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Abstract
Objective To investigate the voice quality impairments in patients with laryngopharyngeal reflux (LPR) according to the 
gender.
Design Controlled multi-center study.
Materials and methods 80 LPR patients (40 males and 40 females) with reflux finding score (RFS) > 7 and reflux symptom 
index (RSI) > 13 were included and clinically compared according to gender. To be considered as LPR patients, subjects 
responded to an empiric therapeutic trial based on pantoprazole intake and diet recommendations for 3 months or had posi-
tive pH/Impedance metry. Voice Handicap Index (VHI); Short Form Healthy Survey 36 (SF36), blinded Grade, Roughness, 
Breathiness, Asthenia, Strain and Instability (GRBASI); aerodynamic and acoustic measurements were assessed in all patients 
and compared with 80 healthy controls (40 males and 40 females) according to gender.
Results The most common reasons for the consultation were, respectively, globus sensation in males (22.5%) and dysphonia 
(27.5%) in female who complained more of breathing difficulties and choking episodes related to LPR than males (p = 0.024). 
From a quality of life standpoint, female had increased significant impact of LPR disease on vitality and mental health than 
male. Compared to healthy subjects, both LPR male and female patients had stronger values of G, R, B, S, I, VHI, percent 
jitter, percent shimmer, and soft palate index than controls. In addition, LPR female had stronger values of lowest fundamental 
frequency and all aerodynamic measurements than controls.
Conclusion As showed in many other laryngeal conditions, voice quality of female could be more impaired by LPR than 
male. Some anatomical, histological and functional factors can be suspected and need additional future researches.
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Introduction

Laryngopharyngeal reflux (LPR) is an inflammatory con-
dition that is defined as the back flow of gastric contents 
into the laryngopharynx, where these contents come in 
contact with the tissues of the upper aerodigestive tract [1]. 
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According to some clinical studies, LPR affects 4–30% of 
outpatients visiting ear, nose, and throat (ENT) departments 
and up to 50% of patients in voice centers [2, 3]. Hoarse-
ness seems to be a common symptom found in 71–79% of 
patients [4, 5] and can typically affect patient communica-
tion and quality of life [6]. Despite increasing interest in 
LPR over the past three decades, only a few publications 
have studied the occurrence of dysphonia in LPR disease. 
Hence, there have been only 25 trials that discussed dyspho-
nia in LPR disease, and among these, only five controlled 
studies that compared healthy subjects with LPR patients 
reported mixed results and unclear conclusions [7–11].

Reflux of the gastric content into the laryngeal mucosa 
is known to be associated with the development of chronic 
laryngitis and dysphonia. Many mechanisms explaining 
dysphonia related to LPR have been proposed and include 
microtraumas and alterations of both Reinke’s space as well 
as lubrication of the free edge of the vocal folds. The mucosa 
alterations of the vocal folds related to LPR may increase 
the risk for developing benign lesions of the vocal folds, 
including nodules, polyps, contact laryngeal ulcers, granu-
lomas, or pseudosulcus [12, 13]. Many reports have found 
that these lesions are more prevalent in females than males, 
also contributing to the fact that females make more frequent 
voice center visits than males [14–16]. However, a recent 
paper supported that the easier onset of voice disorders in 
females could be a result of anatomical, histological, and 
physiological gender differences that lead to a high suscepti-
bility of developing microtraumas and some vocal fold tissue 
alterations [17].

The purpose of this study is to investigate clinical com-
plaints, laryngeal findings, and voice quality impairments 
in patients with LPR disease according to gender and with 
regard to our data as well as to explore whether females have 
more severe LPR dysphonia and quality of life impairments 
than males.

Materials and methods

Ethical considerations

This study was approved by the local ethics committee 
(ref.2015/99-B707201524621).

Subject recruitment and clinical evaluations

From September 2013 to April 2016, we prospectively 
recruited 122 outpatients with LPR-related symptoms in 
the ENT Departments of both EpiCURA Hospitals and 
Liege University Hospital. The suspicion of a LPR diagno-
sis was based on the utilization of Reflux Symptom Index 
(RSI) > 13 and Reflux Finding Score (RFS) > 7 [18–20]. 

RFS was evaluated using videolaryngostroboscopy (Stro-
beLED-CLL-S1, Olympus Corporation, Hamburg, Ger-
many) at 0, 3, and 6 months in a blind manner regarding 
patient complaints (RSI). Because hoarseness can be related 
to many other conditions [21] and because of the lack of a 
gold standard for its diagnosis, subjects with the following 
cofactors were excluded to obtain the purest population of 
LPR patients: neurological disease affecting the voice, psy-
chiatric illness, upper respiratory tract infections within the 
last month, antacid treatment already started (i.e., proton 
pump inhibitor(s) (PPI(s)), gastroprokinetic, or antihista-
mine), previous history of cervical surgery or radiotherapy, 
laryngeal trauma, vocal fold paralysis/paresis, benign vocal 
fold lesions, pharyngolaryngeal malignancy, seasonal aller-
gies, chronic obstructive pulmonary disease, PPI hypersen-
sitivity, untreated thyroid disease, prior antireflux surgery, 
or chemical exposure causing laryngitis. Moreover, active 
smokers, alcoholics and pregnant and lactating women were 
also excluded regarding the risk of laryngopharyngeal com-
plaints [22, 23]. Regarding the aerodynamic assessments, 
we also calculated the Tiffeneau Index for each patient to 
exclude asthma. Patients with inhaled corticosteroids were 
also excluded. According to the American recommenda-
tions [24, 25] and with regard to our inclusion and exclusion 
criteria, to be considered LPR patients, subjects had to be 
cured (RSI < 13 and RFS < 7) after 3 or 6-month treatments 
of twice-daily proton pump inhibitors (PPIs) as well as diet 
and behavioral changes. Only resistant patients received 
additional examinations, i.e., esophagoduodenoscopy and/or 
pH/impedance measurements, to be defined as LPR patients. 
We did not systematically use pH/impedance monitoring for 
the LPR diagnosis at baseline because it is expensive and 
inconvenient for the patient. To improve patient care, we 
used a clinically validated protocol [24, 25] for the manage-
ment of LPR patients (Fig. 1). In addition, to identify direct 
or indirect signs of laryngitis associated with dysphonia, we 
analyzed the relationship between the symptoms and signs 
in each LPR group according to gender.

80 healthy subjects matched for gender and age were 
recruited for the control groups. Each subject received an 
ENT examination and filled out RSI, which was less than 13. 
They were not assessed for RFS. Naturally, healthy subjects 
were included after the same exclusion criteria evaluation 
as that for LPR patients.

Subjective voice assessments

Because there are substantial physiological differences 
between males and females, particularly regarding the 
normative acoustic measurement values [26, 27] and per-
ceptual voice quality [28], subjective and objective voice 
quality analyses were performed separately for each gender 
using the control group. Patients and controls completed the 
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French version of the Voice Handicap Index (VHI) [29]. 
A perceptual voice evaluation [Grade, Roughness, Breathi-
ness, Asthenia, Strain and Instability (GRBASI scale)] of 
subjects was performed by two experienced laryngologists 
(> 15 years of experience) who were blinded concerning the 
subject’s state. There were good intra- and interrater reli-
abilities between the two laryngologists. Moreover, to study 
the impact of LPR on overall quality of life according to 
gender, LPR patients completed the French version of Short 
Term Health Survey 36 (SF-36) [30].

Aerodynamic and acoustic measurements

Maximum phonation time (MPT) and phonatory quotient 
(PQ) were measured using a calibrated spirometer, taking 
into account the age, sex, height, and ethnicity of the subject 
(Spiro-USB100; Medical Electronic Construction, Brussels, 
Belgium) [31].

To measure the acoustic parameters, subjects were asked 
to produce the /a/ vowel sound three times at a comfort-
able pitch and intensity, holding the utterance as long as 
possible. Both in LPR patients and healthy subjects, voice 

recordings were performed by the same practitioner dur-
ing the consultation in a sound-treated room with a high-
quality microphone (Sony PCM-D50; NY, USA) placed at 
a distance of 30 cm from the patient’s mouth. The following 
acoustic parameters were measured over the entire signal 
using MDVP® software  (KayPentax®, Montvale, NJ, USA): 
Mean fundamental frequency (MF0), Lowest F0 (Flo), High-
est F0 (Fhi), Jitter percent (Jitt), Shimmer percent (Shim), 
Noise Harmonic Ratio (NHR), Voice Turbulence Index 
(VTI), and Soft Phonation Index (SPI).

Statistical analysis

Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences for Windows (SPSS v22.0; IBM 
Corp., NY, USA). To compare various items according to 
group, the Mann–Whitney test was used. A correlation study 
between symptoms and signs in each gender group was con-
ducted using Spearman’s correlation test. The evolution of 
RSI and RFS along the treatment was assessed with Wil-
coxon test. A level of significance of 0.05 was adopted.

Fig. 1  Flow chart describing the 
algorithm for assessment and 
management of patients and the 
recruitment of healthy subjects. 
Patients with LPR symptoms 
(RSI > 13) and signs (RFS > 7) 
were recruited and assessed at 
baseline and treated by PPIs 
and diet advices during 3–6 
months. Patients with RSI ≤ 13 
and RFS ≤ 7 were considered 
as responder and LPR patients. 
Non-responder benefited from 
additional examinations (i.e., 
esogastroduodenoscopy, pH 
metry and manometry) to 
confirm the LPR diagnosis. 
Both LPR and healthy subjects 
were compared on voice quality 
assessments
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Results

From the 122 recruited patients, a total of 80 completed 
the study (40F, 40M) and 42 were excluded for the fol-
lowing reasons: aerodigestive tract infections during the 
last month before the posttreatment consultation (N = 10); 
absence from the medical appointment 3 months after 
treatment initiation (N = 27); negative results from an 
additional examination (not confirming LPR diagnosis) 
(N = 2), stopping treatment during the treatment period 
(N = 1), diagnosis of illness(es) associated with dysphonia 
during treatment (N = 1), and intake of neuroleptics dur-
ing the last month (N = 1). Fifty-nine patients were cured 
after the treatment period, and 21 were considered to be 
LPR resistant patients (10 females, 11 males) according to 
additional examinations. There were 40 females (50%) and 
40 males (50%), with median ages of 55.0 [standard devia-
tion (SD) = 16.4] and 47.58 (SD = 3.5) years, respectively.

80 healthy controls were recruited outside the hospital, 
including 40 females and 40 males. They were matched for 
gender and age. The median ages of both healthy females 
and males were 47.1 (SD = 2.8) and 50.9 (SD = 3.0) years 
old, respectively. Both healthy males (p = 0.10) and females 
(p = 0.45) were comparable to LPR males and females 
according to age (Mann–Whitney test). In addition, the 
mean ages of both LPR males and females were comparable 
(p = 0.08; Mann–Whitney test).

Clinical findings according to gender

The main reasons for an ENT consultation of LPR patients 
are described in Table 1. The most common reasons were 
globus sensation in males and dysphonia in females. Accord-
ing to the RSI scores, we found that females complained 
more of choking episodes and breathing difficulties com-
pared to males (Table  2). As expected, irrespective of 
gender, LPR patients had a higher RSI score than healthy 

Table 1  characteristic of LPR 
patients (for age and BMI: 
mean ± SD)

Secondary complaints were assessed with regard to the results of the RSI score (item by item). Patients 
who rated at least 1/5 in the concerned symptom (item) were considered as complaining of the concerned 
symptom (item)
RSI reflux symptom index

Male (N = 40) Female (N = 40) Total (N = 80) Percentage

Mean age (year) 55.0 ± 16.4 47.6 ± 3.5 51.0 ± 17.0 –
BMI (kg/m2) 27.6 ± 4.1 25.2 ± 5.3 26.4 ± 4.9 –
Main complaints
 Globus sensation 9 7 16 20
 Dysphonia 5 11 16 20
 Cough 5 6 11 13.75
 Odynophagia 5 4 9 11.25
 Heartburn 2 5 7 8.75
 Throat clearing 2 4 6 7.5
 Dysphagia 3 2 5 6.25
 Sticky expectorations/ 1 3 4 5
 Xerostomia
 Postnasal drip 0 3 3 3.75
 Otalgia 0 1 1 1.25
 Dyspepsia 1 0 1 1.25
 Breathing difficulties 1 0 1 1.25

Secondary complaints (RSI)
 Throat clearing 38 32 70 88
 Dysphonia 35 32 67 84
 Pyrosis, heartburn & chest pain 33 33 66 83
 Postnasal drip 32 30 62 78
 Troublesome cough 31 31 62 78
 Globus pharyngeus 30 29 59 74
 Coughing post-eating and lying down 23 24 47 59
 Breathing difficulties 17 26 43 54
 Dysphagia 18 23 41 51
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subjects for all of the items of the questionnaire (p = 0.01). 
According to Wilcoxon test, both initial RSI and RFS scores 
significantly improved after 3 months of treatment in female 
(RSI = 9.1 ± 5.3; RFS = 4.5 ± 2.7; p < 0.01) and in male 
groups (RSI = 8.8 ± 7.0; RFS = 5.3 ± 3.6; p < 0.01). There 
was no significant difference between groups.

Concerning RFS, males had higher scores for laryngeal 
hyperemia and erythema than females (p = 0.02). The cor-
relation analyses between signs and symptoms according to 
gender are available in Table 3.

Quality of life according to gender

The scorings for each item of SF-36 according to gender are 
provided in Table 4. Females had overall lower scores com-
pared with males, but only vitality and the scores describing 
the impact of the disease on mental health were significantly 
more severe in the female group.

Subjective voice quality

The scores of the VHI components were significantly lower 
in healthy subjects compared with LPR patients in both gen-
ders (Table 5). From the blinded perceptual evaluations of 
our experienced laryngologists, significantly lower scores 
of dysphonia, roughness, breathiness, strain, and instability 

were found in controls compared with LPR patients in both 
gender groups.

Aerodynamic and acoustic measures

The aerodynamic measurements (i.e., MPT, PQ and VC) 
were significantly better in healthy females in comparison 
with LPR females.

We did not find a significant difference between healthy 
and LPR males (Table 6).

Concerning the acoustic parameters, MF0 and Fhi did 
not differ between healthy and LPR subjects in either gender 
group.

However, LPR females had more impaired values of Flo 
than the controls (Table 7).

With regard to the frequency and intensity short-term 
perturbation parameters, both healthy males and females 
had significantly better scores of the percent jitter, percent 
shimmer, NHR, and SPI, than LPR patients (Table 8).

Discussion

Laryngopharyngeal reflux is a causative factor of chronic 
laryngitis and dysphonia. To date, only five controlled 
studies have been conducted to compare voice quality 
between LPR patients and controls; these studies reported 

Table 2  Reflux Symptom 
Index and Reflux Finding Score 
comparison according to gender 
(mean ± SD)

Statistical analyses were performed using Mann–Whitney test regarding the non-gaussian distribution of 
the data

Scales Male Female
Pretreatment Pretreatment Z p value

Reflux Symptom Index 24.8 ± 3.2 30.5 ± 5.0 − 0.4 0.69
 Voice problem 2.7 ± 0.8 3.0 ± 1.2 − 0.2 0.81
 Throat clearing 3.2 ± 0.7 3.8 ± 1.3 − 0.2 0.88
 Postnasal drip 3.2 ± 0.5 3.3 ± 0.8 − 0.1 0.94
 Dysphagia 1.5 ± 0.7 3.3 ± 0.8 − 0.3 0.59
 Coughing post-eating and lying down 2.5 ± 0.8 3.8 ± 1.3 − 0.5 0.63
 Choking and breathing difficulties 1.2 ± 0.7 3.8 ± 0.8 − 2.3 0.02
 Troublesome cough 3.0 ± 0.7 3.5 ± 1.2 − 0.7 0.48
 Globus pharyngeus 3.8 ± 0.5 3.8 ± 1.0 − 0.9 0.38
 Pyrosis, heartburn and chest pain 3.8 ± 0.6 3.8 ± 1.0 − 0.9 0.36

Reflux finding score 12.2 ± 0.9 11.5 ± 1.5 − 0.0 0.99
 Subglottic edema 0.1 ± 0.4 0.1 ± 0.3 − 0.6 0.52
 Ventricular obliteration 1.3 ± 0.4 1.5 ± 0.5 − 0.4 0.69
 Arytenoid/diffuse redness 3.7 ± 0.3 3.0 ± 0.6 − 2.3 0.02
 Vocal folds edema 1.5 ± 0.2 1.3 ± 0.8 − 0.5 0.62
 Diffuse laryngeal edema 0.8 ± 0.3 2.8 ± 0.3 − 1.7 0.09
 Posterior commissure hypertrophy 2.3 ± 0.2 1.8 ± 0.3 − 0.8 0.43
 Granuloma/granulation 0.7 ± 0.4 0.5 ± 0.5 − 0.4 0.97
 Endolaryngeal mucous 1.7 ± 0.3 1.0 ± 0.6 − 0.2 0.82
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unclear conclusions (Table 9). All studies had an evi-
dence-based level of IIb and were monocentric controlled 
studies. In summarize, these studies showed that patients 
with LPR-related symptoms and signs had significant 

impaired subjective and/or objective voice quality than 
controls but they did not reach to precisely characterize 
the most impaired measurements related to LPR [7–9]. 
Among these studies, Akiyldis et al. interested to the voice 
quality impairments in LPR patients according to gender. 
As found in the second part of the present research, they 
highlighted that both clinically suspected LPR males and 
females had stronger values of noise-related measurements 
and percent shimmer than those of healthy subjects. More-
over, these authors observed that only healthy females had 
better NHR and percent jitter values than LPR females, 
supporting the fact that females could have more severe 
acoustic impairments and, potentially, voice impairments 
than males [10]. While this is the only study to consider 
patient gender in the voice quality assessment, they did 
not assess the other components of voice quality, i.e., 
subjective self-assessment as well as perceptual and aero-
dynamic measurements, according to gender. Indeed, it 
is, therefore, recommended to assess both subjective (i.e., 
self-assessment and perceptual evaluations) and objective 
(at least acoustic and aerodynamic measurements) voice 
quality to obtain the best possible evaluation of a patient’s 
voice. Furthermore, only one study described aerodynamic 

Table 3  Correlation study 
between signs and symptoms 
according to gender (correlation 
values)

SE subglottic edema; VO ventricular obliteration; AD Arytenoid redness; VFE vocal fold edema; DLE dif-
fuse laryngeal edema; PCH posterior commissure hypertrophy; G granuloma; EM endolaryngeal mucus; 
VD voice disorder/dysphonia; TC throat clearing; PD postnasal drip; DD dysphagia; CL coughing post-eat-
ing and lying down; BD breathing difficulties; TT troublesome cough; GP globus pharyngeus; PH pyrosis, 
heartburn, and chest pain
* p value > 0.05 (Spearman test)

RSI Reflux Finding Score

SE VO AD VFE DLE PCH G EM

Male
 VD 0.230 0.199 0.010 0.166 0.115 0.313 0.024 0.202
 TC 0.103 0.078 0.156 0.167 0.065 0.122 0.147 0.143
 PD 0.014 0.078 0.003 0.268 0.206 0.131 0.146 0.025
 DD 0.081 0.047 0.032 0.178 0.088 0.074 0.063 0.020
 CL 0.020 0.081 0.007 0.034 0.058 0.253 0.121 0.188
 BD 0.200 0.030 0.207 0.218 0.280 0.060 0.069 0.062
 TT 0.051 0.254 0.241 0.134 0.091 0.039 0.093 0.088
 GP 0.152 0.097 0.001 0.035 0.091 0.092 0.028 0.117
 PH 0.060 0.131 0.034 0.202 0.066 0.026 0.242 0.370*

Female
 VD 0.085 0.318* 0.040 0.276 0.108 0.261 0.059 0.111
 TC 0.143 0.140 0.042 0.185 0.144 0.192 0.268 0.355*
 PD 0.213 0.057 0.205 0.009 0.154 0.038 0.056 0.051
 DD 0.168 0.109 0.109 0.059 0.037 0.118 0.245 0.160
 CL 0.231 0.020 0.147 0.046 0.162 0.182 0.046 0.340*
 BD 0.186 0.096 0.119 0.051 0.064 0.040 0.047 0.033
 TT 0.227 0.039 0.038 0.094 0.164 0.286 0.044 0.271
 GP 0.209 0.036 0.332* 0.081 0.332* 0.020 0.075 0.113
 PH 0.234 0.091 0.134 0.053 0.388* 0.090 0.060 0.155

Table 4  Quality of life (SF-36) of LPR patients according to gender 
(mean ± SD)

Statistical analyses were performed using Mann–Whitney test regard-
ing the non-gaussian distribution of the data

Scores Male Female
Pretreatment Pretreatment Z p value

Physical functioning 85.0 ± 18.2 77.7 ± 19.7 − 1.7 0.09
Role-physical 66.2 ± 38.9 59.6 ± 36.4 − 0.8 0.44
Bodily pain 74.3 ± 26.7 64.1 ± 31.8 − 1.4 0.17
General health 61.9 ± 15.6 55.6 ± 19.3 − 1.5 0.12
Vitality 59.2 ± 18.4 46.2 ± 20.4 − 2.4 0.02
Social functioning 77.6 ± 26.8 71.9 ± 26.6 − 1.0 0.33
Role-emotional 70.5 ± 40.1 70.5 ± 40.0 − 0.1 0.89
Mental health 66.8 ± 21.8 54.9 ± 18.8 − 2.5 0.01
Physical score 71.9 ± 20.4 64.2 ± 20.1 − 1.6 0.12
Mental score 66.8 ± 21.8 60.9 ± 22.1 − 1.5 0.14
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measurements. Kumar et al. measured better values of 
MPT and vital capacity in healthy subjects compared to 
LPR patients, but finally, both groups were comparable 
regarding phonatory quotient [11].

Overall, these five previous trials found a better voice 
quality in healthy subjects than clinically suspected LPR 
patients but were not able to specify which measurements 
identify the specific difference. The differences between 

Table 5  Subjective voice 
assessments according to gender 
(mean ± SD)

Statistical analyses were performed using Mann–Whitney test regarding the data distribution (non-gauss-
ian)
LPR laryngopharyngeal reflux

Scores Male Female

LPR Healthy Z p value LPR Healthy Z p value

Perceptual evaluations
 Grade 1.6 ± 0.6 0.8 ± 0.9 −3.6 < 0.01 1.3 ± 0.5 0.8 ± 0.9 −2.9 < 0.01
 Roughness 1.4 ± 0.7 0.6 ± 0.6 −4.7 < 0.01 1.1 ± 0.7 0.3 ± 0.6 −5.3 < 0.01
 Breathing 0.9 ± 0.8 0.1 ± 0.3 −4.7 < 0.01 0.9 ± 0.6 0.3 ± 0.5 −4.8 < 0.01
 Asthenia 0.5 ± 0.7 0.2 ± 0.5 −1.8 0.07 0.7 ± 0.8 0.5 ± 0.8 −1.3 0.18
 Strain 1.4 ± 0.8 0.6 ± 0.9 − 3.6 < 0.01 1.2 ± 0.8 0.6 ± 0.8 − 3.2 < 0.01
 Instability 1.4 ± 0.7 0.8 ± 0.7 − 3.3 < 0.01 1.6 ± 0.7 0.8 ± 0.9 − 4.2 < 0.01
 VHI 21.0 ± 17.6 3.0 ± 6.4 − 5.9 < 0.01 16.9 ± 11.8 2.7 ± 5.9 − 6.1 < 0.01
 VHIf 5.3 ± 6.1 1.3 ± 2.4 − 3.8 < 0.01 4.1 ± 3.9 1.0 ± 2.2 − 4.5 < 0.01
 VHIe 5.1 ± 5.9 0.8 ± 2.7 − 5.0 < 0.01 3.0 ± 3.6 0.6 ± 2.0 − 4.7 < 0.01
 VHIp 10.6 ± 7.6 0.9 ± 1.7 − 6.6 < 0.01 9.8 ± 6.7 1.4 ± 2.7 − 6.2 < 0.01

Table 6  Comparison of aerodynamic mean values between healthy and LPR subjects (mean ± SD)

Statistical analyses were performed using Mann–Whitney test regarding the data distribution (non-gaussian)
LPR laryngopharyngeal reflux; MPT maximum phonation time; PQ phonatory quotient; VC vital capacity

Aerodynamic Male Female

LPR Healthy Z p value LPR Healthy Z p value

MPT 16.9 ± 7.9 19.4 ± 8.5 −1.2 0.22 13.0 ± 6.1 13.9 ± 3.8 −2.0 0.04
VC 4326.2 ± 913.1 4257.1 ± 1687.9 −1.1 0.27 3025.1 ± 546.2 2608.7 ± 202.1 −2.6 0.01
PQ 276.0 ± 106.8 287.1 ± 219.1 −1.0 0.31 270.0 ± 107.1 202.1 ± 80.2 −3.1 < 0.01

Table 7  Comparison of acoustic 
parameters mean values 
between healthy and LPR 
females (mean ± SD)

Statistical analyses were performed using Mann–Whitney test regarding the data distribution (non-gauss-
ian)
F female; Hz hertz; LPR laryngopharyngeal reflux

Acoustic parameters Units LPR (F) Healthy (F) Z p value

Fundamental frequency
 MF0 Hz 189.3 ± 37.2 197.0 ± 33.0 − 1.3 0.20
 Fhi Hz 218.0 ± 44.7 210.1 ± 33.9 − 0.4 0.69
 Flo Hz 167.8 ± 38.3 185.0 ± 33.0 − 2.3 0.02

F0 short-term perturbation cues
 Jitt % 2.8 ± 1.5 1.9 ± 1.8 − 3.4 < 0.01

Intensity short-term perturbation cues
 Shim % 6.6 ± 3.1 5.1 ± 3.8 − 2.7 0.01

Noise-related measurements
 NHR 0.3 ± 0.6 0.2 ± 0.1 − 2.2 0.02
 VTI 0.1 ± 0.1 0.1 ± 0.0 − 0.2 0.85
 SPI 16.8 ± 8.2 12.8 ± 6.8 − 2.3 0.02
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studies, particularly in the acoustic field, are most likely 
related to the myriad of methods used to make the LPR diag-
nosis and perform voice quality evaluations. The heteroge-
neity of both the diagnosis and methods used to measure 
the acoustic parameters are highlighted in Table 8. Among 
the four controlled studies that aimed to compare the objec-
tive voice quality (precisely acoustic cues) between LPR 
patients and controls, the authors used four different methods 
to perform acoustic measurements; this may lead to differ-
ences in results and unclear conclusions. From an acoustic 
point of view, this is particularly important since we recently 
demonstrated that depending on the selection of the time 
interval over which the acoustic parameters are measured, 
the potential effect of a treatment may or may not be statisti-
cally demonstrated [32]. In our study, we chose to measure 
the acoustic parameters over the entire signal of three sus-
tained vowels produced by the subject. Thus, we did not 
want to use the 1, 2, or 3 most stable seconds of the signal 
because we believe that these selected parts of the signal do 
not represent the patient voice during the phonation task in 
comparison with the entire signal because it may substan-
tially vary from one second to another.

The first strength of this study is that we performed a 
multi-parametric voice quality assessment that included 
subjective self-assessments, perceptual evaluations, and 
objective measurements on patients with a high probability 
of LPR disease. With regard to our evaluations, we found 
that both LPR males and females had impaired voice qual-
ity compared to healthy subjects. As proposed in a recent 
multifactorial model of LPR etiology and pathophysiology, 
reflux of the gastric content (i.e., acid, pepsin and pancre-
atic enzymes) into the laryngopharyngeal mucosa leads to 
the development of several macroscopic and microscopic 
histopathological changes in the mucosa of the vibratory 

margin of the vocal folds, such as epithelial cell dehiscence, 
microtraumas, inflammatory infiltrates, Reinke’s space dry-
ness, mucosal drying, and epithelial thickening [33]. These 
changes may lead to modifications of the biomechanical 
properties of the vocal fold tissue which is characterized by 
aerodynamic impairments, and, as found in acoustic meas-
urements, alterations of the periodicity of the vibration cycle 
and glottic closure. The lack of change in F0 and MF0 is 
probably due to some compensatory mechanisms (such as 
muscular forcing) that broadly preserve the mean F0 as well 
as increasing the instability of the vibratory process. Indeed, 
both F0 and mean F0 are measured on an entire signal with-
out regard to these variations from second to second, which 
are measured with percent jitter and shimmer. Thus, both 
impaired percent shimmer and jitter and normal F0 and MF0 
are consistent with initial modifications of the biomechanical 
properties of the vocal fold tissue.

Compared to the previously conducted case-control tri-
als, our study is the only study to compare LPR patients 
according to gender. We demonstrated that females had 
more primary complaints about dysphonia than males. 
Moreover, females had lower scores of quality of life and, 
overall, greater voice quality disorders exhibited by more 
severe values of aerodynamic measurements and compara-
ble impairments of acoustic parameters to those in males. 
However, this gender difference was suspected (with more 
severe acoustic measurements in female than male groups) 
by Akyildis et al., but was not demonstrated with a multi-
parametric voice quality assessment [10]. These differences 
in gender-related susceptibility to LPR could be explained 
by anatomical, histological and functional differences. First, 
it is probable that the shorter and thinner female vocal folds 
are more easily fully impaired by gastric content leading to 
faster assessable alterations of the smaller vibrating surface 

Table 8  Comparison of acoustic 
parameters mean values 
between healthy and LPR males 
(mean ± SD)

Statistical analyses were performed using Mann–Whitney test regarding the data distribution (non-gauss-
ian)
Hz hertz; LPR laryngopharyngeal reflux; M male

Acoustic parameters Units LPR (M) Healthy (M) Z p value

Fundamental frequency
 MF0 Hz 122.0 ± 25.0 127.7 ± 30.1 − 0.3 0.77
 Fhi Hz 144.4 ± 42.1 136.8 ± 33.2 − 1.2 0.25
 Flo Hz 110.4 ± 19.7 121.8 ± 28.8 − 1.3 0.19

F0 short-term perturbation cues
 Jitt % 2.4 ± 1.4 1.2 ± 1.2 − 4.7 < 0.01

Intensity short-term perturbation cues
 Shim % 7.6 ± 2.8 4.6 ± 1.9 − 4.8 < 0.01

Noise-related measurements
 NHR 0.2 ± 0.1 0.2 ± 0.2 − 3.2 < 0.01
 VTI 0.1 ± 0.0 0.0 ± 0.0 − 1.2 0.23
 SPI 18.8 ± 7.1 14.3 ± 6.7 − 3.2 < 0.01
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Table 9  Case-control studies

C controls; F female; F0 fundamental frequency; Gr group; LPR laryngopharyngeal reflux patients; M male; NHR noise to harmonic ratio; NNE 
normalized noise energy; NP information(s) not provided; RSI reflux symptom index; VHI voice handicap index

References Patient characteristics (N, 
gender, age, groups)

Inclusion criteria Outcomes Results Method

Ross [7] N = 69 LPR, 20 C Presence of Musculoskeletal tension Gr I, II, III > C Conversation—1 exp. MD
Gender = 25M, 24F  (i) Signs Hard glottal attack Gr I, II, III > C
Age = NP  (ii) Symptoms of LPR Glottal fry Gr I, II, III > C
Gr I : patients with posi-

tive result in pH metry
Some groups underwent a 

pH metry
Restricted tone placement Gr I, II, III > C /a/—2.5 s duration*

Gr II: patients with nega-
tive result in pH metry

Hoarseness Gr I, II, III > C Sample number analyzed: 
NP

Gr III: patients without 
pH metry

F0 male; female; jitter Gr I, II, III = C Microphone use: NP

Gr IV: control group Shimmer (%) Gr I, II, III > C Sample portion choice: NP
Pribuisiene [8] N = 108 LPR, 90 C Presence of Videolaryngostroboscopy Gr I > C Conversation—2 exp. MD

Gender = NP  (i) Signs Grade (dysphonia); VHI Gr I > C /a/—2 s duration**
Age = NP  (ii) Symptoms of LPR Jitter (%), shimmer (%), 

NNE
Gr I > C Sample number analyzed: 3

Gr I : LPR patients  (iii) i and ii for at least 3 
months

F0 Gr I = C Microphone use: 10 cm

Gr II : control group  (iv) Oesophagitis Maximal times phonation Gr I > C S. portion choice : 2 s (cut 
initial 0,25 s)

Oguz [9] N = 48 LPR, 64 C Presence of Jitter (local, absolute, rap, 
ppq)

Gr I = II > C /a/—stable 3 s duration***

Gender = NP  (i) Signs Shimmer (local, dB, 
apq3, 5, 11)

Gr I = II = C

Age = 59.56 (Gr I), 50.88 
(Gr II)

 (ii) Symptoms of LPR NHR Gr I = II = C Sample number analyzed: 1

Gr I : objective LPR 
patients

F0 female Gr I = II = C Microphone use: 8 
cm—45°

Gr II : LPR symptomatic F0 male Gr I = II = C Sample portion choice : 
stable 3s#

Gr III : control group Quiet room
Kumar [11] N = 30 LPR, 30 C Presence of Vital capacity Gr II > Gr I Trained speech pathologist

Gender = 15F, 15M (Gr 
I), 15M, 15F (Gr II)

 24 h pH metry: pH 3–5 Mean airflow rate Gr I = Gr II /a/—as long as possible 
duration

Age = 20–40 Maximum phonation 
duration

Gr II > Gr I Sample number recorded 
: 3

Gr I : LPR patients (30) Phonation quotient Gr I = Gr II Sample number analyzed 
: 1

Gr II : control group (C, 
30)

Aerophone II

Akyildiz [10] N = 230 LPR, 48 C Presence of Voice Turbulence Index, 
Shimmer (%)

Gr I > C (F) /a/—5 s duration*

Gender = 128F, 102M (Gr 
I), 23M, 25F (Gr II)

 (i) Signs Gr I > C (M) Sample number analyzed 
: 1

Age = 45 (Gr I), 31 (Gr II)  (ii) Symptoms of LPR 
(RSI > 13)

Jitter (%) Gr I > C (F) Microphone use: 15 cm 
− 45°

Group I : LPR patients Gr I = C (M) Sample portion choice : 
3 s from

Group II : control group NHR Gr I > C (F) the midportion
Gr I = C (M) Quiet room



1522 European Archives of Oto-Rhino-Laryngology (2018) 275:1513–1524

1 3

of the female vocal folds [17]. Another hypothesis concerns 
the Reinke space gender differences. Thus, it has been sus-
pected that the female vocal folds could be characterized 
by a smaller amount of hyaluronic acid in the superficial 
layer of the lamina propria [34] that could weaken the vocal 
fold tissue against gastric content aggression. With regard 
to some recent hypotheses supporting that the development 
of LPR voice disorder could be partly related to a Reinke’s 
space dryness [33, 35], we suspect the involvement of this 
possible gender anatomical difference in the higher female 
susceptibility to LPR. The potential dryness of the Reinke 
space could also modify the biomechanical properties of 
the vocal folds and could degrade the compliance and the 
vibration quality of the cordal cover. Following this hypoth-
esis, the limited quantity of hyaluronic acid with additional 
dryness might induce a reduction of the efficiency of the 
healing system, promoting vibratory trauma of phonation 
and epithelial alterations [16, 36]. It is also possible that 
voicing behavior of women (forcing) can also increase the 
risk of vocal folds microtraumas. Second, the gender dif-
ferences in the vibratory alterations related to LPR could 
be explained by naturally different laryngeal biomechanics 
and vibratory patterns between genders. Based upon this 
hypothesis, the membranous and cartilaginous glottal gap, 
maximal glottal space, and opening pattern of the vocal folds 
vary from males to females [37]. Thus, studies using high-
speed cameras also showed that females frequently had a 
posterior glottal gap, triangular glottal space and posterior-
to-anterior opening pattern of the vocal folds [37]. Dejonck-
ere et Kob reported that females have a more important glot-
tal space leading to a higher subglottic pressure threshold 
which is needed to initiate the vibration of the vocal folds. 
Any disease modifying the glottal gap space can lead to the 
development of a voice disorder and a difference in aerody-
namic measurements, such as the phonatory quotient and 
estimated subglottal pressure, especially in female subjects 
who had a less adduction [38]. These gender differences can 
be related to the combination of muscular specific behavior 
promoting a posterior glottal low adduction and a strong 
anterior glottal adduction in women [38]. Yet, a sustained 
oral vowel sound requires a glottal space that is not too small 
and not too broad. Irritation related to LPR could easily dis-
rupt this glottal gap’s proper balance, especially in females, 
leading to voice disorders that are manifested by voice 
perceptual instability and aerodynamic alterations. Hence, 
we suspect that our aerodynamic results in females can be 
partly explained by these functional differences. Interest-
ingly, glottal space alterations have already been observed 
in LPR without particular attention to gender differences 
[7]. Moreover, Patel et al. reported the existence of a rela-
tionship between the development of a glottal insufficiency 
and chronic symptoms, such as ‘throat clearing’, ‘breathing 
difficulties’, ‘choking episodes’, and ‘throat mucus secretion’ 

[39]. However, in our correlation study, we found significant 
correlations in the female group between some signs and 
symptoms, especially between a globus sensation and both 
diffuse laryngeal edema and erythema. In addition, females 
with sticky laryngeal mucus had higher throat clearing and 
coughing after lying down scores. These correlations are 
explained by the pathophysiology of LPR; irritation by 
the gastric content in the laryngopharyngeal space induces 
chronic edema, inflammation of the mucosa, and increased 
secretion of sticky/dehydrated mucus, which is associated 
with a globus sensation and throat clearing. Interestingly, 
we did not observe a correlation between edema of the vocal 
folds and objective voice measurements that supports recent 
research that claimed that dysphonia related to LPR is not 
simply the result of edema of the vocal folds [3, 33, 35, 40].

The second strength of this study concerns the very strict 
inclusion and exclusion criteria in the context of the lack 
of pH impedance metry even if some factors still remains 
very difficult to control (daily fluid intake and even mouth 
breathing or snoring). Indeed, pH/impedance monitoring, 
which is still considered to be the gold standard by many 
authors, has been shown to have a variably reported sensi-
tivity of 17.5–78.8% for the diagnosis of LPR, respectively, 
and the reports were found to be controversial [8, 41–43]. 
In summary, to date, there is no gold standard for LPR diag-
nosis since pH/impedance measurements fail to impose a 
reliable diagnosis method for many reasons (i.e., high false-
positive and false-negative rates, interpretation difficulties, 
and inconsistency between pH findings and signs and symp-
toms) [44, 45]. In this context, we focused on the selection 
of patients with important and binding exclusion criteria. If 
a patient had one cofactor that was able to bias the diagnosis, 
he was immediately excluded. To be included, each patient 
was required to have a complete response to the empirical 
treatment or positive results to additional examinations in 
the case of uncompleted response. Although the response 
to the empirical treatment is not perfect regarding the risk 
of placebo effect, and although it is clear that the addition of 
pH impedance metry at baseline could improve our diagno-
sis method; we have chosen our approach because it is cost 
effective, relatively reliable [24, 25] and quite competitive 
to the direct use of pH/impedance monitoring [46]. Using 
this approach, we clearly did not recruit a high number of 
patients, but selected patients with a high probability of LPR 
without external conditions that were able to bias the LPR 
clinical expression.

The main weakness of this study is the lack of use of a 
validated tool to assess and report the findings from vide-
olaryngostroboscopy because, in addition to the anatomical 
differences, it is possible that the functional voice behavior 
discrepancies could be involved in the faster development 
of voice impairments in females. Currently, the only tool 
available to assess laryngeal findings related to LPR (RFS) 
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does not take into account many LPR signs (i.e., kerato-
sis, ulceration, thickening, etc.) and did not integrate the 
vocal fold vibration pattern. Moreover, other aerodynamic 
measurements could be made in the future such as subglot-
tal pressure and lowest intensity (allowing the calculation 
of dysphonia severity index). Future studies are needed to 
explore the gender effect on LPR presentation and evolu-
tion throughout empirical treatment with standardized tool 
assessing vibratory findings from videostroboscopy.

Conclusion

Our study suggests that there are some gender differences in 
the clinical and voice quality presentation of LPR disease, 
especially regarding the reason for consultation and aerody-
namic measurements. These results may indirectly lead to 
the higher susceptibility of females developing dysphonia 
related to LPR compared to males. Future studies are needed 
to precisely evaluate laryngeal signs associated with LPR 
disease and the stroboscopic pattern of LPR patients accord-
ing to gender. To provide the comparability of acoustic stud-
ies, these studies will need to adopt a standardized method to 
measure acoustic parameters to allow reliable comparisons 
between studies.
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