMSON Go Mic condenser microphone in cardioid



mode at a sampling rate of 44,100 Hz. The microphone was positioned
around 10 cm from the participant’s mouth, and the same distance and
settings were used throughout all recordings. Participants completed three
voice tasks: (1) sustained vowel /a/ phonation at a comfortable pitch and
loudness, from which a 3-second mid-portion segment was chosen for
analysis; (2) reading of the standardized phrase “Seruvenin resimde
gorduguniz su dag koyunde basladi.” taken from the Turkish “Pinokyo”
passage [20]; and (3) maximum phonation time (MPT), which was calculated
as the longest duration of sustained /a/ across three trials following deep
inhalation. Praat, version 5.2.26, was used to record voices and perform
acoustic analyses [21]. Mean fundamental frequency (FO0), jitter (%),
shimmer (%), noise-to-harmonics ratio (NHR), and smoothed cepstral peak
prominence (CPPS) values were extracted using a 3-second mid-portion
segment of /a/ phonation. CPPS was additionally analyzed using the
standardized reading phrase to evaluate continuous speech. Acoustic Voice
Quality Index version 2 (AVQIv2) was evaluated according to the standard
guidelines [22, 23].

Self-reported voice assessment

Participants were asked to complete the Turkish version of the Voice
Handicap Index-10 (VHI-10) [24] to assess the perceived impact of voice
problems on daily life. The Voice-Related Quality of Life (V-RQOL)
questionnaire [25] was also administered to all participants to evaluate

voice-related quality of life. The V-RQOL raw scores were converted to a



standardized 0-100 scale, with higher scores reflecting greater voice-
related quality of life.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 22
(SPSS Inc., Chicago, IL). Shapiro-Wilk tests, skewness and kurtosis values,
and visual inspection of histograms and Q-Q plots were used to assess
normality. Categorical variables are shown as percentages and frequencies,
while continuous variables are shown as mean * standard deviation,
median, and minimum-maximum values.

Comparisons between groups were tested by Mann-Whitney U tests or
Welch'’s t-tests, when appropriate. VHI-10 scores were analyzed
descriptively only in the worker group and were excluded from between-
group comparisons, as VHI-10 scores of 0 were preset inclusion criteria for
the normophonic control group. Cohen’s d was calculated as an effect size
measure. Holm-Bonferroni-adjusted p-values were calculated for the
acoustic parameters and MPT. All statistical tests were two-tailed, and
statistical significance was set at p < 0.05. P values were reported to three
decimal places, and values below 0.001 were reported as p < 0.001.
Results

Table 1 displays descriptive data for participant age, maximum phonation
time, and acoustic voice characteristics. The mean age of the control group
was 32.98 £ 11.17 years, and the mean age of the iron and steel workers

was 38.16 *+ 9.94 years.



In the iron and steel factory worker group, the mean FO was 120.58 + 18.83
Hz. Mean jitter and shimmer values were 0.71 = 1.46% and 10.48 = 5.29%,
respectively. The mean NHR was 0.13 = 0.18. The CPPS value for sustained
vowel (CPPS-SV) was 12.49 = 2.88 and 6.50 £ 0.94 for connected speech
(CPPS-CS). The mean Acoustic Voice Quality Index Version 2 (AVQIv2) was
5.84 + 1.24, and the mean MPT was 11.89 *+ 3.88 seconds.

In the control group, the mean FO was 133.56 = 21.94 Hz. Mean jitter and
shimmer values were 0.33 = 0.42% and 3.21 £ 1.79%, respectively. The
mean NHR was 0.02 = 0.02. The mean CPPS-SV was 16.95 * 2.09, and
CPPS-CS was 8.27 = 1.25. The mean AVQIv2 score was 2.92 = 0.85, and the
mean MPT was 19.07 * 3.19 seconds.

Table 2 shows between-group comparisons of acoustic voice parameters
and maximum phonation time. Iron and steel factory workers had
significantly lower FO compared to the control group, with a medium effect
size (U = 1247, p < 0.001, Holm-adjusted p < 0.001, Cohen’s d = -0.63).
The factory worker group had significantly higher jitter values than the
control group, with a small effect size (U = 2640, p = 0.005, Holm-adjusted
p = 0.005, Cohen’s d = 0.35).

Shimmer and NHR values were significantly higher in the worker group
than in the control group, with large effect sizes (shimmer: U = 3768, p <
0.001, Holm-adjusted p < 0.001, Cohen’s d = 1.84; NHR: U = 3506, p <
0.001, Holm-adjusted p < 0.001, Cohen’s d = 0.87). The worker group

revealed significantly lower CPPS values for both sustained vowel phonation



and connected speech than the control group, with large effect sizes (CPPS-
SV:t£(114.9) =-10.02, p < 0.001, Holm-adjusted p < 0.001, Cohen’s d = -
1.77; CPPS-CS: t(116.9) = -9.03, p < 0.001, Holm-adjusted p < 0.001,
Cohen’s d = -1.60).

AVQIv2 values were significantly higher in the worker group compared with
the control group, with a large effect size (U = 3978, p < 0.001, Holm-
adjusted p < 0.001, Cohen’s d = 2.76). Maximum phonation time was
significantly shorter in the worker group than in the control group, also
with a large effect size (£(121.4) =-11.43, p < 0.001, Holm-adjusted p <
0.001, Cohen’s d = -2.02).

Descriptive statistics and between-group coraparison of self-reported voice
assessment are presented in Table 3. The miean VHI-10 score of iron and
steel factory workers was 10.42 * 7.65. In the control group, VHI-10 scores
were not reported because a score of 0 was required for inclusion. V-RQOL
raw scores were converted to the standard 0-100 scale. The mean V-RQOL
score of the worker group was 82.58 + 12.70, and the mean V-RQOL score
of the control group was 100.00 + 0.00. The worker group had significantly
lower V-RQOL scores than the control group, with a large effect size (U =
352, p < 0.001, Cohen’s d = -1.94).

Discussion

This study is among the first to evaluate the voice characteristics of iron
and steel factory workers using both acoustic analysis and self-report

questionnaires. Overall, the findings revealed that workers had poorer



acoustic and self-reported voice outcomes compared to the normophonic
control group. The main acoustic findings were lower CPPS values and
higher AVQIv2 scores in the worker group. Therefore, lower voice quality in
the worker group appears to be better reflected in cepstral and composite
acoustic measurements, with perturbation measures providing supporting
results.

Lower FO values were identified in the worker group. Although the FO value
remained within the normative range [26], the group difference may reflect
subtle vocal fold vibratory characteristics. Increased vocal fold mass due to
edema or inflammatory changes has been shown to reduce vibratory
frequency, resulting in decreased fundamental irequency [27]. This
outcome in the current study may be associated with several interacting
occupational factors. There might be a potential laryngeal irritation from
airborne exposures and increased vocal demands caused by workplace
noise. However, since the workplace noise levels, airborne irritant
concentrations, and individual exposure data were not objectively assessed,
this interpretation should be considered premature.

The worker group showed higher jitter and shimmer values, indicating
elevated cycle-to-cycle variability in both the frequency and amplitude of
vocal fold vibration. Higher levels of these characteristics are usually linked
to less stable phonation and irregular glottal closure [28]. These findings
may be due to workplace variables such as increased vocal effort associated

with noise and airborne irritants, which can result in irregular vibratory



patterns that are acoustically reflected as higher jitter and shimmer values.
However, jitter and shimmer outcomes should be interpreted cautiously.
Perturbation evaluations have historical importance in the acoustic analysis
of voice, but their reliability decreases with increased aperiodicity or
unstable phonation.

Iron and steel workers had higher NHR values, although it remained within
commonly reported reference ranges [26]. Elevated NHR levels indicate
decreased harmonic energy and increased noise components in voice, which
is frequently related to inadequate glottal closure or irregular mucosal wave
activity [30]. In industrial environments, workers gencrally raise their
voices to drown out background noise (the Lombaird effect). Similar results
were documented in industrial workers exposed to low-frequency noise,
where lower HNR values were cbhserved compared with the control group
[6], indicating increased ncise components in the voice signal.

Lower CPPS values in the worker group may indicate less harmonic
structure and more aperiodicity in the acoustic signal [31]. For assessing
voice quality in this group, CPPS measurements were considered more
informative than perturbation measures due to their less reliance on cycle-
by-cycle periodicity. The control group’s CPPS levels for both tasks were
above the normative values stated in the literature (Praat: =16-17 dB for
SV, =7-8 dB for CS) [32]. By contrast, the worker group’s CPPS-SV values
were below the normative range, and their CPPS-CS values were closer to

the lower limit of the normative range. This conclusion should be



interpreted with caution, as CPPS norms may vary depending on language,
speech content, and software. In particular, there are presently no defined
normative CPPS values for the Turkish language obtained through Praat, so
the normative values compared here are based on other languages. Cepstral
parameters are increasingly used in the evaluation of voice quality and
reflect the strength of harmonic structure [33]. Studies have shown that low
cepstral values are correlated with increased dysphonia severity and low
voice quality [14, 32]. The lower CPPS values observed in the worker group
may be attributed to chronic vocal loading in a noisy work environment and
exposure to occupational irritants.

The elevated AVQIv2 scores among iron and steel workers may suggest
reduced overall voice quality. AVQIv2 is a composite measure that combines
multiple acoustic parameters and demonstrates high sensitivity and
specificity in discriminating between normophonic and dysphonic voices
[22]. The cutoff value for AVQIv2 in Turkish has been reported as 2.98 [23].
The mean AVQIv2 score among the workers (5.84+1.24) is above this
threshold, exceeding the dysphonic cutoff. In contrast, the mean value of
the control group (2.92+0.85) is below the cutoff value and remains within
the normophonic limits.

Lower MPT values among iron and steel industry workers may reflect
reduced phonatory capacity, since MPT is related to expiratory (phonatory)
volume, airflow rate, and glottal closure. The typical MPT for young and

middle-aged people is about 22.9 seconds [34]. While the control group’s



results reached normative limits, the worker group showed significantly
shorter phonatory time. Shorter MPT in this context may be associated with
higher airflow due to reduced glottal closure, potential inflammatory
alterations of the vocal folds, or increased laryngeal strain, which may
reduce phonatory efficiency and inhibit sustained vocal fold vibration. In
line with this interpretation, previous research has demonstrated that
individuals with degenerative or inflammatory laryngeal disorders had
shorter MPT than healthy controls [35]. However, the underlying
mechanism cannot be confirmed without laryngeal visualization and
aerodynamic voice assessment.

The higher VHI-10 scores among the worker group might suggest a
clinically relevant self-perceived impact on voice. Given the Turkish cutoff
value of 7 points [36], the mean score of 10.42 indicates that workers have
significant functional or physical voice-related impairments.

The mean V-RQOL scores of both groups remained above the Turkish cutoff
value of 75 [36]. The worker group had significantly lower scores than
controls, suggesting poorer voice-related quality of life. Previous
occupational voice studies have also revealed similar results, with
participants experiencing greater vocal demand and environmental factors
associated with higher self-reported voice complaints [37-39].

This study has several limitations. First, the study’s cross-sectional design
limits causal inferences about the association between occupational

exposure and voice changes. The duration of employment at the factory was



not examined as a predictor of voice characteristics. Future research with a
larger sample size may explore whether years of occupational exposure are
associated with voice outcomes. Second, all participants were recruited
from a single iron and steel factory, which may limit the generalizability of
the findings to other industrial contexts. Third, only male workers were
included, limiting the applicability of the results to female employees.
Finally, objective laryngeal examination (e.g., videolaryngostroboscopy) was
not conducted, so structural vocal fold alterations could not be properly
assessed. Workplace noise levels, individual noise dosimetry, airborne
irritant concentrations, and chemical exposure were not analyzed.
Therefore, the current study cannot assess the potential laryngeal effects of
airborne irritants or the effects of increased vocal demand or noise. This
research did not analyze comprehensive audiometric threshold data. In
future research, audiomeiric evaluation is recommended to better
understand the role of auditory feedback in occupational voice outcomes.
Vocal fatigue was not specifically evaluated in the current study. Future
studies should include validated measures, such as the Vocal Fatigue Index,
to better identify fatigue-related symptoms in industrial workers.
Conclusion

Iron and steel industry workers had significantly poorer acoustic and self-
reported voice outcomes compared to normophonic controls, with lower
CPPS, V-RQOL scores, shorter maximum phonation time, and higher jitter,

shimmer, NHR, AVQIv2, and VHI-10 scores. These findings may point to the



presence of phonatory instability, lower voice quality, and self-perceived
voice impairment. Given that the larynx is one of the first respiratory
structures directly exposed to inhaled irritants, comprehensive voice
assessment could be a useful, non-invasive screening tool in occupational
health settings. Future research should use longitudinal designs to monitor
voice changes over time, measure specific exposure levels, include female
workers, and conduct laryngoscopic examinations to clarify the mechanisms
underlying occupational voice changes in this group. Preventive strategies
such as reducing exposure, providing vocal hygiene education, and ensuring
access to voice therapy are recommended to protect thie voice health of iron
and steel workers.
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Tables
Table 1. Descriptive statistics of participant age, acoustic voice parameters,

and maximum phonation time

Group Variable Mean *+ Median Min Max
SD
Iron and steel Age 38.16 = 39 18 64
factory workers (years) 9.94
(n=64)
FO (Hz) 120.58 = 118.70 85.60 176.30
18.83
Jitter (%)  0.71 = 0.33 0.09 10.70
1.46
Shimmer 10.48 =  9.31 0.10 22.00
(%) 5.29
NHR 1 0.13 % 0.05 0.00 0.80
0.18
CPPS-SV 1249 + 12.79  4.85 17.95
2.88
D\ CPPS-CS  6.50 = 6.54 4.50 8.30
0.94
AVQIv2 5.84 = 5.90 3.45 8.63
1.24
MPT (s) 11.89 = 11.70 3.60 21.50
3.88
Control group Age 32.98 = 32 18 60
(n=64) (years) 11.17

FO (Hz) 133.56 = 130.75 85.59 196.70
21.94




Jitter (%)  0.33 % 0.27 0.08 3.50
0.42

Shimmer 3.21 * 3.03 0.08 9.15

(%) 1.79

NHR 0.02 + 0.01 0.00 0.14
0.02

CPPS-SV 16.95 = 16.75 12.35 21.57
2.09

CPPS-CS 8.27 x 8.30 5.26 10.73
1.25

AVQIv2 2.92 * 2.81 1.17 5.50
0.85

MPT (s) 19.07 = 19.20 10.00 28.70
3.19

Abbreviations: AVQIv2, Acoustic Voice Quiftﬁndex version 2; CPPS-CS,

smoothed cepstral peak prominence in connected speech; CPPS-SV,

smoothed cepstral peak prominence in sustained vowel; FO, fundamental

frequency; MPT, maximum phonation time; NHR, noise-to-harmonics ratio.

Table 2. Between-group comparison of acoustic parameters and maximum

phonation time

Variabl Worke Contro Test Test P Holm- Cohen’
e rs Is statisti value adjuste sd
Mean Mean (o dp
+ SD + SD value
FO 120.58 133.56 Mann- U = <0.00 <0.001 -0.63
+ 18.83 =+ 21.94 Whitne 1247 1

y U




Jitter 0.71 = 0.33* Mann- = 0.005 0.005 0.35
1.46 0.42 Whitne 2640

y U
Shimm 1048 =+ 3.21 + Mann- = <0.00 <0.001 1.84
er 5.29 1.79 Whitne 3768 1
y U
NHR 0.13+ 0.02+ Mann- = <0.00 <0.001 0.87
0.18 0.02 Whitne 3506 1
y U
CPPS- 12.49 =+ 16.95* Welch t(114.9 <0.00 <0.001 -1.77
SV 2.88 2.09 t-test ) = - 1
10.02
CPPS- 6.50+x 8.27x Welch t(116.9 <0.00 <0.001 -1.60
CS 0.94 1.25 t-test ) = - 1
9.03
AVQIV2 584+ 292+ Mann- U= <0.00 <0.001 2.76
1.24 0.85 Whitne 3978 1
y U
MPT 11.89 = 19.07 + Welch t(121.4 <0.00 <0.001 -2.02
3.88 3.19 t-test ) = - 1
11.43

Abbreviations: AVQIv2, Acoustic Voice Quality Index version 2; CPPS-CS,
smoothed cepstral peak prominence in connected speech; CPPS-SV,
smoothed cepstral peak prominence in sustained vowel; FO, fundamental
frequency; MPT, maximum phonation time; NHR, noise-to-harmonics ratio.
Note. Mann-Whitney U tests were used for FO, jitter, shimmer, NHR, and

AVQIv2, while Welch’s t-tests were used for CPPS-SV, CPPS-CS, and MPT. P



values were adjusted for multiple comparisons using the Holm-Bonferroni
method. Cohen’s d is reported as a measure of effect size. Negative values
indicate lower scores in the worker group compared with controls.

Table 3. Descriptive statistics and between-group comparison of self-

reported voice measures

Measur Grou Mea Media Min Max Test P Cohen
e P n =+ n statist value ’'sd
SD ic
VHI-10 Iron 10.42 - 0 28 - - -

and +
steel 7.85
factor
y
worke
rs (n
= 64)
Contr - - - - - - -
ol
group
V-RQOL Iron 82.58 83.75 47.50 100.0 U = <0.00 -1.94
convert and + 0 352 1
ed steel 12.70
score factor
y
worke
rs (n

= 64)




Contr 100.0 100.00 100.0 100.0

ol 0= 0 0
group 0.00

(n =

64)

Abbreviations: VHI-10, Voice Handicap Index-10; V-RQOL, Voice-Related
Quality of Life.

Note. VHI-10 scores were not compared between groups because a score of
0 was required for inclusion in the normophonic control group. V-RQOL raw
item scores were converted to the standard 0-100 scale, where higher
scores indicate better voice-related quality of life. Mann-Whitney U test was
used for the between-group comparison of V-RQOL converted scores.
Cohen’s d is reported as a measure of effect size; negative values indicate
lower scores in the worker group compared with controls.
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