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Abstract

Purpose The aim of this study was to explore the diagnostic value of the combination of Acoustic Voice Quality Index
(AVQI) and Glottal Function Index (GFI) as a screening tool for voice disorders, and to compare the AVQI measurements
obtained using oral and smartphone (SP) microphones.

Methods A study group consisted of 183 adult individuals including 86 subjects with normal voice and 97 patients with
pathological voice. Voice recordings were performed simultaneously with an oral AKG Perception 220 and SP iPhone 6s
microphones. To evaluate the diagnostic accuracy differentiating normal and pathological voice, the receiver-operating
characteristic statistics [area under curve (AUC), positive and negative likelihood ratios (LR+ and LR—)], and correct clas-
sification rate (CCR) were used.

Results The AVQI cut-off scores of 3.31 for oral and 3.32 for SP microphones were associated with very good test accuracy
(AUC=0.857 and AUC =0.818), resulting in balance between sensitivity and specificity (70.0% vs 86.0% and 70% vs 87.0%).
The CCR reached 78%. The combined AVQI and GFI cut-off scores of 6.65 for oral and 7.1 for SP microphones corresponded
with excellent test accuracy (AUC =0.976 and AUC =0.965) and sensitivity and specificity (93.0% vs 93.0% and 91.0% vs
94%). Very respectable levels of LR+and LR— both for oral microphone (13.3 and 0.08) and for SP microphone (15.6 and
0.10) voice recordings were achieved. CCRs of 93% and 92% confirmed the results of ROC statistics.

Conclusions Combination of AVQI and GFI measurements significantly improved diagnostic accuracy in differentiating
normal vs pathological voice.

Keywords AVQI - GFI - Automated voice screening - Voice analysis

Introduction

Diagnostics of laryngeal/voice disorders is based on a
multidimensional approach including perception of voice
changes, visualization of the larynx [video laryngostro-
boscopy (VLS)], objective measurement of voice quality,
measurement of voice aerodynamics, and subjective rating
of voice by both the patient and physician. Timely, quali-
fied, and complex otolaryngology examination involving
measurements mentioned above may increase diagnostic and
treatment effectiveness and reduce health care expenditures
in the evaluation and management of patients with diverse
laryngeal/voice disorders including laryngeal carcinoma.
Ensuring an early visit to an otolaryngologist, screen-
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tool can be defined as providing identification of individuals
who should undergo further diagnostic procedures to more
precisely define the presence and nature of the disorder [1].

An automated acoustic analysis-based voice-screening
tool could serve as one of the potential approaches to help
primary care physicians and other public health care services
identify the patients who require otolaryngological referral,
thereby improving diagnostics and management of laryn-
geal/voice disorder patients. The main goal of automated
pathological voice detection systems is to categorize any
input voice as either normal or pathological [2].

Multiparametric models for evaluation of voice quality
have been shown to be more suitable than single measures,
because use of multiple acoustic parameters in voice assess-
ment models demonstrated higher correlations to auditory-
perceptual judgment and higher reliability and validity in
voice pathology detection [3, 4]. Multiparametric acoustic
measures present an acceptable capacity to discriminate
between the presence and the absence of laryngeal alteration
and to differentiate several laryngeal diagnoses [5].

Nowadays, two multiparametric models based on sus-
tained vowels and on continuous speech have been used for
evaluation of voice quality: the Cepstral Spectral Index of
Dysphonia (CSID) introduced by Awan et al. in 2009 and the
Acoustic Voice Quality Index (AVQI) proposed by Maryn
et al in 2010 [6, 7].

The value of AVQI as a clinical marker of overall voice
quality has already been proven across multiple studies
revealing adequate diagnostic accuracy, high and consist-
ent concurrent validity and test-retest variability, high
sensitivity to voice quality changes through voice therapy,
and robust interlanguage validity and insulation from inter-
language phonetic differences [8—15]. Moreover, a recent
study showed that the AVQI values do not depend on gender
and age, thus widening the perspectives for further gener-
alization of this objective, and quantitative measurement
for dysphonia severity level and possible voice-screening
purposes [16].

The recent studies demonstrated that CSID can provide
a valid estimate of dysphonia severity and a strong level
of accuracy for the classification of voice-disordered cases
versus controls, particularly when auditory-perceptual judg-
ment is used as the reference standard. Thus use of CSID
measures represents a potentially significant advance in
voice disorder identification [1, 17].

Another and additional source of information suitable for
screening purposes could be special voice-related question-
naires, because questionnaire data may contain important
information that is significant for voice classification into
normal/pathological classes. The results of solitary stud-
ies indicated that voice-related questionnaire data can also
be used for voice-screening purposes; however, only a few
attempts in this field have been made [18, 19].
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Several patient-reported questionnaires have been pro-
posed to assess the impact of voice disorders on patient’s
quality of life, and to evaluate treatment outcomes—Voice
Handicap Index (VHI), Voice-Related Quality of Life
(V-RQOL), Voice Outcome Survey, Voice Activity and
Participation Profile, and Voice Symptom Scale [20—24].

In 2005, Bach et al. developed and validated the 4-item
Glottal Function Index (GFI) questionnaire [25]. This brief,
easily understood and self-administered, reproducible and
reliable symptom-based battery was designed to assess the
presence and degree of vocal dysfunction in adults. Cohen
et al. in 2007 presented results of the validation of the
Hebrew version of the GFI and proved the utility of this tool
to improve the evaluation of children with voice disorders
[26]. The cut-off score of > 3.0 points distinguishing patients
and healthy controls with sensitivity of 70% and specificity
of 72% was revealed. A culturally adapted and validated
Lithuanian version of GFI (GFI-LT) showed a statistically
significant high reliability and internal consistency (Cron-
bach a=0.8, r=0.50), and moderate item-total correlation
(r=0.41-0.55). The cut-off score of above 3.0 points in the
adult population demonstrated a high diagnostic sensitivity
and specificity (88% and 84%, respectively) and was also
confirmed to be a valid and reliable tool for self-assessment
of the severity of voice disorders in Lithuanian-speaking
patients [27].

The questionnaires most widely used in the assessment
of voice mainly reflect voice impact on quality of life and
the impact of the disorder in everyday and professional
activities. They are also useful in the evaluation of treatment
outcomes. Despite their high value in research and clinical
voice assessment, questionnaires have not been elaborated
specifically for screening purposes, i.e., to identify individu-
als who are at risk of having voice or laryngeal related prob-
lem, even in its early stages [28].

This voice questionnaire-based screening demand was
partially decreased by the development of a few special-
ized voice-screening questionnaires. In 2005, van Gogh
et al. designed a 5-item screening questionnaire for voice
problems after Treatment of Early Glottic Cancer [29]. This
questionnaire proved to be a reliable, valid, and feasible
method to detect voice impairment in daily life and was use-
ful for both radiation oncologists and otorhinolaryngologists
in their follow-up of patients treated for early glottic can-
cer. Later, Ghirrardi et al. developed a Screening Index for
Voice Disorder questionnaire comprising 12 voice-related
symptoms and validated it as an effective tool providing high
levels of sensitivity for screening teachers for voice disorder
[28]. On the other hand, Morawska et al. in 2018 found that
the V-RQOL may prove useful in screening procedures for
occupational voice disorders and, therefore, may be used as
a primary source of referral in clinical practice, particularly
in occupational medicine [30].
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Several later investigations revealed acceptable the
screening potential of GFI: in the task of distinguishing
between the normal and dysphonic voice classes, the GFI
data even outperformed the acoustic voice data when using
Random Forest Classifier. Furthermore, fusing audio data
with responses to GFI items consistently improved detec-
tion further [31, 32] However, the discriminatory power of
questionnaire data and questionnaire features are still seldom
used for screening of laryngeal disorders.

The possibility of the combination of AVQI and GFI data
has not been investigated before. Therefore, the aim of this
study was to explore the diagnostic value of the combination
of AVQI and GFI as a screening tool for voice disorders, and
to compare the AVQI measurements obtained using oral and
smartphone microphones.

Methods

This study was approved both by Kaunas Regional Ethics
Committee for Biomedical Research (No. P2-24/2013) and
by Lithuanian State Data Protection Inspectorate for Work-
ing with Personal Patient Data (No. 2R-648 (2.6-1).

183 adult individuals were included in the study, 94 men
and 89 women. The mean age of the study group was 43.03
(SD=15.38) years. They were all examined at the Depart-
ment of Otolaryngology of the Lithuanian University of
Health Sciences, Kaunas, Lithuania.

The normal voice subgroup (noncase group) consisted
of 86 selected healthy volunteer individuals, 43 men and 43
women; mean age 34.73 (SD=11.83) years. This subgroup
was collected following three criteria to define a vocally
healthy subject: (a) all selected subjects considered their
voice as normal and had no actual voice complaints, no his-
tory of chronic laryngeal diseases or voice disorders; (b) no
pathological alterations in the larynx of the healthy subjects
were found during video laryngostroboscopy (VLS) using
an XION Endo-STROB DX device (XION GmbH, Berlin,
Germany) 70° rigid endoscope (this subgroup of subjects
was considered as laryngoscopic-negative); and (c) all these
voice samples were evaluated as normal voices by clinical
voice specialists.

The pathological voice subgroup (case group) consisted
of 97 patients, 50 men and 47 women; mean age 50.46 years
(SD=14.36). They presented with a large variety of laryn-
geal diseases and voice disturbances, i.e., mass lesions of
the vocal folds, unilateral and bilateral vocal fold paralysis,
reflux laryngitis, sulcus glottidis, and functional dyspho-
nia. The clinical diagnosis was based on clinical examina-
tion (complaints, history) and results of VLS and/or direct
microlaryngoscopy. Laryngoscopic findings included a wide
range of signs representing vocal fold hypertrophy/atrophy,
paresis/paralysis, tremor, and benign and malignant mass

lesions of vocal folds. Thus, this subgroup of subjects was
considered as laryngoscopic positive. All the patients with
mass lesions of the vocal folds underwent endolaryngeal
microsurgical interventions. In those cases, the final diag-
nosis was proven by the results of histological examination
of the removed tissue.

The clinical diagnosis served as the criterion to sort indi-
viduals into pathological voice or normal voice groups and
was considered as the “gold” standard to evaluate the diag-
nostic accuracy of the combination of AVQI and GFI, dis-
criminating normal voice (noncase) and pathological voice
subjects (case). Demographic data of the study group and
diagnoses of the pathological voice subgroup are presented
in Table 1. All selected patients were recruited consecutively
during the time period of 2014-2017 years. Therefore, the
incidence of voice pathologies in our series is considered to
be clinically representative for the population of voice-dis-
ordered patients reflecting different age and gender groups.

Voice recordings

Voice samples from each subject were recorded in a T-series
silent room for hearing testing (T-room, CATegnerAB, Bro-
mma, Sweden) simultaneously using two different micro-
phones, a cardioid AKG Perception 220 microphone (AKG
Acoustics, Vienna, Austria) and an internal (bottom) micro-
phone of smartphone (SP) iPhone 6s. Both microphones
were placed alongside at a 10.0 cm distance from the mouth,
keeping at about 90° microphone-to-mouth angle. Each
participant was required to complete two vocal tasks which
were digitally recorded. The tasks consisted of (a) sustaining

Table 1 Demographic data of the study group

Diagnosis Total Age (years)
Mean SD

Normal voice 86 34.73 11.83
Vocal fold noduli 5 28.2 8.76
Vocal fold polyp 22 42.09 12.56
Vocal fold cyst 1 56 -
Vocal fold carcinoma 14 68.07 6.91
Vocal fold polypoid hyperplasia 11 51.55 7.62
Vocal fold keratosis 5 48.2 12.51
Vocal fold papilloma 8 47.5 12.3
Unilateral vocal fold paralysis 5 49 12.88
Bilateral vocal fold paralysis 54.43 17.11
Chronic hyperplastic laryngitis 14 52.46 8.67
Vestibular cyst 1 62 -
Sulcus glottidis 4 48.33 10.97
Grand total 183 43.03 15.38

SD standard deviation
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phonation of the vowel sound [a:] for at least 5 s duration
and (b) reading a phonetically balanced text segment in Lith-
uanian “Turéjo senelé Zila oZeli” (the grandmother had a
little grey goat). The participants completed both vocal tasks
at personally comfortable loudness and pitch level. Only one
sample of the vowel [a] and one sample of the text were used
for acoustic voice analysis.

All voice recordings were captured at a sampling fre-
quency of 44.1 kHz and exported in 16 bit depth lossless
“wav” audio file format.

Acoustic voice analysis

For AVQI calculations, the signal processing of the voice
samples was done in the Praat software (version 5.3.57;
https://www.fon.hum.uva.nl/praat/). Only voiced parts for
the continuous speech were manually extracted and concate-
nated to the medial 3 s of sustained [a] phonation. This chain
of signals was used for acoustic analysis with the AVQI
script version 02.02 developed for the program Praat (https
://lwww.vvl.be/documenten-en-paginas/praat-script-avqi-
v0202). Six acoustic measures (i.e., the smoothed cepstral
peak prominence, harmonics-to-noise ratio, shimmer local,
shimmer local dB, slope of the long-term average spectrum,
and tilt of the trendline through the average long-term aver-
age spectrum) were used in multiple regression equation of
AVQI [33].

Glottal function index questionnaire

Each participant of the study (normal and pathological voice
subgroups) filled in the GFI_LT questionnaire at the base-
line along with voice recordings. Based on the results of
our previous study, the GFI-LT scores higher than 3.0 were
considered to be the limiting value distinguishing normal
and pathological voice subgroups [27]. In this study, 84
individuals (86.6%) from the pathological voice subgroup
resulted with a GFI score higher than 3.0. The healthy voice
subgroup subjects filled in the GFI questionnaires with the
score 3.0 and lower in 91.9% (79 individuals).

Statistical analysis

All statistical analyses were completed using IBM SPSS Sta-
tistics 25.0 IBM Corp., Armonk, NY). First, to evaluate the
level of agreement between AVQI measurements obtained
from recordings done with oral and SP microphones,
Bland—Altman plots were used [34]. The Bland—Altman
plot represents a scatterplot of two variables: the average
between the two measurements on the horizontal axis and
the difference between the two measurements on the verti-
cal axis. Thus, the plot shows the amount of disagreement
between the two measures (via differences) and indicates
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how this disagreement relates to the magnitude of the meas-
urements [35].

Second, the intraclass correlation coefficient (ICC) was
employed to measure reliability of two different voice
recording options—oral microphone and SP microphone.
The ICC assesses the reliability of measurement tools by
comparing the variability of different measures of the same
subject with the total variation across all measures and all
subjects [36]. One-way random-effects ANOVA model was
used. The ICC ranges from 0.00 (i.e., total absence of reli-
ability) to 1.00 (i.e., perfect reliability; to ensure reasonable
reliability in ICC score, the value should exceed 0.90) [36].

Third, the receiver-operating characteristics (ROC) and
several estimates of ROC, namely sensitivity and specific-
ity, the “area under ROC curve” (i.e., AUC) were used to
calculate the accuracy of AVQI in discriminating between
normal and pathological voices. Thus, AUC was used to
estimate the accuracy of AVQI in discriminating between
normal and pathological voices. In general, AUC of 0.5-0.6
is not useful, 0.7-0.8 is considered good, 0.8-0.9 very good
and > 0.9 excellent. The applicability of the best cut-off
score for a clinical decision was assessed by the balance
between the “likelihood ratio for a positive result” (LR+)
and the “likelihood ratio for a negative result” (LR—). As
a general guideline, the diagnostic value of this measure
is considered to be high when LR+ > 10 and LR — <0.1
[37]. To summarize accuracy measures and feasibility of
AVQI using different microphones, correct classification rate
(CCR) was calculated.

Fourth, to evaluate diagnostic value of combination of
AVQI and GFI measurements discriminating normal and
pathological voices, the results of both tests were summated,
and ROCs’ analysis was performed.

Fifth, the feasibility of AVQI using different microphones
and combining AVQI and GFI, and the Correct Classifica-
tion Rate (CCR) were calculated.

Sixth, to test the statistical significances of the difference
between the AUCs of dependent ROC curves, the method
of DeLong et al. was used [38].

Results

Agreement between AVQI measurement results
obtained with different microphones

Bland—Altman analysis available in Fig. 1 showed no sys-
temic difference in AVQI measurements between voice
recordings made with oral and SP microphones, although
some divergences were revealed only in the pathological
voice group. Besides these outliers, remaining differences
were in the smaller range and the mean of differences was
on zero for both groups of subjects. Moreover, ICC of 0.903
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revealed almost perfect agreement and reliability between
AVQIs obtained from two voice recording tools (oral and
SP microphones).

Diagnostic accuracy

ROC analysis was applied to estimate diagnostic accuracy
of AVQI in differentiating between normal and pathologi-
cal voice. (Fig. 2). The ROC curves for oral and SP voice
recordings were inspected visually to identify optimum cut-
off scores. Both ROC curves occupied the largest part of the
graph, clearly revealing respectable power to discriminate
between normal and pathological voices.

The cut-off scores of AVQI related to discrimination
between normal and pathological voice groups were calcu-
lated with the best balance between sensitivity and speci-
ficity and resulted with 3.31 for oral microphone and 3.32
for SP microphone. The diagnostic accuracy was marked
as very good in both cases, with the AUC =0.857 for oral
microphone and AUC =0.818 for SP microphone. Statistics
related to AVQI potential to accurately differentiate between
normal and pathological voice qualities are presented in
Table 2.

The AVQI cut-off score (i.e., AVQI=3.31 pertaining
to oral microphone voice recording revealed reasonable
sensitivity of 70% and specificity of 86%. For SP voice
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Fig.2 Receiver-operating characteristics (ROC) curves illustrating
the diagnostic accuracy of AVQI obtained from oral and smart phone
microphones

recordings, the almost identical AVQI cut-off score of 3.32
was determined with also reasonable sensitivity of 70% and
specificity of 87%. However, the LR statistics did not reach
the recommended levels (LR + > 10 and LR — <0.1) both
for oral (5.02 and 0.35) microphone and (5.48 and 0.34) for
SP microphone voice recordings, respectively. Furthermore,
the identical CCR of AVQI indicated 78% diagnostic accu-
racy between normal and pathological voice groups.

To summarize, across the AUC, sensitivity, specificity,
LR+ and LR- statistics, and CCR, the data demonstrated
almost identical results of AVQI performance between two
voice recording instruments, i.e., oral and SP microphones.

Combining AVQI and GFI

The ROC analysis was applied to estimate the diagnostic
accuracy of the combination of AVQI and GFI in discrimi-
nating between normal and pathological voices. A new cut-
off score of combined AVQI and GFI reached 6.65 for oral
microphone with the best balance between sensitivity of 93%
and specificity of 93% and 7.1 for SP microphone with sen-
sitivity of 91% and specificity of 94%, respectively. (Fig. 3).

Thus, combining these two measurements together signif-
icantly improved diagnostic accuracy in discriminating nor-
mal and pathological voice. Consequently, the mean AUC
increased to excellent with AUC =0.976 for oral microphone
and AUC=0.965 for SP microphone. (Fig. 4).

Moreover, data complied with acceptable results
above the threshold criteria of LR + > 10 for both types

@ Springer
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Fig. 3 Sensitivity versus specificity chart for the classification of nor-
mal versus pathological voices. Above —combined AVQI and GFI
cut-off score of oral microphone voice recordings; below—combined
AVQI and GFI cut-off score of smartphone microphone voice record-
ings

of recording and the AVQI + GFI ability to differentiate
between normal and abnormal voice quality. In addition,
for LR, a high diagnostic value of the measure was reached
in both cases with LR — <0.1, as proposed in general guide-
lines [37]. CCR of this combined method increased to 92%
and 93%, respectively. (Table 3).

Finally, a comparison of the AUCs-dependent ROC
curves (i.e., single AVQI measurements against com-
bined AVQI + GFI measurements) according to the test of
DeLong et al., confirmed a statistically significant increase
(p<0.001) of the AUCs of combined measurements
[38]. To summarize, the combination of AVQI and GFI
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Discussion

The purpose of this study was to explore the diagnostic value
of the AVQI and the combination of AVQI and GFI as a
screening tool for voice disorders. Analysis of the results
revealed that the AVQI showed a strong ability to discrimi-
nate between normal voice vs. pathological voice individuals
as determined via clinical diagnosis of laryngeal disorder.

The AVQI cut-off scores of 3.31 for oral microphone and
3.32 for SP microphone were associated with very good test
accuracy (AUC=0.857 and AUC =0.818, respectively),
resulting in a balance between sensitivity and specificity
(70.0% vs 86.0% and 70% vs 87.0%, respectively). How-
ever, the recommended levels of positive and negative like-
lihood ratios both for oral microphone (5.02 and 0.35) and
for SP microphone (5.48 and 0.34) voice recordings were
not achieved. The CCR reached 78% for both types of voice
recordings.
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Ta!a!e 3 Statisti.cs illustrating Microphone  Parameters Cut-off score  AUC Sensitiv-  Specific- LR+ LR— CCR (%)

ability of combined AVQI ity (%) ity (%)

and GFI score to differentiate

normal and pathological voice Oral AVQI+GFI  6.65 0.976 93 93 133 008 93
Smartphone ~ AVQI+GFI  7.10 0.965 91 94 15.6 0.10 92

It is obvious that acoustic measures (particularly those
that have been validated using auditory-perceptual ratings)
are most appropriate for use when disordered versus nondis-
ordered groups are classified on the basis of auditory-percep-
tual judgments [1]. On the other hand, from clinical practice
it is well known that subjects with laryngoscopically atypi-
cal signs may also produce perceptually ‘‘normal’’ voice
and vice versa. This may be determined by the phenomenon
that the presence of a mass lesion or other structural varia-
tion of vocal folds does not necessarily lead to perceived or
acoustically measured dysphonia, especially if the location
of the lesion does not have a substantial effect on the vibra-
tory characteristics of the vocal folds [1]. For instance, some
conditions such as edema, erythema, and even small vocal
fold lesions such as vocal nodules and/or polyps located on
the upper surface of the vocal fold may have insignificant
effect on the periodicity of vocal fold vibration. On the other
hand, the clinically severely disordered voices (for example,
Parkinson disease) typically are associated with structur-
ally normal larynges. Therefore, it is possible that acoustic
measures that have been validated as estimates of perceived
dysphonia severity may not be strong classifiers of subjects
with or without laryngoscopic abnormality.

The AVQI model, based on acoustic voice parameters,
with smoothed cepstral peak prominence and shimmer as
part of the components, is primarily related to periodicity
prominence and, therefore, presumed to solely measure
vocal sound quality [8]. Therefore, AVQI has been proved
as the most effective in differentiating normal versus patho-
logical voice based on perceptual assessment. Despite this
fact, the results of our previous study and data of this inves-
tigation demonstrated that AVQI is also highly effective in
differentiating normal and pathological voice based on the
“gold standard”, i.e., voice disorder diagnosis [39].

It is evident from clinical practice that dysphonia may
manifest with varying features, having voice quality dis-
tortion as only one of the many other features along with
physical manifestations of a voice disorder, which include
throat discomfort, vocal fatigue, limited voice range, extra
effort to speak, voice cracks, etc. [40, 41]. For the patient,
the presence of these glottal-functions-related symptoms
sometimes may be even more motivating to visit an otolar-
yngologist as compared to voice disturbance. The results
of several studies showed that patients with voice problems
detected in the self-assessment by VoiSS questionnaire have
more deviated acoustic parameters; however, the relationship

between acoustic measurements and vocal self-assessment,
in general, is not linear. These findings confirm that these
different procedures (VoiSS and acoustic analysis) provide
complementary rather than redundant information [40].

In their study, D’haeseleer et al. 2017 found that objective
vocal quality of theater actors, measured by the AVQI, did
not change immediately after a theater performance. Nev-
ertheless, about 50% of the theater actors had vocal com-
plaints after performing was revealed with questionnaires.
The authors suggest that it is possible that vocal complaints
related to the presence of vocally violent behavior do not
have an impact on the objective vocal quality immediately
after the performance [42]. Consequently, use of two differ-
ent information modalities while evaluating voice quality in
theater actors may be considered as complimentary.

It is well known from clinical practice that some individu-
als may have no complaints regarding voice quality and con-
sider their voice normal; however, other clinical symptoms
related to glottal function may manifest. Most of physical
manifestations of a voice disorder can be evaluated with
GFI. In such case, the abnormal result of GFI would reflect
distorted glottal function. The combined result of AVQI and
GFI assessment would classify those subjects to the voice-
disturbed group with large probability of a correct result.

Therefore, the rationale of using a combination of AVQI
and GFI was based on presumption that these two modalities
provide related, but rather different forms of discriminatory
information valuable for distinguishing normal/pathologi-
cal or voice-disordered cases vs. non cases. Results of the
present study confirmed these considerations: by combining
information from two different modalities (AVQI and GFI),
a considerable improvement in classification accuracy nor-
mal (noncase) versus pathological voice (voice-disordered
case) was obtained in our series.

The combined AVQI and GFI cut-off scores of 6.65 for
oral microphone and 7.1 for SP microphone corresponded
with excellent test accuracy (AUC=0.976 and AUC=0.965,
respectively) and sensitivity and specificity (70.0% vs.
86.0%, respectively). Very respectable levels of positive and
negative likelihood ratios both for oral microphone (13.3 and
0.08) and for SP microphone (15.6 and 0.10) voice record-
ings were achieved, respectively. Finally, the very high CCR
of 93% and 92% confirmed the results of ROC statistics.

It is important to notice that, for the patient, the GFI
is brief, easily understood, and readily completed [25].
Therefore, this short, pragmatic, and user-friendly 4-item
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tool should be well suitable for a voice disorder screening
purpose. However, some limitations of the GFI have to be
considered. Due to the shortness of the GFI, this symp-
tom-oriented survey is feasible to cover only a rather nar-
row spectrum of voice-related symptoms and complaints.
As with other vocal impairment batteries, the GFI is not
specific for any single clinical entity and shows only util-
ity for assessment of severity of abnormalities of glottal
function.

Results of the present study are in some contradiction
with Awan et al. 2016 data. In their study, the authors
observed that addition of another reference standard (namely
the VHI score) did not add much to the discriminatory per-
formance of the CSID to define voice-disordered cases ver-
sus noncases [1]. This is not surprising, because subjects
with self-perceived vocal disability may actually produce
perceptually and acoustically ‘‘normal’’ voice and patients
with dysphonic voice may not consider voice-related disabil-
ity in their everyday life. Therefore, these two information
modalities (CSID and VHI) reflect rather different aspects
of the problem and do not necessarily supplement each other
regarding evaluation of both perceived and acoustically dis-
torted voice quality. The VHI does not objectively reflect
physical or physiological symptoms, but, instead, quantifies
the psychosocial consequences of voice disorders, which are
more influenced by contextual factors (personal and envi-
ronmental) than the voice acoustic parameters [40]. On the
other hand, the GFI is aimed specifically at identifying the
presence and degree of symptoms of glottal dysfunction in
evaluating patients presenting with dysphonia resulting from
a variety of clinical entities [25].

Another important issue of this study was proving of suit-
ability of SP microphone recordings for voice analysis and
estimation of AVQL. In general, this is in concordance with
novel data of the literature, confirming that smartphones
have proven to be comparable to standard external micro-
phones in recording and acoustic analysis of normal and dys-
phonic voice signals [32, 43—45]. Moreover, results of the
present study validate the suitability of the SP microphone
signal for the task of voice screening.

Conclusions

In summary, the combination of two different information
sources (i.e., acoustic analysis such as the AVQI and GFI as
a glottal function symptom-based questionnaire) used in this
study significantly improved diagnostic accuracy in differ-
entiating normal vs. pathological voice and could be clearly
best used as indicators of dysphonia. In clinical practice, the
combination of AVQI and GFI would represent a potentially
valuable and robust screening tool.
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