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Abstract
Introduction: The purpose of the present study was to de-
termine the possible effect of allergic rhinitis (AR) on voice 
change in children with acoustic analysis and Turkish chil-
dren’s voice handicap index-10 (TR-CVHI-10). Methods: This 
is a case-control study. Forty-one children with AR, and a 
positive skin prick test, as well as 39 children of controls who 
had produced a negative skin prick test and lacked a history 
of allergic disease, were selected for the study. Each assess-
ment included recordings for the purposes of acoustic voice 
analysis (fundamental frequency [f0], jitter %, shimmer %, 
and harmonics-to-noise ratio (HNR)), and aerodynamic anal-
ysis (maximum phonation time (MPT) and s/z ratio). All par-
ticipants completed TR-CVHI-10. Results: The mean TR-
CVHI-10 score of the AR group was significantly higher than 
the control group (p = 0.013). No difference was observed 
between the AR and control groups in terms of jitter, shim-
mer, HNR, and MPT values and s/z ratio (p > 0.05). Converse-
ly, the f0 value was more pronounced in controls (270.9 ± 

60.3 Hz) than in the AR group (237.7 ± 54.3 Hz) (p = 0.012). 
Conclusion: The study’s results revealed that AR can have an 
effect on fundamental frequency and voice quality in chil-
dren. The diagnostic process should include AR as a poten-
tial cause of voice disorders in children.

© 2021 S. Karger AG, Basel

Introduction

Allergic rhinitis (AR) is one of the most common 
chronic inflammatory conditions affecting 10–20% of the 
pediatric population, and this percentage appears to be 
increasing of late [1, 2]. Children with AR are more sus-
ceptible to throat-related problems, such as sore and dry 
throat, coughs, laryngitis, difficult to shift mucus, and vo-
cal issues [3]. Also, chronic cough and laryngeal tension 
may cause edema, as well as an inflammation of the vocal 
folds, thereby affecting the voice quality.

A comprehensive clinical voice examination usually 
entails visual, perceptual, patient-based subjective, and 
instrumental acoustic assessment techniques such as 
laryngostroboscopy, acoustic voice analysis, and aerody-
namic measurements to meet the pediatric voice assess-
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ment guidelines [4]. Moreover, it has been noted that up 
to 20% of children aged 10 years or younger find invasive 
procedures like laryngostroboscopy intolerable [5]. Al-
ternatively, acoustic voice analysis provides for an objec-
tive and noninvasive assessment of the voice function 
through the analysis of vocal output. Subsequently, acous-
tic voice analysis is considered to be easily applicable in 
pediatric voice care because this procedure is tolerable 
even for young children [5].

Patients with voice disorders were discovered by Roy 
et al. [6] to sustain more respiratory allergies when com-
pared to patients who did not have voice disorders. A 
study by Millqvist et al. [7], where patients were assessed 
using the voice handicap index, confirmed that patients 
who had suffered from a birch pollen allergy experienced 
more voice problems every day. When evaluating the ef-
fects of birch pollen allergies on voice function in patients, 
Ohlsson et al. [8] noted that patients had more voice 
symptoms during pollen seasons when compared to the 
control group. Moreover, during the non-pollen season, 
those in the patient group enjoyed a reduction in symp-
toms, but this was not so in the control group, who did not 
undergo a similar reduction [8]. The negative impact of 
AR on voice-related quality of life was also pointed out in 
a recent study conducted by Turley et al. [9]. These studies 
demonstrate the effects of allergies on voice in adult pa-
tients. Unfortunately, very little published data exist on 
voice disorders in children with AR, and the reporting of 
the effects of AR on voice change is poor. Filiz et al. [10], 
who studied 123 children with AR, showed that the mean 
pediatric voice handicap index (pVHI) score was signifi-
cantly higher in the AR group, but their findings were not 
supported by the use of an objective method such as acous-
tic analysis. Over the course of this study, we were unable 
to locate in the literature evidence of an objective method 
such as acoustic voice analysis being used to examine the 
relationship between AR and voice disorders in children. 
The purpose of the present study was to evaluate the im-
pact of AR on voice in pediatric patients utilizing acoustic 
voice analysis, aerodynamic assessment, and Turkish chil-
dren’s voice handicap index-10 (TR-CVHI-10).

Materials and Methods

The study was conducted between January 2019 and March 
2020 at the University of Health Sciences Umraniye Education and 
Research Hospital otorhinolaryngology department. The local in-
stitutional Ethics Committee approved the study (reference num-
ber: B.10.1.TKH.4.34.H.GP.0.01), and written informed consent 
was given by the parents or legal guardians of the patients.

Patient Selection
Eighty participants aged between 7 and 12 years were recruited 

for the study. The children were assigned into 2 groups: the AR 
group and control group. All children underwent a skin prick test, 
parental consent was sought, and provided in every case. The AR 
group consisted of 41 pediatric patients with AR, who were re-
ferred from the pediatric allergy department. Patients were diag-
nosed with AR after a thorough review of their clinical history, a 
clinical examination, and produced a positive result from a skin 
prick test, according to AR and its impact on asthma (ARIA) 
guidelines [11]. The control group consisted of 39 children select-
ed from the general pediatric department, and the subjects lacked 
a history of allergic disease and produced a negative skin prick test. 
Children were excluded from the study if they had used any of the 
following: nasal, inhaled, or systemic steroids, antihistamines, or 
any anti-reflux medication for a period of at least 3 months before 
the examination. Furthermore, skin prick tests were administered 
to all subjects to rule out the possibility of a patient with a history 
of allergies still producing a negative skin prick test result. The 
study did not unearth such a case. Patients were also excluded if 
they had a history of nasal, pharyngeal, or laryngeal surgery, had 
been diagnosed with gastroesophageal reflux, hearing loss, or a re-
lated disability that might affect one’s speech or voice, or if they 
were suffering from an upper airway infection. All participants 
underwent flexible fiberoptic laryngoscopy to rule out additional 
airway diseases.

Skin Prick Test
All patients underwent a skin prick test to provide concrete 

evidence of the existence of allergens. Allergens tested for included 
pollens (grass mixture, tree mixture, and cereal weeds), mold (Al-
ternaria, Aspergillus, and Cladosporium species), as well as allergies 
to cats, dogs, chickens, cockroaches, and house dust mites (Derma-
tophagoides pteronyssinus and Dermatophagoides farinae). A his-
tamine solution (histamine phosphate 10 mg/mL) was used as a 
positive control and a saline solution was used as a negative con-
trol. Skin reactions were evaluated 15 min after the skin prick test. 
For the purposes of the exam, a wheal diameter of at least 3 mm 
was seen as a positive response.

Subjective Voice Analysis
The TR-CVHI-10 is a quality-of-life questionnaire completed 

by the children. TR-CVHI-10 is a self-assessment tool for pediatric 
dysphonia. Ricci-Maccarini et al. [12] developed CVHI-10, and 
the original tool was translated into Turkish by Ozkan et al. [13] 
The Turkish version has been validated for use on the pediatric 
population [12, 13]. The TR-CVHI-10 consists of 10 statements, 
of which children are asked to pick the one that most correlates to 
their situation using a Likert scale ranging from 0 (never) to 3 (al-
ways). All participants completed TR-CVHI-10 (Table 1).

Objective Voice Analysis
For the objective voice evaluation, all children underwent 

acoustic voice analysis and aerodynamic assessment. Recording 
voice analysis was performed in a soundproof room with a micro-
phone (Dynamic Rode® NT1; Rode, Sydney, Australia) at a stable 
mouth-to-microphone distance of 20 cm. The multidimensional 
voice was assessed using Praat speech processing software (Uni-
versity of Amsterdam, The Netherlands). The children were re-
quired to say/a/phoneme for approximately 3 s. Here, the mean 
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fundamental frequency (f0 in Hertz [Hz]) was determined, as well 
as jitter and shimmer percentages, and the harmonics-to-noise ra-
tio (HNR). In case of the aerodynamic assessment, the duration of 
the/a/phoneme after maximum inspiration was measured to gauge 
maximum phonation time (MPT). Children were given 3 attempts 
to provide MPT samples with the longest effort deemed definitive. 
The s/z ratio was arrived at by taking the measurement of the MPT 
of single consonants /s/ and /z/ in 2 separate breaths. The best /s/
and /z/ efforts were used to obtain the ratio.

Statistical Analysis
Statistical package for the social sciences (SPSS) version 20.0 

(IBM Corp., Armonk, NY, USA) was used for statistical analysis. 
Distribution of groups’ normality was checked with Kolmogorov-
Smirnov and Shapiro-Wilk tests. Student’s t test and the Mann-
Whitney U test were used to analyze parametric and nonparamet-
ric data between groups, respectively. Categorical variables were 
assessed by χ2 test. p values of ≤0.05 were regarded as significant.

Results

The study included 80 children (30 girls and 50 boys) 
with a mean age of 9.4 ± 1.8 years ranging from 7 to 12 
years. Forty-one children (51.3% girls and 48.7% boys) 

who had a positive skin prick test and symptoms of AR 
formed the AR group. The mean age of patients in the AR 
group was 9.5 ± 1.6. Thirty-nine (46.2% girls and 53.8% 
boys) children who had a negative prick test without 
symptoms of AR compromised the control group. The 
mean age of patients in the control group was 9.4 ± 1.9. 
There was no statistically significant difference between 
the AR group and the control group in terms of age or 
gender (p = 0.961 p = 0.496, respectively). Table 2 sum-
marizes the breakdown of the patients by demographics.

Subjective Analysis
The mean scores of the TR-CVHI-10 were as follows: 

3.36 ± 3.3 in the AR group and 2.33 ± 1.99 in the control 
group. According to the Mann-Whitney U test, the mean 
TR-CVHI-10 score of the AR group was significantly 
higher than those of the control group (p = 0.013) (Ta-
ble 3).

Objective Voice Analysis
The patient’s voice analysis results confirmed that 

mean HNR values were 9.14 ± 5 dB in the AR group and 

Table 1. Children Voice Handicap Index-10* (0 = never, 1 = sometimes, 2 = many times, and 3 = always)

People have difficulty hearing me because of my voice Never Sometimes Many times Always
People have difficulty understanding me in a noisy room Never Sometimes Many times Always
My voice difficulties prevent me to stay with people Never Sometimes Many times Always
I feel left out in conversations because of my voice Never Sometimes Many times Always
My voice difficulties reduce my school outcome Never Sometimes Many times Always
I feel I have to strain to produce voice Never Sometimes Many times Always
My voice is not light Never Sometimes Many times Always
My voice problem upsets me Never Sometimes Many times Always
My voice makes me feel inferior to other children or other boys Never Sometimes Many times Always
People ask me “what’s wrong with your voice?” Never Sometimes Many times Always

* Validated Turkish form of the index has been used in our study.

Table 2. Demographics of patients

AR group 
(n = 41)

Control group 
(n = 39)

LLN/ULN p values

Mean age (±SD) 9.5 (±1.6) 9.4 (±1.9) 7.98/11.28 0.961
Gender

Male 20 21 0.496Female 21 18

AR, allergic rhinitis; SD, standard deviation; LLN, lower limits of normal for age; ULN, Upper limits of normal 
for age. χ2 tests p < 0.05.
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9.97 ± 6.11 dB in the control group. No significant differ-
ence was found between the AR and control groups in the 
mean HNR values (p = 0.613). The f0 value was more pro-
nounced in the control group (270.9 ± 60.3 Hz) than in 
the AR group (237.7 ± 54.3 Hz) (p = 0.012). In the AR 
group, the mean jitter values were 0.99 ± 0.82% and the 
mean shimmer values were 2.77 ± 2.82%. In the control 
group, the mean jitter values were 0.89 ± 0.77% and the 
mean shimmer values were 2.01 ± 1.48%. There was no 
significant difference in the mean jitter and shimmer val-
ues between the AR and control groups (p = 0.975, p = 
0.422, respectively). The mean MPT values and s/z ratio 
were similar in the AR group (13.3 ± 5.2, 0.70 ± 0.20, re-
spectively) and control group (11.7 ± 4.4, 0.78 ± 0.24 re-
spectively) (p = 0. 321, p = 0.529). The results of the pa-
tients’ voice analysis are shown in Table 3.

Discussion

AR is generally related to several multimorbid disor-
ders [14]. Though there is no shortage of studies analyz-
ing the nasal symptoms arising from AR, not as much has 
been documented on how AR affects voice and speech, 
especially in children. These symptoms have not received 
due attention owing to the voice changes being minor [10, 
15].

Voice problems in AR are predominantly caused by 3 
factors. Mucus hypersecretion causing inefficient mucus 
drainage in the nasal passage leads to throat cleaning, 
coughing, and dysphonia [16]. Second, hearing problems 
arising from chronic middle ear effusion and eustachian 
dysfunction have also been linked to voice disorders in 
children with AR [17]. Finally, single unified airway mod-
el, whereby the respiratory system is viewed as a body of 
organ linkages with anatomical similarities and common 
pathophysiological mechanisms that govern hyper-reac-
tivity and inflammatory responses [18]. Here, it is well 

established that both the upper and lower respiratory 
tracts share a histologically similar epithelium that ex-
tends from the nose to the lungs. A mediator response in 
1 organ can lead to responses elsewhere in the respiratory 
tract and pathologies that stem from 1 part of the unified 
airway can simultaneously affect other parts [19, 20]. Ex-
tensive documentation has concluded that any changes in 
the organs that make up the single unified airway can fos-
ter a variety of inflammatory responses in both the upper 
and lower respiratory tract [21, 22]. Respiratory allergies 
have been linked to the onset of voice disorders.

Endoscopic examination, acoustic, aerodynamics, and 
subjective self-assessment are essential to evaluate voice 
disorders [4]. In the present study, flexible endoscopic 
nasopharyngolaryngoscopy was performed on every par-
ticipant to rule out additional pathologies, and also acous-
tic and aerodynamics voice analysis and TR-CVHI-10 
scores were used to determine the impact of AR on voice 
change in pediatric patients. The results revealed that 
mean TR-CVHI-10 scores were significantly higher in the 
children with AR, pointing to the increased possibility of 
the children developing voice disorders. This is homoge-
neous with outcomes from previous studies which found 
that children with AR scored higher than healthy children 
on the pVHI. Filiz et al. [10] only used pVHI to compare 
the voice quality of the children with AR to the voice qual-
ity of healthy children. They did not use an objective as-
sessment tool such as acoustic analysis. The authors 
claimed that endoscopic examination, acoustic, and aero-
dynamic voice analysis could not be easily applied to chil-
dren [10]. The present study utilized these evaluation in-
struments safely and practically on children with a mean 
age of 9 years.

Fundamental frequency, jitter, and shimmer values, 
HNR, MPT, and also the s/z ratio were all examined in the 
present study. Previous studies have highlighted the de-
crease in f0 values as the patient ages [23–25]. However, 
Nicollas et al. [23] revealed that jitter and shimmer did not 

Table 3. Comparison of the values of objectives and subjective parameters between the AR and control groups

Groups f0, Hz Jitter (%) Shimmer (%) HNR (dB) MPT s/z ratio TR-CVHI-10

AR group (±SD) 237.7 (±54.3) 0.99 (±0.82) 2.77 (±2.82) 9.14 (±5) 13.3 (±5.2) 0.7 (±0.2) 3.36 (±3.3)
Control group (±SD) 270.9 (±60.3) 0.89 (±0.77) 2.01 (±1.48) 9.97 (±6.11) 11.7 (±4.4) 0.78 (±0.24) 2.33 (±1.99)

p value 0.012 0.975 0.422 0.613 0.321 0.529 0.013

The value in bold represents the Mann-Whitney test p < 0.05. AR, allergic rhinitis; HNR, harmonics-to-noise ratio; MPT, maximum 
phonation time; TR-CVHI-10, Turkish children’s voice handicap index-10.
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significantly vary with age or gender. Furthermore, they 
found that f0 was significantly lower in boys than in girls. 
In the present study, the participants’ age ranged from 7 
to 12. The mean ages of the 2 groups were similar, as was 
the gender make-up of the 2 groups. Therefore, the bias 
that would have occurred as a result of the differences in 
age and gender while calculating f0 were eliminated.

In the present study, acoustic analyses revealed differ-
ences in speaking fundamental frequency between the 2 
groups. The outcomes were in line with a study by Ohls-
son et al. [8] who confirmed that most adult patients who 
had pollen allergies produced low f0 values. Furthermore, 
a study by Jackson-Menaldi et al. [16] featuring 17 allergic 
patients who suffered with concomitant laryngeal symp-
toms, confirmed that patients with air-borne allergies had 
a lower speaking fundamental frequency when compared 
to control groups. The study also revealed a commonality 
between the patients. Stroboscopic findings showed pa-
tients shared a common pathological feature that being 
vocal fold edema [16]. The results found in the literature 
suggest that allergic edema of the vocal folds resulting 
from inflammation of the airway may result in a reduc-
tion in the fundamental frequency and a reduced ability 
to modulate pitch [8, 16, 26]. To identify the presence of 
edema, a laryngostroboscope is used to examine the vocal 
folds; however, as children have difficulties tolerating this 
procedure, this examination was not performed in our 
study. Conversely, Jackson-Menaldi et al. [16] reported a 
possibility of the patients within the AR group having la-
ryngopharyngeal reflux. In our study, the children with 
laryngopharyngeal reflux were also excluded.

Voice disorders negatively influence social and aca-
demic outcomes in children. The present study also 
pointed out that AR has an adverse effect on voice qual-
ity in children, similar to conclusions forwarded by the 
literature [10]. Among pediatric patients, voice disorders 
associated with AR may be difficult to spot because other 
symptoms like itchy nose and eyes may be more promi-
nent. Therefore, it is essential not to overlook or relegate 
the importance of voice symptoms when examining chil-
dren with AR. Moreover, children suffering from AR 
should undergo an examination by a laryngologist for the 
presence of voice disorders. Furthermore, pediatric pa-
tients with dysphonia resulting from AR should receive 
appropriate medical management such as medical care 
and voice therapy.

A caveat to the conclusions arrived at by this study is 
that laryngostroboscopy could not be performed on chil-
dren because of the difficulties in tolerating this proce-
dure. Another shortcoming is related to sample sizes. Fu-

ture studies should include a larger sample size as the re-
sults here are based on a small sample size.

Conclusion

The main take away from the present study was the 
existence of a significant difference in the mean TR-
CVHI-10 and the mean f0 values, when comparing chil-
dren with AR to healthy controls pointing to a causal link 
between AR and voice disorder. Vocal edema can be a 
motivator in the difference in f0 values. Though AR re-
sults in mild voice changes, allergies should not be ruled 
out as the root cause of voice disorder during the diagnos-
tic process.
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